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NON-ABRASIVE MECHANICAL FASTENING SYSTEM
AND PROCESS OF MANUFACTURE THEREFOR

ELD OF THE INVENTION

The . present invention relates to hook and loop type
refastenable mechanical fastening ‘systems, more particularly to
refastenable mechanical fastening systems having free-formed
prongs and the process of manufacturing such fastening systems.

OUND OF NTION

Hook and loop type mechanical fastening systems are well
known .in the art. Such fastening systems involve two major
components, a hook fastening material and a loop fastening
material. The hook fastening. material comprises am array of
engagin§ elements or prongs, joined to a substrate. The engaging
elements are intended to engage a complementary receiving surface
such as a loop fastening material. Generally, loop _fastening
materials will comprise loops, fibers, or the 1ike with which the
engaging elements of the hook fastening material can become
entangled. . _ . _

Hook fastening materials are generally i-rritit‘ing and

_abrasive to human skin, . and, therefore, not suftable for

applications where the fastening system will be positioned in
proximity to human skin. There 1s, therefore. a2 need for a hook
fastening material which 1is non-irritating and non-abrasive to
human - skin, 1{i.e., “skin- friendly". Such a skin-friendly
mechanical fastening - system would be particularly useful on
products such as sanitary napkins, disposable diapers, incontinent
garments, and the like. '

According]y, it is an object of the present invention to
provide a skin friendly mechanical fastening system that may be
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ref ast enabhg, spih@ni cal fastening systens having free-for medCpusngasend t he
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can becone ent angl ed. Hook fastening materials are generally

irritating and abrasive to human §iMMARY ORNTHE INVERTIONOre, not suitable
for applications where the fastening systemw ||l be positioned in -
proximty to human skin. There is, therefore, a need for a hook fastening
material which is non-irThe epteseytaMnNMmeramehGﬁe\SetQ@ rhopkinfasirning material

"skin- friendly. foHGle a? a thmponkht ¥FUd Yechanical fastening system. The hook
fastening-materia'l comprises a substrate and an array of prongs;
each prong comprising a base, a shank, and an engaging means.
Each of the prongs additionally is comprised of an ethylene vinyl
acetate based polymer. In a preferred embodiment the array of
prongs will comprise from about 1,600 to about 2,500 prongs per
square inch.

In a particularly preferred embodiment of the present
invention the prongs will additionally have a substantially
constant diameter shank. In the most preferred embodiment the
fastening material will additionally comprise a compressible -
substrate.

An illustrative and suitable, but nonlimiting, use for the
fastenjng system produced by the process of the present invention
is in conjunction with a disposable e_bsorbent article, such as a
diaper. This example of one usage of the fastening system of the
present invention is more fully described herein.

RIPTION OF THE DR G

While the Specification concludes with claims particularly
pointing out and distinctly claiming the invention, it is believed
the 1invention will be better understood from the following
description taken in conjunction with the associated drawings in
which 1ike elements are described by the same reference numeral or
letter and re]ated elements are designated by adding one or more
prime symbols or incrementing the numerals by 100:

Figure 1 is a photomicrograph showing a perspective view of a
fastening system of the present invention wherein the
engaging means are oriented in substantially the same
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SUMVARY OF THE | NVENTI ON system shown in Figure 1;

Figure 3 is a side elevational view of a fastening system of the
present invention comprising mushroom shaped prongs;

Figure 4 is a side elevational schematic view of a screen printing
apparatus used to produce the fastening system of the present
invention;

Figure 5 is a plan view of a disposable diaper embodiment of the
present 1invention having portions cut-away to reveal
underlying structure, the outer surface of the diaper facing
the viewer;

Figure 6 is a .fragmentary sectional view of the disposable diaper.
shown in Figure 1 taken along section line 6-6 of Figure S;

Figure 7 is a cross sectional view of a fastening system of the
present invention comprising a compressible substrate
comprised of two layers of material joined at the perimeter
to form a pocket;

Figure 8 is a side elevational view of one prong of a fastening
system of the present invention having an included angle 6 of
about 1800 relative to a line drawn parallel to the extension
?f the perpendicular to the substrate;

Figure 9 is a side elevational view of one prong of a fastening
system of the present invention having an included angle 0 of
about 900 relative to the extension of the perpendicular to
the substrate; and

Figure 10 is a side elevational view of one prong of a fastening
system of the present invention having an included angle © of
about 1400 relative to the extension of'the-perpendicu1ar to
the substrate.

1 ON OF NVENT

The mechanical fastening system 20 of the present invention
comprises at least one prong 22, and preferably an array of prongs
- 22, Joined to a substrate 24 in a predetermined pattern as shown
in Figure 1. 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
substrate 24, and support the proximal ends of the shanks 28. Thé
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shown). The engaging means 30 is joined to, and preferably
contiguous with, the distal end of the shank 28. '

' The array of prongs 22 is produced by a method which yields a
free formed prong 22 as 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 a substrate 24
which will be discussed in detail hereinbelow, in a molten,
preferably liquid state and solidified, by cooling until rigid and

. preferably freezing, into the desired structure and shape as
described hereinafter. | ' :

The free formed array of prongs 22 is preferably produced by
a manu‘facturing process which is similar to that process commonly
known as rotary screen printing. This process uses a depositing
member in the form of a generally cylindrical screen, referred to
as the print cylinder 73. Using this process, a substrate 24
having opposed faces is passed between the nip 70 of the print
cylinder 73 and a backing roll 74, as illustrated at Figure 4.
The print cylinder 73 and backing roll 74 have generally parallel

" centerlines and are maintained in contacting relationship with the
substrate 24 as it passes through the nip 70. The depositing
member, presently referred to as the print cylinder 73, has an
array of perforations, referred to as apertures 56, corresponding
to the desired pattern of prongs 22 to be deposited on the
substrate 24. The second roll, referred to as the backing roll
74, provides the  reaction against the print cylinder 73 to
position the substrate 24 against the print cylinder 73 as the
substrate 24 passes through the nip 70. Liquid, thermally
sensitive material, preferably thermoplastic material, from which
the prongs 22 are to be formed is supplied from a-heated source,
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56 onto the substrate 24 in the desired pattern.

As relative displacement between the substrate 24 and print
i:ylinder 73 increases, the prongs 22 are stretched in a direction
havihg a lateral vector component, generally parallel to the plane
of the substrate 24, forming the shank 28 and the engaging means

30, Finally, 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. It is

also believed that the prong 22 retracts under the influences of
gravity and shrinkage which occur 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 unti) 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 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 be “complementary”
if at least one engaging means 30 is able to cause a localized
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direction; Rygwsfsgsi S a side el evational view of one prong ®crhissisiises
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of the present inventireceining rsyrfacei is| adpalyarnpyderecnpp-woyen fabric having a
: basis weight of about 17.1 grams per square meter (0.5 ounces per
square yard) made by any suitable commercial carding or
spunbonding processes. Suitable non-woven fabrics can be obtained
from Veratec Nonwoven Group of the International Paper Company of
Walpole, Massachusetts 02081. Other receiving surfaces may also
be used, such as stitchbonded fabric Number 970026 sold by the
Milliken Company of Spartanburg, South Carolina.

Referring back to Figure 2 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 between individual prongs 22 of the fastening
system 20, be a surface to which the prongs 22 will readily adhere
.and be capable of being joined to an article to be secured as
desirqd 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 seg&ond 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 remain for the life of the
article. The "substrate" is any exposed surface 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
thereon without melting or incurring deleterious effects until
such prongs 22 freeze. However, the backing roll 74 may be
chilled, é]'lowing the process to accommodate substrates 24 which
otherwise would not be able to withstand the heat of the 1liquid
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suitable. Such materials are commercially available from Hoechst:
Celanese of Greer, South Carolina, 29651 and sold under the trade
name Hostaphan 2400 polyester film. (More rigid substrates, such
as cardboard and the 1ike, may also be used.)

The base 26 is the generally planar portion of the prong 22
which is attached to the substrate 24 and is contiguous with the
proximal end of the shank 28 of the prong. As used herein, the

- term "base® refers to that portion of the prong 22 which is in
direct contact with the substrate 24 and supports the shank 28 of
the prong 22. It is not 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 substrate 24 during use. The base 26 cross
section should provide sufficient structural integrity, and hence
area, fpr the desired peel and shear strengths of the fastening
system 20, based on the density of the pattern of prongs 22 and
the geometry of the shank 28 and engaging means 30 and further
provide adequate adhesion to the substrate 24. If a longer shank
28 is utilized, the base 26 should generally be of greater cross
sectional area to provide sufficient adhesion to the substrate 24
and adequate structural integrity.

The shape of the footprint of the base 26 on the substrate 24
generally corresponds to the shape of the aperture’s sectional
area at the surface of the print cylinder 73. As used herein, the
term "footprint® refers to the planar contact area of the base 26
on the substrate 24. As the aspect ratio of the sides of the
footprint 1increases, the prong 22 may become unstable when
subjected to forces, such as gravitational forces, parallel to the
shorter dimension of the footprint. To produce a prong 22 which
is oriented substantially in the machine direction of the
substrate 24, an aspect ratio of less than about 1.5:1 is
preferred, and a generally circular footprint is more preferred.
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producing azimuthally angled prongs will be discussed in greater
detail hereinbelow.

For the embodiment described herein, a base 26 having a
footprint of generally circular shape and approximately 0.10
millimeters to 0.30 millimeters (0.004 to 0.012 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 base 26 may be modified
to amplify such direction, so that the strength and structural
integrity relative to the axis parallel to such direction
increases. This modification causes the prongs 22 to be stronger
when pulled in the amplified direction of the base 26.

The shank 28 is contiguous with the base 26 and projects
outwardly from the base 26 and substrate 24. As used herein, the
term "shank® refers to that portion of the prong 22 which is
intermediate of and contiguous with the base 26 and the engaging
means g0. The shank 28 provides longitudinal spacing of the
engaging means 30 from the substrate 24. As used herein, the term
"longitudinal® means in a direction having a vector component away
from the substrate 24, which direction increases the perpendicular
distance to the plane of the substrate 24 at the base 26 of the
prong 22, unless otherwise specified to be a direction having a
vector component towards such plane of the substrate 24.

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 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 substrate 24.

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
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5 as can be seen in Figure 1. An annular penmeter 25 is a
relatively thin layer of prong material attached to the substrate
24 which forms a ring around the shank 28 at the point where the
shank 28 is attached to the base 26. The annular perimeter 25 is
not considereq to be a fillet or asperity, but is considered to be
part of the base 26 of the prong 22.

The shank 28 makes an angle a with the plane of the substrate
'24. As used herein, the term “plane of the substrate" refers to
the flat, planar surface of the substrate 24 at the base 26 of the
principal prong 22 under consideration. The angle a 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 lateral
projection 38 becomes apparent. The “"lateral projection" is the
distance taken laterally and parallel to the plane of the
substrate 24 from the center of the base 26 in such view, i.e. the
origin 36 of the shank 28, to the projection of the furthest
laterally remote point on the prong 22 visible in such view when
such point 1{s longitudinally and perpendicularly projected
downward to the plane of the substrate 24.

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 1lateral
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, and if
the maximum lateral projection 38 is generally oriented in the
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 view shown in Figure 2 is one of the profile views of the prong
22. 1t 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 plane of 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 substrate 24. This
corresponds to the portion of the prong 22 having the highest
elevation. The imaginary cutting plane 40-40 is then brought
one-foprth of such greatest perpen&icular distance closer to the
substrate 24 from'the point of highest elevation, so that the
1maginary cutting plane 40-40 intercepts the prong 22 at a
longitudinal elevation three-fourths of the perpendicular distance
from the plane of the substrate 24. .

The imaginary cutting plane 40-40 is then used to detemine
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® 1is the apex of the periphery of the shank 28 which
longitudinally faces away from the plane of the substrate 24. The
second point is disposed about 180° through the center of the
prong 22 and is the point where the cutting plane 40-40 intercepts
the trailing edge 46 of the prong 22 and is referred to as the 75%
trailing point 48. The “"trailing edge" is the apex of the
periphery of the shank 28 which longitudinally faces towards the
substrate 24 and is generally oppositely disposed from the leading
edge 42. The straight line connecting these two points falls, of
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strands (or nondef or nitd the orlgin 36. Hence, the smallest ang'le retative to the
plane of the substrate 24 when this line 1is viewed in any .
direction radially towards the shank 28, and"particularly the
origin 36, which direction is generally parallel to the plane of
the substrate 24 and orthogonal to the perpendicular is the angle
a of the shank 28. It is to be recognized that when a prong 22
having a maximum Jlateral projection 38 oriented in the machine
direction is viewed approximately in the machine direction, or
approximately 180° therefrom, or when a prong 22 having a maximum
lateral projection 38 oriented in the cross-machine direction is
viewed approximately in the cross-m_achine direction, the apparent
angle g 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 a
determined when the prong 22 is viewed in profile, typically from
about the cross-machine direction for a prong 22 oriented in the
machine direction, and from about the machine direction for a
prong 22 oriented in the cross-machine direction.

The angle a of the shank 28 may be generally perpendicular to
the plane of the substrate 24, or is preferably oriented in an
acute angular relation relative thereto to provide increased peel
strength in a particular direction, which direction is generally
paralle] 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

-
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material) ofoldafsfeBCEel Vi ng surface interposed between the openiusgss1166
def ornmed &reas) prevent withdrawal or release of the fa ng. system 20
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fastening system 20 i s otherw se exceeded. The plane off the ngpmogmg
surface may be fl at r curve ace
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fibers are sized to subitrate4| pdthoutneegand)4gi hgerﬁamsieaoatwnbenet rate into
the p{ ane OI ghg rteﬁe' v'n e Sig\HB?rFa?y aittidg 3;% .“&?% #he ﬁbiﬁ@ Y feweangsged
Cocal |y deformabl e i Pectiiiraed b detaymipee soiaasips 17 the Teadl®e oide ﬁng%pgtwg
nmeans 30 is able to dxatlking ddgeadé zellative to the plane of the substrate 24.
6 determine these angles, the 75% leading point 44 and 75% traﬂmg
o point 48 are found as described above. The base leading point 50
is found as follows. The line through the base 26 as viewed in
profile is brought to intersect the leading edge 42 of the shank
28. This intersection is the "base leading point." As noted
above, minor discontinuities in the shank 28 near the base 26,
incident to attachment to the substrate 24, are not considered
when determining the base leading point 50. The 75% leading point
44 is connected by a straight line to the base leading point 50.
This straight 1ine forms an included angle By relative to- the
plane of the substrate 24 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 simb'ly 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
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 substrate 24, are 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 St relative to the plane of the substrate
24 and opening in the direction of the origin 36 and center of the
shank 28. The included angle By 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 871 define the parallelism of the sides of the shank 28. If
the angles AL and Bt 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
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or1ented in the same direction, and supplementary magnitudes are

the angles B and BT of the leading and trailing edges 42 and 46
determined to be equal and the sides of the shank 28 to be
parallel. '

A shank 28 having a leading edge 42 which forms a leading
- edge angle B with the substrate of about 45° & 30° is suitable.
A trailing edge 46 which forms a trailing edge angle BT with the
substrate of about 65° + 30° is suitable. A shank 28 having these
angles B and St 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
relatire to the substrate 24 to provide high shear and peel
strengths without requiring excessive prong material.

The foregoing measurements are easily made using a Mode‘l
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 §,
trailing angle B1, base points 50 and 52, 75% points 44 and 48,
and the angle & 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
substrate 24 at an elevation which allows the engaging means 30 to
readily intercept or engage the strands of the receiving surface.

-
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and be capaw)m@jls{pel ng joined to an artlcl e to be secured eeTASw/MI90d by a
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the heat of the Iiquid As described above, the longitudinal length of the shank 28
determines the longitudinal spacing of the engaging means 30 from
the substrate 24. The “longitudinal spacing" 1is the least
perpendicular distance from the plane of the substrate 24 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 substrate 24 becomes greater with i{ncreasing
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 fa;tening system 20. For the embodiment described herein, a
prong 20 having a longitudinal spacing of about 0.10 millimeters
to about 0.20 millimeters (0.004 to 0.008 inches) works well.

-The shape of the cross section of the shank 28 1is not
critical. Thus the shank 28 may be of any cross section desired,
according to the aforementioned parameters relating to the cross
section of the base'zs_. The "cross section® is the 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.
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of the shank 28 or the engagmg means 30 having the greatest
perpendicular distance from the plane of the substrate 24.
Typically, prongs 22 having a base 26 cross sectional area to
highest elevation cross sectional area ratio in the range of about
2:1 to about 9:1 work well. :

A generally circular shank 28 which tapers from a base 26
diameter, as discussed above, ranging from about 0.10 millimeters
to about 0.30 millimeters (0.004 to about 0.012 inches) to a
highest elevation diameter, of about 0.07 millimeters to about
0.25 millimeters (0.003 to 0.010 inches) has been found suitable
for the embodiment discussed herein. Specifically, a generally
circular shaped cross section of about 0.20 millimeters (0.008
inches) diameter at the highest elevation provides a cross
sectional area at highest elevation of about 0.040 square
mi]limpters (0.000064 squire inches). A generally circular shaped
base 26 cross section of about 0.30 millimeters (0.012 inches)
provides a base 26 cross sectional area of about 0.09 square
millimeters (0.00014 square inches). This structure results in a
ratio of base 26 cross sectional area to highest elevation cross
sectional area of about 2.25:1, which is within the aforementioned
range.

The engaging means 30 is Jjoined to the shank 28, and
preferably is contiguous with the distal end of the shank 28. The
engaging means 30 projects radially away and outwardly from the
periphery of shank 28, and may further have a vector component
which longitudinally projects, 1i.e. towards or away from the
substrate 24. As used herein the term "engaging means® refers to
any protrusion lateral to the periphery of shank 28 (other than

" minor asperities in the periphery of the shank 28), 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
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term "base" woadsaRfsgt O that portion of the prong 22 which [sn’crmsbsnﬂby ect
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Substrate 24 .. and e ryc. | { mi f the shadf .
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print cylinder 73. Asengagihghmeansn30t be discerniblenat” &bt pt nis'. onl#f Récest sy

t he pl anar contact ar o] n e t 4. t he .-
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forces, parallel to téomponent parallel to and facing the plane of 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 gen'eral'ly
arcuate and may have a reentrant curve. If the engaging means 30
has a reentrant curve, the engaging means 30 -includes a segment
which Tongitudinally approximates 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 1in 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 fnner radius of
curvature 54 of the engaging means 30. The interference between
the engaging means 30 and strands or fibers of the receiving
surface prevents release of the fastening system 20 from the
receiving surface until the peel strength or shear strength of the
fastening system 20 is exceeded. The engaging means 30 should not
radially project too far in the lateral direction, otherwise the
engaging means 30 may not penetrate the opening of the receiving
surface. The cross section of the engaging means 30 should be
sized to penetréte the openings of the receiving surface.
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shorter di neossmsienf the footprint.  To produce a prong 22 PRRIUSRAY s
oriented-substantially in the nmachine directiomjof the 1
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circular footprint is nore preferred. However Jn q
azimuthally angl ed prOngfheZ&osslseetimmnmaoandegémtm ofi ther emgalgdmg o ey
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aspect ratio greater Sﬁnmuaﬂodﬂ egrity ﬂhéc'b\Pé'ﬁV'f%fes thqé'l‘fr sheanvang okepding
produci ng azi nut hal | ystpérgtrél tor ftgmmodatd the ddsﬁ@usmu and spe@aiserengeisiof a
her ei nbel ow. 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
0.18 millimeters to about 0.34 millimeters (0.007 to 0.013 inches)
is suitable. '
"The array of prongs 22 may be of any pattern and density as
desired, to achieve the'pee'l and shear stfengths reqﬁired 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 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
of subgtrate 24 to provide a -fastening system 20 of adequate shear
and peel strengths. _
It is advantageous' to dispose the prongs 22 in rows, so that
each prong 22 is generally equally spaced from the adjacent prong
22. The rows are generally oriented in the machine direction and
cross-machine direction according to the manufacturing process
described and claimed below. Generally, each machine direction
and cross-machine direction row of prongs 22 should be equally
spaced from the adjacent machine direction and cross-machine
direction rows of prongs 22, 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 footprints of the bases 26
of prongs 22 in adjacent rows. Typica'liy a fastening system 20
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the substrate 24. . jpch) in both the machine and cross-machine directions.

| ' The method of the present invention can produce a fastening
system having a very dense array of prongs. This is because the
density of the array of prongs of the present invention is limited
only by the number of meshes or apertures that can be produced in
the depositing member. Currently, it is possible to produce a
depositing member having up to about 1600 meshes per square
centimeter (10,000 meshes per square inch). Therefore, it is
believed that a fastening system having up to about 1600 prongs
per square centimeter (10,000 prongs per square inch) can be

.produced using the method described herein.
' The 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 fasteni'ng' system 20 is subjected to
separation forces. As used herein, 'thermaﬁy 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
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particul ar side vi ew guotetrycofhthel@engdgiog meansf 30nd, and this distance is

bi sected, yielding the mﬂﬂ%i‘&cg?h ! RSy BRSReARréPWIENCE RHicBietrYBEModel 800
blsectlng the footprint th
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
millimeter between the disk and plate.

The prongs 22 are preferentially comprised of a thermoplastic
material. The term “thermoplastic® refers to uncrosslinked
polymers of a thermally sensitive material which flows under the
application of heat or pressure. Hot melt adhesive thermoplastics
are particularly well suited to manufacture the fastening system

~ 20 of the present 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 temperéture, which become fluid at elevated
temperatures and which are applied in the molten state. Examples
of hot melt adhesives may be found in the'fHandbook Of Adhesives®, -
.Second Edition by Irving Skeist, published in 1977 by Van Nostrand
Reinho?d Company, 135 West 50th Street, New York, New York, 10020,
. which is 1{incorporated herein by reference. Polyester and
polyamide hot melt adhesives are suitable. As used herein, the
terms 'polyester' and 'deyamide' mean chains having repeating
ester and amide units respectively.

The viscosity and rheology characteristics of particularly
preferred thermally sensitive materials are disclosed in U.S.
Patent Application Serial No. 07/969,604, “Method For
Manufacturing A Refastenable Mechanical Fastening System and
Fastening System Produced Therefrom'; filed in the name of David
J. K. Goulait and Dennis A Thomas on October 30, 1992, which
patent application is incorporated herein by reference.

N-FRIENDLY ME CAL_FA NG SYST

When a fastening system 20 having brongs 22 is used as the
fastening means for a disposable diaper or incontinent brief as
described more fully hereinbelow or is used on a sanitary napkin

—_—
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26 for t 9493.{6;5i cular side view under consider .
di scontinurties (such as fillets or asperitiesyjncidd n'EH|$(SHEﬁ§ HAS EE

to-substrate 24) are ignored. This point is the origijn 36 BEP&A&EIEhank' 28.
Though it is not necessary that a denarcation be appar
26 and the shank 28, ata ineamd For ruet:umgeuaasynittlaay rtalpeueotgesheorpamuydos thle

he shank 28 D¢, oontLguaic W UL (ARIAHNET 160955 Of WRELARE Sften THRLSTRY.

28 may project fromt A% m T he
outer edges of the bakin-feiesdbh tﬂﬁa!seﬂh@rbybet%tml Shwrérbﬁﬁdb)h tefars to

pelrl rretelr 25has fan ke ffseﬁi\mgﬁ £y sten ewti]:ch A8 ﬁumlaatmeyl Wehdrridating dnd ]
relatively thin layer of prong ria t aghe c
forms a ring around f"me ?ﬂk Q‘P“i%e‘ %‘i n1(:i \ﬁ%@ﬁxcuﬁg #%té’r %ae s?aﬂ ms’
attached to the basenamkinTicenfigwnatign piasrlﬁﬁéFéibeQS ins 8 (?GF@tdéPEBCGUDDe a
fillet or asperity, béﬁiansusorusydered ,t oDbspopsbie Absérbenban’icle dfavirae An

PSRt 20, s as RO IR ATBL ot DoE b Lgret
the flat, planar surfmdbedramesef dawid datke Boulait.: Pennjssh. Thomss, and Maureen
principal prong 22 updestaaPélsi URcht p@tent THEP130A 102 15 S iNRirperat e thepsin by
follows. The prong 22.is viewed in profile. The' proflle

reference.

It has been found that a more skin-friendly hook fastening
material can be produced by: 1) increasing the number of prongs
per unit area in an array; 2) adjusting the shape of the prong
and/or the angle of the shank relative to the substrate; 3)
forming the prongs on a “compressible® substrate; and/or 4) using
"softer® resins to form the prongs.

It has been found that a fastening system having a dense
array of prongs will tend to be more skin-friendly than a
fastening system having a less dense array of prongs. Preferably,
the fastening system will have prongs disposed in an array with
about 8 to about 40 rows of prongs per centimeter (20 to 100 rows
per inc‘k) in each direction. This grid will result in a fastening
system having about 64 to about 1600 prongs per square centimeter
(400 to 10,000 prongs per square inch) of substrate 24. More
preferably, the fastening system 20 will have from about 10 to
about 30 rows of prongs per centimeter (25 to 75 rows per inch).
This grid will result in a fastening system having from about 100
to about 900 prongs per square centimeter (625 to 5625 prongs per
square inch) of substrate. Most preferably, the fastening system
20 will have from about 12 to about 24 rows of prongs per
centimeter (30 to 60 rows per inch). This grid will result in a
fastening system having from about 144 to about 576 brongs per
.square centimeter (900 to 3600 prongs per square inch) of
substrate. In a preferred embodiment the fastening system will
have from about 16 rows of prongs per centimeter {40 rows per
inch) in each direction. This grid will result in a fastening
system having from about 256 prongs per square centimeter (1600 -
prongs per square inch) of substrate. However, it is believed

-
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vi ew' of thw‘pgmgszz is one of two particular side views argttiusesaises

follows. The prong 22 is visual l'y inspected fromthe si ‘
t he~di réction havi ng the maxi mum | ateral projed'ion 38 5 BERN
The "lateral projection is the distance taken laterally and Bﬂ?leﬁ EBl to

pl.ane of the substratt‘jﬁg %f%%r{in& s‘fﬁ%n?rha?{ the 'Q?@te?fq’{b"!{é@ hEiftet r

the origin 36 of the
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| ongi tudinally and m&mwdffsltéﬁhbysysmémaaatm tevevenrmbre opidfermedane This

the substrate 24.

t he maxi num | at er al
t he- out er periphery ofquare: centimeteps(3§

sraftof) gesi f,geagagsganﬁg sgragefmmgdaaogt '$98 bhos i
emg%@ Pﬂj puane iagh) ?Iﬁé“?FHé & ew of

he

the prong 22 which maXI M Rehad hesd deeh afound ottt a OmbraSskin- Fiendryoffastenvagw

sg\r%% ﬁaslnsg oﬁﬁggabty't%stiﬁ’ Of u%girlc?tgdwﬁgkht h?n g Crﬁﬂat

of such prong 22.

I f the fastening syst

t he

d
bel ow, "and if the naﬂmmslsiﬁlér aIASpﬂi?Fel'ﬁ"le&% 3he |t§"§1e|‘iE'PFHFF§/‘b8F| é’ﬁ“ede?éfne

to a substrate which will compress when pressure is applied to the
prong and/or a substrate which will enable a prong to pivot or
deflect when pressure is applied to the prong. An example of a
compressible substrate is an foam material such as a natural foam
rubber, a polyurethane foam, natural sponge, synthetic sponge, and
the like.

Another example of a compressible substrate is the multilayer
substrate 24 of the mechanical fastening system 54 shown in Figure
7.. The substrate 24 of Figure 7 comprises a top layer 86, a
bottom layer 87 joined to the top layer to form a pocket 88, and a
fluid positioned within the pocket 88. The multilayer substrate
may comprise a single pocket 88 as shown in Figure 7 or may

comprise a plurality of individual pockets. If the multilayer

substrite 24 comprises a plurality of individual pockets, one or
more prongs may be positioned on the top layer over each
individual pocket.

The top layer 86 should be capable of being rbl'led, to
support conventional manufacturing processes, flexible so that the
substrate 24 may be bent or flexed in a des_ired configuration, and

‘able to withstand the heat of the 1iquid prongs 22 being deposited

thereon without melting or incurring deleterious effects until
such prongs 22 freeze. The top layer 86 should be capable of
containing the fluid without leaking and should be strong enough
to hold the fluid without rupturing. Suitable materials for the
top layer 86 include rubber, vinyl, films, particularly
polyolefinic films and preferably polyester films. A polyester
film substrate 24 having a basis weight of 17.1 grams per square
meter (14.26 grams per square yard) and a thickness of about 0.008
to about 0.15 millimeters (0.0003 to 0.006 inches) is suitable.

Such materials are commercially available from Hoechst Celanese of
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10 machine_dir ion, then the profile view wi || be general | din

t he Cros,_s-“nﬁ't?l‘ﬂ".ﬁé}dai rection. It will also be apparent Pb?n{g?]jéﬁ%fi nmum

| ateral "projection 38 is generally oriented in2ghe cro SFHTS(QHE@(;? '
mac hi s

then the profile vieww Il be generally oriented in thg 9 A¢
The side el evational -view shown in Figure 2 is one of the—p -'iﬂ- 2

the prong 22. It will6rber,f Soubler Canodinant2965! oard ssald| agdem thee Wade t Fame
Lher e | aroner, b Oliok bk a0 gFRestin r#fR opposite from the profi I e view
left of the viewer). Ei iR ot bom b”@r"?%gé)‘l?“ggiﬁy lh%e%'aﬁgé ggﬁgfgwﬁ&é[ﬁh y
wel | suited for the puppeducavestidnalsayasactasing pregesses ei fipeibde, so %/hi,t thee
1 Eh orort1 6" oue petahd SO pe el Metkeba b il Corguonang:
view, an imaginary cUNoprRATOVS gn@ggato SN né ol 91R0af 160kingS b Yerb
enough to hold the fluid without rupturing. Suitable materiais
for the bottom layer 87may be the same materials disclosed for use
as the top layer 86. The bottom layer 87 may be joined to the top
layer 86 by any means well known in the art such as adhesive
bonding, heat sealing, ultrasonic bonding, autogenous bonding, and
the 1ike. A particularly preferred method of autogenously bonding
the top layer 86 and bottom layer 87 together is disclosed in U.S.
Patent 4,854,984, issued August 8, 1989 to Ball et al., which
patent is incorporated herein by reference. '

The fluid may be any liquid or gas which is able to dissipate
from one area of the substrate 24 when pressure is applied to that
area and return to that area when the pressure s removed.
Examples of suitable fluids for use with the substrate shown in
Figure 7 include water, air, inert gas, and the like. For reasons
of Simplicity and economics the fliid is preferably the ambient
atmosphere present at the point of manufacture of the multilayer
substrate. The 'prongs 22 may be printed or otherwise formed on
the top layer 86 after the pocket 88 has been formed and the fluid
has been trapped in the pocket 88 or inserted therein. However,
it is preferred that the prongs 22 be printed or otherwise formed
on the top layer 86 before the pocket 88 has been formed. In a
preferred embodiment the prongs 22 will be formed on the top layer
86 prior to joining the top layer 86 to the bottom layer 87.

It has also been found that a more skin-friendly fastening
system can also be produced by using "soft" resins. As used.
herein the term "soft resin® shall refer to a resin capable of
forming engagin§ elements which are flexible or capable of bending
under a force without rupturing. It has been found that ethylene
vinyl acetate based polymers (or simply "EVA resins®) and
polyethylene based polymers will form prongs which are very
flexible and capable of bending under a force without rupfuring.'
EVA resins and polyethylene based polymers are considered to be
soft resins. '
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40- 40, genengd byizpew all el to the plane of the substrate 24, PETAIBBHIMWYought
i nto*tangéncy with the periphery of the prong 22 at th§T : =y ] of
t he* prorig 22 having the greatest perpendicul ar stanc_e@&b%'@&

the substrate 24. This corresponds to the portion of tpe_pr SEHavi n

t he hi ghest elevation. The | i N t o | idrReU
one-fogrth of such great Jgﬁ%‘gggderﬁf%ﬁ%ﬁ p'glﬂlgg[ g?}ii(}egfgosn ?tl{d?)l‘l% gg‘sﬁggt ?gtge
24 from the point of useghheseiml dberrterm "19agitudinad naxisrarpfiens yta apt IMg I 4ne
fg- 40 int e _ceplts tg_e nm@nger]g’e%amy ﬁhehcbl"iﬁht ud} nAé fdoRpeintonft theebisurashanof

e perpendicul ar di nc ro e, r
i mag!onalroy cutting pl :lﬁfge'zfg]ﬁ(f s{‘{"ﬂéﬁ'dﬁgagldgt%’toggﬁtzy&r\%r?é‘g#ﬁr ?af'ale dgls%agsg;t(yﬁofhe _
prong 22. The first piienshank 2hae phe AP }HepE tﬂ?eeﬂﬂ}ﬂﬁ'igﬁg'eﬂ!'%rﬁ-i nther opY s
the | eading edge 42 afashhas,pErdhk 26 anddergigimyf MEdnsd30 QrasgdneeaNyYcineantirg

Do o gl et hery AESE | ot BIFRSHH, 81 B RO Yo ok SeEli s e
second -poi nt is di sposeregabvut shege- t Wifoulte tareseepradionr of hihe) Brags 282 a1ig
i's the point where thgreglitarTy0 shhpeds tHe A0ngituéinadpixist B2 i alikpoted eslgahé6
9{ r;ihfi ﬁéongdég.. an?S'cSépfffi ;éﬁ)%n%?crt%ﬁﬁts%t?o%% tfh%' L&:Qgin'p%'fmthe 4%ngitu<m|§1
axis is the same as the origin of the shank, and is found as
described hereinbefore. . o

The engaging means 30 forms an included angle @ relative to
the plane of the substrate 24. It has been found that a more
ski'n-friendly fastening system can be produced by forming prongs
22 having an engaging means 30 which forms and included angle 8 of
between about 900 and about 1600. As used herein, the term
*included angle 8" refers to the angular deviation between the
extension of the perpendicular 84 to the plane of the substrate 24
(or simply “"the perpendicular-to-the-plane 84") which passes
through the origin 36 of base 26 and the projection of the
longitrdinal axis 32 (or simply “the projection 85") through the
tip 34 of the engaging means 30, as seen when the prong 22 is
viewed in profile. The phrase “projection of the longitudinal
axis® refers to the imaginary continuation of the longitudinal
axis 32 in a straight line through the tip 34 of the engaging
means 30 if such axis were continued at the angle present at the
tip 34 of the engaging means 30.

It is to be recognized that as the included angle © of the
engaging means 30 increases, i.e. departs further from the
perpendicular-to-the-plane 84, it will become increasingly
difficult for the engaging means 30 to intercept the strands or
fibers of the receiving surface. However, for skin friendly
fastening systems, the engaging means 30 preferably has an
included angle 6 of between about 90° to about 160°. More
preferably, the included angle' @ is between about 100° to about
150°, and most preferably is between about 110° to about 140°.
However, a prong 22 having an included angle @ greater than about
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periphery o{votggﬁ_a,ﬁ;gnank 28 which longitudinally faces tomards»crﬂmsgsmmj rate
24 and is general l'y oppositely disposed fromthe |eadi pg_edge 42. The '

straight” |ine connecting these two points falls24 of THIS SHEET HAb BCFEN
11 course, within the cutting pI ane 40-40 and is bipected

m.dpoi nt 47 of the i Jnar pl ane 0. A
drawn connecting the dp%l 554% he'"ﬁyrrﬁ %éfy“segui‘fquﬂ -
the origin 36 of thetenhtk B®8less skin Bokesdl6. The included angle [err]

this Ilpet gefl Eeskrgl atlwzefémﬁ?qopkfgfwe of thBRe SYbshdwat & prbngS24 v Higd Iaﬁ
[sﬁ;:]]k 88 rraEe: apel at'Pelvded, ﬁ“AL aaﬁealb\é\‘é )iﬁé sug&hf’gﬂ%tgﬁg‘ §]‘fdﬁ§h§\9?e
conpl enent of that gesgr@liyrtikept relative hdopdhpepeiipendizul aiitp rihe-phane h84
l'ine, which passes through the origin 36, for simplicity the included
o angle @ of the prong 22 of Figure 8 is taken relative to a line
84’ which is drawn parallel to the perpendicular-to-the-plane 84.
This is because the perpendicular-to-the-plane 84 and the
projection 85 will never intersect if the included angle © is
exactly 1809. There is shown in Figure 9 a prong 22 having an
included angle @ of about 900. There is shown in Figure 10 a
prong 22 havihg an included angle © of about 140°9. For simplicity
the included angle @ of the prong 22 of Figure 10 is also taken
relative to a 1line 84’ .which 1is drawn parallel to the
perpendicular-to-the-plane 84. '
Such prongs 22 may be produced by any suitable meéthod.
Preferably, the prongs 22 are produced by methods which yield free
formed prongs.  Methods and apparatus for making such prongs 22
are more fully detailed in U.S. Patent 5,058,247, issued Qctober
22, 1991 to Dennis A. Thomas and Ted L. Blaney and U.S. Patent
5,115,§63, issued May 26, 1992 to Dennis A. Thomas and David J. K.
Goulait, which patents are incorporated herein by reference.
Figure 3 shows an alternative prong configuration suitable
for the skin friendly fastening system of the present invention.
The prdng comprises an engaging means somewhat spherical in shape.
Such prongs and methods of making such prongs are described in
greater detail in U.S. Patent Application Serial No. 07/719,211,
"Method For Manufacturing A Refastenable Mechanical Fastening
System Having Azimuthally Angled Prongs And Fastening System
Produced Therefrom", filed June 21, 1991 in the names of Dennis A.
Thomas and David J. K. Goulait; U.S. Patent Application Serial
No. 07/718,727, “Screen Printing Method For Hénufacturing A
Refastenable Mechanical Fastening System And Fastening System
Produced Therefrom®, filed June 21, 1991 in the names of Dennis A.
Thomas and David J. K. Goulait; and allowed U.S. Patent
Application Serial No. 07/632,283, "A Process For Manufacturing A
Refastenable Mechanical Fastening System . filed December 21, 1990
in the names of Dennis A. Thomas, David J. K. Goulait, and Robert
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found in anwgsgmglsgl ew, connecting the cutting plane m dpoi rrCTATS93/areds t he
origi’n 36. Hence, the snall est angle relative to the ¢ f.the
substrat’e 24 when this line is viewed in any & rection THISIISHEEY HASWBERN
t he shank 28, and particularly the origin 36, which directiREPLASEDenerally
herein b

ng glalng! cfjloaf' h:asp![ ﬁgpeaﬂ@’f'et hF’eS"H kgf‘ﬁ'ém ip%tg@sh?%c’ T8O recogni zéd

t hat when a prong 22refeeanceg a nmaxi mum |l ateral projection 38 oriented in
the machine direction is viewed approximately in the nmachine direction, or

approximately 180[err] therefrom omw havi ng a maxi num
lateral projection 38 oriented int = direction is viewed

approximately in the cross-nachine direction, the apparent angle a of the
shank 28 wi Il be about Q,QLJQH] 4 Haweyergid@s edéy!i@ﬂﬁﬁf)d sélaytic (hrwangl ea

to b d t | a
e o e e sy G ek e LR o b AR S
vi ewed in profil e tpnesent! lipvéntdon. &bgure #hshawsodsbaeking melli Heand owlﬂbr a

gr(r)ngt 22n01tl ented i ”c}]l?ﬁ'der ?@C&Hi?ﬁ firncat hi 70aﬂﬂ'oﬁéipmh@£lplthet§\ﬂ>smfél R€§ .

The angl o & of t he” RRIRRS 2oktnt]e (A Tmbioet (AP T8 aRRGR o T4 B rofite fhoute

of the substrate 24, thefri sxes; ethe ahdlyem,rprmngemhtlemaln is extruded through the
apertures of the print cylinder 73 onto the moving substrate 24,
is stretched in a direction having a vector component parallel to
the plane of the substrate 24 and is severed by the means for
“severing 78 to produce prongs having a distal end 29 and engaging
means 30 thereon. As used herein the term “extrude" refers to
forcing a substance through an opehing causing the substance to be
shaped, at least partially, by the opening.

The print cylinder 73 is an example of a. particularly
preferred depositing member which may be used with the method of
the present invention. The depositing member should be made of
metal oF any other suitable material which can accommodate the
temperatures of the molten prong material, provide substantially
uniform pitch between the prongs 22 in both the machine direction
and cross-machine direction, and yield the desired density of
prongs 22 within the array.

' As used herein the phrase "depositing member® refers to
anything through which liquid prong material is extruded in
dosages corresponding to individual prongs 22. The depositing
member will generally be a smooth and relatively thin piece of
metal or other material having perforations or apertures through
which the molten prong material is extruded onto the substrate.
The depositing member may be a flat bed screen, a belt screen
(such as a continuous band, belt, or conveyor having apertures) or
a rotary screen, such as the screens used in the screen printing
art. "The depositing member, however, may also be in the form of a
po}-ous or sintered roll having an internal reservoir continuously
pressure fed with molten prong material which is then extruded
through the pores of the roll onto the moving substrate. As used '
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acute anguhgd ofifth@t i on relative thereto to provide incre

strength in a particular direction, which direggion is geyRfgas X
t 0 ¢t he raxi num | ongi t udi nal projection 38. Hovvgéler, the angT'.E\_

t he shank 28 shoul d not deviate excessively fromthe ]
otherwi se a fasteninggein thesiterm "déPositf means cto tdansfer i proafl yatephadi

shear strength result ogdli 4 b h [ < 28
havi ng an angl e [err]tﬁf)e*:%etg&'ogﬂ? %F‘é?fﬁh mggﬁgsgb‘gﬁto gﬁfegrbrb]s?ng?ggér%bl y
about 65[err], works units conrespondingnte dnéividualherosgsu?R-28 is | ess than

about 80[err], the shank peérelrgblyQNEledgepasitifig member will be a rotary screen or
12 be nonperpendi cul ar

substrate 24 (wit houtpr}';stéﬁﬂgr"lf’%n‘f de‘?{;ﬂ%ﬁlﬁeﬁﬁt g%ﬁc*ghfe% "Q'l"q'rl]'%gl ﬁ'@ﬁépﬁaﬂp
cutting plane 40-40 &edapmefall sylinder.cprefierably constructed of nickel, having
: . apertures 56 produced by any means well known in the art and
preferably produced by means of ‘photoengraving. Preferably a
circular frame will be mounted on each end of the cylinder, which
will provide the screen with structural support, maintain the
screen’s cylindrical shape, and will also provide a means of
holding the screen in position and rotating the screen about its
axis without interfering with the heated pressure bar 81 or heated
hose (not shown). For convenience of description, the depositing
member of the present invention shall be described as a print
cylinder 73. It is to be understood, however, that the present
invention applies to any method of extruding molten prong material
onto a substrate to produce a fastening system having free-formed
prongs. : :

The print cylinder 73 and backing roll 74 may be driven by
any means well known in the art such as an external motive force
(not shown), or the backing roll 74 may be driven by an external

- motive "force and the print cylinder 73 driven by frictional
engagement with the backing roll 74 ,or vice-versa.

Rotary screen printing apparatus which can be modified for
use with the method of the present invention are commercially
available from Graco/LTI Corporation, P.0. Box 1828, Monteray, CA
93940, such as the Graco/LTlI Micro-Print hot melt adhesive
applicator, '

The size, shape and pattern of the apertures in the print
cylinder 73 may vary according to the size and shape of the prongs
and the density of prongs in the array that is required for the
particular fastening system desired. The cross sectional area of
the aperture 56, taken at the outer surface of the print cylinder
73, generally corresponds with the shape of the footprint of the
base 26 of the prong 22. The cross section of the aperture 56
should be approximately equal to the desired cross section of the
base 26.
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be utilizedvbestmeser mi ne the angl es of the | eading edge 42 HROT/YIY119%%i | i ng
edge °46 rélative to the plane of the substrate . To - E-TES -
angFes, ‘the 75% | eadi ng point 44 and 75%¢traill i%g poi nt j%ﬁ%v%{éﬂg%ﬁ& BEEN
descri bed above. The base leading point 50 is found as flollo EPLAGED | ne
through the base 26 as vigmedthe pembddiments kdescigibedt oherdia;secd tdeperally

| eadi ng edge 42 of the,s . ' ' reseet i .5, thep hase. | 1.Ng
point." As noted a_bﬂb’,"nﬁﬂ:ﬁaf’gcﬁhgér%dnﬁf’#uﬁ%éiaesg ﬁn a?ﬁ%dfgﬁanﬁhg@nigra%?ﬂﬂeeg’
base 26, incident to thetaperkuratS& @ay the semewhatafrustoconical lyotapeyediineshape,
when determ ning the phb@mg 4 CRFHEY PO Isebbion TERREP%L! eReliclted® FuRfacédof The

e o cudd by 7St P pBRE R, B DO o dt 5L e
24 and opening in t hembpdinenti descyibedhdheseingian serivne S8nhavingr at diametesnrf
il Che ol i B e ot v
3: rsn;oged 180[ err] gf rdﬂ?e'}eﬁg%gﬁ%“ﬁe%&;&ﬂg‘bggus"%?a%gb t h?og h the cent gr_ of thg
base 26, and found as folfhenesarertdi ffencat tmathedsh andcapparatys i thatofre suitable
26 as viewed in profithesy ﬂjommhtpﬁoggimwm%_ tRe pi it tyTiadedgs @ wifich he
shank 28. - This int era?éa%ehorl]mtlmsn T1‘trt]e\1:he 91‘%? td’nglsluliggblgoép%fatus is disclosed is
- U.S. Patent No. 4,876,982, issued October 31, 1989 to Claassen,
which is incorporated herein by reference. Another particularly
preferred apparatus is a heated pressure bar 81 shown in Figure
10. The heated pressure bar 81 is disposed within the print
cylinder 73 and is substantially parallel to the print cylinder
73. The heated pressure bar 81 has an internal reservoir (not
shown) which is fed with liquid prong material and one or more
discharge ports (not shown) from which the liquid prong material
uniformly flows to the inside surface of the print cylinder 73.
Attached to the heated pressure bar 81 is a doctor blade assembly
83. As the print cylinder 73 rotates the doctor blade assembly 83
squeegées the molten prong material along the inner surface of the
print cylinder 73 and forces the 1iquid prong material into the
apertures 56. The doctor blade assembly 83 not only serves to
force the molten prong material through the apertures 56, but also
provides support to the print cylinder 73 at the point of the nip
70 to prevent the print cylinder 73 from buckling or deforming as
it is pressed against the backing roll 74. The backing roll 74
may be constructed of metal or any other suitable material. A
backing roll 74 having a rubber coating with a Shore A durometer
hardness of about 40 to about 60 may also be used. Preferably,
the doctor blade assembly 83 is pressed against the print cylinder
73 with a force of about 80 pounds per -square inch as the
substrate 24 passes through the nip 70. A suitable heated
pressure bar 81 and doctor blade assembly 83 are commercially
available from Graco/LTI Corporation, P.0. Box 1828, Monteray, CA
93940.
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As noted akgygsyi3ggsnor discontinuities in the shank 28 near PMSI:BHBOQG,

i ngi dent to attachnent to the substrate 24, arggnot co T ET
detérmning the base trailing point 52, AZB descri ?ﬁ%meW/c
trailing point 48 is connected with the base trailing point BEPLAPER |
straight line. This strajpghtnderhgl fresefvodP dfMthdldratedngtesshey bhar rgll showl@ to

the plane of the substrate, 24 and | I nthe dig.ect] t Lghpn 36
and center of the sH#fk »8te esqpr?gpfﬁeﬁ%é‘h&]g %fg#égge"*agg?ﬁg'tgﬁgg %,ﬁ'g@
angl e of the trailingroeitted bp any seand wel heknowai ini the esrfeemmgieting or hyte

| eadi ng edge 42 and rﬁ}eﬁi‘i lagRs 1989 a#6, | BGt UdeParfiguRir1) eiprbferPed [ MEthbd def i ne
the parallelismof the sides, o0

[err] of the |eadi ng®“&R 'i?'?ati'\e}c #ﬁqgﬁﬁgg%g%ﬂ %’%&gs ?PgﬁLitESL'ﬁé%ﬁ?%&}y to
each other (do not afhdtt shown)arat heatedctankm (oot ashown).130d) at gearsipueps Bptt he
shank 28 are said t oglagn 1O gbdrelpump Imby (HREdFIvER DyOd viaPfatd Baspeed Deafictor
nonparal el , the (not shown) and should provide constant uniform output at the
discharge port of the heated pressure bar 81 at all line speeds.
The heated tank, heated hose assembly, and heated pressure bar 81"
should keep the molten prong material at the desired operating
temperature. 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 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 prong
material temperature is very hot, the prong 22 will flow into a
small, some-what semispherically shaped puddle and an engaging
means 30 will not be formed . Conversely, if the temperature of
the prong material is too low, the prong material may not transfer
from the pressure bar to the doctor blade assembly 83 or print
cylinder 73 or, subsequently, may not properly transfer from the
print cylinder 73 to tl\ne substrate 24 in the desired array or
pattern. - |
The print cylinder 73 is preferably heated to prevent
solidification of the prongs 22 during transfer from the heated
pressure bar 81 through the deposition on the substrate 24.
Generally a print cylinder 73 surface temperature near the source
material temperature is desired. A print cylinder 73 temperature
of about 178°C has been found to work well with the polyester hot
melt adhesive marketed by the Bostik Company of Middletown,
Massachusetts as No. 7199. But, the operating temperature of the
print cylinder 73 may vary according to the particular prong
material being used. There are many methods which can be used to
heat the print cylinder 73, which will be readily apparent to one
skilled in the art. A particularly preferred method of heating
the print cylinder 73 is by using an infrared heater 72,

—_—
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13 strai gl okidigs whi ch define the angles [err] and [err]P@"E!Hﬁ??é'é?qs'ng t he

base | eadi ng and trailing points 50 and 52 Withgthe 75% rcuLu u
trailing points 44 and 48 respectively) int erasect EB%&%JFE%\%
the plane of the substrate 24. |If the angles [err] an [errﬂ’r

leading and trailing edges i42teabe reCogriged taatial ciild aynee mémrpgif
such angl es intersec
outwardly of the bas
towards the distal efoomitbe mgm;.mngemhns 1803 chdhl y‘°ﬂ‘ ‘tshéeﬁirrgﬂes“[ &ay |beand

[err] of the |eadi ngjgépéradid iinto etd@eSaéan@rm%mayﬁugt ABarEsA R 15 EXRfn i tee.

conver ge

UhEORUEREE A 33°s8lerkEfy fRReA 6, Ahe (hefd BURl BRHY

.angles [err] and [erPeé

are oriented in the sarreFd‘bﬁgci]rnr Qfﬁ ﬂg{r nﬁ"‘J réﬁ;ﬁﬁ%&éﬁqgﬂg{&%u %fséﬁg{'% %Pe

determined to be equaﬂmn@ﬂm'sDQir!stMﬂemmefsMﬁk pRdyQ

ef indcpsubstrate 24 is

shank 28 having a | eggidng edge 42 which forms a | eadi ng edge angl e [err]
with the substrate of abgut err 30 | i bl trail
edge 46 which fornms a trgﬁ ééigﬁg 8;& WR[NI%E‘% ﬁuﬁéﬁaééj 4a tﬁe prongs éz

are severed from the the depositmg member by a severing means.
The prongs 22 are severed to form 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 accomodate
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 1longitudinally 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
materia‘l) to the prongs 22. A suitable severing means is a wire
78 disposed generally parallel to the axis of: - the cylinder 73 and
roll 74 and spaced from the substrate 24 a distance which is
somewhat greater than the perpendicular distance from the highest
elevation of the solidified prong 22 to the substrate 24.

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 pressure bar 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 wire 78 temperature severing means can be
accommodated. Also, as the speed of the substrate 24 is

I
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substrate o{v@%i god[err] [err] 30[err] is suitable. A sharBCT28s9awseng

theseé angles [err] and [err] of the |eading and trailingredges—42_and 46
works wel| with the aforenentioned spectrum of 39 ncl uded a?”,ﬂgeﬁ-lE[Eé'rmAs 8F N
shank 28 to yield a tapered shank 28, advantageously orijent edRERLAGREVE T

the substrate 24 to provide shea tr
requiring excessive B?‘Hﬁ@seﬁa%gf afrequeni co?Egngfogfé ghﬁg rrea?l?rerren st are
easily made using aphingel2 ka6-mdl 1ar® gmredremkirson ared gt iwghye Lowar (wattage

of Mountain Lakes, Ngyy %?Féfn! oké @Eﬂneramta@ ﬁﬁ@&uﬁﬁmfureks Cictssmdd et
will be recogni zed b¥ one “,

profile view origin 3‘6’9“&?Ft 'ﬁ ‘ﬁl g'fft Weiﬁt"trgngdﬁft %%rn% r\rsﬁlnc[rlggqu ng
angle [err], base poirgron$@2chasinga gepesaldynshorter Mk@ Tengdh

[ﬁ{)[]o (r); f‘]heofSh?R(l; 2?%@%4@9 Qﬂé‘%‘%ﬁgQQUﬁJn tiPQhd (rllr&lfﬁﬁl U)én@ﬂkbﬂ@lheaengagmg
gol d gbyp AnT ay, IEE’“" ofo Kﬁa@ @ed?%ﬁraas%sggcﬁhggf?se"%éé 38?1
work well for this ptempesature of thecbetsaiye 7sséwdpeneasqﬂaott$gﬁamo§ neseswy

t f(‘;felnl et 3| g\?vt erm neTﬁgéfhﬁgnggvgvl&r%tng&e& i} oa&emylnc&&aaﬂdtﬁeemng epd hegr

IC2)6 a di stance sufflcF%W‘?%ligp&%rtﬁ '&8\9 ggIn'ggnEXS%&%%C%?héRQLﬁ?Q??@?Se
24 at an el evation vvheu‘nenitltad/vfrum&hengmmg meaasn 2830 to

For .the embodlment described herein a round cross section
nickel- chromium wire 78, having a diameter of about 0.64
millimeters (0.025 inches) heated to a temperature of ‘about 343°C
to about 440°C has been found suitable. It will be apparent that
a knife, laser cutting or other sevéring 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 prohg 22 being severed from the moil. If the
severing means 78 {s disposed too far from the plane of the
substra‘te 24, the prong material will pass underneath 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
substrate 24 or adjacent prongs 22. Conversely, if the severing
means 78 is dispésed too close to the plane of the substrate 24,
the severing means 78 will truncate the shank 28 and an engaging
means 30 may not be formed. '

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

_ herein.
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readily int avoopi3les engage the strands of the receiving surPaETAISI3/11909

14, ‘A rel ‘atively | onger shank 28 provides the advantage g,\ﬁ
penétrate deeper into the receiving surface and3} hereby &l Rl HASREFMO
means 30 to intercept or engage a greater nunber of stra orREPi.AéE

Conversely, a relatively shorter shan ngi h es th

that a relatively st rongeﬁ' |5{" Sty g{ﬁ @I 3 SFWP'H‘Sgg i rst
correspondingly | ess qjeaetiloatr&iatlmt ¢ottf6! newﬁwnggmmberacaomdnnhiﬁularly,
therefore be unsui tabﬂh‘i idUstl‘ﬁGezNHE‘&raﬁwofr@é“deﬁhro%whhe %3 TOOOArefé’f‘enthy

R U TR N N e A o
- of substrate 24 for continuous deposition of prongs 22 and removes
the portions of the substrate 24 having prongs 22 deposited
thereon. The direction generally parallel to the principal
direction of transport of the substrate 24 as it passes through
the nip 70 is referred to as the "machine direction.® The machine
direction, as indicated by the arrow 75 of Figure 4, is general]y
orthogonal the centerline of the print cylinder 73 and back1ng
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 0% to approximately 10% greater than the surface
speed of the cylinder 73 and roll 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 substrate 24. The substrate 24 is transported
through the nip 70 in the first direction at about 3 to about 31
me;erg‘per minute (10 to 100 feet per minute).
The angle of the shank 28 can be influenced by the rate of
transport of the substrate 24 past the nip 70. If prongs 22
having a shank angle a more nearly perpendicular to the substrate
24 is desired, a slower rate of transport of the substrate 24 in
the first direction is selected. Conversely, if the rate of
transport is increased, the angle a of the shank 28 decreases and
an engaging means 30 have a greater lateral projection 38 will
result. _ _
 If desired, the substrate 24 may be inclined at an angle v,
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 extract the prong material from the apertures 56 and to
pull the prong 22 away from the print cylinder 73. The angle ¥
from the plane of the nip 70 should be increased as a lesser angle
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determ nes {v?e“,%ﬁgl tudi nal spacing of the engagi ng neans 3GdTige/idey
e

substrate® "l ongi tudinal spacing” is ‘the |east perpendicul ar
di stance” fromthe plane of the substrate 24 ta@a he per| )S ET %hBEEN
engagi ng nmeans 30. For an engagi ng means 30 of constan geonmEd .

| ongi.t udi nal spacing of the enga ﬁ means 30 from :
becones greater wia iof thﬁcrséa@&%@ orgsiad naNSQhaFﬂG"Q@’PQenﬂleha"ﬂe Y of

I ]g)ntglh t udi ?al dsgam NGePfatdbn Imﬁttﬁb@met W%etﬁ sbrmdaoaeafw brit @b@fmer
o e intended recei sur refera
as such fiber or strﬁﬁ&gltgnﬁp{«g&"dﬁr %\r)gacﬁgg '5‘*88‘ %P B%'Hﬁ?l Bngr §ﬁg§b%ﬁéﬁt

and retention of sudmodactiondd8or fi bers by the engagi ng nmeans 30 of the
fastening system 20, ForAfté\e RpPAdi e Proste watéal Pemetie apeiiupdd S0 oAdyi ng

a | ongitudi nal spaciyl t Q m|l ters
(0. 004 to 0.008 Pnchgg) ﬁ(ﬂgw%ﬁl the rP’H'{FE? %Eﬁaeoro??%e“"t%&es '8&:%‘(%811 of
the shank 28 i s notin the diregtionsjgdicateds bxntheoarnews 3% off FigurechosJhis
section desired, aGesy@isndir Oat kﬁr@ﬁd)r ofelvel ftie nﬁrsaméﬁn% rlﬁitﬁéérﬂQtﬁ@

of - any part of tne SPIANGrOY Suistratsen ik R FEFHUR 8 Bt BB beripd®
engagi ng means 30. Agriest &o sayeving)t bke prong material phrifigesakhey substrated24 o
decrease in cross 5%8 | fFin@ScyiiRdér 82l MNdexdtivd)Yisplacement continues, the
prong material is stretched unti'l severing occurs and the prong 22
separated from the aperture 56 of the print cyhnder 73. As used
herein the term "stretch" means to increase in linear dimension,
- at Jeast a portion of which increase becomes substantially
permanent for the 1ife of the fastening system 20.

As discussed’ above, it s also necessary to sever the
individual prongs 22 from the print'c‘,ylinder'n as part of the
process which forms the engaging means 30. When severed, a prong
22 1is longi'tudina'l'ly divided into two parts, a distal end 29 and
engaging means 30 which remain with the fastening system 20 and a
moil (not shown) which remains with the print cylindér 73 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 méy be wound into a roll for
storage as desired.

A non-limiting 1llustration of the method of the present
invention shows the prong material to be disposed in a heated
trough (not shown) and supplied to the heated pressure bar 81 by a
heated hose assembly (not shown). If a polyester resin hot melt
adhesive is selected, a material temperature of approximately
177-193 degrees Celsius, preferably about 186 degrees Celsius, has
been found suitable. If a polyamide resin is selected, a material
temperature of approximately 193-213 degrees Celsius, preferably
about 200 degrees Celsius, has been found suitable. A polyester
film substrate 24 about 0.008 to about 0.15 millimeters (0.003 to
0.006 inches) in thickness works well with hot melt adhesive
prongs 22. .
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shank 28 amgoemgsngs ng neans 30 of the prong 22 are | ongit udiPGaIUS3/ 1180

| at.eral | y~ approxi mat ed. This arrangenent 3£rovi de , o
decfease in the noment of inertia of the shank®28 and| SHIGaSHELT HAGBEEN
resulting in a prong 22 of nore nearly constant stresy wherREPEABERL i on

forces are applied to thg,. fgsd eRy REtFted CropéPatidRd ddd dFen, Sppinthe
quantity of superfluqus materials 1 ncorpor tsg | nag theblﬁ_ron
e * Of

! 22.
To maintain the desi$8dNgfToddthaying, ap 3fm ASFHHGS B Fontdmeter
general | y uniform rat40o apértures pesecinichpnial bathedhe coachline dirédtion and scedse

the prongs 22. ~One hgthife WYrEltigR"S11d%gCaNF R ort Bof 233! lapbrtifés Ofert @

prong 22 is the ratio of ‘the | . . .

. square centimeter (1600 apertures per square inch), is suitable.
This grid density may be advantageously used with a print cylinder
73 having a wall thickness of about 0.16 millimeters {0.004
inches) and a diameter of about 20.3 centimeters (8.0 inches),
with apertures 56 having a diameter of 0.30 millimeter (0.012
inches). A backing roll 74 having a diameter of about 20.3
centimeters (8.0 inches) and vertically registered has been found
to work well with the aforementioned print cylinder 73. The rate
of transport of the substrate 24 is about 10.7 meters per minute
(35 feet per minute).

A nickel-chromium hot wire 78 having a diameter of about 0.6
millimeters (0.025 inches) disposed approximately 5.7 millimeters
(0.225 inches) from the nip point 70 in the machine direction,

~ approximately 16.1 millimeters {0.634 inches) radially outward .
from the print cylinder 73 and approximately 4.0 millimeters
(0.156 inches) from the backing roll 74 is heated to a temperature
of about 430 degrees Celsius. The fastening system 20 produced by
this operation is substantially similar to that illustrated by
Figure 1, which fastening éystem 20 may be advantageously
incorporated into the il1lustrative article of use discussed below.

Without being bound by any particular theory, it is believed
that the geometry of the engaging means 30 is goverited by the
elastic properties of the hot melt adhesive used to make the prong
22 and the difference in the temperature between the trailing edge
46 and the leading edge 42 of the prong 22. The trailing edge 46
of the prong 22 1{s 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 solidify or freeze after the
trailing edge 46. This causes elongation of the leading edge 42
and contraction of the trailing edge 46, relative to each other.
As this temperature difference is increased, a relatively longer
engaging means 30 is formed.

It is frequently desirable to have a fastening system 20 of

" the present invention with the maximum lateral projection 38 of

_
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area of theworsmassectlon of the base 26 to the area of thePCTUSE®B/HL0 i on
of .t he prong 22, at the highest elevation of the prong <W.
"hi ghest” el evation" refers to the that point 8 segnent 1“ h&AS BEEN
tlhe eng?gl Rg rregns 30 having the greatest per pendi cul ar (di st MRLACEDM t he
pl-ane of the substrate 24. Typjcall rong 22 I n bas C
sectional .area to Hh §h8§?“9élygéla?”8ﬁteefags sdirec gﬂ‘?ﬂ ‘%lhgr ﬁhﬁ §R$ nJ"F?{Z“e
range of about 2:1 tdiredtion. OFdr waanplepivwhen usingh thenprresent, ioventdomrassbhek

28 which tapers fro t
about 0. 10 Pn i met gagt%}ﬁﬁgbn%‘éng 6:?”? tﬁ’é?osﬁﬁ'léjﬁfﬂé?seﬂ qlaolﬁailggtﬂltagtﬁlglgﬁ@m

inches) to a hi ghest"'aéli'&?ah%ﬁﬂdlpéﬂﬁ‘é on 3EE°Jb(§E? RYOBY° r#zl PF ¢ 5?%edt & dbout
0.25 mllineters (0.di@ection &uﬁiﬂntmmﬁsp)erbﬂditjéen towthe dinectisineof dravele

embodi ment di Scussedofhecgé Bispr éfaﬁau Yon athsemﬂﬁﬁhéquhg Clina! wadaeger
cross section af about

0.
hi ghest el evation prisputaeduring, 'E‘:? §é@ﬁfé’ha‘?°’"&}eé‘a ‘Qﬁsﬁf@ﬂ'éé‘fe é"a&@IH'Fr%nt%f
about 0.040 square nrgutl i revréent afd GPPDO61he gfasteningclipstem 20 gifnehal haximum

circul ar shaped basela%@rgesﬂr%ﬁe&%ﬁ 'ﬁ%foihfb%s Q239r€”oHérifEﬁ Gi'itStI(eOmQ:Hne

i nches) provides a 0SS _sect -
mllineters (O. 0001@"5‘&%% | r&hggtemlngﬂlsgsgr ' UPE %Eul f%salniqu"“"t"’"

produced with the maximum lateral prOJection 38 of the prongs 22
oriented in the cross-machine direction, however, would not =
require re-orientation before being applied to a disposable
diaper. It is therefore very advantageous to be able to
manufacture the fastenihg system 20 of the present invention with
the maximum lateral projection 38 of the prongs 22 oriented in a
direction other than the machine direction.

There are two angles which are made by the shank 28 of prongs
22 produced by this process. The shank 28 makes an angle a with
‘the plane of the substrate 24 as discussed hereinbefore, and the
shank 28 also makes an azimuthal angle relative to the machine
directign of the substrate 24. As used herein, the term
*azimuthal angle" refers to the angle the maximum lateral
projection 38 makes relative to the machine direction of the
substrate when viewed from above. As used herein “"viewed from
above” refers to viewing the prongs 22 from a direction which is
perpendicular to the plane of the substrate 24. The term "machine
direction® refers to the direction generally péra]le‘l to the
principle direction of transport of the substrate 24 as it passes
through the nip.

Methods of forming azimuthally angled, free formed prongs are
discussed in greater detail in commonly assigned, co-pending
Patent Application Serial No. 07/632,283, “Process Of
Manufacturing A Refastenable Mechanical Fastening System", filed
December 21, 1990, in the name of D. A. Thomas, D. J. K. Goulait
and R. G. Cox, Jr., allowed July 31, 1992, and commonly assigned,
co-pending Patent Application Serial No. 07/719,211, "Method for
Manufacturing a Refastenable Mechanical Fastening System Having
Azimuthally Angled Prongs and Fastening System Produced
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rati o of bave9®3168 oss sectional area to highest elevation EETASUHAY onal

area' of about 2.25:1, which is within the afor nti ongcry
engagi n§ neans 30 is joined to the shank 28, aﬁjf q"{lngTH S BEEN

prefefa %@@{E | guou
with the distal end of the shank 28. The engagi ng neand.30_pr.
radially away and outmr—dﬁmmf,r FWiédhgumeel pHesY, dh HHeanime28f Bnd. Mayndsuahdier

rom the substrate 28" A o oAty Wb it el frarhork, dr hcbraliec ™

fromthe substrate 2 use I 'ng neans’
any protrusion | at er dierein byereferangeery of shank 28 (ot her than m nor
asperities in the periphemg cpfroﬁdge zahrmay LB, behimade pictiordimigontor @SmbdiFied

eans the out er - sur f SV ?wéﬁgﬁhv' Pa528" 268, oblfiat Sl BET VA Solhs ot
t owar ds t he perpendl depositing t & mo ten thermally sensitive matenal onto the
. substrate from the cells of a depositing member, such as a gravure
printing roll, stretching the discrete amounts of molten thermally
sensitive. material in a direction having a vector component
parallel to the 'pIane of the substrate so as to form a prong, and
'solidifying the molten thermally sensitive material of the prong.
A more detailed description of this method is disclosed in U.S.
Patent Application Serial No. 07/668,817, "Refastenable Mechanical
Fastening System And Process For Manufacture Therefor®. filed
March 7, 1991 in the name of Dennis A. Thomas {a Rule 62
Continuation Patent Application of U.S. Patent Application Serial
No. 07/305,354 filed January 31, 1989); U.S. Patent 5,088,247,
issued to Dennis A. Thomas and Ted L. Blaney on October 22, 1991;
and U.S. Patent 5,116,563, issued to Dennis A. Thomas and David J.
K. Goulait on May 26, 1992; which patent applications and patents
are incorporated herein by reference_.

It will be further apparent to one skilled in the art that
other ‘variat'ions are feasible. For example, a prong 22 having an
engaging means 30 protruding in more than one direction may be
produced. If desired, only the print cylinder 73 may be utilized

* in the manufacturing process, providing the substrate 24 contacts
the print cylinder 73 at the point on the outer surface of the
print cylinder 73 that corresponds with the point at which the
doctor blade assembly 83 contacts the inner surface of the print
cylinder 73

o7

JLLUSTRATIVE ARTICLE OF USE

An illustrative and nonlimiting example of the usage of the
fastening system of the present invention in an article of
manufacture follows and is illustrated in Figures 5 and 6.
Mechanical fastening systems have been advantageously used in
disposable absorbent articles as disclosed in U.S. Patent
4,846,815 entitled "Disposable Diaper Having an Imp(ovgd Fastening
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16 subst wat s/13168 whi ch per pendi cul ar passes through the ormguss)s/mw
whi.cH is generally centered within the footprint of

Particularly, the lateral protrusion has a vector co
and facing towards the plane of the substrate 24. It
t hat the engagi ng shan
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all. 1t is only neces ted face of the
shank 28 periphery &Ss?emﬁ?esly E%{se@ égrgt%ﬁ %Pﬂ&' Lé’rug{&r%'g neans 30 has a
face with a vector  conffoherknopey £pr eﬂxal"b‘eanﬁh?ta@F%“ﬂ% hretenings systems
substrate 24. aFB €] 39 Ui T\ comARnaled yyo1avendapgwdens ehar at-eraaneswe
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arcuate and nay havdhese cteaturest pravige admtheHngng irFéaﬁ% BO‘Y‘ gasafle
reentrant curve, thQi‘lQﬁﬂagEﬂglﬁfem £6r iuse! ofcm anfangEMso, \ahiréfastenable

00 1 LY PP LIRS bR WIS M OB Uhe bine okl
checked to see if soiling of the disposab1e diaper 120 has
occurred during the wearing period. _ : :

As used herein, the term "absorbent article" refers to
devices . which absorb and contain body exudates, and, more
specifically, refers to devices, such as sanitary napkins,
disposable diapers, incontinent garments, and the like, which are
placed againét or in proximity to the body of the wearer to absorb
and contain the various exudates discharged from the body. The
term “"disposable” is used herein to describe absorbent articles
which are not intended to be laundered or otherwise restored or
reused as an ‘absorbent article (i.e., they are intended to be
dis;ard%d after a single use and, preferably, to be recycled,
composted or otherwise disposed of 1in an environmentally
compatible manner). A "unitary” absorbent article refers to
absorbent articles which are formed of separate parts united

on

together to form a coordinated entity so that they do mot require

separate manipulative parts like a separate holder and liner. A
preferred embodiment of an absorbent article of the present
invention is the unitary disposable absorbent article, diaper 120,
shown in Figure 5. As used herein, the term "diaper" refers to an
absorbent article generally worn by infants and incontinent
persons that is worn about the lower torso of the wearer. It
should be understood, however, that the present invention is also
applicable to other absorbent articles such as incontinent briefs,
incontinent undergarments, diaper holders and liners, feminine
hygiene garments, and the like.

Figure 5 is a plan view of the diaper 120 of the present
jnvention in its flat-out, uncontracted state (i.e., with elastic
induced contraction pulled out) with portions of the structure

iThis Sheet Has Been Replace:

N I




| ateral |y dwoee#Btkst owards t he shank 28, although the segnerﬂcﬂ@@é’m“ﬁot be
radidlly directed towards the origin 36. The e ﬁ.a 30
E’g d

each prong 22 of the fastening system 20 may3I7atera AS BEEN
substantially in the sane direction, if a relativel EFAACERBnal | y

ori ented peel st rengitb8 'rgcc'?‘egﬁa E@qnorf C]é”ﬁ-)iyb&o{,a{hféoggﬁ)gtﬁ[gﬁgﬁ oF {,@T‘ﬁ{a i de

substantial l'y I sot stren Irectio

engaging means 30 riﬂ? and Wébkthsl"ﬂmg‘d’"t 9?16@9\/9%?241' beGmhigh §E|‘b°§t Lhe vearey,
from one side of tRReSfrreK sagfacdefgﬂ’llfanﬁg oEhecvidwey. CRRVshowAUid iFAgureasid

penetrat e the openi ng of o1, I ERCHARRY kARELE | T AR pdrfous, SHEARED

or fibers of the rec
t he- engagi ng means 3024.Trae1nmidrﬁmeent9mbbaqkéb¢¢t 12haiodpeh it theatepsbeetind
strands or fibers of M\e ah%@bﬁieﬁﬂ coréllzé%eiﬁroﬁéﬂamb&veléﬁ|mseoﬁ3ﬁe¢mﬂ4 and

et e g oyt 20, Ghe R eny A, My St g bl IR b S RRON s
30 shoul d not r adi a‘hf@s 382§ aot elasbitf aaist) fieptureaddd;ajandi 3 cLasteming system
ot herw se the fenga%ﬁauaﬁ@nsﬁs)rﬁsyyoﬂo‘%ro ef2r ahfufabtureBe ateurdoig ttbet%e
ooV oS 2%, mlpiSef Tie PR ivank: P ST BTy ke
as 136 The diaper 120 is shown in Figure 5 to have an outer
surface 152, an inner surface 154 opposed to the outer surface
152, a first waist region 156, a second waist region 158. opposed
to the first waist region 156, a crotch region 159 positioned
between the first waist region 156 and the second waist region
158, and a periphery 160 which is defined by the outer edges of
the diaper 120 in which the longitudinal edges are designated 162
and the end edges are designated 164. The inner surface 154 of
the diaper 120 comprises that portion of the diaper 120 which is
positioned adjacent to the wearer’s body during use (i.e., the
inner surface 154 generally is formed by at least a portion of the
topshe?t 124 and other components joined to the topsheet 124).
The outer surface 152 comprises that portion of the diaper 120
which is positioned away from the wearer’s body (i.e., the outer
surface 152 generally is formed by at least a portion of the
backsheet 126 and other components joined to the backsheet 126).
Figure 5 shows a preferred embodiment of the diaper 120 in
which the topsheet 124 and the backsheet 126 have length and width
dimensions generally larger than those of the absorbent core 128.
The topsheet 124 and the backsheet 126 extend beyond the edges of
the absorbent core 128 to thereby form the periphery 160 of the
diaper 120. While the topsheet 124, the backsheet 126,. and the
absorbent core 128 may be assembled in a variety of well known
configurations, preferred diaper configurations are described
generally in U.S. Patent 3,860,003 entitled "Contractible Side
" Portions for Disposable Diaper" which issued to Kenneth B. Buell
on January 14, 1975; and U.S. Patent Application Serial No.
07/715,152, allowed, “Absorbent Article With Dynamic Elastic Waist
Feature Having A Predisposed Resilient Flexural Hinge", Kenneth B.
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as urine and other certain body exudates.  As shown in Figure §5,
the absorbent core 128 has a garment surface, a body surface, side
edges, and waist edges. The absorbent core 128 may be manufactured
in a wide variety of sizes and shapes (e.g., rectangular,
hourglass, "T"-shaped, asymmetric, etc.) and from a wide varietj
of liquid-absorbent materials commonly used in disposable diapers
and other absorbent articles such as comminuted wood pulp which is
generally referred to as airfelt. Examples of other suitable
absorbent materials include creped cellulose wadding; meltblown
polymers  including coform; chemically stiffened, modified or
cross-linked cellulosic fibers; tissue including tissue wraps and
tissue laminates;  absorbent foams; absorbent  sponges;
superabsorbent polymers; absorbent gelling materials; or any
equivalent material or combinations of materials. The
configuration and construction of the absorbent core may also be
varied (e.g., the absorbent core may have varying caliper zones, a
hydropqﬁlfc gradient, a superabsorbent gradient, or Tower average
density and lower average basis weight acquisition zones; or may
comprise one or more layers or structures). The total absorbent
capacity of the absorbent core 128 should, however, be compatible
with the design loading and the intended use of the diaper 120.
Further, the size and absorbent capacity of the absorbent core 128
may be varied to accommodate wearers ranging from infants through
adults. Exemplary absorbent structures for use as the absorbent
core 128 are described in U.S. Patent 4,610,678 entitled
"High-Density Absorbent Structures" issued to Weisman et al. on
September 9, 1986; U.S. Patent 4,673,402 entitled "“Absorbent
Articles With Dual-Layered Cores" issued to Weisman et al. on June
16, 1987; U.S. Patent 4,888,231 entitled "Absorbent Core Having A
Dusting Layer" issued to Angstadt on December 19, 1989; and U.S.
Patent 4,834,735, entitled 'Hﬁgh Density Absorbent Members Having
Lower Density and Lower Basis Weight Acquisition Zones®, issued to
Alemany et al. on May 30, 1989. Each of these patents are
incorporated herein by reference. A preferred embodiment of the
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layer of adhesive, or an array of separate lines, spirals, or.
spots of adhesive. Adhesives ‘which have been found to be
satisfactory are manufactured by H. B. Fuller Company of St. Paul,
Minnesota and marketed. as HL-1258. The attachment means will
preferably comprise an open pattern network of filaments of .
adhesive as is disclosed in U.S. Patent 4,573,986 entitled
"Disposable Waste-Containment Garment®, which issued to Minetola
et al. on March 4, 1986, more preferably several lines of.adhesive
filaments swirled into a spiral pattern such as is 1llustrated by
the apparatus and methods shown in U.S. Patent 3,911,173 issued to
-Sprague, Jr. on October 7, 1975; U.S. Patent 4,785,996 issued to
Zieckgr, et al. on November 22, 1978; and U.S. Patent 4,842,666
issued to Werenicz on June 27, 1989. Each of these patents are
incorporated herein by reference. Alternatively, the attachment
means may comprise heat bonds, pressure bonds, ultrasonic bonds,
dynamic mechanical bonds, or any other suitable attachment means
or combinations of these attachment means as are known in the art.

The backsheet 126 is impervious to liquids (e.g., urine) and
is preferably manufactured from a thin plastic film, although
other flexible 1iquid impervious materials may also be used. As
used herein, the term "flexible" refers to materials which are’
compliant and will readily conform to the general shape and
contours of the human body. The backsheet 126 prevents the
exudates absorbed and contained in the absorbent core 128 from
wetting articles which contact the diaper 120 such as bedsheets
and undergarments. The backsheet 126 may thus comprise a woven or
nonwoven material, polymeric films such as thermoplastic films of
polyethylene or. polypropylene, or composite materials such as z
film-coated nonwoven material. Preferably, the backsheet is a
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Further, the backsheet 126 may permit vapors to escape from the
absorbent coré 128 (i.e., breathable) while still preventing

- exudates from passing through the backsheet 126.

gs

The topsheet 124 is positioned adjacent the body surface of

the absorbent core 128 and is preferdb'ly Joined thereto and to the

backsheet 126 by attachment means (not shown) such as those well

known in the art. Suitable attachment means are described with
respect to joining the backsheet 126 to the absorbent core 128.
As used herein, the term "“joined" encompasses configurations
whereby an element is directly secured to the other element by
affixing the element directly to the other element, and
configurations whereby the element is indirectly secured to the
other element by affixing the element to intermediate member(s)
which in turn are affixed to the other element. In a preferred

embodiment of the present invention, the topsheet 124 and the -

backsheet 126 are Joined directly _to each other in the diaper
periphery 160 and are indirectly joined together by directly
Joining them to the absorbent core 128 by the attachment means
(not shown). ' _

The topsheet 124 s compliant, soft feeling, and
non-irritating to the wearer’s skin. Further, the topsheet 124 is
liquid pervious permitting liquids (e.g., urine) to readily
‘penetrate through its thickness. A suitable topsheet may be
manufactured from a wide range of materials, such as porous foams;
reticulated foams; apertured plastic films; or woven or nonwoven
webs of natural fibers (e.g., wood or cotton fibers), synthetic
fibers (e.g., polyester or polypropylene fibers), or a combination
of natural and synthetic fibers. Preferably, the topsheet 124 is
made of a hydrophobic material to isolate the wearer’s skin from
liquids contained in the absorbent core 128. There are a number
of manufacturing techniques which may be used to manufacture the
topsheet 124. For example, the topsheet 124 may be a nonwoven web
of fibers spunbonded, carded, wet-laid, meltblown, hydroentangled,
combinations of the above, or the like. A preferred topsheet is

s
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consi der ed referred to as leg bands, Slde flaps, barrier cuffs, or elastic
cuffs.) U.S. Patent 3,860,003 describes a disposable diaper which
provides a contractible leg opening having a side flap and one or
more elastic members to provide an elasticized leg cuff (gasketing
cuff). U.S. Patent 4,909,803 entitled "Disposable Absorbent
Article Having Elasticized Flaps" issued to Aziz et al. on March
20, 1990, describes a disposable diaper having “stand-up®
elasticized flaps (barrier cuffs) to improve the containment of
the leg regions. U.S. Patent 4,695,278 entitled “Absorbent
Article Having Dual Cuffs” issued to Lawson on September 22, 1987,
describes a disposable - diaper having dual cuffs including a
gasketipg cuff and a barrier cuff. While each elasticized leg
cuff 132 may be configured so as to be similar to any of the leg
bands, side flaps, barrier cuffs, or elastic cuffs described
above, it is preferred that each elasticized leg cuff 132 comprise
at least an inner barrier cuff 184 comprising a barrier flap 185
and a spacing elastic member 186 such as described in the
above-referenced U.S. Patent 4,909,803. In a preferred embodiment
as shown in Figure 5, the elasticized leg cuff 132 additionally
comprises an elastic gasketing cuff 104 with one or more elastic
strands 105, positioned outboard of the barrier cuff 184 such as-
described in the above-referenced U.S. Patent 4;695,278.

The diaper 120 preferably further comprises an elastic waist
feature 134 that provides improved fit and containment. The -
elastic waist feature 134 is that portion or zone of the diaper
120 which is intended to elastically expand and contract to
dynamically fit the wearer’s waist. The elastic waist feature 134
at least extends longitudinally outwardly from at least one of the
waist edges of the absorbent core 128 and generally forms at least
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I-npertant that constructed with a single elastic waist fe@ture. Further, while
the elastic waist feature or any of its constituent elements can
comprise a separate element affixed to the diaper 120, the elastic
waist feature 134 is preferably constructed as an extension of
other elements of the diaper such as the backsheet 126 or the
topsheet 124, preferably both the backsheet 126 and the topsheet
124. The elasticized waistband 134 may be constructed in a number
of different configurations including those described in U.S.
Patent 4,515,595 issued to Kievit et al. on May 7, 1985 and the
above referenced U.S. Patent Application Serial No 07/715,152;
each of these references being incorporated herein by reference.

In a preferred embodiment, the diaper also comprises
elasticized side panels 130 disposed.in the second waist region
158. (As used herein, the term "disposed" is used to mean that an
element(s) of the diaper is formed (joined and positioned) in a
particular place or position as a unitary structure with other
elements of the diaper or as a separate element joined to another
element‘ of the diaper.) The elasticized side panels 130 provide
an elastically extensible feature that provides a more comfortable
and contouring fit by initially conformably fitting the diaper to
the -wearer and sustaining this fit throughout the time of wear
well past when the diaper has been loaded with exudates since the
elasticized side panels allow the sides of the diaper to expand
and contract. The elasticized side panels 130 further provide
more effective application of the diaper 120 since even if the
diaperer pulls one elasticized side panel 130 farther than the
other during application (asymmetrically), the diaper 120 will
"self-adjust” during wear. While the diaper 120 of the present
invention preferably has the elasticized side panels 130 disposed
in the second waist region 158; alternatively, the diaper 120 may
be provided with elasticized side panels 130 disposed in the first
waist region 156 or in both the first waist region 156 and the
second waist region 158. While the elasticized side panels 130
may be constructed in a number of configurations, examples of
diapers with elasticized side panels positioned in the ears (ear
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The diaper 120 is further provided with. a fastening system
136 for forming a waist closure. The fastening system 136
maintains the first waist region 156 and the second waist region
158 in an overlapping configuration to maintain the diaper on the
wearer. The fastening system 136 comprises at least an array of
prongs 22 manufai:tu.red according to the method of the present
invention, which is engageable with a couiplementéry receiving
surface such as a loop fastening material or a nonwoven material
such as the material which forms the topsheet 124. While the
fastening system 136 may be constructed in a number of
configurations, examples of diapers with mechanical fastening
s,ysi:emsi are disclosed in U.S. Patent 4,869,724 entitled
"Mechanical Fastening Systems With Adhesive Tape Disposal Means
For Disposable Absorbent Articles® issued to Scripps on September
26, 1989; U.S. Patent 4,846,815 entitled "Disposable Diaper Having
An Improved Fastening Device" issued to Scripps on July 11, 1989;
and U.S. Patent 4,894,060 entitled "Disposable Diaper With
Improved Hook Fastener Portion" issued to Nestegard on January 16,
1990. A fastening system having combination adhesive/mechanical
closure elements is described in U.S. Patent 4,946,527 entitled
"Pressure-Sensitive Adhesive Fastener And Method of Making Same”
issued to Battrell on August 7, 1990. Each of these patents are
incorporated herein by reference. A preferred fastening system
configuration is a two point fastening system described in U.S.
Patent Application Serial No. 07/714,476, entitled "Absorbent
Article with Fastening System Providing Dynamic Elasticized
Waistband Fit", filed June. 13, 1991 in the name of Weil et al.,
which patent application is incorporated herein by referen_ce.

Th|s Sheet Has Been Rer

I IHIIIH il




Second Edi tyw@Rafyies r vi ng Skei st, published in 1977 by Van Nesrtussssei nhol d
Corrpany i35 West 50th Street, New Yor k, New York, 10020, which is

i ncorporated herein by ref er ence. Pol yest &4 an polyam de _hot nelt
adhesi ves are suitable. As used herei n, the terms "p WISSSHEET HAS BEEN

(polyam dey mean chalns e gL SBE Bl Bufile FoeEnE LTl ERA R vens
particularly preferfeteningr mltbry 13@nshavny én Fagunei Silapd &, ecatiprisessadprimary. S.
Patent Application fa§@ﬁir@| sthln- 138 @d¥ vﬁﬁﬂg the'\/?f&éo‘élosﬁ@rand a waist

Manuf acturi ng A Refasjenabl’e e and enin
Syst em Pr oduced Ther&#"rsarﬁ SYP qmegﬂfrf‘”f I%oﬁhif@ Woaéﬁsé CPsuRe- GEE? zﬂrf"“gﬁd
Penni s A Thomas on Ofistering3gyste®d3s matintains ptheefitrstipplist aegon 166 and the

“incorporated herein ?é’coh&fvﬁﬁ?ﬂ% jon 158 in an ove$|ﬂl E §lehBlgirMEGh NciAlhat
FASTENI NG SYSTEM

as the fastening rre};ﬁfse"‘\FAC teasic?i“§pﬁr§2h'$g'td¥%"[fr"%‘f"d ﬁ%ﬁ?rﬁ@ﬁ? %’Ffzztza? $ Jpeoc

descri bed nore ful |l ydiapeei ttho@hintain the diapdr oon dhgawearenm.y Hheplwanst c]osure
system 140 forms a waist closure that _ dynamically
maintains/creates 1lateral tensions through the elasticized
waistband 134§ so as to improve the fit and containment
characteristics of the diaper 120 by reducing gapping, sagging,
and rollover of the elasticized waistband 134.

As shown in Figure 5, the primary fastening system 138
comprises a securement member 142 disposed qdjacent each
Tongitudinal edge 162 in the second waist region 158, and at least
one landing member 144 disposed in the first waist region 156 so
as to form a portion of the outer surface 152. Each securement
member 142 preferably comprises a tape tab 192 and a first
fastening component 112. The 1landing member 144 preferably
comprises - a complementary second fastening component 114
engagealp‘le with the first fastening component 112 of the
securement member 142. An exemplary primary fastening system
wherein the first and second fastening components each comprise
mechanical closure elements comprising hook and 'Ioob fastening
materials s disclosed in U.S. Patent 4,869,724 entitled
"Mechanical Fastening Systems With Adhesive Tape Disposal Means
For Disposable Absorbent Articles® issued to Scripps on September
26, 1989. Primary fastening systems utilizing mechanical closure
elements are also disclosed in U.S. Patent 4,846,815 entitled
"Disposable Diaper Having An Improved Fastening Device" issued to
Scripps on July ‘11, 1989; and U.S. Patent 4,894,060 entitled
"Disposable Diaper With Improved Hook Fastener Portion" issued to
Nestegard on January 16, 1990. A primary fastening system having
combination adhesive/mechanical closure elements is described in
U.S. Patent 4,946,527 entitled "Pressure-Sensitive Adhesive
Fastener And Method of Making Same" issued to Battrell on August
7, 1990. Each of these patents are incorporated herein by
reference. In a preferred embodiment of the present invention as

\
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20 as a nBMaSIMBL8 securing the sanitary napkin to the pant ;PCSfUSPHél’%arer
it.is desirable to have a fastening systemthat is skin-g %@ﬁ
bl Puiﬁgg

heréin, The term" skin-friendly" referstoafﬁstenlngs
substantlally non-irritating and non-abrasive to human ski n.

particularly preferred sani nap conf. n.l

Pat ent Application S Shpwn %92"" g( q‘hbl %H@g sg?d'éﬂ? b‘é’g? ? o Bﬁé\“ ng
An | nproved Mechani can aBbestienitape Sybtﬁﬁﬂtgnfﬂlgl eust@onemprmtnsya h%ﬁPévmt%

the names of David Jaylfng GRUidRESive %Eélﬁneﬁt Tyereme and aMlthdﬁﬁ@ temb&t arlhey,

o oh, patent appl fcal N o i FIPGF G ORI B L HyRef iy PSS bagksnet 11282
produced by: 1) incrieaspleg dfhsuchuadbesivef tapeotals fpﬁrenm sy%tleoa arg disclesedy:
2) adjusting the shage P t PSeRt 09$48,594 entitled "Tape Fastening System for
Disposable Diaper" issued to Buell on November 19, 1974; and the
adhesive tape tabs, reinforcing strip, and indicia means disclosed
jn U.S. Patent Bl 4,662,875 entitled "Absorbent Article”™ issued to
Hirotsu and Robertson on May 5, 1987. Each of these patents are
incorporated herein by reference. _ - '
When the first fastening component 112 of the securement
member 142 comprises an adhesive attachment layer 196, the second
fastening component 114 of the landing member 144 preferably
comprises a rein'foroing strip 116 and/or the backsheet 126. When
the first fastening component 112 of the securement member 142
comprises a mechanical closure element, the second fastening
component 114 also comprises a mechanical closure element. Thus,
when the first fastening component 112 comprises a hook fastening
niaterial such as the fastening material of the present invention,
the second fastening component 114 preferably comprises a loop
fasteni‘ng material.
In a preferred embodiment of the present invention as shown
in Figure 5, the landing member 144 preferably comprises a
reinforcing strip 116 releasably engageable with the adhesive
attachment layer 196 of the tape tabs 192._ The reinforcing strip
116 may comprise any of a number of configurations and materials
secured to the backsheet 126 of the diaper 120. The reinforcing
strip 116 is preferably a separate member secured to the backsheet
126 to form a portion of the outer surface 152 of the diaper 120.
A preferred reinforcing strip 116 comprises a sheet of biaxially
oriented polypropylene film. |
The dual tension fastening system 136 additionally comprises
a waist closure system 140 for providing a waist closure adjacent
the end edge 164 of the diapér 120. The waist closure anchors a
portion of the span of the end edge 164. Further, when the diaper
120 comprises an elasticized waistband 134, the waist closure
dynamically creates/maintains 1lateral tensions through the
elasticized waistband 134. '

/
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and/ or {he wogkasws the shank relative to the substrate; 3) PEBUNIYMhe

prangs on a "conpressible" substrate; and/or 4) using " eSSt
form the prongs. It has been found that & astenin H&%%ﬁ%ﬁ@ﬁ?ﬁ&ﬁ
t harREPLARER eni n

dense array of prongs will tend to be nore skin-friendl .
dAShen
0 @bgﬁt{% eP%WS

system having a less dengg aly@Ve@kuh QR&rs H ?‘Jo?E?u@' of
systemw || have prongs disposed in an array wth about 8t
of prongs per centi nedderl6doef the diaper JR8. prefenabhy aj peréirmotiithe axtessibin s
grid will result in gahagfephdgelayticerednanistdpandol184.64(1.@.abTnd #5660 RAONIS
e “Nore prof er anl ysecPi stk CoheBAGHRS Sof) She ARE R1NF) < F5eef 400 af ©
about 30 rows of pro¥gangher therrosiidoesl relatienship pfuthepelast irdred wahstdapd i d
wili result in a fastzanuig t¥eéledisthcizedosideopanaboU301P0The tald LtanBk"pioONgs
s ot e Sy "EhlseRORRAR P BAE° i Ay Sl WAL,
24 rows of prongs peddiyekabl erepesitioning ofsdenesnsthatr achiemgs ahiclosured with |
result in a fasteni n@fﬂﬁ@gtﬂ&gaw rresifstmealsaomhraﬂfhére edgquttﬁ%rpﬁ@rmarp:r
E?:?‘Q?r23”2hb”ﬁé?Le%?sqﬁnéa"sfa??ew?%%%;%#ﬁéenwﬂﬁ? futablindhe ConbOhRALL brte LRe
closure is achieved. The positional relationship of the
elasticized waistband 134 with the elasticized side panels 130
(i.e., the geometric relationship between the anchor zones of the .
first attachment components 146) establishes a defined waist
circumferential dimension adjacent the end edge'164 of the diaper
120 which 1is distinct (longitudinally spaced) from the
circumferential dimension established by the side closure formed
by the primary fastening system 138. '

The waist closure also creates/maintains lateral tension(s)
through the elasticized waistband 134. The waist closure
contributes s$ome portion of an initial preténsion (1ateral
ten_s'ion)‘ within the elasticized waistband 134 that allows the
elasticized waistband 134 to snugly fit against the wearer’s waist
when initially fitted. The elasticized waistband 134 maintains,
during use, some portion of the pretension created within it by
the waist closure. Since the elasticized waistband maintains some
portion of the pretension created .within it, the elasticized
waistband can repeatedly elastically expand or contract with the
motions of the wearer so as to snugly sustain the fit of the
diaper against the wearer’s waist throughout use.

As shown in Figure 5, the waist closure system 140 comprises
at least one, preferably a pair of, first attachment component(s)
146 and at least one second attachment component 148. As shown in
Figure 5, the first attachment component(s) 146 are longitudinally
aligned with the elasticized waistband 134 so that the lateral
tensions dynamically created/maintained by the waist- closure
system 140 extends in and. through the elasticized waistband 134
during use. Further, the attachment components of the waist
closure system 140 are longitudinally spaced from the securement

. 1This ‘Sheet Has Been Replacec
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have from amaue4/mBeesr ows of prongs. per centinmeter (40 r ows percm'sn)ums each
dlreCtlon This grid will result in a fastening syst ep-hawA s

256 "prongs per square centimeter (1600 prongs péd squa
substrate. However, it is believed -

21. that a fast t h. 24 f .
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fastening system and spstelmel2®cto poovidprfdist tnit, ¢tﬁ1sedgrﬂadswmlrcuﬂéstﬁnttiﬂn

a fastening_system hayiqihpUrer "heP ' dlager Piiid SGHAIAIsERiL TBAEY (S6Tieran

prongs per square inc substra f
nore skin-friendly faé?@ﬁPHb‘u)sysT’tSn?‘lf'&n“oéebsr'(?Buﬁ'@abifija’é 8 %rqgngrgsﬁgt[e@mg

whith is somewhat system 38 secures the garment on the wearer while the zone of
tension dynamically created/maintained by the waist closure system
.140 dynamically maintains the upper waist closure during wear.

The attachment components of the waist closure system 140,
“preferably comprise an array of prongs 22 of the present
invention. In a preferred embodiment shown in Figures 5 & 6, the
first attachment component 146 will comprise an arfay of prongs 22
and the second attachment component 148 will comprise a loop
fastening material having fibrous elements. The array of prongs
22 is intended to mechanically engage the fibrous elements of the
loop fastening material so as to provide a secure closure.  The
loop fastening material provides a plurality of fibrous elements
that engage the engaging elements of the prongs 22. The loop
fastening material may be manufactured from a wide range of
materials to provide fibrous elements, preferably loops. Such
suitable materials include nylon, polyester, polypropylene, any
" combination of these materials, or other materials as are known in
the ayt. A suitable loop fastening material comprises a number of
fiber loops projecting from a backing such as the commercially
available material designated "Scotchmate® brand nylon woven leop
No. SJ3401 available from Minnesota Mining and Manufacturing
Company, St. Paul, Minnesota. Another commercially available loop
fastening material comprises a tricot knit fabric having a
plurality of nylon filament loops projecting from a backing of
nylon such as the commercially available material designated
*Guilford No. 16110" available from Guilford Mills of Greensboro,'
North Carolina. An exemplary inexpensive loop fastening material
and a method of making such a loop fastening material are
described in European Patent Application 0 289 198; The Procter &
Gamble Company, published November 2, 1988, which application is
incorporated herein by reference. A suitable loop fastening
material may also be a woven or nonwoven fabric or any other type
of fibrous material or loop material which are well known in the
art. Examples of nonwoven materials suitable for use as a loop
fastening material are discussed herein with respect to the

//
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conpr essi b] WO M43168ed herein, the term "conpressible" will : Y

substrate which will conpress when pressure is applied to |t HESpSHER] HASIBEEN
a substrate which will enable a prong to pivot 48r defl ect en REPGATBDE is
applied to the prong. An exanple of a conpressible substrate rsamrfoam—

Cponge, synthet ¢ sTBHE andertl Afiche Tobfheft OB bl 1T 1 o

iﬁﬁg?ﬁ’ss?%?éhibhit fgme peredhembedinant aythe 190m fias tendng magerighdl spnmadibyathe

: faste_ni ng system 54 gdnavten Ratergal Qf&heﬂbﬁsﬁd_éh_slﬂate 24 of Figure 7 .

S pocket 88, and a1 ui doePeel B FTHORI O EIREAR hdbsifianid Blcchhuee® ™
Substrate nay conprilsakedi sybiaceaickthe ghirsd sidashment Ficgmposent o4Gmy The
conprise a pluralitypgfitidiingipdtet 10GEEdes. the Firsthettathalent Romponend 146 atne
posi t16ned on t he-t o 2berd BEES o EReRBRST Tk CRRoR tR8' FiRbE R R en"
86 shoul d be capablcompenensi M telcosel in begtey sprtact dikb &heisesand attachment

nmanuf act uri ng procesgdapondntexddbmd IV dwhtHe kiR tSelUUF@Psten tRMorecedANY I
H gﬁ?g Lpoﬁggez'zrggiﬁé@%@ggéﬁhggﬂssa@c}fml)? t?hx\” wfitt‘fi'&ﬂnahepa{]&at 1§H H]s%'
provides a zone of increased flexural stiffness that reduces the
tendency of the flexible ear flaps 188 to fold over onto the first
attachment component{s) 146 thereby occluding the prongs 22 from
being secured during diaper application. Thus, the positioning
patch 150 can comprise any element that provides a Z direction
build up to the first attachment components 146. As shown in
Figure 5, the positioning patches 150 each comprise a
rectangular-shaped piece of material positioned subjacent the
first attachment component 146. While the positioning patches 150
may be positioned directly subjacent the first attachment
| components 146, the positioning _patches 150 are preferably
positigned between the topsheet 124 and the backsheet 126 as shown
in Figure 6. In order to provide a flexurally stiff circumference
about the waist of the wearer, the lateral edges of the
positioning patches can be abutted to or slightly overlapped with
the side edges 175 of the elastic waistband member 176. The
positioning patches 150 preferably comprise a 38 millimeter wide
by 32 millimeter long patch of elastomeric foam. More preferably,
during manufacture of the diaper, the positioning patches 150 are
formed of the same material as the elastic side panel member 190
with the elastic side panel member 190 of one diaper and the
positioning patch 150 of the adjacent diaper being formed from the
same segment of material that is then cut after the diaper is
completed. Thus, the positioning patch 150 extends from the end
edge 164 of the diaper 120 inward toward the center of the diaper
120. :
The diaper 120 is preferably applied to a wearer by
positioning one of the waist regions, preferably the second waist
region 158, under the wearer’s back and drawing the remainder of
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t her eon, wi M¥OUI3488 ting or incurring deleterious effects n?f"_“ ﬂﬁg“g'rtﬁﬁs
22 freeze The top | ayer 86 shoul d be capabl e,of contai n% -Tr 1ifyp BEEN.L-

Wi t Fout

T eaki ng and shoul d be strong enough to_4 ol d the [l ui dRFPLAGER

rupturing. Suitable materials for the top layer 86 include rubber,

vi-nyl ,
filns.

filnms, pargiecudiapéy tedkeed ahe nué?arwsrr*aegads@rﬁia%r 2hé yoﬂfh@l-y%ﬁi&f

A pol yester fllmsubstra rams
per square meter (1479490 JRREf 'éaft’?§q65"r e %de‘“ﬁd rﬁg’tq’?l %Ehesés 0P°%ft§ pped
0. 008 to about 0.15 #diross$ riteefeont 0oHBE wearér.00Fhé rtapestabs sofs ithe afdsten figc h
materials are Cormerfys%lhYar%V%énaPeﬁagédOWcHPQﬁg'srtel%eaB@Ft%ﬁ’f Tt&e dngerer

22 Geer, South rolina
Host aphan 2400 pol yg@}egr qs tge el‘:’lastﬁ:QZed 51de panefj aroun the wearer, while

still graspmg the tab portion. The elasticized side panels will
typically be extended and tensioned during this operation S0 as to
conform to the size and shape of the wearer. The fastening system
is secured to the outer surface of the diaper to effect a side
closure.

While particular embodiments of the present invention have
been illustrated and described, it would be obvious to those
skilled in the art that various other changes and modifications
can be made without departing from the spirit and scope of the
invention. It is therefore intended to cover in the appended
claims all such changes and modifications that are within the
scope of this invention.
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The bot;omWaye/nslsﬂ s bI e of being rolled P@T@eSWUPQﬂ'
convéntional nmanuf actﬂm"ﬂlm gﬂHﬂmgmflem ble so that the substrate 24 may
be Bent or flexed in a*desiredncoRrfiguration, non-porous enough to contain
the fluid without |eaking, and strong enseigh to hol d tfe—frtie—n-thott—
rupturing. Suitable materials for the bottom|ayer 87phjiSseHEHHASREEN
materials di sclgagdd plamMif 185 the top |ayer 86. The bptt omRERLBCER7 may be
joined to the top | ayer 86 6y any nmeans well known in The art sSuch as

adhesi ve bondin egalin trasoni din aut n nd
the like. A pargl c% g]F‘T‘jh i?f E‘H‘e tHupE, S e&fpg%t'ggeaﬁoﬂ? ’gsﬁ&ﬁdf’g% @%&g’t‘%ﬁ

| ayer 86 and bottoﬁutmmmgbommmdsemwww S. Patent
4,854,984, issued August 8, ‘1989 to Ball et al., which patent is

i ncor porated herei n bﬁ/ ref erence. The fluid may be any liquid or gas
which is able to di*S¥ emflrom one area of the substrate 24 when pressure
Is applied to that area and return to that area when the pressure is

renoved. Exanpl es @h afisy éfepongs,idach ofsaidprongsonptiding hbaseq&ﬁédatmdsmmm An

5l el ot TR E ol e <ibokt S0 i s

present at the poi distab é&‘, @MMIQHMM% é"‘lrt?emﬁ'ﬂ%?ﬁgs
22 may be printed ebnmbbarmmibeﬁmpfbngspersqummch.

2.  The hook fastening material of Claim 1 wherein at least one of said prong,s'has an
included angle B of between about 90° to about 160°, more preferably of between
about 100° to about 150°, and most preferably of between about 110° to about 140°.

3. The hook fastemng material of any of the preceding claims wherein said substrate is
comprised of a compressible material; a foam material; or a fluid impervious top layer,
a fluid impervious bottom layer joined to said top layer to form at least one pocket,
and a compressiblq fluid positioned within said pocket.

4 Thehookﬁnenhgmauiﬂwcordingmmyoftheprecedingcmmwhereinmhof
said prongs is comprised of a ethylene vinyl acetate based polymer or a polyethylene
based polymer. .

5. A disposable absorbent article comprising:

an outer cover, said outer cover comprising a topsheet and a backsheet joined with
said topsheet;

an absorbent core positioned between said topsheet and said backsheet; and

a hook fastening material according to any of the preceding claims joined to said outer
cover.

________’______—/__
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the topslayer 86 aft Emﬂﬁﬁfmﬂynms been formed and the fluid has been
t r apped Ln“fQ]%"Eé@,(et herein. However, it |1§C'£1H§ﬂ‘3@rl?ﬂed t hat
the prongs 22 be printed “or "ot flerWi sé formed on the top=reyer86 pbef ore the

pocket 88 has been forned. In a preferrgd enbodi nent Fﬂﬂl SHE@’S gg%g 1] be
ot’tjom

fdrmed on the top layer 86 prior to joinlng the top | ayer BEREIPQA
| ayer 87. It has al so been found that a nore skin-triemd

19
system can al s® be* methed cfor| making soneor' mere; freq farmad prongs gmaasumemmme
term"soft resin" piditidd co fises theQteps b£Si N capabl e of form ng engagi ng
el ements which are flexible or capable of bending under a force w thout
rupturi ng. It has been found that ethylene vinyl acetate based polynmers (or -
sinply "EVA resi nptovidiagia depiogitingmember compasingfommabers 1600 ko abnuer2500a@euredi ch
are very flexiblepgnguseirhl € of bending under a force w thout rupturing.
EVA resins and.polyethyl ene based pol yners are considered to be soft
resins.

- providing a molten thermally sensitive material comprising an ethylene vinyl acetate
based polymer;

providing a substrate, said substrate preferably comprising a compressible material,
more preferably comprising a foam material or a first layer, a second layer joined to
said first layer, and a fluid seal between said first layer and said second layer;

forcing said molten ihermally sensitive material through said apertures;

depositing discretes amounts of said molten thermally sensitive material onto said
“substrate; -

stretching a portion of each of said discrete amounts of said molten thermally sensitive |
material in a direction having a vector component parallel to the plane of the substrate
so as to fomi prongs; and

solidifying said moiten thermally sensitive material of said prongs, said prongs having
abase,ashmlgan@mmgagingmeumvﬁththepmngsbdngdeposiwdmadensity
of about 1600 to about 2500 prongs per square inch.

7. The disposable absorbent article of Claim 5 wherein said hook fastening material is
joined to said backsheet,
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23 » Associated with each prong. 22 is a Iongltudlnal axis 32. As used
her-ein, thé¥Q&}168 onigi t udi nal axis" refers to an inmgi nary PCriuSS3Eser al | y
centered at the footprint of the base 26 and laterally and Iongltudlnally
projecting through the distal end of the shank 28.to the

errgagi ng neans 30. The prong base 26, sﬂdﬁk 28 and engag ﬁb&f@ﬁﬁg 523%5'\'
generally concentric with the longitudinal axis 32 if the pro ACEP s s
section is of a regular shape. If the c QSS section of the prong 22
is irregularly shaped, the Iongitudinal ax 32 is disposed at the centroid
of any cross section. The "original" of th- | ongi tudi nal axis is the sane
as the origin of the shank, and is_found asldescribed hereinbefore.

The- engagi ng nmeans 30 forms alis - o W B ive to the pl ane
of the substrate 22 has A h 3 or [ _,:-frlendly f ast eni ng
system can be produced by foT W : 0. 2 B @ Nl $eNgagi ng means 30

whi ch forms and incl uded anglik‘i"‘ ) E - - 24

20——s

30 St 125
Fig. 1
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betmeen %4ﬁ€ rr] and about 160[err]. As used herei n,pcTitEdiaBom
incPuded angle [err]" refers to the angul ar devi ati on between.the

ext éhsi on of the perpendicular 84 to the plane of the substrate 24 (or

sinmply "the perpendicular-to-the-plane 84") which asses_thr e
origin 36 of base 26 and the projection of the longitu Tﬂ@ SHEE?SHKQ HEQN
sinply "the projection 85") through the tip 34 of the ngagigp 30,1 as
seen when the prong 22 is viewed in profile. The phrake "prn'ﬂﬂ o he

| ongi tudi nal axis" refers to the imaginary continuation of the |ongitudinal
axis 32 in a straight line through th p 34 of the engaging neans 30 if
such axis were continued at the angle sent at the tip 34 of the engagi ng
means . 30. It is to be recogni zed that as the included angle [err] of
the engaging nmeans 30 increases, i.e. departs further fromthe

per pendi cul ar-{o-the-plane 84, it wll become increasingly difficult
for the engaging neans 30 to intercept the strands or fibers of the

recei ving surface. However, for skin friendly fastening systens, the
engagi ng nmeans 30 preferably has an included angle [err] of between
about 90 to about 160[err]. Mre preferably; the included angle [err]
is between about 100[err] to about 150, and nost preferably is between
about 110[err] to about 140[err].

Fig. 3
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Fbmever a WoM3red having an included angle [err] greater tigamussbaisos
24 . ‘160 or Iess than 90[err] may al so be used though such a prong w |

tend to be less skin friendly. Referring to Figure 8, therels shown a
prong 22 having an included angle [err] of about 180[err 1 -
I ncluded angle [err] is generally taken relative to the TH 1A EN
per pendi cul ar-to-the-pl ane 84 whi ch passes through the ofigin %’LAQED

sinplicity the included angle [err] of ﬂe prong 22 of Figure 8 Is taken
relative to a line 84" which is drawn F?[ allel to the

per pendi cul ar-to-the-plane 84. This is because the .

per pendi cul ar-t o-the-pl ane 84 and the projection 8 will never intersect if
the included angle [err] is ‘

72

Fig. 4
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exact |y 180feys4f13168here is shown in Figure 9 a prong 22 havi RgTAPYH®uded

angle Fert] of about 90[err].
hawi-ng &n included angle [err] of about 140[err]. For sim
included angle [err] of the prong 22 of Figure 10 is al so

There is shown in Figure 10 a prong 22

icitv the
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ced by net hods

maki ng such

7, issued Cctober
atent 5, 116, 563,
pul ai t, which

to a line 84" which is drawn parallel to the

per pendi cul ar-to-the-pl ane 84. Such ongs 22 may !
any . suitable nethod. Preferably, the prA'/;s 22 are produ
which yield free formed prongs. Met hods and apparatus for
prongs 22 are more fully_defxy | & P24
22, 1991 to Dennis A._ Thomas an g ?aneyﬁﬁh u. 8.2;{;
issued May 2¢36.140146 nnis A pra g DAY6d [J. KT
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Thomas and Wwawisdsigs K CGoulait; U S. Patent Application Seri rRCTAS93/11909
07/.718, ’727 "Screen Printing I\/bt hod For Manufacturing A Refastenable
Mechani cal Fast eni ng System And Fasteni ng System Produced Therefront, filed

June 21, 1991 in the nanmes of Dennis A Thomas and David J—HK v RB. '
al1owed U S. Patent Application Serial No. 07/632,283, "A PT’“E§ As BEW
Manuf acturing A Refastenabl e Mechani cal Fasjﬂn ng Systen',j fil e er

21, 1990 in the nanes of Dennis A Thomms, David J. K. Goulart, and Robert
25 G Cox, Jr.; which patent applications are incorporated herei n by
ref erence. _ PROCESS OF MANUFACTURE _
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Figure 4 igy God g el evational, schenatic view of a particulPariugsygrigsserr ed
appa?a?uS*used to produce prongs of the present invention. Figure 4 shows a
backi ng™rol| .74 and print cylinder 73 which forma nip 70 through whi
substrate 24 passes. As the print cylinder 73 and backi pg—t
about their axes, the nolten prong material is extruded ﬁHﬁb
apertures of the print cylinder 73 onto the noving substirate
stretched in a direction having a vecto onponent” par alte o the plane of
the substrate 24 and is severed by the ans for severing 78 to produce
prongs having a distal end 29 and engagi ng neans 30 thereon. As used
herein the term "extrude" refers to forcing a substance through an opening
.causi ng the substance to be %haped, at least partially, by the opening.
The print cylinder 73 is an xanpl e of a particularly preferred depositing
menber which may be used w the nethod.of the present jnvention. The

deposi ti ng nenber shoul d de of netal or any other table materi al
whi ch can accommodat e t-he/te ratures_of the | ten ong material,
provi de substantially 1 ron 22 in both the
. machine directio 0ss- machi ne directiPn, i e desired
density of T T Z T T 7 7 24
88 87
Fig. 7

Fig. 8
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-f’prongs 22 Wi ,m;;lr(,@e array. As "used herein the phrase Pd'alplssaltwowg
menhesge¥orers to anything through which liquid prong material is

ext #tided i n dosages corresponding to individual prongs 22. The dep03|t|ng
menber wi'll generally be a snmoboth and rel atively thinpiece—ef—uretead

other material having perforations or apgfrures throu;ﬂ'Hle\BHEETH%BEENt
prong material is extruded onto the substrate. The d¢posi tRERLAGEDDer

be a flat bed screen, a belt screen (such as a contifooos—band, Delt, or
conveyor having apertures) or a rotary screen, such as the screens used in
‘the screen printing art. The deposifdnNg nenber however, may also be in
the formof a- porous or sintered ro]l Jigaving an |nternal reservoir

continuously pressure fed with nolten pgong mat eri al
extruded through—the—pore Ll

| Fig. 10
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The print cylindef 73 and backing roll 74 may be driven by HREPLAGHMENE SHEET
known in the art -such as an external- notive 'force (not showh) [ or THe

backi ng s ... 74 rmay be driven by an external notive force ahd thez%:lpnfg%
cyli. qg_gx =73 dr| ven by frictional engagenent with the backinf

vi ce-versa. Rotary screen printing apparatus which can
use with.the nethod of the present invention are commerci al y avai |l abl e

from Graco/ LTI Corporation, P.0. Box 1828, Mbnteray, CA 939%9—stuTh—as

the Gaco/LTI Mcro-Print hot nelt adhesive applicator. The si ze,
shape and pattern of the apertures in the print cylinder 73 may vary
according to the size and sh3gg. AR TAsTENENGISRSTEMY Of prongs in

the array that is required for 1 artlc tem desired. The
cross sectional area of the apeMOUP #a@é‘” bﬁgn&# surface of the
print cylinder 73, generally corresponds with the shape of the footprint of

the base 26 .of the prong 22. The cross section of the aperture 56 shoul d
be approximtely equal to the desired cross section of the base 26.

NVENTION

The 'present invention relates to hook and loop type
refastenable mechanical fastening systems, more particularly to
refastenable mechanical fastening systems having free-formed

~ prongs and the process of manufacturing such fastening systems.

BACKGROUND OF N

Hook and loop type mechanical fastening systems are well
known in the art. Such fastening systems i{nvolve two major
components, a hook fastening material and a loop fastening
material. The hook fastening material comprises _ah array of
engaging elements or prongs, joined to a substrate. The engaging
elements are intended to engage a complementary receiving surface
such as a loop fastening material. Generally, loop fastening
materials will comprise' loops, fibers, or the 1ike with which the
engaging elements of the hook fastening material can become
entangled. :

Hook fastening materia'ls are generally irritating and
abrasive to human skin, and, therefore, not suitable for
'applications where the fastening system will be positioned in
proximity to human skin. There is, therefore, a need for a hook
fastehing material which is non-irritating and non-abrasive to
human skin, i{.e., "skin- friendly®. Such- a skin-friendly
mechanical fastening system would be particularly useful on

~ products such as sanitary napkins, disposable diapers, incontinent
garments, and the 1ike.

Accordingly, it is an object of the present invention to
provide a skin friendly mechanical fastening system that may be
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enbodi nrent descri bed hereth, a generally cylindricall
56 is adequate. Though if-desired, the aperture 56 may

fI’UStGEQ.OI’lI cally tapered in shape, having a | agger cross

the outer surface of the cylinder 73 or inner surface
73. For. thé enbodi nent described herein an aperture 5
of about 0.30 milliusedein appligabions ovhigh puts |"-h%t"@?'!$“69“0f25tt°6“!9 sysiep rﬂ@hes)
produces a suitable pPE:3Rtty20 human skfnere are different nethods and

apparatus that are SUIt Ie p r r ri nt
cylinder 73 and which Zf) ho Eﬁ Wcﬂ[’,{é gn %rg%&ngﬁﬁﬁif&a%ttg é\%ﬁgfataus
i s disclosed is U Smetheteaft praducinggnghofasteniag syqtemst ober 31, 1989 to

Cl aassen, which is incorporated herein by reference. Another particularly

preferred apparatus is a heated Pr eS5ARY Bﬁ”m?lxﬁh?f‘iﬁui n Figure

1%

- The present invention relates to a hook fastening material
for use as a component of a mechanical fastening system. .The hook
fastening material comprisés a substrate and an array of prongs,
each prong comprising a base, a shank, and an engaging means.
Each of the prongs additionally is comprised of an ethylene vinxl
acetate based polymer. In a preferred embodiment the array of
prongs will comprise from about 1,600 to about 2,500 prongs per
square inch.

In a particularly preferred embodiment of the present
invention the prongs will additionally have a substantially
constant diameter shank. In the most preferred embodiment the
fastening material -will additionally comprise a compressible
substrate. :

~ 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 article, such as a
diaper. This example of one usage of the fastening system of the
present invention is more fully described herein.

BRIEF DESCRIPTION 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 foilowing
description taken in conjunction with the associated drawings in
which 1ike elements are described by the same reference numeral or
letter and_re]aied elements are designated by adding one or more
prime symbols or. incrementing the numerals by 100:

Figure 1 is a photomicrograph_showing a perspective view of a
fastening system of the present invention wherein the
engaging means are oriented in substantially the same
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I's substantially parallel to the print cylinder 73. Th -pressune

bar .81 hag an internal reservoir (not shown) which is f | b Qe rgn
mat erg-?géll gnd one or nore discharge ports (not $hown) frjo m%ﬁt?ﬁgbﬂ Eui dg
prong faterial uniformy flows to the inside surface off tlhhe print cylidddr
73. Attached to the heated pressure bar 81 is a doctor plade assenbly 83.
As the print .cylinder 7HiregtdpRs t he doctor bl ade assenby—83 seteegees—the

nol ten prong nateri afjgar@©10id Besidenslevstiohat aiew of fomepriong ofythedesterdngand

forces the liquid prong [i [ ertures 56. The doctor bl ade
assenbly 83 not only ser%}ggg"{ 8@“&%% ‘g%rrg ten prong material through the

apertures 56, but al Egupe dvidassidappievational yiew of & Tastepingsystem9f the
poi nt of the nip 70 to pprYett inveatiun Gémpeysingdeishriodml shaped pebigsng or

deformng as it is [ ' . @ﬁﬂh : 74
may be constructed géﬁﬁé?gl ifj‘sgrg ’2‘?1‘% %";Lﬁg?ﬂgﬂ ?g%{“gun%tzﬁ% gf\ea R acEiﬁr}EP{rdgl I
74 having a rubber coat i *Rpavatus usedto aroduge thefastening sxstem of taﬁcﬂ!'gsﬁm to
about 60 may al so be usefhvef¥iohgerably, the doctor bl ade assenbly 83 is

pressed aganst Lhe playlt ST 'V Vibhtd Apiafs ShpfioHindiiit g 1"

suitabl e heated present invention having portions cut-away to reveal
underlying structure, the outer surface of the diaper facing
the viewer; - ,

Figure 6 is a fragmentary sectional view of the disposable diaper
shown in Figure 1 taken along section line 6-6 of Figure 5;

Figure' 7 is a cross sectional view of a fastening system of the
present invention comprisihg a compressible substrate
comprised of two layers of material joined at the perimeter
to form a pocket; ' '

Figure 8 is a side elevational view of one prong of a fastening '
system of the present invention having an included angle 8 of
about 1800 relative to a line drawn parallel to the extension
of the perpendicular to the substrate;

Figure 9 is a side .elevational view of one prong of a fastening
system of the present invention having an included angle © of
about 900 rel ative to the extension of the perpendicular to
the substrate; and '

Figure 10 is a side elevational view of one prong of a fastening
system of the present invention having an included angle © of
about 1409 relative to the extension of the perpendicular to
the substrate. : o

10. The heated pressure bar 81 is disposed within the AR
e
e

DESCRIPTION OF THE INVENTIO

The mechanical fastening system 20 of the present invention
comprises at least one prong 22, and preferably an array of prongs
- 22, joined to a substrate 24 in a predetermined pattern as shown
in Figure 1. 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
substrate 24, and support the proximal ends of the shanks 28. The



pressure bar 81 and doctor bl ade assenbly 83 are commgr gratty avall¢b
from Graco/ LTI Corporation, P.O Box 1828, Mnteray, CA 8§§§Q 1996
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‘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
substrate 24. The projection of an engaging means 30 from the
shank 28 periphery in a lateral direction allows the engaging
means 30 to be secured to a complementary receiving surface (not
shown). The engaging means 30 1is joined to, and preferably

_ contiguous with, the distal end of the shank 28.

The array of prongs 22 is produced by a method which yields a
free formed prong 22 as 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 a substrate 24

“which will be discussed in detail hereinbelow, in a molten,

preferably liquid state and solidified, by cooling until rigid and
preferably freezing, into the desired structure and shape' as
described hereinafter.

The free formed array of prongs 22 is preferably produced by
a manufacturing process which is similar to that process commonly
known as rotary screen printing. This process uses a depositing
member 1n the form of a generally cylindrical screen, referred to
as the print cylinder 73. Using this process, a substrate 24
having opposed faces is passed between the nip 70 .of the print
cylinder 73 and a backing roll 74, as illustrated at Figure 4.
The print cylinder 73 and backing roll 74 have generally parallel
centerlines and are maintained in contacting relationship with the
substrate 24 as 1t passes- through the nip 70. The depositing
member, presently referred to as the print cylinder 73, has an
array of perforations, referred to as apertures 56, corresponding
to the desired pattern of prongs 22 to be deposited on the
substrate 24. The second roll, referred to as the backing roll
74, provides the reaction against the print cylinder 73 to
position the substrate 24 against the print cylinder 73 as the

substrate 24 passes through the nip 70. Liquid, thermally |

sensitive material, preferably thermoplastic material, from which
the prongs 22 are to be formed is supplied from a heated source,
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pressure bar 81 thr ? Q e substrate . ,
3 Finally, the moil o e 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. It is
also believed that the prong 22 retracts under the influences of
gravity and shrinkage which occur 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
pl ane 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 receiv'l'ng 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 1ntercepted 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
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substrate 24 is adverse ecte

knitted fabrics, woven and nonwoven materlals, and stitchbonded
loop materials, such as Velcro brand loop materials sold by Velcro
USA of Manchester, New Hampshire. A particularly suitable
receiving surface is a polypropylene non-woven fabric having a
basis weight of about 17.1 grams per square meter (0.5 ounces per
square yard) made by any suitable commercial carding or
spunbonding processes. Suitable non-woven fabrics can be obtained
from Veratec Nonwoven Group of the International Paper Company of
Walpole, Massachusetts 02081. Other receiving surfaces may also

be used, such as stitchbonded fabric Number 970026 sold by the

Milliken Company of Spartanburg, South Carolina. _

Referring back to Figure 2 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 between individual prongs 22 of the fastening
system 20, be a surface to which 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

member, or component, is intended to remain

more prongs 22 are joined.

connected to an intermedi_ate member, or component which in turn is
affixed, or connected, to the second mgmber or component. = The
association between the first member, or component, and the second

for the life of the

artic'le The "substrate®™ is any exposed surface to which one or

The substrate 24 should also be capab'le 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
thereon without melting or incurring deleterious effects until
such prongs 22 freeze. However, the backing roll 74 may be
chilled, allowing the process to accommodate substrates 24 which
otherwise would not be able to withstand the heat of the liquid

g&ar ent O one

ning, Syphem,
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i ncorporated.into the backing roll (74 using neans well jkihown.t.o-onre sk
in the ar{. This arrangenent is often necessary if a-pol vy 2 BHRR96

polyeghylene or other polyolefinic substrate 24 i s used. After bei
deposited onto the substrate 24, the prongs 22 are sevgr .
deposi ting menber by a severing neans. The prongs 22 afe_severed to
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does not form part of the fastening sysjem 20. The sexerin ags .78
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contam nates (such as noil nateria

means is a wire Celanese of Greer, Sout chrﬁ?i,P{,OQ?égl and éo'ISJJ Iu}\&tg-l ?he‘s'%\r/'g eI n9

name Hostaphan 2400 polyester film. (More rigid substrates, such
as cardboard and the like, may also be used.)

The base 26 is the generally p1anaf portion of the prong 22
which is attached to the substrate 24 and is contiguous with the
proximal end of the shank 28 of the prong. As used herein, the

- term "base” refers to that portion of the prong 22 which is in
direct contact with the substrate 24 and supports the shank 28 of
the prong 22. It is not 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 substrate 24 during use. The base 26 cross
-section should provide sufficient structurai 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
the geometry of the shank 28 and engaging means 30 and further
provide_adgquate adhesion to the substrate 24. If a Tonger shank
28 is utilized, the base 26 should generally be of greater cross
sectional area to provide sufficient adhesion to the substrate 24
“and adequate structural integrity. ' o
The shape of the footprint of the base 26 on the substrate 24
generally corresponds to the shape of the aperture’s sectional
area at the surface of the print cylinder 73. As used herein, the
term "footprint® refers to the planar contact area of the base 26
_ on the substrate 24. As the aspect ratio of the sides of the
footprint  increases, the prong 22 may become unstable when
subjected to forces, such as gravitational forces, parallel to the
shorter dimension of the footprint. To produce a prong 22 which
is oriented substantially 1in the machine direction of the
substrate 24, an aspect ratio of less than about 1.5:1 is
preferred, and a generally circular footprint is more preferred.
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For the embodiment described herein, a base 26 having a
footprint of generally circular shape and approximately 0.10
millimeters to 0.30 millimeters (0.004 to 0.012 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 base 26 may be modified
to amplify such direction, so that the strength and structural
integrity relative to the axis parallel to such direction
increases. This modification causes the prongs 22 to be stronger
when pulled in the amplified direction of the base 26.

The shank 28 is contiguous with the base 26 and projects
outwardly from the base 26 and substrate 24. As used herein, the
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 substrate 24. As used herein, the term
"longitudinal® means in a direction having a vector component away
from the substrate 24, which direction increases the perpendicular
distance to the plane of the substrate 24 at the base 26 of the

- prong 22, unless otherwise specified to be a direction having a
. vector component towards such plane of the substrate 24.

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 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 substrate 24.

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
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' outer edges of the base 26. The shank 28 may project from the

base 26 at a point somewhat inwardly away from the outer edges of

the base 26 such that the base 26 will have an annular perimeter

25 as can be seen in Figure 1. An annular perimeter 25 is a

re"lative'ly thin layer of prb'ng material attached to the substrate

24 which forms a ring around the shank 28 at the point where the

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

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

The shank 28 makes an angle a with the plane of the substrate

24. As used herein, the term "plane of the substrate® refers to

the flat, planar surface of the substrate 24 at the base 26 of the

principal prong 22 under consideration. The.angle & 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 lateral

tO
may

projection 38 becomes apparent. ~ The *lateral projection® is the

distance taken laterally and parallel to the plane of the
substrate 24 from the center of the base 26 in such view, i.e. the

origin 36 of the shank 28, to the projection of the furthest -

Jaterally remote point on the prong 22 visible in such view when
such point 1s Tlongitudinally and perpendicularly projected
downward to the plane of the substrate 24. |
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 engaginé 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, and if
the maximum lateral projection 38 is generally oriented in the
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' 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 plane of 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 substrate 24. 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 perpen&icnlar distance closer to the
. substrate 24 from the point of highest elevation, so that the
imaginary cutting plane 40-40 intercepts the prong 22 at a
longitudinal elevation three-fourths of the perpendicular distanc
from the plane of the substrate 24. -
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% leadirpg point 44. The "leading
edge” 1is the apex of the periphery of the shank 28 which
longitudinany faces away from the plane of the substrate 24.. The
second point is disposed about 180° through the center of the
prong 22 and is the point where the cutting plane 40-40 intercepts
the trailing edge 46 of the prong 22 and is referred to as the 75%
trailing point 48. - The “"trailing edge" 1is the apex of the
periphery of the shank 28 which longitudinally faces towards the
substrate 24 and is generally oppositely disposed from the leading
‘edge 42. The straight lin'e'connecting these two points falls, of
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26. The included angle a this line defines relative to the plane
of the substrate 24 is the angle a of the shank 28.

Alternatively stated, the angle a which ‘the shank 28 makes
relative to the plane of the substrate 24 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 subst'_réte 24 when this line is viewed in any
direction radially towards the shank 28, and 'particu'lar'ly the
origin 36, which direction is generally parallel to the plane of
the substrate 24 and orthogonal to the perpendicular is the angle
a of the shank 28. It is to be recognized that when a prong 22
having a maximum lateral projection 38 oriented in the machine

direction is viewed approximately in the machine direction, or -

approximately 180° therefrom, or when a prong 22 having a maximum
lateral projection 38 oriented in the cross-machine direction is
viewed approximately in the cross-machine direction, the apparent
angle @ of the shank 28 will be about 90°. However, as discussed
above, the angle @ to be measured is that which deviates furthest
from the perpendicular and, therefore, is generally that angle e
determined when the prong 22 is viewed in profile, typically from
about the cross-machine directfon for a prong 22 oriented in the
machine direction, and from about the machine direction for a
~ prong 22 oriented in the cross-machine direction.

The angle a of the shank 28 may be generally perpendicular to
the plane of the substrate 24, or is preferably oriented in an
acute angular relation 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
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This intersection is the "base leading point." As noted
bove,- minor discontinuities in the shank 28 near the base 26,
incident to attachment to the substrate 24, are not considered
when determining the base leading point 50. The 75% leading point
44 is connected by a straight line to the base leading point 50.
This straight line forms an included angle B relative to the
plane of the substrate 24 and opening in the direction of the
origin 36 and center of the shank 28. The angle f is referred to
as the angle of the leading edge 42 or simply the leading edge
angle.

The base trailing point 52 is general’ly 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
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 iti the shank 28 near the
base 26, incident to attachment to the substrate 24, are 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 By relative to the plane of the substrate
24 and opening in the direction of the origin 36 and center of the
shank 28. The ‘included angle f1 is referred to as the ang]e of
the trailing edge 46 or simply the trailing edge angle.

The leading edge 42 and trailing edge 46 included angles At
"and B7 define the parallelism of the sides of the shank 28. If
the angles B and B1 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

@
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approxi mately 35[err] to approxi mately 55[err], preferabl fabout 45[err
fromthe plane of the nip 70 towards the backing roll 74 fo leaPza?%he
vi scoel astic nature of the prong fmaterial and operly a@ri ent t he engagin
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direction. This arrangenent also provides a greater forde to extract the
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. and B7 of the leading and trai'hng edges 42 and 46 are unequal and
the lines defining such angles intersect above the plane of the
substrate 24 (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 AL and AT 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
the angles By and A7 of the leading and trailing. edges 42 and 46
determined to be equal and the sides of the shank 28 to be
parallel. - '
A shank 28 having a leading edge 42 which forms a leading
edge angle AL with the substrate of about 45° & 30° is suitable.
A trailing edge 46 which forms a trailing edge ang’le Bt with the
substrate of about 65° + 30° is suitable. A shank 28 having these
angles S and f1 of the leading and trailing edges 42 and 46 works
well with the aforementioned spectrum of included angleé a of the
shank 28 to yield a tapered shank 28, advantageously oriented
relative to the substrate 24 to provide high shear and peel
stfengths 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 By, base points 50 and 52, 75% points 44 and 48,
and the angle a 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
- substrate 24 at an elevation which allows the engaging means 30 to
readily intercept or engage t_:he strands of the receiving surface.

N
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determines the longitudinal spacing of the engaging means 30 from
the substrate 24. The "'longitudi'nal spacing'f is the 1least
perpendicular distance from the plane of the substrate 24 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 substrate 24 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 hefein, a
prong 20 having a ‘Ibngitudina1 spacing of about 0.10 millimeters
to about 0.20 millimeters (0.004 to 0.008 inchés) works well.

The shape "of the cross section of the shank 28 is not
critical. Thus the shank 28 may be of any cross section desired,
according to the aforementioned parameters relating to the cross
section of the base 26. The "cross section® is the 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.

of
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of the prongs 22, the substrate 24 may be wound into ajr¢lT Tor storage ?s
desired. ' Anonllmtlnglllustratlon of the method ¢f ¢.peER RNt
i nvention shows the prong material to be disposed in alh¢ated trough (
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shown)s; and supplied to the heated pressure bar 181 by a}h enpl y
(not shown). If a polyester resin hot nelt adhesive s selected, a

material tenperature of_ appro te 177-193 degree ST U JBY;
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i nches) in thi cknesscoirRls ide| ovgrahl Hapen At thehreng, &2 pﬁ)n e yatio of the
area of 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 substrate 24.

Typically, prongs 22 having a base 26 cross sectional area to

highest elevation cross sectional area ratio in the range of about

2:1 to about 9:1 work well.

A generally circular shank 28 which tapers from a base 26

diameter, as discussed above, ranging from about 0.10 millimeters

to about 0.30 millimeters (0.004 to about 0.012 inches) to a

highest elevation diameter, of about 0.07 millimeters to about

. 0.25 mil)imeters (0.003 to 0.010 inches) has been found suitable

_for the embodiment discussed herein. Specifically, a generally

circular shaped cross section of about 0.20 millimeters (0.008

inches) diameter at the highest elevation. provides a cross

sectional area at highest elevation of about 0.040 square

millimeters (0.000064 square inches). A generally circular shaped

base 26 cross section of about 0.30 millimeters (0.012 inches)

provides a base 26 cross sectional area of about 0.09 square

millimeters '(0.00014 square inches). This structure results in a

ratio of base 26 cross sectional area to highest elevation cross

sectional area of about 2.25:1, which is within the aforementioned
range. _
The engaging means 30 1is Jjoined to the shank 28, and
preferably is contiguous with the distal end of the shank 28. The
engaging means 30 projects radially away and outwardly from the
periphery of shank 28, and may further have a vector component
which Tongitudinally projects, 1{.e. towards or away from the
substrate 24. As used herein the term "engaging means™ refers to
. any protrusion lateral to the periphery of shank 28 (other than
minor asperities in the periphery of the shank 28), 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
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(0.634 inches) radlmﬂlbe cmrpmnu. 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 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 preferebly genera'l"ly
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 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 receiving surface to intercept the
strands or fibers of the recefving surface at the inner radius of
curvature 54 of the engaging means 30. The interference between
the engaging means 30 and strands or fibers of the receiving
surface prevents release. of the fastening system 20 from the
receiving surface until the peel strength or shear strength of the
fastening system 20 is exceeded. The engaging means 30 should not
radially project too far in the lateral direction, otherwise the
engaging means 30 may not penetrate the opening of the receiving
surface. The cross section of the engaging means 30 should be
sized to penetrate the openings of the receiving surface.
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The array of 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 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
of substrate 24 to provide a-fastening system 20 of adequate shear
and peel strengths.

It is advantageous to dispose the prongs 22 in rows, so that
each prong 22 is generally equally spaced from the adjacent prong
22. The rows are generally oriented in the machine direction and
cross-machine direction according to the manufacturing process
described and claimed below. Generally, each machine direction
and cross-machine direction row of prongs 22 should be equally
spaced from the adjacent machine direction and cross-machine
direction rows of prongs 22, 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 footprints of the bases 26
-of prongs 22 in adjacent rows. Typically a fastening systeni 20
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rows are preferab\y offset approximately one-half pitch in the
cross-machine direction to double the distance in the machine
direction between the adjacent cross-machine direction rows.

The prongs 22 may be thought of as disposed in a matrix on a
one square centimeter grid having an array of prongs 22 with about
2 to about 20 rows of prongs 22 per centimeter (5 to 50 rows per
inch) in both the machine and cross-machine directions.

The method of the present invention can produce a fastening
system having a very dense array of prongs. This is because the
density of the array of prongs of the present invention is limited
only by the number of meshes or apertures that can be produced in
the depositing member. Currently, it is possible to produce a
depositing member having up to about 1600 meshes per square
centimeter (10,000 meshes per square inch). Therefore, it is

" believed that a fastening system'having up to about 1600 prongs
per square centimeter (10,000 prongs per square inch) can be
.produced using the method described herein.

The 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, 'therma11y sensitive" means a
material which gradually changes from the solid state to the
1iquid 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 censistency 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
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The prongs 22 are preferentially comprised of a thermoplastic
material. The term “thermoplastic® refers to uncrosslinked
polymers of a thermally sensitive material which flows under the
application of heat or pressure. Hot melt adhesive thermoplastics.
are particularly well suited to manufacture the fastening system
20 of the present 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 s fincorporated herein by reference. Polyester and
polyamide hot melt adhesives are suitable. As used hereinm, the
terms °®polyester® and "polyamide” mean chains having repeating
ester and amide units respectively. '
The viscosity and rheology characteristics of particularly

preferred thermally sensitive materials are -disclosed in U.S.
Patent Application Serial No. 07/969,604, “Method For
Manufacturing A Refastenable Mechanical Fastening System and
Fastening System Produced Therefrom®, filed in the name of David
J. K. Goulait and Dennis A Thomas on October 30, 1992, which
patent application is incorporated herein by reference. '

SKIN-FRIENDLY MECHANJCAL FASTENING SYSTEM

When a fastening system 20 having prongs 22 is used as the
fastening means for .a disposable diaper or incontinent brief as-
described more fully hereinbelow or is used on a sanitary napkin
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process. . The
non-abrasive to human skin. A particularly preferred sanitary

naokin configuration is described in U.S. Patent Application
Serial No. 07/__, _, "Disposable Absorbent Article Having An
Improved Mechanical Fastening System®, filed concurrently herewith
in the names of David J. K. Goulait, Dennis A. Thomas, and Maureen
E. Stan'ley, which pateat application is incorporated herein by
reference.

It has been found that a more skin-friendly hook fastening
material can be produced by: 1) increasing the number of prongs
per unit area in an array; 2) adjusting the shape of the prong
and/or the angle of the shank relative to the substrate; 3)
forming the prongs on a “compressible® substi-ate; and/or 4) using
"softer” resins to form the prongs. '

. It has been found that a fastening system having a dense
array of prongs will tend to be more skin-friendly than a
fastening system having a less dense array of prongs. Preferably,
the fastening system will have prongs disposed in an array with
about 8 to about 40 rows of prongs per centimeter (20 to 100 rows
per inch) in each direction. This grid will result in a fastening
system having about 64 to about 1600 prongs per sgquare centimeter
(400 to 10,000 prongs per square inch) of substrate 24. More

preferably, the fastening system 20 will have from about 10 to

about 30 rows of prongs per centimeter (25 to 75 rows per inch).
This grid will result in a fastening syStem having from about 100
to about 900 prongs per square centimeter (625 to 5625 prongs per
square inch) of substrate. Most preferably, the fastening system
20 will have from about 12 to about 24 rows of prongs per
centimeter (30 to 60 rows per inch). This grid will result in a
fastening system having from about 144 to about 576 prongs per
square centimeter (900 to 3600 prongs per square irich) of
substrate. In a preferred embodiment the fastening system will
have from about 16 rows of prongs per centimeter (40 rows per
inch) in each direction. This grid will result in a fastening
system having from about 256 prongs per square centimeter (1600

prongs per square inch) of substrate. However, it is believed °
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deflect when pressure is applied to the prong. An example of a
compressible substrate is an foam material such as a natural foam
rubber, a polyurethane foam, matural sponge, synthetic sponge, and
the like. '

Another example of a compressible substrate is the multilayer
substrate 24 of the mechanical fastening system 54 shown in Figure
7. The substrate 24 of Figure 7 comprises a top layer 86, a
bottom layer 87 joined to the top layer to form a pocket 88, and a
fluid positioned within the pocket 88. The multilayer substrate
may comprise a single pocket 88 as shown in Figure 7. or may
comprise a plurality of individual pockets. If the multilayer
substrate 24 comprises a plurality of individual pockets, one or
more prongs may be positioned on the top layer over each
individual pocket. .

The top layer 86 should 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 1iquid prongs 22 being deposited
thereon without melting or incurring deleterious effects until '
such prongs 22 freeze. The top layer 86 should be capable of
containing the fluid without leaking and should be strong enough
to hold the fluid without rupturing. Suitable materials for the
top layer 86 include rubber, vinyl, films, “particularly
polyolefinic films and preferably polyester films. A polyester
film substrate 24 having a basis weight of 17.1 grams per square
meter (14.26 grams per square yard) and a thickness of about 0.008
to about 0.15 millimeters (0.0003 to 0.006 inches) is suitable.
Such materials are commercially available from Hoechst Celanese of

—
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| LLUSTRATI VE ARTI CLE OF USE ~ An illustraggive and jngnlimting exarplje
of the usage of the fastening systemof the present invention in an artifcle
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?E)Gaper Having an | rrprow‘ae bﬁ&%eﬂ'ﬁp 87 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,
non-porous enough to contain the fluid without leaking, and strong
enough to hold the fluid without rupturing. Suitable materials
for the bottom layef 87||iay be the same materials disclosed for use
as the top layer 86. The bottom Yayer 87 may be joined to the top
layer 86 by any means well known in the art such as adhesive
bonding, heat sealing, ultrasonic bonding, autogenous bonding, and
the like. A particularly preferred method of autogenously bonding
the top layer 86 and bottom layer 87 together is disclosed in U.S.
Patent 4,854,984, issued August 8, 1989 to Ball et al., which
patent 1is incorporated herein by reference.

The fluid may be any liquid or gas which is able to dissipate
from one area of the substrate 24 when pressure is applied to that
area and return to that area when the pressure {s removed.
Examples of suitable fluids for use with the substrate shown in-
Figure 7 include water, air, inert gas, and the 1ike. For reasons
‘of simp'licity' and economics the fluid is preferably the ambient
atmosphere present at the point of manufacture of the multilayer
substrate. The prongs 22 may be printed or otherwise formed on
the top 1iyer 86 after the pocket 88 has been formed and the fluid
has been trapped in the pocket 88 or inserted therein. However,
it is preferred that the prongs 22 be printed or otherwise formed -
on the top layer 86 before the pocket 88 has been formed. In a
preferred embodiment the prongs 22 will be formed on the top layer
86 prior to joining the top layer 86 to the bottom layer 87.

' It has also been found that a more skin-friendly fastening
system can also be produced by using "soft® resins. As used
herein the term "soft resin” shall refer to a resin capable of
forming engaging elements which are flexible or capable of bending
under a force without rupturing. It has been found that ethylene
vinyl acetate based polymers (or simply ®EVA' resins") and
“polyethylene based polymers will form prongs which are very
flexible and capable of bending under a force without rupturing. -
EVA resins and pd‘lyethylene based polymers are considered to be
soft resins.
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centroid of any cross section. The “origin® of the longitudinal
axis is the same as the origin of the shank, and is found as

_' described hereinbefore.

The engaging means 30 forms an inc'luded angle 0 relative to
the plane. of the substrate 24. It has been found that a more
skin-friendly fastening system can be produced by forming prongs
22 having an engaging means 30 which forms and included angle 6 of
between about 90° and about 160°. As used herein, the term
*included angle 6" refers to the angular deviation between the
extension of the perpendicular 84 to the plane of the substrate 24
(or simply "the perpendicular-to-the-plane 84") which passes
through the origin 36 of base 26 and the projection of the
longitudinal axis 32 (or simply "the projection 85%) through the
tip 34 of the engaging means 30, as seen when the prong 22 is
viewed in profile. The phrase “"projection of the longitudinal
axis® refers to the imaginary continuation of the longitudinal
axis 32 in a straight Tine through the tip 34 of the engaging
means 30 1f such axis wvere continued at the ang‘le present at the
tip 34 of the engaging means 30.

It is to be recognized that as the inc'luded angle 6 of the
engaging means 30 increases, i.e. departs further from the
perpendicular-to-the-plane 84, it will become increasingly
difficult for the engaging means 30 to intercept the strands or
fibers of the receiving surface. However, for skin friendly
fastening systems, the engaging means 30 preferably has an
included angle © of between about 90° to about 160°. More
preferably, the included angle © is between about 100° to about
150°, and most preferably is between about 110° to about 140°.
However, a prong 22 having an included angle @ greater than about
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This is because the perpendicular-to-the-plane 84 and the
projection 85 will never intersect if the included angle 6 is
exactly 1800. There is shown in Figure 9 a prong 22 having an
included angle ©® of about 909. There is .shown in Figure 10 a
prdng 22 having an included angle © of about 140°. For simplicity
the included angle 6 of the prong 22 of Figure 10 is also taken
relative to a line 84’ .which is drawn parallel to the
perpendicular-to-the-plane 84.

Such prongs 22 may be produced by any  suitable method.
Preferably, the prongs 22 are produced by methods which yield free
formed prongs. Methods and apparatus for making such prongs 22
are more fully detailed in U.S. Patent 5,058,247, issued October
22, 1991 to Dennis A. Thomas and Ted L. Blaney and U.S. Patent
5,116,563, issued May 26, 1992 to Dennis A. Thomas and David J. K.
Goulait, which patents are incorporated herein by reference.

Figure 3 shows an alternative prong configuration suitable
for the skin friendly fastening system of the present invention.
The prong comprises an engaging means somewhat spherical in shape.
Such prongs and methods of making such prongs are described in
greater detail in U.S. Patent Application Serial No. 07/719,211,
"Method For Manufacturing A Refastenable Mechanical Fastening
System Having Azimuthally Angled Prongs And Fastening System
Produced Therefrom®", filed June 21, 1991 in the names of Dennis A.
Thomas and David J. K. Goulait; U.S. Patent Application Serial
No. 07/718,727, “Screen Printing Method For Manufacturing A
Refastenable Mechanical Fastening System And Fastening System

" Produced Therefrom®, filed June 21, 1991 in the names of Dennis A.

Thomas and David J. K. Goulait; and allowed U.S. Patent
Application Serial No. 07/632,283, “"A Process For Manufacturing A
Refastenable Mechanical Fastening System", filed December 21, 1990
in the names of Dennis A. Thomas, David J. K. Goulait, and Robert
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surface 154, facing the viewer. As shown in Figure 5, tthe di aper 120
preferably conprises a liquid pervious t opshe® 124; ITqui d 1 nmpervi ou$
backsheet 126 joined with the topsheet 124; an absorb nt _core 128 :
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f ast eni ng syst em cowferenceg an array of prongs 22 manuf'actured according to
the nethod of -the present invention and generally nultiply designated as

136. The diaper 120 is shown in Fegmﬁ gﬁgwﬁgﬁ!ﬁn outer surface 152, an
i nner surface 154 opposed to the - — a first waist region
156, a second wai st region 158 opposed _

' Figure 4 1is a side elevational, schematic view of a
particularly preferred apparatus used to produce prongs of the
present invention. Figure &4 shows a backing roll 74 and print
cylinder 73 which form a nip 70 through which the substrate 24
passes. As the print cylinder 73 and backing roll 74 rotate about
their axes, the molten prong material is extruded thfough the
apertures of the print cylinder 73 onto the moving substrate 24,
js stretched in a direction having a vector component parallel to
the plane of the substrate 24 and is severed by the means for
severing 78 to produce prongs having a distal end 29 and engaging
means 30 thereon. As used herein the term "extrude® refers to
forcing a substance through an opening causing the substance to be
shaped, at least partially, by the opening.

The print cylinder 73 is an example of a particularly
preferred depositing member which may be used with the method of
the present invention. The depositing member should be made of
metal or any other suitable material which can accommodate the
temperatures of the molten prong material, provide substantially -
uniform pitch between the prongs 22 in both the machine direction
and cross-machine direction, and yield the desired density of
prongs 22 within the array.

As used herein the phrase-"depositing member®* refers to
anything through which 1liquid prong material is extruded in
dosages corresponding to individual prongs 22. The depositing
member will generally be a smooth and relatively thin piece of
metal or other material having perforations or apertures through
which the molten prong material is extruded onto the substrate.
The depositing member may be a flat bed screen, a belt screen
(such as a continuous band, belt, or conveyor having apertures) or
a rotary screen, such as the screens used in the screen printing
art. The depositing member, however, may also be in the form of a '
porous or sintered roll hévi'ng an internal reservoir continuously
pressure fed with molten prong material which is then extruded
through the pores of the roll onto the moving substrate. As used
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configurations, prol o Ry TR e Snage U W1t S1so° provide a means of
holding the screen in position and rotating the screen about its
axis without interfering with the heated pressure bar 81 or heated
hose (not shown). For convenience of description, the uepositing
member of the present invention shall be described as a print
cylinder 73. It is to be understood, however, that the present
invention applies to any method of extruding molten prong material
onto a substrate to produce a fastening system having free-formed
prongs. ' ' '

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

) (not shown), or the backing roll 74 may be driven by an external
motive force *and  the print cylinder 73 driven by frictional
engagement with the backing roll 74 ,or vice-versa.

Rotary screen printing apparatus which can be modified for
use with the method of the 'pi‘esent invention are commercially
available from Graco/LTI Corporation, P.0. Box 1828, Monteray, CA
93940, such ‘as the Graco/LTl Micro-Print hot melt adhesive
applicator. ' . ' '

The size, shape and pattern of the apertures in the print
cylinder 73 may vary according to the size and shape of the prongs
and the density of prongs in the array that is required for the
particular fastening system desired. The cross sectional area of
the aperture 56, taken at the outer surface of the print cylinder
73, generally corresponds with the shape of the footprint of the
base 26 of the prong 22. The cross section of the aperture 56
should be approximate1y equal to the desired cross section of the
base 26. :
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generally in U S. Patent 3,860,003 entitled "Contracti blie [SroePorTToNS
Di sposabl e .Di aper” which issued to Kenneth B. Buell on Jan uag

and U.S. Patent Application Serial No. 07/715, )52, alloved, storbent
Article Wth Dynamc El astic Wai st Feature Having APre i dposed Resi-H-+-et
Fl exural H nge", Kenneth B. 38

Bu;al | et al. fi I ed June gdo 19,&1 mg@m@ﬁt V\h&é‘d&rﬂﬂadi naywe "
Generai Ty compr ess, S4M refs“e {55 shansficastr 56 ¥, SBRRIEEC AR g MlsTha,
skin, .and capabl e of tkehapertune Sﬁnliayr be aiomewhgt | firystasoninadly dapenednin shape,
ot her certain body CKHUARG &5 1afGerS AV sétthdd\¢ithe? at the outer surface of the
cylinder 73 or inner -surface of the cylinder 73. For the
embodiment described herein an aperture 56 having a diameter of
about 0.30 millimeters to about 0.70 millimeters (0.012 to 0.028
inches) produces a suitable prong 22.
' There are different methods and apparatus that are suitable
to supply molten prong material to the print cylinder 73 and which
are well known in the art. One suitable apparatus is disclosed is
- U.S. Patent No. 4,876,982, issued October 31, 1989 to Claassen,
which is incorporated herein by reference. Another particularly
preferred apparatus is a heated pressure ‘bar 81 shown in 'Figure
10. The heated pressure bar 81 is disposed within the print
cylinder 73 and s substantially parallel to the print cylinder
73. The heated pressure bar 81 has an internal reservoir (not
shown) which is fed with liquid prong material and one or more
discharge ports (not shown) from which the liquid prong material
uniformly flows to the inside surface of the print cylinder 73.
Attached to the heated pressure bar 81 is a doctor blade assembly
83. As the print cylinder 73 rotates the doctor blade assembly 83
squeegees the molten prong material along the inner surface of the
print cylinder 73 and forces the liquid prong material into the
ipertures §6. The doctor blade. assembly 83 not only serves to
force the molten prong material through the apertures 56,.but aiso -
provides support to the print cylinder 73 at the point of the nip
70 to prevent the print cylinder 73 from buckling or deforming as
- it is pressed against the backing roll 74. The backing roll 74
may be constructed of metal or any other suitable material. A
backing rol11 74 having a rubber coating with a Shore A durometer
hardness of about 40 to about 60 may also be used. Preferably,
the doctor blade assembly 83 is pressed against the print cylinder
73 with a force of about 80 pounds per - square inch as the
substrate 24 passes through the nip 70. A suitable heated
pressure bar 81 and doctor blade assembly 83 are commercially
available from Graco/LTl Corporation, P.0. Box 1828, Monteray, CA
93940. :




t he absorbent core 128 has a garnent surface, a body
and wai st._edges. The absorbent core 128 may be nanufadt yr
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128 should keep the molten prong materpia? aty the desire opera
temperature. Typical'ly, a temperature slightly above the meIting
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 1iquid state. If 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 prong
material temperature is very hot, the prong 22 will flow into a
small, some-what semispherically shaped puddle and an engaging
means 30 will not be formed . Conversely, if the temperature of
the prong material is too low, the prong material may not transfer
from the pressure bar to the doctor blade assembly 83 or print
cylinder 73 or, subsequently, may not properly transfer from the
print cylinder 73 to the substrate 24 in the desired array or
pattern. ' |
The print cylinder 73 1is preferably heated to prevent
solidification of the prongs 22 during transfer from the heated
pressure bar 81 thr"ough the deposition on the substrate 24.
Generally a print cylinder 73 surface temperature near the -source
material temperature is desired. A print cylinder 73 temperature
of about 178°C has been found to work well with the polyester hot
melt adhesive marketed by the Bostik Company of Middletown,
Massachusetts as No. 7199. But, the operating temperature of the
print cylinder 73 may vary according to the particular' prong
material being used.  There are many methods which can be used to
heat the print cylinder 73, which will be readily apparent to one
skilled in the art. A particularly prefefred method of heating
" the print cylinder 73 is by using an infrared heater 72.
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may be vari ed to accommodat e wearers ranging frominfants hro%adult
Exenpl ary absorbent structures for use as the absorbent |c r

described, in US. Patent 4,610,678 entitl d "Hi gh- sity Absorben
Structures” issued to Weisnman et al. on Septe 1986; U S.
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by reference. A preferr

39 one skilled in the art. This arrangement is often necessary if a:

polypropylene, polyethy'lene or other polyolefinic substrate 24 is
used.

After being deposited onto the substr_ate 24, the prongs 22
are severed from the the depositing member by a severing means.
“The prongs 22 are severed to form 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 acconlnodate
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 cylinder 73 and,

roll 74 and spaced from the substrate 24 a distance which §s .

somewhat greater than the perpendicular distance from the highest
elevation of the solidified prong 22 to the substrate 24,

Preferably the wire 78 1is electrically heated to prevent
build-up of the molten prong material on the severing means 78,
accommodate any coo]in§ of the prongs 22 which occurs between the
time the prong material leaves the heated pressure bar 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 wire 78 temperature severing means can be
accommodated. Also, as the speed of the ‘substrate 24 is
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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 0.64
millimeters (0.025 inches) heated to a temperature of about 343°C
to about 440°C has been fdun_d 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 s 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 i{s disposed too far from the plane of the
substrate 24, the prong material will pass underneath the severing
means 78 and not be 'lntércepted' by it, forming a very Tlong
engaging means 30 which will not be properly spaced from the
substrate 24 or adjacent prongs 22. Conversely, if the severing
means 78 is disposed too close to the plane of the substrate 24,
the severing means 78 will truncate the shank 28 and an engaging
means 30 may not be formed. S

A hot wire severing means 78 disposed approximately 3.2
millimeters to 8.3 millimeters (.125 to .325 inches), preferably
ab_out 5.7 millimeters (0.225 inches) in the machine direction from
the nip point 70, approximately 1.4 millimeters to 6.5 millimeters
(.056 to .256 inches), preferably about 4.0 millimeters (.156

inches) radially outward from the backi_ng_ roll 74 and

approximately 13.7 millimeters to approximately 18.6 millimeters
(.534 to .734 inches), preferably about 16.1 millimeters (0.634
inches) radially outwardly from the print cylinder 73 is

adequately positioned for the process of manufacture disclosed
herein. ' '
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directibn, as indicated by the arrow 75 of Figure 4, is generally
orthogonal the. centerline of the print cylinder 73 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.® o
The substrate 24 may be drawn through the nip 70 at a speed
approximately 0% to approximately 10% greater than the surface
speed of the cylinder 73 and roll 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 prohg
material on the substrate 24. 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 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 substrate
24 is desired, a slower rate of transport of the substrate 24 in
the first direction is selected. Conversely, if the rate of
transport is increased, the angle a of the shank 28 decreases and
an engaging means 30 have a greater lateral projection 38 will
result. o
If desired, the substrate 24 may be inclined at an angle 7,
approximately 35° to approximately 55°, preferably about 45°, from
the plane of the nip 70 towards the backi'hg 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 extract the prong material from the apertures 56 and to
pull the prong 22 away from the print cylinder 73. The angle ¥
from the plane of the nip 70 should be increased as a lesser angle -
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mllimeter (0.5 ml) to about 0.051 miIlinmeter (2.0 mlg).] - Particul aily
preferred, materials for the - backsheet include pgl et @ SEP 1994 |
The backsheet 126 is preferably enbossedgz and/or ngttje finished to
provide a nore cloth-1ike appearance. Further, the bgck
permt vapors to escape fromthe absorbent core 12
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to joini ng the baCkShﬂﬁerlaﬁpots@tinPe pFING PP a T Ofrdm 18R- apertlives! B30 ohEd €1 N,
the term Jj oi ned” _tﬁencscl)l tra%eesuc,:o g,wi Eler % and roll 74 continue rotation,
in the directions indicated by the arrows 75 of Figure 4. This
 results in a peridd of relative displacement between the
transported substrate 24 and the apertures 56 during which period
(prior to severing) the prong material bridges the substrate 24
and print cylinder 73. As relative displacement continues, the
prong material is stretched until severing occurs and the prong 22
separated from the aperture 56 of the print cylinder 73. As used
herein the term "stretch" means to increase in linear dimension,
. at least a portion of which increase becomes substantially
permanent for the 1ife of the fastening system 20.
As discussed” above, it 1{s also necessary to sever the
individual prongs 22 from the print cylinder 73 as part of the
'proces's which forms the engaging means 30. When severed, a prong
22 is longitudinally divided into two parts, a distal end 29 and =
engaging means 30 which remain with the fastening system 20 and a
moil (not shown) which remains with the print cylindér 73 and may
be rec_:ycléd, as desired. After the prongs 22 are severed from the
moil, the fastening system 20 fis 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 non-limiting illustration of the method of the present
invention shows the prong material to be disposed in a heated
trough (not shown) and supplied to the heated pressure bar 81 by a
heated hose assembly (not shown). If a polyester resin hot melt
adhesive is selected, a material temperature of approximately
177-193 degrees Celsius, preferably about 186 degrees Celsius, has -
been found suitable. If a po'lyanﬁde resin is selected, a material
temperature of approximately 193-213 degrees Celsius, preferably
about 200 degrees Celsius, has been found suitable. A polyester
film substrate 24 about 0.008 to about 0.15 millimeters (0.003 to
0.006 inches) in thickness works well with hot melt adhesive
prongs 22. ' |
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to work well with the aforementioned print cylinder 73. The rate
of transport of the substrate 24 is about 10.7 meters per minute
(35 feet'per minute). _

A nickel-chromium hot wire 78 having a diameter of about 0.6
millimeters (0.025 inches) disposed approximately 5.7 millimeters
(0.225 1inches) from the nip point 70 in the machine direction,
approximately 16.1 millimeters (0.634 inches) radially outward
from the print cy!inder 73 and approximate]y 4.0 millimeters
(0.156 inches) from the backing roll 74 is heated to a temperature
of about 430 degrees Celsius. The fastening system 20 produced by
this operation is substantially similar to that {llustrated by
Figure 1, which fastening Eystem 20 may be advantageously
incorporated into the illustrative article of use discussed below.

Without being bound by any particular theory, it is believed
that the geometry of the engaging means 30 is goverhed by the
elastic properties of the hot melt adhesive used to make the prong
22 and the difference in the temperature between the trailing edge
46 and the leading edge'42 of the prong 22. The trailing edge 46
of the prong 22 1is 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 solidify or freeze after the
trailing edge 46. This causes elongation of the leading edge 42
and contraction of thé'trailing edge 46, relative to each other.
As this temperature difference is increased, a relatively longer
engaging means 30 is formed. _

It is frequently desirable to have a fastening system 20 of
the present invention with the maximum lateral projection 38 of
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ot her maximum lateral proaection 38 of the prongs 22 be or1ented Ck
' direction substantially perpendicular to the direction of travel
of the disposable diaper on the manufacturing line. A diaper
manufacturing line requires complex and expensive machinery to
cut, reorient and apply the fastening system 20 if the maximum
lateral projection 38 of the prongs 22 are oriented in the machine
direction. A fastening system 20 of the present invention
produced with the maximum lateral projection 38 of the prongs 22
oriented in the cross-machine direction, however, would not
require re-orientation before being applied to a disposable
diaper. It 1is therefore very advantageous to be able to
manufacture the fastening system 20 of the present invention with
the maximum lateral projection 38 of the prongs 22 oriented in a
direction other than the machine direction.
There are two angles which are made by the shank 28 of prongs
22 produced by this process.. The shank 28 makes an angle a with
"the plane of the substrate 24 as discussed hereinbefore, and the
shank 28 also makes an azimuthal angle relative to the machine
direction of the substrate 24. As used herein, the term
*azimuthal angle" refers to the ‘angle the max imum lateral
projection 38 makes relative to the machine direction of the
substrate when viewed from above. As used herein “viewed from
above™ refers to viewing the prongs 22 from a direction which is
perpendicular to the plane of the substrate 24. The term *machine
direction® refers to the direction generally parallel to the
principle direction of transport of the substrate 24 as it passes
through the nip.
Methods of forming azimuthalIy angled, free formed prongs are
discussed in greater detail in commonly assigned, co-pending
Patent Application Serial No. 07/632,283, "Process of
Manufacturing A Refastenable Mechanical Fastening System", filed
December 21, 1990, in the name of D. A. Thomas, D. J. K. Goulait
and R. G. Cox, Jr., allowed July 31, 1992, and commonly assigned,
co-pending Patent Application Serial No. 07/719,211, "Method for
Manufacturing a Refastenab'le Mechanical Fastening System Having
- Azimuthally Angled Prongs and Fastening System Produced
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'n a preferred enbOdlngiQitifying the molten thermally sensitive material of the prong.

A more detailed description of this method is disclosed in U.S.
Patent Application Serial No. 07/668,817, "Refastenable Mechanical
Fastening System And Process For Manufacture Therefor®. filed
March 7, 1991 in the name of Dennis A. Thomas (a Rule 62
Continuation Patent Application of U.S. Patent Application Serial
No. 07/305,354 filed January 31, 1989); U.S. Patent 5,058,247,
issued to Dennis A. Thomas and Ted L. Blaney on October 22, 1991;
and U.S. Patent 5,116,563, issued to Dennis A. Thomas and David J.
K. Goulait on May 26, 1992; which patent applications and patents
are incorporated herein by reference. _

It will be further apparent to one skilled in the art that
other variations are feasible. For example, a prong 22 having an
engaging means 30 protruding in more than one direction may be
produced. If desired, only the print cylinder 73 may be utilized
in the manufacturing process, providing the substrate 24 contacts
the print cylinder 73 at the point on the outer surface of the
print cylinder 73 that corresponds with the pdint at which the
doctor blade assembly 83 contacts the inner surface of the print
cylinder 73.

VE_ARTICLE OF US

- An illustrative and nonlimiting example of the usage of the
fastening system of the present invention in an article of
manufacture follows and is illustrated in Figures 5 and 6.
Mechanical fastening systems have been advantageously used in
.disposable absorbent articles as disclosed in U.S. Patent
4,846,815 entitled "Disposable Diaper Having an Imp(oved Fastening
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positi oned outboard of the barrier cuff 184 such as descrilp
above.referenced U S. Patent 4,695,278, 36The di aper 12
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. It is known, for example, that mechanical fastening systems
are less easily contaminated by oils and powders than are adhesive
tape fastening systems and, further, may be easily reused. Al of
these features provide advantages when applied to a disposable
~ diaper 120 intended for use on an infant. Also, a refastenable
fastening system provides the advantage that the infant may be
checked to see if soiling of the disposable diaper 120 has
occurred during the wearing period. - | . |
As used herein, the term "absorbent article® refers to
devices which absorb and contain body exudates, and, more
specifically, refers to devices, such as sanitary napkins,
disposable diapers, incontinent garments, and the like, which are
placed against or in proximity to the body of the wearer to absorb
and contain the various exudates discharged from the body. The
term “disposable” is used herein to describe absorbent articles
which are not intended to be laundered or otherwise restored or
reused as an ‘absorbent article (i.e., they are intended to be
discarded after a single use and, preferably, to be recycled,
comﬁosted or otherwise disposed of ~in an environmentally
compatib'l.e manner). A "unitary®” absorbent article refers to
absorbent articles which are formed of separate parts united
together to form a coordinated entity so that they do not require
separate manipulative parts like a separate holder and liner. A
preferred embodiment of an absorbent article of the present
invention is the unitary disposable absorbent article, diaper 120,
shown in Figure 5. As used herein, the term "diaper® refers to an
absorbent article generally worn by infants and incontinent
persons that is worn about the lower torso of the wearer. It
should be understood, however, that the present invention is also
applicable to other absorbent articles such as incontinent briefs,
incontinent undergarments, diaper holders and liners, feminine
hygiene garments, and the like.
Figure 5 is a plan view of the diaper 120 of the present
invention in its flat-out, uncontracted state (i.e., with elastic
induced contraction pulled out) with portions of the structure
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di aper.) The el astimethed ofi the present ingentipn andcgenerally multiply designated
as 136. The diaper 120 is shown in Figure 5 to have an outer
surface 152, an inner surface 154 opposed to the outer surface
152, a first waist region 156, a second waist region 158 opposed
to the first waist vegion 156, a crotch region 159 pbsitioned
between the first waist region 156 and the second waist region
158, and a periphery 160 which is defined by the outer edges of
the diaper 120 in'which the longitudinal edges are designated 162
and the end edges are designated 164. The inner surface 154 of
the diaper 120 comprises that portion of the diaper 120 which is
positioned adjacent to the wearer’s body during use (i.e., the
inner surface 154 generally is formed by at least a portion of the
topsheet 124 and other components joined to the topsheet 124).
The outer surface 152 comprises that portion of the diaper 120
which is positioned away from the wearer’s body (i.e., the outer
surface 152 generally is formed by. at least a portion of the
backsheet 126 and other combonents Joined to the backsheet 126). '
Figure 5 shows a preferred embodiment of the diaper 120 in
which the topsheet 124 and the backsheet 126 have length and width
dimensions generally larger than those of the absorbent core 128.
The topsheet 124 and the backsheet 126 extend beyond the edges of
the absorbent core 128 to thereby form the periphery 160 of the
diaper 120. While the topsheet 124, the backsheet 126, and the
absorbent core 128 may be assembled in a variety of well known
configurations, breferred diaper configurations are described
generally in U.S. Patent 3,860,003 entitled "Contractible Side
Portions for Disposable Diaper™ which issued to Kenneth B. Buell
on January 14, 1975; and U.S. Patent Application Serial No.
07/715,152, allowed, “Absorbent Article With Dynamic Elastic Waist
Feature Having A Predisposed Resilient Flexural Hinge", Kenneth 8.
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edges, and waist edges. The absorbent core 128 may be manufactured
in a wide variety of sizes and shapes (e.g., rectangular,
hourglass, "T"-shaped, asymmetric, etc.) and from a wide variety
of 1iquid-absorbent materials commonly used in disposable diapers
and other absorbent articles such as comminuted wood pulp which is
generally referred to as airfelt. Examples of other suitable

- absorbent materials include creped cellulose wadding; meltblown

polymers including coform; chemically stifféned,- modified or
cross-linked cellulosic fibers; tissue including tissue wraps and
tissue laminates; absorbent foams; absorbent  sponges;
superabsorbent polymers; absorbent gelling materials; or any.
equivalent material or combinations of materials. The
configuration and construction of the absorbent core may also be
varied (e.g., the absorbent core may have varying caliper zones, a
hydrophilic gradient, a superabsorbent gradient, or lower average
density and lower average basis weight acquisition zones; or may
comprise one or more layers or structures). The total absorbent
capacity of the absorbent core 128 shouid; however, be compatible
with the'design loading and the intended use of the diaper 120.
Further, the size and absorbent capacity of the absorbent core 128
may be varied to. accommodate wearers ranging'from infants through
adults. Exemplary absorbent structures for use as the absorbent
core 128 are described in U.S. Patent 4,610,678 entitled
"High-Density Absorbent Structures® issued to Weisman et al. on
September 9, - 1986; U.S. :Patenta 4,673,402 entitled "Absorbent
Articles With Dual-Layered Cores"™ issued to Weisman et al. on June .
16, 1987; U.S. Patent 4,888,231 entitled “"Absorbent Core Having A

- Dusting Layer" issued to Angstadt on December 19, 1989; and U.S.

Patent 4,834,735, entitled "High Density Absorbent Members Having
Lower Density and Lower Basis Weight Acquisition Zones®, issued to

_ Alemany et al. on May 30, 1989. Each of these patents are

incorporated herein by reference. A preferred embodiment of the
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The backsheet ﬁ% is pos 'Eti XecP adjacent the garment surface
of the absorbent core 128 and is preferably joined thereto by
attachment means (not shown) such as those well known in the art.
For example, the backsheet 126 may be secured to the absorbent
core 128 by a uniform continuous'.'layer of adhesive, a patterned

" layer of adhe_sive, or an array of separate lines, spirals, or
spots of adhesive. Adhesives which have been found to be
satisfactory are manufactured by H. B. Fuller Company of St. Paul,
Minnesota and marketed as HL-1258. The attachment means will
preferably comprise an open pattern network of filaments of
adhesive as is disclosed in U.S. Patent 4,573,986 entitled
*Disposable Waste-Containment Garment®, which issued to Minetola
et al. on March 4, 1986, more preferably several lines of adhesive
filaments swirled -into a spiral pattern such as is illustrated by
the apparatus and methods shown in U.S. Patent 3,911,173 issued to
.Sprague, Jr. on October 7, 1975; U.S. Patent 4,785,996 issued to
Ziecker, et al. on November 22, 1978; and U.S. Patent 4,842,666
jssued to Werenicz on June 27, 1989. Each of these patents are
incorporated herein by reference. A'Iternativé‘ly,_ the attachment
means may comprise héat, bonds, pressure bohds, ultrasonic bonds,
dynamic mechanical bonds, or any other suitable attachment means
or combinations of these attachment means as are known in the art.

The backsheet 126 is impervious to liquids (e.g., urine) and
is preferably manufactured from. a thin plastic film, although
other flexible liquid impervious materials lhay also be -used. As
used herein, the term "flexible" refers to materials which are
compliant and will readily conform to the general shape and
contours of the human body. The backsheet 126 prevents the
exudates absorbed and contained in the absorbent core 128 from
wetting articles which contact the diaper 120 such as bedsheets
and undergarments. The backsheet 126 may thus comprise a woven or
nonwoven material, polymeric films such as thermoplastic films of
polyethylene or polypropylene, or composite materials such as 2
film-coated nonwoven material. Preferably, the backsheet is a
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: backsheet 126 by attachment means {not shown) such as those well
known in the art. Suitable attachment means are described with

respect to joining the backsheet 126 to the absorbent core 128.

As used herein, the term "joined" encompasses confi'gurations
whereby an element is directly secured to the other element by
affixing the element directly to the other element, and
configurations whereby the element is indirectly secured to the

other element by affixing the elemgnt to intermediate member(s)

which in turn are affixed to the other element. In a preferred
embodiment of the present invention, the topsheet 124 and the

_ backsheet 126 are Joined directly to each other in the diaper
periphery 160 and are indirectly joined together by directly
joining them to the absorbent core 128 by the attachment means

(not shown). : .

The topsheet 124 1is compliant, soft feeling, and
non-irritating to the wearer’s skin. Further, the topsheet 124 is

liquid pervious permitting liquids (e.g., urine) to readily
penetrate through its thickness. A suitable topsheet may be
manufactured from a wide range of materials, such as porous foams;
reticulated foams; apertured plastic films; or woven or nonwoven

webs of natural fibers (e.g., wood or cotton fibers), synthetic

fibers (e.g., polyester or polypropylene fibers), or a combination

of natural and synthetic fibers. Preferably, the topsheet 124 is

made of a hydrophobic material to isolate the wearer’s skin from

liquids contained in the absorbent core 128. There are a number

of manufacturing techniques which may be used to manufacture the
topsheet 124. For example, the topsheet 124 may be a nonwoven web

of fibers spunbonded, carded, wet-laid, meltblown, hydroentangled,
‘combinations of the above, or the like. A preferred topsheet is
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The diaper 120 preferably further comprises elasticized leg
cuffs 132 for providing improved containment of 1iquids and other
body exudates. Each elasticized leg cuff 132 may comprise several
different embodiments for reducing the leakage of body exudates in
the leg regions. (The leg cuff can be and is sometimes also
referred to as leg bands, side flaps, barrier cuffs, or elastic
cuffs.) U.S. Patent 3,860,003 describes a diSposable diaper which

~ provides a contractible leg opening having a side flap and one or
more elastic members to provide an elasticized leg cuff (gasketing
cuff). U.S. Patent 4,909,803 entitled "Disposable Absorbent
Article Having.Elasticized Flaps" issued to Aziz et al. on March
20, 1990, describes a disposable diaper having “stand-up”
elasticized flaps (barrier cuffs) to improve the containment of
the leg regions. . U.S. Patent 4,695,278 entitled “Absorbent
Article Having Dual Cuffs® issued to Lawson on September 22, 1987,
describes a disposable diaper having dual cuffs including a
gasketing cuff and a barrier cuff. While each elasticized leg
cuff 132 may be configured so as to be similar to any of the leg
bands, side flaps, barrier cuffs, or elastic cuffs -described
above, it is preferred that each elasticized leg cuff 132 comprise’
at least an inner barrier cuff 184 comprising a barrier flap 185
and a spacing elastic member 186 such as described in the
above-referenced U.S. Patent 4,909,803. In a preferred embodiment
as shown in Figure 5, the elasticized leg cuff 132 additionally
comprises an elastic gasketing cuff 104 with one or more elastic
strands 105, positioned outboard of the barrier cuff 184 such as
described in the above-referenced U.S. Patent 4,695,278.

' The diaper 120 preferably further comprises an elastic waist
feature 134 that provides: improved fit and containment. The
elastic waist feature 134 is that portion or zone of the diaper
120 which is intended to elastically expand and contract to
dynamically fit the wearer’s waist. The elastic waist feature 134

- at least extends longitudinally outwardly from at least one of the
waist edges of the absorbent core 128 and generally forms at least
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Fast eni ng Devi ce" itopsheg tl(;4, preferably both the backsheet 126 and the topsheet
124. The elasticized waistband 134 may be constructed in a number
of different configuratioﬁs including those described in U.S.
Patent 4,515,595 issued to Kievit et al. on May 7, 1985 and the
above referenced U.S. Patent Application Serial No 07/715,152;
each of these references being incorporated herein by reference.
In a preferred embodiment, the diaper also comprises
elasticized side panels 130 disposed in the second waist region
158. (As used herein, the term "disposed® is used to mean that an
element(s) of the diaper is formed (joined and positioned) in a
pérticu‘lar’ place or position as a unitary structure with other
- elements of the diaper or as a separate element joined to another
element of the diaper.) The elasticized side panels 130 provide
an elastically extensible feature that provides a more comfortable
and contouring fit by initially ¢pnfomably fitting the diaper to
the wearer and sustaining this fit throughout the time of wear
well past when the diaper'has been loaded with exudates since the
elasticized side panels allow the sides of the diaper to expand
and contract. The elasticized side panels 130 further provide -
more effective application of the diaper 120 since even if the
diaperer pulls one elasticized side panel 130 farther than the
other during application (asymmetrically), the diaper 120 will
*self-adjust” during wear. while the diaper 120 of the present
invention preferably has the elasticized side panels 130 disposéd
in the second waist region 158; alternatiyely; the diaper 120 may
be provided with elasticized side panels 130 disposed in the first
waist region 156 or in both the first waist region 156 and the
second waist region 158. While the elasticized side panels 130
may be constructed in a number of configurations, examples of
diapers with elasticized side panels positioned in the ears (ear
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Sciaraffa, et al. on May nrcésge u. ? ' P%ié:leéht 4,938,753 issued to
Van Gompel, et al. on July 3, 1990; and the hereinbefore
referenced U.S. Patent Application Serial No. 07/715,152; each of

which are incorporated herein by reference.

The preferred

elasticized side panels comprise the zero strain stretch laminate
described in the hereinbefore referenced U.S. Patent Application

Serial No. 07/715,152.

The diaper 120 is further provided with a fastening system
136 for forming a waist closure. The fastening system 136
maintains the first waist region 156 and the second waist region
158 in an o'verlapping configuration to maintain the diaper on the
wearer. The fastening system 136 comprises at least an array of
prongs 22 manufactured according to the method of the present
invention, which is engageable with a complementary receiving
surface such as a loop fastening material or a nonwoven material
such as the material which forms the topsheet 124. While the

fastening system 136 may be constructed .in

a number of

configurations, examples of diapers with mechanical fastening
systems are disclosed in U.S. Patent 4,869,724 entitled
"Mechanical Fastening Systems With Adhesive Tape Disposal Means
For Disposable Absorbent Articles® issued to Scripps on September
26, 1989; U.S. Patent 4,846,815 entitled "Disposable Diaper Having

An Improved Fastening Device" issued to Scripps on

July 11, 1989;

and U.S. Patent 4,894,060 entitled “Disposable Diaper With
Improved Hook Fastener Portion" issued to Nestegard on January 16,
1990. A fastening system having combination adhesive/mechanical
closure elements is described in U.S. Patent 4,946,527 entitled
"Pressure-Sensitive Adhesive Fastener And Method of Making ‘Same"
issued to Battrell on August 7, 1990. Each of these patents are
~ incorporated herein by reference. A preferred fastening system
configuration is a two point fastening system described in U.S.
Patent Application Serial No. 07/714,476, entitled "Absorbent
Article with Fastening System Providing Dynamic Elasticized
Waistband Fit", filed June. 13, 1991 in the name of Weil et al.,
which patent application is incorporated herein by reference.
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conprising a reinforcing strip 116 joined to the backsheet {2 —EXanpl es of
such adhesive tape tab fastening systens are disclosed in U Baz SEP 1994

3,848,594 entitl ed "Tape Fastening System for Disposable D hper™ 1ssued to

Buel | ,on Novenber 19, 1974; and the adhesi ved4& ape tabs, reipf bci-Rg—strips

and i ndicia neans di scl osed in US. Patent Bl 4, 662, 875 ent tled Absorbent

Article" issued to H rgtsu and %03 ertso 02 |va¥| 5 19 h] t TESe
patents are incorporat B¢ REFETREG WP PR astenind sy ?{“'t i‘?é P3lsitepsideni ng

conponent 112 of tfesteringrsystent 136&nblown1P Ft@rprS a8d Gncampnisesve primaxyhnent
layer 196, the secgp Qexﬁg *Et@tﬂ ﬁ@ﬁ?&n%ﬁsv%ﬂg oinet ?edé Neeure me&usw

preferably conprises

stri backs
Wien the first fast@sHrg) S¥siam ﬁ@n?miﬁ'"g\‘d]if'ﬁ %‘feﬂﬁ{sé’ su Fr%’rrbiﬁ ﬂ'ynary
conprises a nechanfmbnmlgosysltm dBg@maintainhetheetinstl waist oregnep d66mandcthe 114

al so comri ses a MECiyaRiatbe ShORH kR brerTitiing IR GAEL foh' Slch! BRien ng

TRLorial of the pfLARRA! (KeDEHOP ofre AALMIETE aTould; oF ) mEMRFECHNG, o tthe

preferably conpri séiapar| twomaintatrerthagdiapeeroralithe wearer. nThe pradftraleshre

erbodiment of the WREAN' 145VCorR" 23 SRAME: | @1ofkdU" Rhab: 'dIRanikdNG' N9

menber 144 prefer%ﬁn ains/gperaltesse 'Iageral tensions through the elasticized
waistband 134 so as to improve the fit and- containment
characteristics of the diaper 120 by reducing gapping, sagging,
and rollover of the elasticized waistband 134.

As shown in Figure 5, the primary fastening system 138
comprises a securement member 142 disposed adjacent each
Tongitudinal edge 162 in the second waist region 158, and at least
one landing member 144 disposed in the first waist region 156 so
as to form a portion of the outer surface 152. Each securement
member 142 preferably comprises a tape tab 192 and a first
fastening component 112. The landing member 144 preferably
comprises a complementary second fastening component 114
engageable with the first fastening component 112 of the
securement member 142. An exemplary primary fastening system
wherein the first and second fastening components each comprise
mechanical closure elements comprising hook -and loop fastening'
materials {s disclosed in U.S. Patent 4,869,724 entitled
"Mechanical Fastening -Systems With Adhesive Tape Disposal Means

~ For Disposable Absorbent Articles® issued to Scripps on September
26, 1989. Primary fastening systems utilizing mechanical closure
elements are also disclosed in U.S. Patent 4,846,815 entitled
'Disposable Diaper Having An Improved Fastening Device" issued to
Scripps on July 11, 1989; and U.S. Patent 4;894,060 entitled
"Disposable Diaper With Improved Hook Fastener Portion® issued to
Nestegard on January 16, 1990. A primary fastening system having
combination adhesive/mechanical closure elements is described in
U.S. Patent 4,946,527 entitled "Pressure-Sensitive Adhesive
Fastener And Method of Making Same" issued to Battrell on August
7, 1990. Each of these patents are incorporated herein by
reference. In a preferred embodiment of the present invention as

)
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reinforcing strip 116 rel easably engageable with the adhesi ve | attachnent

| ayer 196 of the tape tabs 192. The reinforcing strip 116 npyl-c@®ISEP126Y
of a-nunber of configurations and materials secured to the pafksheet 126
of the diaper 120. The reinforcing strip 11645s preferably h

STHdAlh at ©
menber secured to the backsheet 126 to forma portion of th

152 of the diaper 120. A preferred reinforcing,strip 116 coE o:Jt-er surLace
of biaxially orientedshsenylw bigirert the primary’ f“ﬁ‘?@-'@ué-Y“te@rqgaogg'?spggf%n?%
Zy\?v;ieg]t 12?02335 ggnth,g?muw it &S tabh mtating:cmmema copprisingl 40 tapg 8P olAZli ng
cl osure anchors a J 3‘8”']903;‘ rﬁhfﬂge S‘ggﬁch@?ﬁt ﬁgyé#‘nggghﬁge& ga%gi'hg-rr?@?rwl l;“‘en
the diaper 120 comsomprising aereiaforsing St s’c]ga Ei"'fg43'° 1:651?8 %kg?eeél’ ag}re-
dynani cal |y creat eg/kgmivetaifnsuch| athesiae tapentabofisstesingosyshems ate disclosed
el asticized wai stbaqc'i’ Jug‘s‘ Patent 3,848,594 entitled "Tape Fastening System for
o o Disposable Diaper" issued to Buell on November 19, 1974; and the
adhesive tape tabs, reinforcing strip, and indicia means disclosed
in U.S. Patent Bl 4,662,875 entitled "Absorbent Article® issued to
Hirotsu and Robertson on May 5, 1987. Each of these patents are
' incorporated herein by reference. . ’

When the first fastening component 112 of the securement
member 142 comprises an adhesive attachment layer 196, the second
fastening component 114 of the landing member 144 preferably
comprises a reinforcing strip 116 and/or the backsheet 126. When
the first fastening component 112 of the securement member 142
comprises a mechanical closure element, the second fastening
component 114 also comprises a mechanical closure element. Thus,
when the first fastening component 112 comprises a hook fastening
material, such as the fastening material of the present inventionm,
the second fastening component 114 preferably comprises a loop
fastening material. |

In a preferred embodiment of the present invention as shown
in Figure 5, the landing member 144 preferably comprises a
reinforcing striﬁ 116 releasably engageable with the adhesive
attachment layer 196 of the tape tabs 192. The reinforcing strip
116 may comprise any of a number of configurations and materials
secured to the backsheet 126 of the diaper 120. The reinfofcing
strip 116 is preferably a separate member secured to the backsheet
126 to form a portion of the outer surface 152 of the diaper 120.:
A preferred reinforcing strip 116 comprises a sheet of biaxially
oriented polypropylene film. ' '

The dual tension fastening system 136 additionally comprises
a waist closure system 140 for providing a waist closure adjacent
the end edge 164 of the diaper 120. The waist closure anchors a
portion of the span of the end edge 164. Further, when the diaper
120 comprises an elasticized waistband 134, the waist closure
dynamically creates/maintains lateral tensions through the
elasticized waistband 134,
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conmponents of the waist closure system 140 &gt to anchor the
rel ationship of the elasticized wai stband 134 wth the el ast

panel s

The wai st cl osure, anchors a portion of the span of
di aper 120, preferably a portion of the extensible sf
I zed wai stband 134. (i.e., The first and second
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by the primary fasidgaitag1&ydsstiohdiy fastener that achieves a closure with

sufficient shear resistance so that there is little or no shear
slippage or movement between the attachment components once the
closure is achieved. The positional relationship .of the
elasticized waistband 134 with the elasticized side .panels 130
(i.e., the geometric relationship between the anchor zones of the
first attachment components 146) establishes a defined waist
circumferential dimension adjacent the end edge 164 of the diaper
120 which 1is distinct (longitudinally spaced) from the
circumferential dimension established by the side closure formed
by the primary fastening system 138.

The waist closure also creates/maintains lateral tension(s)
through the elasticized waistband 134. The waist closure
contributes some portion of an initial pretension (lateral
tension) within the elasticized waistband 134 that allows  the
elasticized waistband 134 to snugly fit against the wearer’s waist
when initially fitted. The elasticized waistband 134 maintains,
during use, some portion of the pretension created within it by
the waist closure. Since the elasticized waistband maintains some
portion of the pretension created within it, the elasticized
waistband can repeatedly elastically expand or contract with the
motions of the wearer so as to snugly sustain the fit of the
diaper against the wearer’s waist throughout use.

As shown in Figure 5, the waist closure system 140 comprises
at least one, preferably a pair of, first attachment component(s)
146 and at least one second attachment component 148. As shown in
Figure 5, the first attathmént component(s) 146 are longitudinally
aligned with the elasticized waistband 134 so that the lateral
tensions dynamically created/maintained by the waist closure
system 140 extends in and. through the elasticized waistband 134
during use. Further, the attachment components of the waist
closure system 140 are longitudinally spaced from the securement



The wai st closure also creates/maintains |ateral tension(s) MMEN@ SHEET

el asticized waistband 134. The waist closure contributgs Eome portion

of an initial pretension (lateral tension) within the el astilijzeg mgEptoosd
134 that allows the elasticized wai stband 134 tgysnugly fit inst the
wearer's wai st when. initially fitted. The el asticized wai st bpne—134

mai nt ai ns, during use, sonme portion of the pretension created within it by
the wai st closure. Seemberg HidZehnds ttheilaadingamentiennddbrofnthe prim ngn

of the pretension cregigdnWighitd providd'Q BiAShte] ZR¢iNRl 71R2NY) <Bhferential
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146 and at | east one secgnd attac nt c onent . 148 shown jn Figure 5,
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t he securenent . invention. 'In a preferred embodiment shown in Figures 5 & 6, the

' first attachment component 146 will comprise an array of prongs 22

‘and the second attachment component 148 will comprise a loop

fastening material having fibrous elements. The array of prongs

22 is intended to mechanically engage the fibrous elements of the

loop fastening material so as to provide a secure closure. The

loop fastening material provides a plurality of fibrous elements

that engage the engaging elements of the prongs 22. The loop

fastening material may be manufactured from a wide range of

materials to provide fibrous elements, preferably loops.. Such

suitable materials include ‘nylon, polyester, polypropylene, any

- combination of these materials, or other materials as are known in

the art. A suitable loop fastening niaterial comprises a number of

fiber 1loops projecting from a backing such as the comercia'lly

available material designated "Scotchmate® brand nylon woven loop

No. $J3401 available from Minnesota Mining and Manufacturing

Company, St. Paul, Minnesota. Another commercially available loop

fastening material comprises a tricot knit fabric having a

plurality of nylon filament loops projecting from a backing of

nylon such as the commercially available material designated

"Guilford No. 16110" available from Guilford Mills of Greensboro,

North Carolima. An exemplary inexpensive loop fastening material

and a method of making such a loop fastening material are

described in European Patent Application 0 289 198; The Procter &

Gamble Company, published November 2, 1988, which application is

incorporated herein by reference. A suitable loop fastening

material may also be a woven or nonwoven fabric or any other type

of fibrous material or loop material which are well known in the

art. Examples of nonwoven materials suitable for use as a loop

fastening material are discussed herein with respect to the

©
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47 menbers 142 and the | andi ng menber 144 of the prinary fgstEnng sysrem

138 to provide a distinct, defined waist circunferential drmgnsi o?z‘ggpt»@%
di aper and two distinct zones of lateral tension(s). The zong df Tenslon
created by the primary fastening system 38 #gcures the garnent sa-the
wearer while the zone of tension dynamcally created/ maintaired by t he
wai st closure system 140 dynanicall mai nt ai ns the upper wai st—ctosure
during wear. - miterials awsefiehtascd dmnh@toflzi hef idesdiapessidl sy8tam

140, preferably compfdes %ﬂb&ﬁfn@\% OfhePTdopTfasiénitiy hdteriuieseformedvbyiithen. | n
a preferred enbodinment s q 'J g 8§h 4the first attachnent
conponent 146 V\AII“°E'lPrY]SP|'%3(§e5{rT a'r g’V Ps E
The diaper 120 additionally comprises a positioning patch 150
Jocated subjacent the first attachment component 146.  The
'positiom‘ng patch 150 raises the first attachment component 146 in
the Z direction (thickness) - to allow the first attachment
component 146 to come in better contact with the second attachment
component 148 and allow the waist closure system to more easily be
closed ' (with less effort). The positioning patch 150 also
provides a zone of increased flexural stiffness that reduces the
tendency of the flexible ear flaps 188 to fold over onto the first
attachment component(s) 146 thereby occluding the prongs 22 from
being secured during diaper application. Thus, the positioning
patch 150 can comprise any element that provides a Z direction
build up to the first attachment components 146. As shown in
Figure 5, the positioning patches 150 each - comprise a
rectangular-shaped piece of material positioned subjacent the
first attachment component 146. While the positioning patches 150
may be positioned directly subjacent the first attachment
components 146, the positioning patches 150 are preferably
positioned between the topsheet 124 and the backsheet _126 as shown
" in Figure 6;, In order to provide a flexurally stiff circumference
about the waist of the wearer, the lateral edges of the
positioning patches can be abutted to or slightly overlapped with
the side edges 175 of the elastic waistband member 176. The
positioning patches 150 preferably comprise a 38 millimeter wide
by 32 millimeter long patch of elastomeric foam. ' More preferably,
during manufacture of the diaper, the positioning patches 150 are '
formed of the same material as the elastic side panel member 190
with the elastic side panel member 190 of one diaper and the
positioning patch 150 of the adjacent diaper being formed from the
same segment of material that is then cut after the diaper is
completed. Thus, the positioning patch 150 extends from the end

edge 164 of the diaper 120 inward toward the center of the diaper
120.

The diaper 120 is preferably applied to a wearer by
positioning one of the waist regions, preferably the second waist
region 158, under the wearer’s back and drawing the remainder of
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and the second attachment conponent 148 will conprise a |oop flagteni ng
mat eri al having- fi brous el enents. The .array of prongs 22 is i t gndg SEP 1995
mechani cally engage the fibrous elenents of the |oop fastenin naterl al so
as to,provide a secure closure. The |oop fast¥®¥ni ng material [r dvi-des—e
plurality of fibrous elenments that engage t he engagi ng el enentjs of the

prongs 22. The loop.fa Ln o] uf gact dfroma wge
range of “nmaterials BB ﬁfﬂ}’%&egﬁ@%@ I%ﬁ%ﬂtg efsgra szgoﬁgb"&f@ﬁ“
suitable materials |rnsh!lde pneferablypotheedirst wadstpregignedbs, aisy poshtbionedi on
|0f t hfset mat eri al tS afos3! BRE ﬂ%hﬁrdfakﬁe Weardre kT}Q\Mta ) thbe oF' the ﬁa?t&n}iﬁ@
oop fastening nateri rlses o roj gcti roma
backi ng such as the st‘fg#ﬁe at1hF?/ gbfl "'ng'ieefr"%“a ?3?1& edﬁ’eS(d,b hfGt e
brand nyl on woven | dbgn IwasztJ!ﬂO31astci&ldl sider paned mavounst Ahp wiangr.amhiile
:Vanuf ?ct ;Jrl ng CO”PaRYilﬁbraﬂﬁHé,thM ﬂibepmm A bweisteem‘erﬁldaldahrwa.:ﬁﬂb' e
oop fastening materia ris [1c vin ura
of nylon filament (%Bt ‘ﬁf’g}%&?’? ﬁ@éi gengig é](iir Fb Qxyl r?pgﬁé'ﬁ '§§°tﬁe 0
comercially avai l alsbefqmtto ithe sdeeuagﬁeshw ofatihefwaanemo. Thecflasteningasysten e

fromGuilford MITs jgf séi@ewsaprtﬁe méf» fsuméal 'o'ﬁ%he“%x@ﬁ@”ﬁb%ﬂfeéﬁﬁﬂ%@@é' ve
| oop fastening materLiaI an a nethod of making such | oop fastenl ng

material are

While particular embodiments of the present invention have
been illustrated and described, it would be obvious to those
skilled in the art that various other changes and modifications
can be made without departing from the spirit and scope of the
invention. It is therefore intended to cover in the appended
“claims all such changes and modifications that are within the
scope of this invention.
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respect ‘to
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t he material s useful as the topsheet 124 of the d
preferred errb‘ﬂ’dfrw@n %IFOOp fastening material is formed

by t he nonwoven

material of the- topsheet 124. The di aper 120 additionally conprises a
posi ti oni ng pht ctA skip friendly hook fastening material for use as a component of a mechanical

fastening system, said hook fastening material comprising:

a substrate; and

an array of prongs, each of ;aid prongs comprising a base joined to said substrate, an
engaging means, and a shank comprising a proximal end joined to said base, and a
distal end joined to said engaging means, characterized in that said amy compnses_

from about 1600 to about 2500 prongs per square inch.

2. The hook fastening material of Claim 1 wherein at least one of said prongs has an
included angle B of between about 90° to about 160°, more preferably of between
about 100° to about 150°, and most preferably of between about 110° to about 140°.

3.  The hook fastening material qf any of the preceding claims wherem said substrate is
comprised of a compressible material; a foam material; or a fluid impervious top layer,
a fluid impervious bottom layer joined to said top layer to form at least one pocket,

and a compresslble fluid posmoned within said pocket

4. The hookfastenmgmateml according to anyofthe preceding claims wherein each of
said prongs is comprised of a ethylene vinyl acetate based polymer or a polyethylene .

based polymer.

. 5. Adisposable absorbent article comprising:

an outer cover, said outer cover compnsmg a topsheet and a backsheet joined with

said topsheet;

an absorbent core positioned between said topsheet and said backsheet; and

cover.

\
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a hook faétening material according to any of the preceding claims joined to said outer




| ocated subjacent the first attac!rrént .conponent  146. RWCEMENTSHEBT

posi tioning patch 150 rﬁes the firsgt attachnment. conponent |1 In the Z

directi m allow thé first attachnent conmporgptSERI®AMO
cone mﬂ mm“ﬂﬂmm ith the second attachment conponent |148 and allow
the wai st clogure systemto nore easily she cl osed (with. | g¢sg—effort)~
The positioning patch 150 also provides a zone of incredsed flexural

stiffness that reduces e tendency of th i bl e . ol d
over onto the &irét “‘&\“P&?%EH‘B" d’ﬁerﬂ?rf% ?Jn %Mﬁ'ﬁ% th
prongs 22 from beimsthod ¢omprésés thesiepgoftii aper. appl i cation. Thus, the
positioning patch 150 can conprise any el enent that provi des a Z di rect I on

~build up to the first attachnent conponents 146 E&F #: ure e§
the positioning providingdepositing membss comprising from "b%f“l H‘BH@H

pi ece of nmaterial peOsglidre ieRd subj acent the first attachrrent corrponent 146.
Wil e the positioning patches 150 nay be positioned directl y subj acent the

first attachnment conpgnents 14 osj tionin atches 150 are.preferably
posi ti oned bet weeBraviding & gok &’T’Eﬁyéﬁlf‘ @%@E&‘ﬁmﬂn '%‘ﬁm?{‘ ﬁf&“
Figure 6. In orderoaiedpplymurde a flexurally stiff circunference about the .
wai st of the wearer, the |lateral edges of the positioning patches can be

abut ted to or sli ght ldy 2 s lstrgtpe Xmsh:rs]trate preferably comprising a compressible material,
more preferably comprising a foam material or a first layer, a second layer joined to
said first layer, and a fluid seal between said first layer and said second layer;

forcing said molten thermally sensitive material through said apertures;

deposmng discretes amounts of said molten .thermally sensitive material onto said
“substrate;

stretching a portién of each of said discrete amounts of said molten thermally sensitive
material in a direction having a vector component parallel to the plane of the substrate
so as to form prongs, and -

solidifying said molten thermally sensitive ‘material of said prongs, said prongs having
a base, uhank.an@anmgagingmwu-withthepmngsbdngdepositedinadensity
of about- 1600 to about 2500 prongs per square inch.

7. The dlsposable absorbent article of Claun 5 wherem said hook fastening material is
joined to said backsheet.
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pat ches 150 preferably conprise a I%W&F&E by 32 il &@ENI‘%:‘%EET
- patch of elastoneric foam More prefera ing danufactrg of the

di apet, the positioning patches 150 are formed of the same fm{erQAISER1Phe
el astic side panel menber 190 with the elastic si.de panel -ngnmber 190 of one
di aper and the positioning patch 150 of phe adj acent di aper {being forned
fromthe same segnent of material that is then cut after thé_djaper is

conpl eted. Thus, the positioning patABSTBACIXt ends fromthe end edge 164
of the diaper 120 inward toward the center of the diaper 120. - The
di aper 120 is preferably applied to a wearer by positioning one of the
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The invention is a hook fastening material for use with a complementary loop
fastening material, which hook fastening material has.from about 1600 to about 2500 prdngs per
square inch and is substantlally non-abrasive and non-lrntatmg to human skin. In one
embodiment the hook fastening material has prongs with an engaging means at an angle of about
90° to about 160° relative to the extension of the perpendicular to the plane of the substrate. In
another embddiment. the hook fastening material is formed on a compressible substrate. In still
another embodiment the hook fastening material has prongs made of an ethylene vinyl acetate
based polymer or a polyethylene b'ased polymer. Methods for making such hook fastening
materials and articles of use are also disclosed. ' | |

FIGURE 2
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_the diaper between the wearer's legs so that the other sl p ¢
preferably the first waist region 156, is positioned acrop® i o =
the wearer. The tape tabs of the fastening systemare thé&nirel eased from
t-he rekease portion. The di aperer then waps the elasticijet
around the wearer, while still graspin e tab portion. 7 clzed
~side panels wll typically be extended Hnd tensioned durtn TS operation
so as to conformto the size and shape of the wearer. The {f astening.sysiem
Is secured to the outer surface of the diagpr to effect a side closure.

Wil e particul ar enmbodi nents of the present  invention have been illustrated
and described, it woul d be obvious to thos; skilled in the art that various
ot her changes and nodificatiops g y sTall] --pa;tlng fromthe
spirit and scope of the inven G- ”f % B cnded to cover in
t he appended cl ai @24 uch en o s» L NRdi Mo hat are within the
scope of this invention. ) i} ;o ' '
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50 \What is clainmed is: 1. A skin friendly hook fastening material for

use as a conponent of a mechani cal fastening system sa IR
fastening material conprising: a substrate conprising a CEM&EHESHEEJ
material, wherein said substrate is - conprised of fluid gnpervious

top layer, a fluid inpervious bottom | ayer joined to sal d}t qp2 1SBFe1996

to format | east one pocket, and a conpressible fluid positiongd

wi thin said pocket; and an array of prongs, said array ¢offpristng

from 1600 to 2500 prongs per square. inch, each of said prongs _
conprising a base joined to said substrate, an engagi ng means, and a
shank conprising a proxinal endj(ﬁruujéf7said base and a di st al end
joined to said engagi ng neans. - '

Fig. 3
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2. The hook fastening material of claim1 wherein at |eas -0

prongs has an i ncluded angle [err] of between 90[ err] }RiEF
3.  The_ hook fastening material of claim1l wherein at |eas
prongs has an - - included angle [err] of between 100 to 3
The hook fastening material of claim1 wherein at |east one ¢
has an I ncl uded angle [err] of between 100[err] to 14¢[
The hook fastening material of claiml wherein each of said

conprised of an ethylene vinyl ggtate based pol ymer.
hook fastening material of claim1l wherein each of said prongs |s conprlsed
of a pol yet hyl ene based pol yner.
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7. The hook fastening material of claim5 wherein at |east one. of sajd

prongs has an i ncl uded angle [err] of between 90[er

prongs has an i ncluded angle [err] of between 90[erj]

8. The _hook fastening material of claim6 wherein at | egstene—e+—said
51 6. A nethod for making one or nore free forned prong 42

in that the nmet hod conprises the steps of: provijdiing a
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per square inch; providing a nolten thernally sensitiy &
conprising an ethylene vinyl acetate " based pol yner; Phggkﬁ%ﬁbﬁﬂﬂﬁf

substrate,. said substrate preferably conprising a conpressipl & mat erral
nore preferably. conprising a foammaterial or a first |ayer ~qgggggsg®§er
joined to said first layer, and a fluid seal between shi#l first |ayer
and said second | ayer; forcing said nolten thermal ly Sefrstti=ve
mat eri al through said apertures; dep@ifti ng di scretesf_amunts of said
nolten thermally sensitive material onto said substrat e;
stretching a portion of each of said discrete anbunts of said nolten
thermally sensitive material in a direction having a vector conponent
parallel to the plane ofcthe sufstrate sO\asqf 0 form prongs; and
sol-idifying said nolten er mal sensi ti mat er Kbl of said prongs, said
prongs havi ng a base, shank, angz&fNengagi ng neans with the prongs
bei ng deposited in a density f out NL600 to about 2500 prongs per
square inch. Y =
- 8 | § D
N
; <t
@ 2
g
N - <
™
[en] -
oy
© °
by m 09
~ 89
©
B~ )
-— ) M~ )
<t
o
\
. W
a5
Y]
*\ B
2N o
@ B
- <
~
o
(4V]

126
162



7. ~ The disposabl e absorbent article of laimb5 \/\herel n said hook

material is joined to said backsheet. _ REPLACEMENT SHEET
P | | | | ©02SEP %%
6/7
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: /W SEARCH REPORT [Applitation No. 96030481

[TEXT OF THE ABSTRACT

NON-ABRASIVE MECHANICAL FASTENING SYSTEM AND PROCESS OF
MANUFACTURE THEREFOR

The invention is a hook fastening material for use with a complementary loop fastening
material, which hook fastening material has from about 1600 to about 2500 prongs per square -
inch and is substantially non-abrasive and non-xmtatmg to human skin. In one embodiment the
hook fastening material has prongs (22) with an engaging means (30) at an angle of about 90°
to about 160° relative to the extension of the perpendicular to the plane of the substrate (24).
In another embodiment the hook fastening material is formed on a compressible substrate. In
still another embodiment the hook fastening material has prongs (22) made of an ethylene vinyl
acetate based polymer or a polyethylene based polymer. Methods for makmg such hook
fastening materials and articles of use are also disclosed.

Figure 2.
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B TR REPLACEMENT SHEET

50 28 MAY 1999

What is claimed is:

1. A skin friendly hook fastening material for use as a component of a mechanical
'fastening system, said hook fastening material comprising:
a substrate comprising a compressible material, wherein said substrate is
comprised of fluid impervious top layer, a fiuid impervious bottom layer joined to
said top layer to form at least one pocket, and a compressible fluid positioned
within said pocket; and |
an array of prongs, said array comprising from 1600 to 2500 prongs per square
inch, each of said prongs comprising a base joined to said substrate, an engaging
means, and a shank comprising a proximal end joined to said base and a distal
end joined to said engaging means.

2. The hook fastening material of claim 1 wherein at leést one of said prongs has an
included angle @ of between 90° to 160°. '

3. The hook fastening material of claim 1 wherein at least one of said prongs has an
included angle @ of between 100° to 150°.

4. The hook fastening material of claim 1 wherein at least one of said prongs has an
included angle @ of between 100° to 140°.

5. The hook fastening material of claim 1 wherein each of said prongs is comprised
of an ethylene vinyl acetate based polymer.

6. The hook fastening material of claim 1 wherein each of said prongs is comprised
of a polyethylene based polymer.

7. The hook fastening material of claim 5 wherein at least one of said prongs has an
included angle @ of between 90° to 160°.

8. The hook fastening material of claim 6 wherein at least one of said prongs has an
included angle @ of between 90° to 160°.



