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N-._PRINTI@NG METHOD FOR MANUFACTURING A
ENABLE MECHANICAL FASTENING SYSTEM AND
-FASTENING SYSTEM PRODUCED THEREFROM

ce and etther engages or intercepts strands or
;recewmg surface The resulting mechanical

ra‘l methods. One method requires a plurality
of_ W ch may be formed into two prongs.
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Mesteral and U.S. Patent No. 3 943 ,981, issued March 16, 1976 to
De Brabandar which teach ai-ra1sed pile of 1loops. Related
teach1ngs are shown in U, S - Pd ent No 4,216,257, issued August 5,
1980 .to Schams et al,, U, 'S. Patent No. 4,454,183, issued June 12,
1984 to Wollman and U.S. Patent No. 4,463,486, issued August 7,
1984 to Matsuda. These references teach heatIng the ends of
po]ymerlc monofﬂaments Other re'lated teachings of fastening
systems produced by the first: method are disclosed in U.S. Patent
No. 4,307,493, issued Decemberfzg 1981 to Ochiai and U.S. Patent
No. 4,330,907, issued May 25, 1982 to Ochiai.

The second general method common]y utilized to manufacture

.- mechanical fasten1ng systems 1s to mold or extrude the systems as

illustrated in U S. Patent No 3 147,528, issued September 8, 1964
to Erb and U.S. Patent ‘No.. 3 594 863, issued July 27, 1971 to Erb.
Continuous inject1on molding is taught in U.sS. Patent No.
3,594 865, 1ssued July. 27 1971 ‘to Erb.

Various prong structures -are illustrated in the prior art.
For example, the references” discussed above teach fastening
systems havingfstems'Of gent ally constant cross section. U.S.
Patent No. 3,708,833, rssuef January 9, 1973 to Ribich et al.
discloses a prong which is si hat tapered from the proximal end
to the distal end and perpend u]ar1y projects from the substrate.

European Patent Appl1catlon No. 0,276,970, published August

.3, 1988, oy the Procter & Gamble Company in the name of Scripps

discloses a fastening devwc “av1ng a constant cross section stem
oriented at an angle between 'bout 30° and about 90° relative to
the base.
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Some of these needs have been addressed in U.S. Patent
Application 07/668,817 filed March 7, 1991 in the name of Dennis
A. Thomas, entitled "Refastenable Mechanical Fastening Means and
Process of - Manufacture Therefor , which discloses a method of
manufacturing a refastenable mechamcal fastening system rapidly.
and inexpensively by a method smilar to gravure printing.

However, the present 1nvention discloses a faster and less
expensive method of p,r_oducmg a mechanical fastening system than
the prior art. The method of tﬁe present invention also produces
a fastening system having an array of prongs that is more dense,
and therefore is less abrasive and less irritating, than the
fastening systems of the prior a__rt.

BRIEF_SUMMARY OF THE IN |

The present}j"':i':nventi.on' relates to a method of manufacturing a
fastening system for ’_a___fttach_'-i':‘ng to a complementary receiving
surface, and the fastening system produced therefrom. The
fastening system has a substrate and at least one free formed
prong comprising a base, shank ‘and engaging means. The base of.
the prong is joined to the substrate and the shank is contiguous
with and projects outward'ly from the base. The engaging means is '
Joined to the shank and projects laterally beyond the periphery of
the shank. The' shank is. nonperpendmu'l arly oriented relative to
the plane of the substrate. The shank has a leading edge and a
trailing edge defmmg a leading angle and trailing angle
respectively. The Ieadlng angle and trailing angle are
substantially different from each other, so that the sides of the
shank are nonpara’He‘I. Addit nal’ly, the fastening system can be
made substantla'l'ly non-irrita :___ng and non-abrasive to human skin

" by having the prongs d1sposed in a dense array having about 64 to
about 1600 prongs per s are centmeter (400 to 10,000 prongs per
square inch) of substrate.

‘The fastemng _sy te
utilizing a screen pr
steps of heatmg a

ni'a' " be made according to a process
ng procedure The method comprises the
i nsitwe material sufficiently to
reduce its v1scosity forpro ssmg, ‘and preferably to at least
its me'itmg pomt A -depositmg member having apertures for
e ~ extruding ‘discrete amounts of the heated material, such as a
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hot-melt adhesive thermoplastic, is provided. The substrate to
which the material is to be '.j__o'ine,d js transported in a first
direction relative to the depositing member. The material is
extruded from the aﬁertﬁres- ‘onto the transported substrate in
discrete amounts. 'The discrete amounts of material are then
stretched in a d1rect10n hav1ng a vector component generally
parallel to the p]ane of the substrate. The stretched material is
severed to form a distal end and engaging means. Specifically,
the molten hot melt adhes1ve will be extruded through the
apertures of a printing screen onto a polyester film substrate and
as relative diSplacemeht between the screen and the substrate
increases, will be stretched ind then severed by a hot wire to
form a fastening system having prongs.

An illustrative and suitible, but nonlimiting, use for the
fastenxng system produced by the process of the present invention
is in conjunction with a disppSab1e absorbent article, such as a

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

present invention is:@cre_fuity:described herein.
BRIEF DESCRIPTION OF TH NGS
While the Specification concludes with claims particularly

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

the invention will be better understood from the following

description taken iﬁ'coﬁjunctibn with the associated drawings in

which 1ike elements are described by the same reference numeral or
letter and related elements are des1gnated by adding one or more

prime symbols or increment1ng the numerals by 100:

Figure 1 is a photomicrograph show1ng a perspective view of a
fastening system of the present fnvention wherein the
engaging means are: or1ented in substantially the same
direction; _

Figure 2 is a side- e]evationairvaew of one prong of the fastening
system shown in’ F1gure 13

Figure 3 is a s1dj” ev

view of a second.embodiment having
a general]f sel 'y shaped engaging means;

Figure 4 is a side’eleva schematic view of a screen printing
apparatus used to produce the fastening system of the present
invention; '
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Figure 5 is a photomicrograph-showing a perspective view of a
fastening system of the present invention wherein the
engaging means are or1ented in substantially random
dlrectlons, and

Figure 6 is a perspectlve v1ew of a disposable absorbent garment
utilizing the fastening system of the present invention,

- showing the topsheet and core partially cut-away.

Figure 7 is a top plan view of one prong having an azimuthal angle
of about 90°; '

Figure 8 is a front e]evattona] view of one apparatus (only a
portion of which is shown) whtch can be used to produce the
fastening system of the.present invention having azimuthally
angled prongs; .

Figure 9 is a top plan view of a second apparatus wh1ch can be
used to produce the fasten1ng system of the present invention
having azimuthally angled prongs.

Figure 10 is a top plan view of one aperture having major
axes and minor axes; '

Figure 11 is a top plan view of an aperture having a major axis
and minor axis;

Figure 12 is a top plan view of another aperture having a major
axis and minor axts,

Figure 13 is a top plan view of an aperture having a major axis
and minor ‘axis;

The - fastentng system ' the present invention comprises'at
least one prong 22, and P bly an array of prongs 22, joined
to a substrate 24 1n a pre' ined 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" ct and adhere to the substrate 24,
and support : the prox1ma1 ‘ends: 'of the shanks 28. The shanks 28
project outwardly from he: sut trate 24 and bases 26. The shanks
h is joined to an engaging means
30. The engaging _Jan 30, ro ct Iaterally from the shanks 28 in
one or more: d1rect1 ; :esemble a hook-shaped tine. As
used here1n. the term '1atera1' means having a vector component

generally narallel to _the_“‘]ane of the substrate 24 at the
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principal prong 22 under consideration. The projection of an
engaging means 30 from. the shank 28 periphery in a lateral
direction allows the engagmg ‘means 30 to be secured to a
comp'lementary receiving’ surface (not shown). The engaging means
30 is joined to, and preferably_.___ cont'nguous 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 descnbed 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 dlscussed in detaﬂ hereinbelow, in a molten,
preferably liquid state =a_nd _sq].;.dify, 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 whuch ‘is similar to that process commonly
known as rotary screen printing. This process uses a depositing
member in the form of a generall y cylindrical screen, referred to
as the print cy'linder 73. Usmg this process, a substrate 24
having opposed faces is passed -between the nip 70 of the print
cylinder 73 and a backing ro - 74, as illustrated at Figure 4.
The print cylinder 73 and bacjgjng roll 74 have generally parallel
centerlines and are mainta'inetf:_l'f"i".h contacting relationship with the .
substrate 24 as it passes t‘hr&ugh the nip 70. The depositing
member, presently referred to as the print cylinder 73, has an
array of perforations, _refei : ‘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 re'actior’i: against the print cylinder 73 to
position the substrate ‘24 ,._!aé nst the print cylinder 73 as the
substrate 24 passes fthrough ‘the nip 70. Liquid, thermally
sensﬂnve material pr' f ermoplastic material, from which
the prongs 22 are tj ormed /is ‘supplied from a heated source,
such as a heated pressur ar 8l. The thermally sensitive
material {is forced into the rtures 56 by a doctor blade 83 as
the print cylinder 73 is -rotated about its centerline. The
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thermally sensitive material -is then extruded from the apertures
56 onto the substrate 24 in the desired pattern.

As relative dispiaceme:' between the substrate 24 and print
cylinder 73 incredses, the prongs 22 are stretched in a direction
having a lateral vector comporient, generally parallel to the plane
of the substrate 24, forminﬁffhe shank 28 and the engaging means
30. Finally, the moil of the prong 22 is severed from the
engaging means 30 by a severlng means 78. Due to the viscoelastic
properties of the thermnplastic, the prong 22 retracts. It is
also believed that the prnng 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 s secured to a complementary
receiving surface. As used ‘hérein, the term “"receiving surface"
to which the engaging meanscso of the fastening system 20 are
secured refers to any planefor surface having an exposed face with
tightly spaced openings complementary to the engaging means 30 and
defined by one or more stran_e or fibers or, alternatively, which
exposed face is capable of 1ocalized elastic deformation so that
the engaging means 30 may *ﬁecome entrapped and not withdrawn
without interference. Thgﬁ openings or localized elastic
deformations allow fbrfentﬁifof the engaging means 30 into the
plane of the receiving surfi&g, while the strands (or nondeformed

material) of the receiving sj”face interposed between the openings

{or deformed ereas)'preyentfmiihdrawa1 or release of the fastening
system 20 until desired by the user or either the peel or shear
strength of the fastening $ ftem 20 is otherwise exceeded. The
plane of the receiv1ng surfacesmay be flat or curved.

A receiving surface having strands or fibers, is said to be
comp1ementary if the: openings between strands or fibers are
sized to a]low at least one"engag1ng means 30 to penetrate into
the plane of - the receiving surface, and the strands are sized to
be engaged or 1ntercepfed by the engaging means 30. A receiving
surface wh1ch is locally deformab]e is said to be "complementary*
if at least one engaging means 30 is able to cause a localized
disturbance to the p1ane of the receiving surface, which
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disturbance resists removal or separation of the fastening system
20 from the receiving surface,

Suitable rece1v1ng surfaces include reticulated foams,
knitted fabrics, wbven and nonweven materials, and stitchbonded
Toop mater1als, such as Velcro brand loop materials sold by Velcro
USA of Manchester,' New Hampshire. A particularly suitable
receiving surface is. a. poly ylene 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.'fSQite' ' non-woven fabrics can be obtained
from Veratech Nohwbvenlehoup'bf-the International Paper Company of
Waipole, Massachusetts 02081 Other receiving surfaces may also
be used, such as, stitchbondex fabric Number 970026 sold by the
Milliken Company of Spartanby:g, South Carolina.

Referring back to Figunéfi?to examine the components of the
fastening .system_ 26- in_fmoﬁg’wdetail, the substrate 24 of  the
fastening system 20 should be''strong enough to preclude tearing
and separation’ between 1ndi dual prongs 22 of the fastening
system 20, be a surface to wh b;the prongs 22 will readily adhere
and be capable’ of being Joxned 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 membe or'component, either directly; or
indirectly, where the flrst ;:;member or component is affixed or
connected to an 1ntermed1at member, or component which in turn is
affixed, or connected, to " second member or component. The
association between the fir fmber, or component, and the second
member, or componeqt, is i ded to remain for the life of the
article. ThegfsubStrate“ i exposed surface to which one or
more prongs 22 are joined

The substrate ‘24 -shoul
support conventiona] manufa
substrate 24'may be bent or

1 b be capable of being rolled, to
g processes, flexible so that the
xed in a desired cbnfiguration, and
Pefliquid prongsfzz being deposited
in?ﬁtring -deleterious effects until
ver, the backing roll 74 may -be
to accommodate substrates 24 which

thereon W1thout f)ting
such prongs 22 freeze.
chilled, allow;ng the proci
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otherwise would not be able to withstand the heat of the liquid
prongs 22. The substrate 24 should also be available in a variety
of widths. suitable substrates 24 include knitted fabric, woven
materials, nonwoven materlals, ‘rubber, vinyl, films, particularly
polyolefinic fllms and preferably polyester films. A po]yester
film substrate 24 hav1ng 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) has been found
suitable; Such materials are commercially available from Hoechst
Celanese of Greer, South'Caro]ina, 29651 and sold under the trade
name Hostaphan 240O pb}yesterffilm.

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 shapk'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 prov1qe suff1o1ent structural integrity, and hence
area, for the desired peel and shear strengths of the fastening
system 20, based on the depsity of the pattern of prongs 22 and
the geometry of the shank 28 and engaging means 30 and further
provide adequate adheSionjto-the substrate 24. If a longer shank
28 is utilized, the base;26ishould generally be of greater cross
sectional area to provide'sufficient adhesion to the substrate 24
and adequate structura] 1ntegr1ty

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 pr1nt cy]tnder 73. As used here1n, the
term "1’ootpr1ut'l refers to the p]anar contact area of the base 26
on the substrate 24 As;the aspect ratio of the sides of the
footprint 1ncreasesg th prong 22 may become unstable when
subjected to. fo::es ;su s ‘gravitational forces, parallel to the
shorter dimension of the-footprlnt. To produce a prong 22 which
js oriented :substantially in the machine direction of the

Been Reﬁaced :
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substrate 24, an aspect "ré_tio of less than about 1.5:1 is

. preferred, and a generally c"'t'rcu] ar footprint is more preferred.
However, to produce az1mutha11y angled prongs 22, i.e. prongs
oriented in a dtrection o', er than the machine direction, an
aspect ratio greater than ebout 1.5:1 is preferred and a
generally elliptical or tr"-angu'lar footprint having an aspect
ratio greater than about 1.5:1 is even more preferred. Methods of
producing azmuthaﬂy ang]ed prongs will be discussed in greater
detail hereinbelow. _

For the embodiment descr1bed herem, a base 26 having a

. footprint of genera‘lly c1rcu'lar shape and approximately 0.10
millimeters to 0.30 mﬂhmeters (0.004 to 0.012 inches) in
diameter is suitable. If_ 1_,t is desired to make the fastening
system 20 have a Qre_at-er pee] or shear strength in a particular
direction, the cross sectionél area of the base 26 may be modified
to amplify such direction, :So that the strength and structural
integrity rvelative 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 ction having a vector component away
from the substrate 24, wmch irection increases the perpendicular
distance to the plare of ‘the substrate 24 at the base 26 of the
prong 22, unless otherwi§ pecified to be a direction having a
vector component towards euch plane of the substrate 24.

Assocnted mth ‘the shank 28 and base 26 of each prong 22 is
an origin 36. The orlgm the shank 28 is the point which may
be thought of as the ce_‘ of the base 26, and is typically
within the footprmt of the__. base 26. The origin 36 is found by
viewing the prong 22, frof tie side view. The *side view" is any
direction radially towar‘ e shank 28 and base 26 which is also
para]]-e1 to the plane of t substrate 24.

This Sheet Has Been Rep
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The lateral distance begeen the remote edges of the base 26
footprint for the particular .-;;s-ide view under consideration is
found, and this distance is bisected, yielding the midpoint of the
base 26 for such view. Hhenf;_f-b'isecting the footprint of the base
26 for the particular side view under consideration, minor
discontinuities (sueh as fi?l_:?:'i'_jets or asperities incident to the
attachment to substrate 24) are ignored. This point is the origin
36 of the shank 28. |

Though it is not necessary that a demarcation be apparent
between the base 26 and the shank 28, it is also not necessary
that the edges or sides of ._-t_he shank 28 be contiguous with the
outer edges of the bese 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 th_é‘-tf the b'as__:,e 26 will have an annular perimeter
25 as can be seen in Figure 1. An annular perimeter 25 is a
relatively thin 1ayer" of prd'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 tersi "plane of the substrate" refers to
the flat, planar surface ofthe substrate 24 at the base 26 of the
principal prong 22 under cdgﬁ#;ﬁ’deration. ‘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 p ng 22 is visually inspected from the
side views such that the direction having the maximum 1lateral
The "lateral projection" is the
d parailel to the plane of the
f the base 26 in such view, i.e. the
to the projection of the furthest
he prong 22 visible in such view when
such poin‘t' is longitud ally 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

distance taken’ la__teraﬂy
substrate 24 from the cent
origin 36 of the .shank
laterally remote péint on




WO 93/00215 : PCT/US92/04770

-12 -

36 to the outer periphery of“tﬁe shank 28 or engaging means 30.
The side view of the prong 22 which maximizes the lateral
projection 38 is the. profﬂe v:ew of such prong 22. It will also
be apparent to one skﬂ‘led in; ‘the art that if the fastening system

- 20 is produced by the- process described and claimed below, and if
the maximum lateral proaectmn 38 is genera’lly oriented in the
machine direction, then the profile view will be generally
oriented in the cross-machine direction. It will also be apparent
that if the maximum lateral projection 38 is gemerally oriented in
the cross-machine directinfnfi" then the profile view will be
generally oriented in the machine direction. The side elevational
view shown in Figure 2 is one of the profile views of the prong
22. It will be further apparent to ome skilled in the art that
- there is another profile vi__e__'_k, 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 eguaﬂy well suited for the procedures
and usages described hereinbélow.

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 profilf.e view, an imaginary cutting plane
40-40, generally parallel tbj'the plane of the substrate 24, is
then brought into tangency _vi?ith" the periphery of the prong 22 at
the point or segment of ""the prong 22 having the greatest
perpendicular d1stance from the plane of the substrate 24. This
corresponds to the .portion of the prong 22 having the highest
elevation. The 1magmary cutting plane 40-40 is then brought
one-fourth of such: greatest perpendlcul ar distance closer to the
substrate 24 from the poin‘ of highest elevation, so that the
imaginary cutting plane 40 intercepts the prong 22 at a
longitudinal e'levatwn three ourths of the perpendicular distance
from the plane of the substr

The imaginary: cuttmg p'le

40-40 is then used to determine

three points on the prong 22 ;e first point is that point where

the cutting plane mtercept ef leading edge 42 of the prong 22

: and is referred to as the;'—75% 'leadmg point 44. The "leading

e T adge”  is the apex of the per1 phery of the shank 28 which
eet Has Beenr Re‘laced
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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 whgﬁéi'the cutting plane 40-40 intercepts
the .trailing edge 46 of the'ﬁxfé'ng'zz and is referred to as the 75%
trailing point 48. The “trailing edge" is the apex of the
periphery of the shank 28 wh'i_i'i:h 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

" course, within the cutting pYane 40-40 and is bisected to yield

the midpoint 47 of the imagienii'y cutting plane 40-40. A straig.ht
line is then drawn conne_cti':_i’g‘ the midpoint 47 of the imaginary
cutting plane 40-40 with the origin 36 of the shank 28 at the base
26. The included angle e« 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 th_e perpendicular defined by the line,
found in any side view, coz_ipécting the cutting plane midpoint 47
and the origin 36. Hence; "t‘he smallest angle relative to the
plane of the substrate 24 when this line is viewed in any
divection radially towards the shank 28, and particularly the
origin 36, which direction is generally paraliel to the p’lane of
the. substrate 24 and or.thogot_\_a'l to the perpendicular is the angle
a of the shank 28. 1t is ;to_' be recognized that when a prong 22
having a maximun lateral: projection 38 oriented in the machine
direction is viewed - appr cimately "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—machme direction, the apparent
angle « of the shank 28 w be about 90°. However, as discussed
above, the angle a to be measured is that which deviates furthest
from the perpend'icu‘]a’r’ and herefore, is generally that angle e
determined when the prong 1s viewed in profile, typically from
about the cross«mach‘ine d itiohf for a prong 22 oriented in the
machine dwectlon,' and fr'_\_ ‘about the machine direction for a
prong 22 oriented in the cross-machme direction. '
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The angle o of the shank 28 may be generally perpendicular to
the plane of the substrate 24, or is preferably oriented in an
acute angular relation re]a_;i_ge thereto to provide increased peel
strength in a particular -d_iféﬁtion, which direction is generally
parallel to the maximum ldngffjii;'ndina'l projection 38. However, the
angle a of the shank 28 'sho'_i;g']'d' not deviate excessively from the
perpendicular, otherwise - a  fastening system 20 of more
directionally specific shea’r‘_'s_-trength 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 :_l_!;foi;t 80°, the shank 28 is considered to
be nonperpendicularly Or'féijied relative to the plane of the
substrate 24 (without regard to lateral orientation).

The imaginary cutting plane 40-40 and profile view can also
be utilized to determine the angles of the leading edge 42 and the
'traﬂi'ng edge 46 relative to the plane of the substrate 24. To
determine these angles, the ?5% Jeading point 44 and 75% trailing
point 48 are found as descrfifbéd above. The base leading point 50
is found as follows. The Tine through the base 26 as viewed in
profﬂe is brought to mtersect the leading edge 42 of the shank
28. . This intersection is the "base leading point." As noted
"above, minor discontinuities in the shamk 28 near the base 26,
incident to attachment t_o' the substrate 24, are not considered
when determining the base'f]'-e'iding point 50. The 75% leading point
44 is connected by a straiigh‘t 1ine to the base leading point S0.
This straight 1line for.-'ms_" included angle Bi relative to the
plane of the substrate 2 _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 'Ieading edge 42 or simply the leading edge
angle. i

The base trailing po t 52 is generally disposed 180° from
the base leading pomt 50, through the center of the base 26, and
found as follows. Th_e;f '_hrough the footprint of the base 26
as viewed ‘in’ profﬂe is: ht-to intersect the trailing edge 46
of the shank 28. This intersection is the “"base trailing point."
As noted above, minor d1scontinu1t1es in the shank 28 near the

Tt base 26, incident to attaghment to the substrate 24, are not
This Sheet Has Been R | . |
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.considered when determining the base trailing point 52. As
described above, the 75% tra1]1__ng point 48 is connected with the
base trailing point 52 by af;i'Si:raight line. This straight line
forms an included angle Bt rejifd-_t-ive to the plane of the substrate
24 and opening in the direi:tién-.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 ;{;’ﬁ"ai‘li-ng edge 46 included angles g
and 1 define the parallelism of the sides of the shank 28. If
the angles | and fr of the 1ehding and trailing edges 42 and 46
are not supplementary to each other (do not add to an arithmetic
sum of about 180°) the s1des of the shank 28 are said to be
nonparallel. If the sides of the shank 28 are nonparallel, the
straight lines which define the angles B; and At (connecting the
base leading and trailing po_in_ts 50 and 52 with the 75% leading
and trailing points 44 :an'd'f'- 48 respectively) intersect, either -
above or below the plane of ‘the substrate 24. If the angles B
‘and 7 of the leading and tr{if_ing edges 42 and 46 are unequal and
the lines defining such aﬁgf{'_és intersect above the plane of the
substrate 24 ('longi‘t-ud'ina]1y;§;§§_utward‘ly of the base 26), the prong
22 will converge from the _b‘is'e 26 towards the distal end and
engaging means 30. Only if the angles ﬂ[__;__an'd Bt of the leading
and trailing edges 42 and 46 have the same sense i.e., "are
oriented in the same di-rétitiop,- and supplementary magnitudes are
the angles 8; and A7 of th‘e"Téading and trailing edges 42 and 46
determined to be equal and “the sides of the shank 28 to be
parallei. S
A shank 28 having a 'leadmg edge 42 wmch forms 2 leading
edge angle B with the substrate f about 45° + 30° is suitable.
A trailing edge 46 wlnch forms : -railing edge angle By with the

substrate of about 65° & 30‘ s able. A shank 28 having these
angles By and By of the - adin 7 +r'a'l'i'mg edges 42 and 46 works
wel'l with the aforementy 2 specti- i of included angles a of the

shank 28 to y1e‘ld=' ta red hank :28, advantageously oriented
relative to ‘the subst_._.,__ | to provide high shear and peel
strengths without reqmrm !excesswe prong material.

Sheet-Has Been RTlaced
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The foregoing measuremenis are easily made using a Model
100-00 115 goniometei' sold- by Rame’-Hart, Inc. of Mountain Lakes,
New Jersey. If more oremse measurement is desired, it will be
recognized by one skﬂ]ed in the art that determination of the
profile view, or:gin 36 cuttmg plane 40-40, leading angle g,
trailing angle BT, base pomts 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 wicroscope sold by Amray, Inc. of New Bedford,
Massachusetts has been found to work well for this purpose. If
necessary, severa't 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 au'el.evat'!ib_n which allows the engaging means 30 to
readily intercept or engage the strands of the receiving surface.
A relatively longer $han¥ 28 provides the advantage that it can
penetrate deeper into :th_ef receiving surface and thereby allow the
engaging means . 30 to '-i‘r_lt_ejrcept or engage a greater number of
strands or fibers. -Conversely, a relatively shorter shank 28
length provides the__a:dv_a!'\_\:tq_;g_e that a relatively stronger prong 22
results, but also provides correspondingly less penetration into
the receiving. suhfiCe' and may therefore be unsuitable for
receiving surfaces such as wool or loosely stitched bonded
materials which have le'ss'dense’ly packed strands or fibers.

As described above, the longitudinal length of the shank 28
determines the’ 1ong1tud1na1 spacing of the engaging means 30 from
the substrate 24. The ‘*longitudinal spacing" is the least -
perpendicular d1stance from the plane of the substrate 24 to the
periphery of the engag'mg ‘means 30. For an engaging means 30 of
constant geometry, the longltudina‘i spacing of the engaging means
30 from the Substrate; :24 becomes greater with increasing
longitu_dma_\' hahk 2' ll'gth. A longitudinal spacing of at least
about twice str jber diameter of the intended receiving
surface, and preferab. bout 10 times as great as such fiber or
strand d1ameter provides good interception or engagement and

retention of such strands or fibers by the engaging means 30 of
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the fastening system 20. For the embodiment described herein, a
prong 20 having a 'Iongitudina’l‘ ‘spacing of about 0.10 millimeters
to about 0.20 millimeters (O. 004 to 0.008 inches) works well.

The shape of ‘the cross_ 'section of the shank 28 is not
cr1tica]. Thus the shank 28 may be of any cross section desired,
according to the afore_mentmneq_ -parameters relating to the cross
section of the base 25 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 :3_0 -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 resu‘lting in a prong 22 of more nearly
constant -stress when separation forces are applied to the
fastening system 20, and thereby diminishes the quantity of
superfluous materials incorporated into the prong 22.

To maintain the desired’ geometry over a wide range of prong
22 sizes, a generally unifor_t__n rjat'uo of cross sectional areas can
be utilized to scale the prongs 22. One ratio which generally
controls the overall taper -'tjf : the prong 22 is the ratio 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 e'levation" refers to the that point or segment
of the shank 28 or the engaging means 30 having the greatest
perpendicular distance fro" -’_--the plane of the substrate 24.
Typ'scaﬂy, prongs 22 havmg a ‘base 26 cross sectional area to
highest e'levatwn cross secti na] area ratio in the range of about
2:1 to about 9:1 work well. :

A generally cu'cular s
diameter, as d1scu_s_sed above
to about 0.30 millimeter
highest elevation diamete

. 28 which tapers from a base 26
anging from about 0.10 millimeters
004 to about 0.012 inches) to a
~about 0.07 millimeters to about
0.25 m’ﬂ"limeters ( 3to 0 1nches) has been found suitable
for the embod'lment : séusse erem Specifically, a generally
c1rcu]ar shaped cross section 'of' about- 0.20 millimeters (0.008
;}ghest elevation provides a cross

nml\i ﬁﬁu“\ifi‘ \i‘\‘ﬁi\“ )
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sectional area at highest e1gvation of about 0.040 square
millimeters (0.000064 square incﬁé;). A generally circular shaped
base 26 cross section of aboui}0b30 millimeters (0.012 inches)
provides a base 26 cross _sgciibhal area of about 0.09 square
millimeters (0.00014 square inches). This structure resuits in a
ratio of base 26 cross sectjonijfarea to highest elevation cross
sectional area of about 2.25:1,-ﬁhich is within the aforementioned
range. _ |

 The engaging means 30 is joined to the shank 28, and
preferably is contiguous w:th the distal end of the shank 28. The

~ engaging' means 30 projects radia]ly away and outwardly from the

periphery of shank 28, and umy furtber have a vector component
which longitudinally projectsgi i.e. towards or away from the
substrate 24. As used herein tﬁe;term “engaging means" refers to
any protrusion lateral to the peripheny of shank 28 {other than
minor asperities in the per1phery of the shank 28), which
protrus1on resists separatlon 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

substrate 24, which perpendicular passes through the origin 36

which is generally centered wi;hin the footprint of the base 26.
Particularly, the lateral protrusion has a vector component
parallel to and facing towards the plane of the substrate 24. It
is to be recognized that the engag1ng means 30 and shank 28 may
have both lateral and 1ongltudlp§1 vector components. It is not
important that a sharp1j defihéﬁ{terminqs of the shank 28 distal
end be apparent, or that a déh Ftation between the shank 28 and

_ engaging means 30 be dlscernible at all. It is only necessary

that a longitudinally oriented ace of the shank 28 periphery be
interrupted so that the engaging means 30 has a face with a vector
component parallel to and facih ;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
_'ans 30 is preferably generally
arcuate and may have a“ reentrant curve. If the engaging means 30
has a reentrant curve, the eﬁ _g1ng means 30 includes a segment

which longitudinally approx1m§§§§ the substrate 24 at the base 26
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or a location laterally spaced from the base 26. This segment is
laterally directed towards the shank 28, although the segment need

" not be radially directed towirds the origin 36.

The engagmg means 30 of each prong 22 of the fastening
system 20 may latera'ﬂy ‘extend substantially in the same

- direction, if a relatively umdlrectwnaﬂy oriented peel strength

is desired, or may be rando:iﬂ,‘y oriented to provide substantially
isetropic peel str.engths -in fany lateral direction. The engaging
means 30 may be ho'o’k-éhaped tines which project substantially from
one side of the shank 28, defmmg a genera]'l,v convex outline, and
penetrate the opening of the recewing surface to intercept the
strands or fibers of the receiving surface at the inner radius of
curvature 54 of the engaging means 30. The interference between
the engaging means 30 and strands or fibers of the receiving
surface prevents release of the fastening system 20 from the

receiving surface until the-_peel strength or shear strength of the

fastening system 20 is exceeded. The engaging means 30 should not
radially project too far in. the lateral direction, otherwise the
engaging means 30 may not penetrate the opening of the receiving
surface. The cross section of the engaging means 30 should be
sized to penetrate the openings of the receiving surface.

The cross sectional area and geometry of the engaging means
30 are not critical, so l-{'long as the engaging means 30 has
structural integrity which provides sufficient shear and bending
strengths to accommodate the desired peel and shear strengths of a
fastening system 20 havmgi an array of prongs 22 of a given
density. For the gembodiiqlenii: described herein, a hook-shaped tine
engaging means 30 ha\_iing a maxmum lateral projection 38 from the
center of the base 26 to 'fih'e' 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 patitern and densny as

desired, to achieve ‘the pee'! and shear strengths required for the

particular apphcatmn .of_ .the fastemng system 20. Generally as
increases, peel strength .and shear strength
proportionately 1n¢rease 1n ‘a linear fashion. The individual
prongs 22 should not be so closely spaced as to interfere with and
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prevent the engaging means 30 of the adjacent prongs 22 from
intercepting strands or fihersjof 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 thé strands or fibers. Conversely, the prongs 22
should not be SO'd{Stantly'spaged as to require an excessive area
of substrate 24 to previde a fastening system 20 of adequate shear
and peel strengths.

It is advantageous to dtspose 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 direétiOn according to the manufacturing process
described and claimed below. Generally, each machine direction
and cross-machine difection 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 fastenxng system 20 and the receiving surface
when separation forces are app11ed 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 system 20
having an array of prongs 22 with a pitch ranging from about 1.0
mxlllmeters to about 2.0 millimeters (0.039 to 0.078 inches) in
both direct1ons is suatable,.wlth a pitch of about 1.3 millimeters
{0.051 1nches) being preferred Adjacent cross-machine direction
rows are preferably of fset approxmate]y one-half pitch in the
cross-machine direction to double the distance in the machine

. direction between the adaacent cross-machine direction rows.

The prongs 22 may be thought of as disposed in a matrix on a
one square centimeter grid hav1ng an array of prongs 22 with about
2 to about 20 rows of prengs” 2 per centimeter (5 to 50 rows per
inch) in both the machlne and cross-machine directions. However,

- when a fastentng system Zdi having prongs 22 is used as the

fastening means for a d1sposahle diaper or incontinence brief as
described more fully below gr is used on a sanitary napkin as a
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means for securing the sanitary napkin to the panty of the wearer,
it is desirable to have a fastening system that is “skin
friendly". As used herein the term "skin friendly" refers to a
fastemng system which " is substantially nom-irritating and
non-abrasive to human skm It has been found that a fastening
system having an array of prongs 22 with abaut 8 to about 40 rows
of prongs per centimeter (20 to 100 rows per inch) in each
direction will hrodu(:e a fastening system 20 which is
substantially non-irritating and non-abrasive to human skin. This
grid will resuit in a fasteﬁing system having about 64 to about
1600 prongs per square centimeter (400 to 10,000 prongs per square
inch) of substrate 24.

The method of the present invention can produce a fastening
system having a denser array of prongs than can be produced by the
methods of the prior art. This is because the density of the
array of prongs of the present invention is limited only by the
number of meshes or apertufes 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 of ‘the present invention.

Preferably, the fastening system will have from about 64 to
1600 prongs per square centimeter (400 to 10,000 prongs per square
inch) of substrate. More'préferab]y, the fastening system 20 will
have from about 10 to _about._:3fo rows of prongs per centimeter (25
to 75 vows per inch). This grid will result in a fastening system
having from about 100 to abbﬁt 900 prongs per square centimeter
(625 to 5625 prongs per square inch) - of substrate. Most
preferably, the fastemng system 20 will have from about 12 to
about 24 rows of prqngs per__qentmeter {30 to 60 rows per inch).
This grid will tésd]i in'a faStening system having from about 144
to about 576 prongs pér‘ §quér’é 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 mch) in each direction. This grid will
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result in a fastening systein having from about 256 prongs per
square centimeter (1600 prongs: ‘per square inch) of substrate.
However, it is believed that a fastening system having 24 rows of
prongs per centimeter (60 rows per inch) in each direction will
produce a very skin friendl y fastemng system and may be even more
preferred. This grid will result in a fastening system having
about 576 prongs per square centmeter (3600 prongs per square
inch) of substrate.

The prongs 22 wmay be made of any thermally sensitive material
which is stable and shape retajpi_ng when solid, but not so br1tt1e'
that failure occurs when the feeteni-ng system 20 is subjected to
separation forces. As used herein, "thermally sensitive” means a
material which gradually changes from the solid state to the
liquid state upon the'applicai?ion of heat. Failure is considered
to have occurred when the prong 22 has fractured or can no longer
sustain a reaction in the pre_sence 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
enodgh to provide for easy processing and a relatively high
viscosity to provide a tacky and tough consistency at temperatures
near the material melting pomt, so that the shanks 28 may be
stretched and the engaging means 30 easily formed according to the
method of manufacture recited _b_elow It is also important that
the prongs 22 be viscoelastic to allow for more variation in the
parameters affecting prong structure, and particularly the
geometry of the eng‘_ag'ing ; s " 30. Material having a complex
viscosity ranging from abum_}.E 20:to about 100 Pascal seconds at the
temperature of application t _ e substrate 24 is suitable.

The viscosity may be_me ured with a Rheometrics Model 800
Mechanical Spectrometer using the dynamic operating mode at a 10
Hertz sampling frequency and_.:--m% material strain. A disk and
plate type geometry 1s prefer: d, particularly with a disk having
a radius of about 12.5 | imeters and a gap of about 1.0

; ,,_~ e millimeter between the disk ..an “plate. ;
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The prongs 22 are prefereﬁfially comprised of a thermoplastic
material. The term "thermop]ast1c refers to uncrosslinked
_ ve material which flows under the
application of heat or pressur " Hot melt adhesive thermoplastics
are particularly well. suited to manufacture the fastening system
20 of the present invention, part1cuIarly in accordance with the
process described and_cla1med_pelow As used herein the phrase
*hot melt adhesive"refers tﬁ}ihermop]ast1c compounds, normally
solid at room températufe,“'ﬁhich become fluid at elevated
temperatiures and which are applled in the molten state. Examples
of hot melt adhesives may "be found in the "Handbook Of Adhesives”,
Second Edition by Irv:ng Skeas;, published in 1977 by Van Nostrand
Reinhold Company, 135 West SOthystreet, New York, New York, 10020,
which is incorporated hereihf by reference. Polyester and
polyamide hot melt adhesives are particularly suitable and
preferred. As used herein, the terms “"polyester" and "polyamide"
mean chains having repeating ester and amide units respect1ve]y

If a polyester hot ‘melt -adhesive is selected, an adhesive
having a complex viscosity of’iﬁout 23 + 2 Pascal seconds at about
194°C has been found to work well. If a polyamide hot melt
adhesive is se]ected, an adhes:ve having a complex viscosity of
about 90 + 10 Pascal seconds at about 204°C has been found to work
well. A polyester hot melt ‘adhesive marketed by the Bostik
Company of Middleton, Massachusetts as No. 7199 has been found to
work well. -

In a second embodiment: of the fastening system 20,
illustrated by Figure.3,=theﬁ gaging means 30’ may be generally
semispherically (mushroom):shhﬁé The term “semispherical®" means
a generally round shape, protruding in multiple directions and is
inclusive of hemispheres. and: 'ﬁeres, but not limited to regular
shapes. This geometry, part1éhiar1y the generally spherically
shaped engaging ' ‘means 30" structure, provides the advantage that
less d1sturbance to the strandsﬂ.f the receiving surface typacaI]y

surface. Th1s causes ]ess s1b]e damage to the rece1v1ng
surface, allowing it to be r sed a greater number of times. If

the sem1spher1ca11y shaped engag1ng means 30’ is selected, the
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shank 28’ is preferably moreiﬁear]y orthogonal to the plane of the
substrate 24','to'a11ow easjér penetration into the openings of
‘the receiving surface and to reduce damage to the receiving
surface as the engaging meaﬁg'so' is released from the receiving
surface. A shahk'zs'thaving?én angle a’ of about 70° to about 90°
is suitable. : _ .

To provide a prong 22’ bf_the proper proportions and having a
generally semispherical engaging means 30’, the engaging means 30'
should radially protrude from the circumference of the shank 28’ a
Jateral distance suffic1ent to intercept the strands of the
receiving surface, but not protrude so far that the mass of the
engaging means 30’ is unable*to be rigidly supported by the shank
28’ or the shank 28’ is otherwise unstable. As the angle a’ of
the shank 28’ decreases, i.e. deviates further from the
perpendicular, the mass of the engaging means 30’ relative to the
shank 28‘ structural integrity and cross sectional area becomes
more critical. _

A tapered shank 28', having the base 26’ to highest elevation
cross sectional area and diameter ratios described above, and an
angle a’ of the shank 28’ of about 80° works well. It is to be
recognlzed the highest e]evat1on measurements are to be taken from
the highest elevation of the shank 28’ and not from the engaging
means 30'. -

For an embodiment, as i11ustrated in Figure 3, which does not
have a smooth transition from the shank 28‘ to the engaging means
30, and for which the dé@arcation between the shank 28’ and
engaging means 30’ is easify determined, the imaginary cutting
plane 40‘'-40’ is three- fouriﬁs ‘of the perpendicular distance from
the plane of the substrate’ 24’ to the plane tangent to the point
of the engaging means 30’ which is longitudinally closest to the
plane of the substrate 24 Ihe cutting plane 40/-40’ is then
used to determine the ang1¢1g ;of the shank 28‘, the leading edge
angle 81’ and trailing edg':ingge 81’ as described above.

The engaging _means ﬁhould_ radially project, in each
lateral direction, from the periphery of the distal end 29’ of the
shank 28’ at least about 25 percent of the diameter of the distal
end 29’ of the shank 28, and preferably at least about 38 percent
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of such diameter. A'ltematwe'ly stated, if the diameter of the
distal end 29’ of shank 28 i ‘is'normalized to 1.0, the diameter of
the engaging means 30’ sho ~at least 1.5, and preferably at
least 1.75 times the d'«amete' of “the distal end 29’ of the shank
28°. Furthermore, the d1ame" ¥ of the base 26’ should be about
2.0 times the diameter of the distal end 29’ of the shank 28°.
The shank 28’ height should-be about 1.5 to about 2 times the
diameter of the distal end. 29' of the shank 28’, to properly
longitudinally space the engagmg means 30’ from the substrate
24’. The longitudma'l dimension of the engaging means 30’ may

‘vrange from about 0.5 to about 1. § times the diameter of the distal

end 29’ of the shank 28‘

The fastening system: 20’ of Figure 3 is made by heating the
engaging means 30 and (h_sta_} gnd of the fastening system 20 of
Figure 2 to at least the me’ltmg point. This is accomplished by
bringing the engaging .means:'ﬁp;:_;;;and distal ends of the prongs 22 to
a heat- source longitudinally directed toward the plane of the
substrate so that the _fbas'e'f_ﬁf'_ :and the proximal end of the shank

. 28" are not heated to at least the melting point. A suitable

method is to bring the highest elevation of the prong to within
about 3.3 millimeters to. :"éb'out 10.1 millimeters (0.1 to 0.4
inches) of a heat source, such as a hot wire heated to about
440°C. R

The leading edge ang]e ﬂL and trailing edge angle A7’ of the
prong 22’ will be similar to that of the corresponding hook-shaped
tine style engaging means pmn_gz_ 22, from which the semispherically
shaped engaging means styl ong * 22’ was formed. This occurs
because the angle «’ of 5"thé_';__- ‘shank 28’ and leading edge and
trailing edge angles B’ ﬁT' do not substantially change as
the engaging m_’eaﬁs_ 30 of i re 2 is heated and melted to flow
into the engaging means 30° "F'1gure 3.

For the aforementiohed liken 970026 receiving surface, the
engaging means 30’ of Figure 3. should preferably have a lateral
and 10ng1tud1na1 d'i"':"'"si_ojn_ bout 0.029 millimeters to about
0.032 m'l'lhmeters 1 mch -and be disposed on a shank 28’
having a base 26° :d-1amét§ f about 0.30 millimeters to about

- 0.045 millimeters (012 to 002 inches) and a diameter at the
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distal end 29’ of about 0.016 millimeters to about 0.020
millimeters (0.0006 to 0.0007 inches). The distal end 29’ of the
shank 28’ should. be d1sposed between about 0.44 millimeters and
about 0.50 millimeters (. 017 mches to .020 inches) above the
plane of the substrate 24’, and the engaging means 30’ shou]d have
a lateral projection 38’ of - about 0.56 millimeters to about 0.70
millimeters (0.022 to O. 0_2__8_ inches), preferably about 0.64
millimeters . - {0.025 inches).
PROCESS OF JEACTU

Figure 4 is a side e'levationa] schematic view of a
particularly br-eferred appar_atu_s used to produce prongs according
to the method of the present_ ?:§hVention. Figure 4 shows a backing
roll 74 and print cylinder 73 which form a nip 70 through which
the substrate 24 passes. A_fs: ‘the print cylinder 73 and backing
roll 74 rotate about their ajges, the molten prong material is
extruded through the apertuﬁ‘eg of the print cylinder 73 onto the
moving substrate 24, is str‘éiched' in a direction having a vector
component parallel to the plane of the substrate 24 and is severed
by the means for severing 78to produce prongs having a distal end
29 and engaging means 30 'fthereon. As used herein the term
“extrude" refers to fori:mg é' Suhstance 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
::ateria"l which can accommodate the
temperatures of the molten reng material, provide substantially
uniform pitch between the p oh‘bs 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

___'!""'ase “depositing member" refers to
anything through whu:h hqmd- ‘prong material is extruded in
dosages corresponding to ,1’hdfv1dual prongs 22. The depositing
member will genera'l'ly be a smooth and relatwe'ly thin piece of
metal or other materlal havm rforations or apertures through
which the molten prong mate :
The depos1t1ng member may be a flat bed screen, a belt screen
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(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 havmg an internal reservoir continuously
pressure fed with molten prong material which is then extruded
through the pores of the ro'ﬂ onto the moving substrate.. As used
herein the term "depos1t" means to transfer prong material from
the bulk form and dose such material onto the substrate 24 in
units corresponding to individual prongs 22. '

Preferably, the depositing member will be a rotary screen or
print. cylinder. A particul_a-'r_’_‘ij preferred print cylinder 73 will
be a metal cylinder, preferably constructed of aickel, having
apertures 56 produced by an‘j 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‘-"c_fhe 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 meth_i:d of extruding molten prong material
onto a substrate to produce a fastening system having free-formed
prongs. ' :

The print cyhnder 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 baqking_:ro'll 74 may be driven by an external
motive force and the print cylinder 73 driven by frictional
engagement with the backmg roi‘l 74 ,or vice- versa.

“Rotary screen pr'mtmg apparatus which can be modified for
use with the method of the ‘present invention are commercially
available from Graco/LTI Corporatwn, P.0. Box 1828, Monteray, CA
93940, such as the Graco/l.tl M1cro Print hct meilt adhesive
applicator. S : o

The size, shape and p _ttern of the apertures in the print
cylinder 73 may vary accordmg__ to the size and shape of the prongs
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and the density of prongs in ‘the array that is required for the
particular fastening system dési'red The cross sectional area of
the aperture 56, taken at the outer surface of the print cylinder
73, generally corresponds mth ‘the shape of the footprint of the
base 26 of the prong 22. The cross section of the aperture 56
should be approx1mate'l_v equa] to the desired cross section of the
base 26. -

For the embodiment _"descr'ibed herein, a generally
cylindrically shaped aperture :.25?6 is adequate. Though if desired,
the aperture 56 may be soonewbat frustoconically tapered in shape,
having a larger cross 'sfe;étionff'either at the outer surface of the
cylinder 73 or inner surfa__'_@:ei 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 metﬁoos and apparatus that are suitable
to supply molten prong m’ateria'i“' 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, 1ssued 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 suhstantiééi‘]‘y parallel to the print cylinder
73. The heated pressure barf'}_= 81 has an internal reservoir (not
shown) which is fed with liqtiid prong material and one or more
discharge ports (not shovm) from which the liquid prong material
uniformly flows to the ms:de surface of the print cylinder 73.
Attached to the heated pressure bar 81 is a doctor blade assembly
83. As the print cy'l'mder 73 rotates the doctor blade assembly 83
squeegees the molten prong matenal along the inner surface of the
print cylinder 73 and forces the 1iquid prong material into the
apertures 56. The doctor bl__de assembly 83 not onily serves to
force the molten prong: matena'l __through the apertures 56, but also
provides support to the prmt..__- : 'Hnder 73 at the point of the nip
70 to prevent the pn _;cy‘lmder_ 73 from buckiing or deforming as
it is pressed agamst “the bac_" ng roll 74. The backing roll 74
 may be constructed of metal

r any other suitable material. A
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backing roll 74 having a rubber coating with a Shore A durometer
hardness of about 40 to abouf;BO 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 b]ade assembly 83 are commercially
available from Graco/LTI Corporatlon, -P.0. Box 1828, Monteray, CA
93940.

The internal reservoir of -the heated pressure bar 81 should
have a steady supply of thermdily sensitive material. This may be
provided by any means well knuwn in the screen printing or hot
melt adhesives art, but a particular]y preferred method of
supplying the heated pressure,ber comprises a heated hose assembly
(not shown), a heated tank -Iﬁot shown), and a gear pump (not
shown). The gear pump may be: dr1ven by a variable speed DC motor
{(not shown) and should prov1de constant uniform output at the
discharge port of the heated' pressure bar 81 at all line speeds.
The heated tank, heated hosema§Sembly, and heated pressure bar 81
should keep the molten prong;mmterial at the desired operating
temperature. Typically, a temﬁerature slightly above the meiting
point of the material is des1red The material is considered to
be at or above the "melting po1nt“ 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 th fach1ne direction. If the prong
material temperature is very hot, the prong 22 will flow into a
small, some-what semtspherwcaily shaped puddie and an engaging
means 30 will not be formed: .. Conversely, if the temperature of
the prong material is too 1 the prong material may not transfer
from the pressure bar to the doctor blade assembly 83 or print
cylinder 73 or, subsequentl may not properly transfer from the
print cylinder 73 ip the bstrate 24 in the desired array or
pattern.

The print cyl1nder is preferably heated to prevent
solidification of the prongswzz during transfer from the heated

- pressure bar 81 through the deposition on the substrate 24.
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Generally a print c‘ylinder 73 surface temperature near the source
material temperature is deswedf‘f;:-' A print cylinder 73 temperature
of about 178°C has been found: o work well with the polyester hot
melt .. ~adhesive marketed by the Bostik Company of Midcneton,
Massachus_etts as No. 7199. But, the operating temperature of the
print cylinder 73 may vary” __;___ccordmg 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 partlcu]arly preferred method of heating

the print cylinder 73 is by using an infrared heater 72.

It is to be recognized that a chill roll may be necessary if
the substrate 24 is adversely affected by the heat transferred
from the prong material. If a chill roll is desired, it may be
incorporated into the backing roll 74 using means well known to
one skilled in the af‘t. ‘l’:hi's-"a'rrangement is often necessary if a
polypropylene, polyethy'lene or other po'lyo’iefimc substrate 24 is
used. :
After being deposited ,foiij;o the substrate 24, the prongs 22
are severed from the the dg@bsiting member by a severing means.
The prongs:22 are severed to form the engaging means 30 of the
fastening system 20 and a moﬂ As used herein the term “"moil"
refers to any material seve@d from the prong 22 and which does
not form part of the fastening system 20.

The -severing means 78 'should be adjustable to accommodate:
various sizes of prongs 22 ‘and lateral projections 38 of engaging
means 30 and aiso provide formity throughout the -cross-machine
direction of the ;rréy. e 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 tening system 20 as described above.
The severing means 78 sho also be clean and should not rust,
oxidize or im'p'ar't:?__ corrodents and contaminates (such as moil
material) to the prongs 22. A suitable severing means is a wire
' rally parallel to the axis of the cylinder 73 and
substrate 24 a distance which is
somewhat greater than the __ erpendicular distance from the highest
elevation of the so'hdifled prong 22 to the substrate 24.
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Preferably the wire 78 is electrically heated to prevent
build-up of the molten prong . mater1a1 on the severing means 78,
accommodate any cooltng of the prongs 22 which occurs between the
time . the prong mater1a] 1eaves 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 dzstribution 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 s
decreased, less frequent cooling of the hot wire 78 occurs as each
prong 22 and moil are severed, making a relatively lower wattage
hot wire 78 more feasible at the same temperatures. It should be
recognized that as the'temperaiure of the hot wire 78 is increased
a prong 22 having a generally shorter shank 28 length will result.
Conversely, the shank 28 1ength -and lateral length of the engaging
means 30 will be increased in inverse proportion as the
temperature of the hot wire'iﬁ is decreased. It is not necessary
that the severing means 78. actuaI]y contact the prong 22 for
severing to occur. The prong 22 may be severed by the radiant
heat emitted from the severing means 78.

For the embodiment described herein a round cross section
nickel-chromium wire 78, jheuing a diameter of about 0.64

~ millimeters (0.025 inches) hi ted to a temperature of about "343°C

guitable. It will be apparent that
a knife, laser cutting ther severing means 78 may be
substituted for the hot wire:78 described above.

It is important that the ‘severing means 78 be disposed at a
position which allows stréﬁj fng of the prong material to occur
prior to the prong 22 being severed from the moil. If the
severing means 78 is disposed too far from-the plane of the
substrate 24, the:promg mate al will pass underneath the severing
means 78 and not he int epted by it, forming a very long
engaging means 30 wh1ch uf not be properily spaced from the
substrate 24 or adjacent prongs 22. Conversely, if the severing

to about 440°C has been fo
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means 78 is disposed too c]osé to the plane of the substrate 24,
the severing means 78 will tﬁuncate the shank 28 and an engaging
means 30 may not be formed. |

. A hot wire severing means 78 disposed approxlmately 3.2
millimeters to 8.3 mi1llmeters (.125 to .325 inches), preferably
about 5.7 millimeters (0.225 inches) in the machine direction from
the nip point 70, approxamate]y 1.4 millimeters to 6.5 millimeters
(.056 to .256 inch_es), 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 is
adequately positioned for the process of manufacture disclosed
herein.

In operation, the substrate 24 is transported in a first
direction relative to the depositing member. More particularly,
the substrate 24 is transported through the nip 70, preferentially
drawn by a take-up roll (not shown). This provides a clean area

of substrate 24 for continuous deposition of prongs 22 and removes

_ the portions of the substfhte 24 having prongs 22 deposited
. thereon. The direction generally parallel to the principal
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direction of transport of fﬁe 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 generally
orthogonal the centerline of the print cylinder 73 and backing
roll 74. The direction generally orthogonal to the machine
direction and paralleil to”ﬁthe plane. of the substrate 24 is
referred to as the cross-madhlne direction.”

The substrate 24 may be drawn through the nip 70 at a speed
approximately 0% to approx1mate1y 10% greater than the surface
speed of the cylinder 73 é;“ roll 74. This is done to minimize
bunching or puckering of the substrate 24 near the means for
severing 78 ‘the prongs 22 m the means for depositing the prong
material on the subgtrat 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).
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The angie 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'neériy perpendicular to the substrate
24 is. desired, a slower rate of transport of the substrate 24 in
the first direction 1s selected Conversely, if the rate of

" transport is increased, the angle o of the shank 28 decreases and

an engaging means 30 have a greater lateral projection 38 will
result. :
1If desired, the substrate'?4 may be inclined at an angle 7,
approximately 35° to dﬁproximately 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 Tlateral direction, as well as
longitudinal direct1on This arrangement also provides a greater
force to extract the. prong mater1al from the apertures 56 and to
pull the prong 22 away from the print cylinder 73. The angle v
from the plane of the nip 70 shou]d be increased as a lesser angle
@ of the shank 28 is ‘desired. Also, increasing the angle vy of
deviation from the p]ane of the nip 70 has a weak, but positive
effect to produce engag1ng means 30 having a greater lateral
projection 38.

 After depositing prong material from the apertures 56 onto
the substrate 24, the cylinder 73 and roll 74 continue rotation,

.in the directions iddjcated-by the arrows 75 of Figure 4. This

results in a period of relative displacement between the
transported substrate 24 and}mﬁe'apertures 56 during which period
(prior to severing)tthe proﬁ ‘material bridges the substrate 24
and print cylinder 73. As relative displacement continues, the
prong material is stretched untii severing occurs and the prong 22
separated from the aperture SG?Of the print cylinder 73. As used
herein the term “stretch® mej s to increase in linear dimension,
at least a port1on of wh h increase becomes substantially

- permanent for the life of the astentng system 20.

As discussed ;"" v ‘is also necessary to sever the
individual prongs zQﬁ?rOm ‘print cylinder 73 as part of the
process which forms the engag ’g means 30. When severed, a prong
22 is longitudinally divided ‘into two parts, a distal end 29 and
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engaging means 30 which r"emzri-n'f.w'ith the fastening system 20 and a
moil (not shown) which remai s with the print cylinder 73 and may
be recycled, as desired. Af {tﬁe prongs 22 are severed from the
moil, the fastening system 20 is allowed to freeze prior to
contact of the prongs 22 with other objects. After solidification
of the prongs 22, the substrate 24 may be wound into a roll for
storage as desired.

A non-limiting 111ustrat1on of the method of the present
invention shows the prong _gg.;erial to be disposed in a heated
trough (not shown) and suhp'"l_ﬁ’éd 'to the heated pressure bar 81 by a
heated hose assembly (not -sﬁgﬁn)_. If a polyester resin hot melt
adhesive is selected, a q&térial temperature of approximately
177-193 degrees Celsius, :préferably about 186 degrees Celsius, has
been found suitable. If a pdl}hmide resin is selected, a materiai
temperature of approxmate‘ly 193 213 degrees Celsius, preferably
about 200 degrees Ce'lsius. has been found suitable. A polyester
film substrate 24 about 0. QQB__ to about 0.15 millimeters (0.003 to
0.006 inches) in thickt_iess ‘works well with hot melt adhesive
prongs 22. X

For. the illustrated operation described herein, print
cylinder 73 having an array of about 15 apertures 56 per
centimeter (40 apertures 56 per inch) in both the machine |
direction and cross machzng.d"irection, yielding a grid of about
237 apertures 56 .per sqﬁéfgf'- centimeter (1600 apertures 56 per
square inch), is suitgj_jb'-]{‘”. This grid density may be
advantageously used with - ‘print cylinder 73 having a wall
thickness of about 0.16 fmi meters (0.004 inches) and a diameter
of about 20.3 centimeters nches), with apertures 56 having a
diameter of 0.30 miilimeter: (0.012 inches). A backing roll 74
having a diameter of abo 20.3 centimeters (8.0 inches) and
vertically registered ha' gen found to work well with the
aforementioned prmt cyh_’__ 73. The rate of transport' of the
substrate 24 is about 10 7:meters per minute (35 feet per minute).

A nickel- chromwm hot 1‘7“5 78 having a diameter of about 0.6
millimeters (0. 025 mche_. Sposed approximately 5.7 millimeters
(0.225 inches) from the mp .point 70 in the machine direction,
approximately 16.1 mﬂ‘hmeters (0.634 inches) radially outward
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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 Substantial]y similar to that illustrated by
Figure 1, which fastening system 20 may be advantageously
incorporated into the illustrative article of use discussed below.

Without being bound by anj?particu1ar theory, it is believed

- that the geometry of the ehgéging means 30 is governed by the
elastic properties of the hot melt adhesive used to make the prong
22 and the difference in the temperature between the trailing edge
46 and the leading edge 42 of the prong 22. The trailing edge 46
of the prong 22 is shielded and insulated from the heat
originating from the severing means 78. Conversely, the leading
edge 42 is directly exposed to the heat of the severing means 78,
which causes the 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.

Referring to Figure 5, if a fastening system 20’’ of more
nearly isotropic peel strength is desired, such a fastening system
20'' may be formed by modifyi@g the fastening system 20 of Figure
‘1 through a second stage differential temperature process. As
illustrated in Figure 5, the  fastening system 20 of Figure 1 is
further processed to provide shanks 28’’ with engaging means 30’
which radially extend from the shanks 28‘’ in various lateral
directions of a generally random orientation. The phrase “random
orientation” means having Iateral projections 38’’ and profile
views which significantly dey1ate in direction from those of the
nearby prongs 22''. :

Without being bound by any particular theory, it is believed
that this structure is accompltshed by establishing a temperature
differential between the profi]e surfaces or leading surfaces 42
and the trailing surfaces of ‘the prongs 22 of the fastening

system 20 of Flgure 1 and that such temperature differential may
be enhanced by radiation or preferab]y convection.
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It is also believed that as a result of attaining a
temperature differential of the 1leading surface 42'’ or the
profile surfaces relative to ‘the trailing surface 46°‘, the
engaging means 30’ wﬂ] snbs'taﬁtially change or even reverse the
orientation of lateral ,:ptfojegfion 38‘/, providing a prong 22''
which is oriented in a direction other than that which occurred
when initially cooled or frozen. The differential temperature may
be established by any source known to one skilled in the art, such
as a heated wire or me_ta'l; eleilﬁent, and preferably an air gun 84,
disposed above the prongs 22’ and capable of providing a directed
temperature differential to the fastening system 20’’.

It is desired that the directed temperature differential
source direct an air current ‘towards the fastening system 20’’

within about &+ 90° of the first direction of substrate 24’

travel, which is the machine direction. As used herein, the
phrase "+ 90° of the first direction" means a direction having a
vector component genera'lly p;_ei_rﬁendicu] ar to or generailly counter
to the first dlrection of tfivel of the substrate 24’’ and is
inclusive of the direction genera‘ny opposite the first direction
of travel.

If the directed temperature differential source 84 s
disposed at an angie of about___180' relative to the first direction
of travel of the substrate 24'7, the source 84 is directed towards
the 1leading surfaces 42'‘ of -the prongs 22‘’ of the fastening
system 20’‘, and ge_nei*a'l"ly opposite the machine direction of the
process described arid ‘claimed herein. Directing the temperature
differential of source 84 direcﬂy towards the leading surface
42'' of a prong 22’ m'l'l resu]t in the lateral projection 38’’ of
the engaging means 30*' rotatx‘ng, to change the orientation of the
lateral projection about 180°. Prongs 22'‘ disposed somewhat to
the side, i.e., in the cro _achine direction, of the directed
temperature differehtifa‘l source 84 will not have the engaging
means 30’’ rotated: bout 1 but instead engaging means 30’’
more nearly rota "'boat 0'_. Thus, it is apparent that a
directed temperatur__ diff _:__entu'l source 84 oriented in the
cross-machme d1rection will provide a fastening system 20'’
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having prongs 22‘’ with various -latEfdi orientations in the
cross-machine direction according to "the prong 22’’ position

relative to the temperature differential source 84.

An air gun 84 discharging air at a temperature of about 88°C
at a distance of about 46 cent1meters (18 inches) from the
substrate 24’’ is a su1tab1e3d1fferentia] temperature source. A
133-348 series heat gun sold by the Dayton Electric Manufacturing
Company of Chicago,'lliinois oriénted'at about 45° relative to the
plane of the substrate 24’ and disposed -about 46 centimeters (18
inches) from the prongs produces a f%stening system 20’’ pattern
substantially similar to that shown in Figure 5. It will be
apparent to one skilled in thg art that a ‘one or more hot wires
disposed above the prongs 22’* and oriented in the machine
direction will prdduce a féetening "system 20’’ having cross
machine directionally oriented;eugagihg-means 30’ in a regular,
somewhat siriped pattern.

Without being bound by.epy theoty, it is believed that the
change in orientation of the engaging means 30’’ occurs due to the
cooling of the prof11e surfaces or the leading surface 42°* of the
prong 22'’ relative to the trai]ing surface 46’’, which may occur
if - the temperature of the -dischirged air from the directed
temperature source d1fferentié1 source 84 s less than the
temperature of the perxphery ‘of such prof11e surfaces or leading
surface 42'’. The temperature different1a1 resulting from the_'
cooling causes contraction f'f the .portion of the prong 22°'’
towards which the temperatur d1fferent1a] source 84 is directed.
This contraction may result i a change in the orientation of the
engaging means 30‘’ and 1a lra] *ptojection 38’', due to the
differential cooling of the leading surface 42’ relative to the
trailing surface 46'°. Without being bound by further theory, it
is believed that relief of fesiduaT'stresses which occur during
cooling may 1nf1uence the: hange in orientation of the lateral
projection 3grr, _ g

It will be further apparenf'to"'ne skiiied in the art that
other variations are feasibl F 'ample, a2 prong 22 having an
engaging means 30 ‘protrudi g in mo__“than one direction may be
produced. If desired, on]y the pr1nt cy11nder 73 may be utilized




. ‘This Sheer Has Been R

Ry

WO 93/00215

i

PCT/US92/04770
-B-
in the manufacturing process, .-pfoviding the substrate 24 contacts
the print cylinder 73 at the 'ﬁ'_point on- the outer surface of the
print cylinder 73 that corre's'pbnds with the point at which the
doctor blade assembly 83 contacts the inner surface of the print
cylinder 73. :

It is frequently desir_abi'e_ to have a 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. For example, wh_f"e;_\_.--using the present invention as the
fastening means of a dispos"a’blé diaper, it is desirable that the

maximum lateral projection: 38" of the prongs 22 be oriented in a

direction substantially perpendicu'lar to the direction of travel
of the disposable diaper on the manufacturing line. A diaper
manufacturing line require&_ 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 systera 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 s therefore ?-very - advantageous to be able to

manufacture the fastening ;system 20 of the present invention with

the maximum tateral proje't_;_’_t-‘f-'ifbn ‘38 of the prongs 22 oriented in a
direction other than the ﬁithine direction.

There are two ang]es wtnch are made by the shank 28 of prongs -
22 produced by this proce The shank 28 makes an angle a« with
the plane of the substrat 24 as discussed hereinbefore, and the
shank 28 also makes an az ni_tjithal angle (indicated by a letter A,
Fig. 7) relative to the uia e direction of the substrate 24. As
used herein, the term “az mutha'l angle" refers to the angle the
maximum lateral proaecti 38 makes relative to the machine
direction of the sgb_si_:rate hen viewed from above. As used herein
"viewed from above" r s to viewing the prongs 22 from a
direction which ‘is perp _'_':'_u'lar to the plane of the substrate 24.
The term "machme din wn" refers to the direction generally
parallel to the prmcmle irectmn 0of transport of the substrate
24 as it passes through_the nip 70, and is indicated by an arrow
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75 in Figure 7. The azimuthal angle is measured by first
determining the maximum 'Iat'era_‘f_l* projection 38 of the prong 22 as
disclosed hereinbefore. As ‘shown in Figure 7 the azimuthal angle,
indicted by the letter A, is ‘the angle relative to the machine
direction which is made by a lifﬁe 60 drawn parallel to the maximum
lateral projection 38'-_jwhen viewed from above. The azimuthal angle
A can be measured relative to‘f_t;_'he machine direction in either the
clockwise or counter-clockwise direction, but the azimuthal angle
will not be greater than 180°. A fastening system 20 suitable for
use on a disposable diaper, 'wi?],_‘_l preferably have prongs 22 with an
azimuthal angle such that the maximum lateral projection 38 will
be oriented in a direction having a vector component perpendicular
to the machine direction of the ‘substrate 24. Thus the prongs 22
may have an azunutha] angle greater than 0 degrees, between about
1 degrees and about :180 degrees, generally the azimuthal angle
will be greater than. about 20 degrees {20° - 180°), greater than
about 45 degrees (45° - 180‘), or greater than 60 degrees (60° -
180°). The azimuthal angle of the prongs 22 made using the
process described herein wi_'ﬂ' -breferab] y be from about 20 degrees
to about 160 degrees, more 'ﬁre'ferab'ly from about 45 degrees to
about 135 degrees. and most preferabl y from about 60 degrees to
about 120 degrees.. In a preferred embodiment shown in Figure 7,
the azimuthal angle of the prongs 22 will be about 90 degrees.

A method for mparting an azimuthal angle to the fastening
system 20 is to bias the prongs 22 of the fastening system 20
while the prongs 22 are p_a_rn ly or wholly in a liquid state. As
used herein the term “"bias® refers to providing a force or
inﬁuehciﬁg means in a ; ". _'!}‘é_'étion having a vector component
perpendicuiar to the machi:nef i'rection of the substrate 24. The
prongs 22 may be biased wﬁefi they are newly formed and have not
yet coo]ed and solidified and ‘are still malleable, or the prongs
22 may be biased '_after t: / have cooled and solidified by
reheatmg the prong_"" '22 S0 that they are malleable and will turn
when .tnas__ed There:are a umber of methods available to bias the
prongs 22 so as to ___E___part inuthal angle.

A suitable method for j__partmg an azimuthal angle, is to
bias the prongs 22 by causmg 'grav1tat1ona] forces to act upon the
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prongs 22 while the prongs 22 are partially or wholly in a liquid
state such that the gravitatidﬁal'forces will pull the prongs 22
to the desired azimuthal angle This can be accomplished by
tilting the substrate 24 so that the plane of the substrate 24
when viewed in the mac ine direction, would not cut
perpendicularly through a plum 1ine, but rather would form an
angle other than 90 degrees with a plum line. As the prongs 22
are printed and severed the angle, indicated by the letter H in
Figure 8, of the substrate 24 relative to the horizontal allows:
gravitational forces to act upon the distal ends of the shanks 28
and engaging means 30 and- pu]] the prongs 22 toward the
Tongitudinal side of ‘the substrate 24 having the lower altitude.

. Preferably, the print cyltnderuzs and the backing roll 74 together

are tilted or raised on one end from the horizontal, as shown in
Figure 8, so that as the substtate 24 passes through the nip 70 of
the rolls the long1tudinal edges of the substrate 24 will be at
nonequal altitudes, and the gravxtational forces, indicated by the
letter & in Figure 8, will act upon the prongs 22 to give the
shank 28 an angle a with the’ substrate 24 and an azimuthal angle A

‘(neither angle a or angle A are ‘shown in Figure 8). The substrate

24 should be tilted so that the plane of the substrate 24 forms an
angle relative to the hortzo”ta1 of at least about 15 degrees
Preferably the plane of the s;ﬁstrate 24 will be at an angle of at
least 30 degrees. a .
Another suitable nmthod for imparting an azimuthal angle is
to bias the prongs 22 by applying a pressure differential across
the plane of the substrate 24 while the prongs 22 are partially or
wholly in a liquid state such that the prongs are forced or drawn
to the desired az1mqtha1 aqg}e. This may be accomplished by
flowing a liquid or gas acro§§3the plane of the substrate 24 in a
direction having a vector component perpendicular to the machine
direction. The pressure d1fferent1a1 will cause the prongs 22 to
turn or reorient toward the 11de of the substrate having the lower
pressure. Preferab1y, th bressure differential across the
substrate 24 is ach1eved by r ing a high pressure from one side
jets, air needles or other means
r, the pressure differential across’

well known in the art. Howe
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the substrate 24 may also be achieved by producing a low pressure
{i.e., vacuum or partial va"""'um) from one side of the substrate
24, or by creating a high p_ u_re from one side of the substrate
24 and at the same t'une creating a jow pressure from the other
'side of the substrate 24. fﬁé side of the substrate 24 which
represents the high pressure or low pressure side and the angle
relative to the machine dwectmn at which the fluid flows is
dependent upon the azimuthal hg'le desired. The fluid medium used
will preferably be ,a."i"r, though; other gases and liquids may also be
used. As used herein the term “high pressure® refers te a
pressure greater than the ambient pressure of the air or other
fluid which surrounds the prongs 22 as they are being azimuthally
angled. As used herein the term "low pressure” refers to a
pressure less than thé ambiérij; pressure of the air or other fluid
which surrounds the prongS’_i -__;ffzz as they are being azimuthally
angled. :

It should be understood'that it would also be suitable to
have the high pressure and_/g:_____::_ _'low pressure originating from other
than the sides of the substr: te 24. That is, the high pressure
source and/or low pressure _s urce may be positioned such that the
prongs 22 are forced and/o _drawn in more than one d1rectwn,'
20--'a more isotropic peel strength. As
a nonlimiting example, a va um source may be disposed near the
sides of the substrate 24 an_ a pressure source disposed near the
middle of the substrate _--'2:4 such that the maximum lateral
projection 38 of tlie prongs"zz will be influenced substantially
~away from the middle of t ubstrate 24 and toward the sides of
the substrate 24.

When a pressure diff gpitéiﬂ is used to impart an azimuthal
angle .to the prongs 22, fret ét_lt‘_ly turbulence in the chosen fluid
medium will cause some of iihe‘ff;fprongs 22 to scatter, or acquire an
undesired azimuthal .angle. minimize the incidence of prongs 22
‘'scattering, it is desu'ab'ie __d'mimmze the turbulent flow of the
fluid medium and "‘amtain é more streamline or TJaminar flow.
There are a number of metho ;_:vaﬂable to produce a substantially
Taminar flow. ' '

eet Has Been. Reraced
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One method of producing a substantially laminar flow is
through the use of one or more nozzles or flow amplifiers to
impart controlled direction to'a flow. As a non-limiting example,
two commercial air flow amplifiers 902 will be used in tandem.
The first air flow amplifier 902 (indicated by the letter P in
Fig. 9) has the discharge f‘low of its outlet directed across the
substrate 24. The second air f_._'low amplifier 902 (indicated by the
letter V in Fig. 9) has the suction of its inlet drawing from

.across the substrate 24. The discharge flow of the first air flow

amplifier P is drawn into -ﬂ_ze inlet of the second air flow
amplifier V creating a subst-;ant'ial_ly linear air draft. The air
flow amplifiers 902 are oriented relative to the substrate 24 to
produce a low velocity linear air. draft in a cross-machine
direction. The preferred location of the linear air draft is
immediately down stream of the cutting hot wire 78 (not shown in
Figure 9). Extraneous air cnrr_é_nt may be eliminated by the use of
an enclosure {not shown) to s,u_rround the area where the linear air
draft is applied. Suitable air flow amplifiers are commercially
available from Vortec Corpordfi‘on of Cincinnati, Ohio and marketed
as Transvector Model 912/952, having a 25-100 SCFM rating. The
required air pressure may.vary'l_. but about 1 pound per square inch

“to about 10 pounds per square. inch of air pressure works well.

Another suitable methdd“‘fdr imparting an azimuthal angle to

the prongs 22 is to bias the prongs 22 by mechanically turning or.

physically dragging the prongs 22 while they are partially or
wholly in a liquid state. A non- limiting example of this is the
use of an oscillating or -_rotﬁg_t'ihg severing means, e.g. hot wire,
{not shown) to force or drag the prongs 22 to the desired
azimuthal angle as the prongs 22 are cut. There will be many
other methods of accomphsmng tms which will be apparent to one
skilled in the art. _' :

A prong 22 havmg anl a'::muthal angle can be produced using an
aperture 56 having a ma:gar : pd minor axis with the minor axis
of the aperture 56 cnented ;;a"direction other than the machine
direction of the prmt cy'i' der :73. Without being bound by any
particular theory it is be eved ‘that an aperture 56 having a

major axis and a minor axa.s wﬂ'l produce a prong 22 having a
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bending axis and weak axis and that the forces of gravity will act
upon the prong 22 to pull the distal end 29 and engaging means 30
of the prong 22 generally in 'the direction of the weak axis.
Although a prong 22 pr‘oduced -"'u§ing an aperture 56 of this type
does not need to be btased to azimuthally angle and will orient
generally in the direction of the weak axis without biasing, an
aperture 56 of this type does_ produce prongs 22 which are more
easily affected by biasing. _ '

When the aspect ratio of tﬁe sectional area of an aperture 56
taken at the surface of the p._r;int cylinder 73 is greater than 1:1,
the sectional area of the aperture 56 at the surface of the print
cylinder 73 will have a lon'g'erfdimension and a shorter dimension
general'ly perpendicular to the longer dimension. As used herein
the term "major axis" will refef to the longer dimension of the
sectional area of the aperture 56 at the surface of the print
cylinder 73, and as used herein the term "minor axis" will refer
to the shorter dimension of tne sectional area of the aperture 56
at the surface of the print cylinder 73.

Because the sectional -ar_ea' of the aperture 56 at the surface
of the print cylinder 73 generally corresponds to the footprint of
the prong 22, an aperture 56 having a major axis and minor axis
will produce a prong 22 having a footprint with a major axis and
minor axis which generally eoiirespond with the major axis and
minor axis of the aperture 56. The weak axis of the prong 22 will
generally correspond with the minor axis of the footprint, and the
bending axis of the prong 22 will generally correspond with the
major axis of the footprint. ' : :

As a nonlimiting exampie: of an aperture 56 which will produce
a prong having a weak axls, Figure 12 shows an aperture 56 having -
a rectangular sectional area. at the surface of the print cylinder
73. The direction of trave] of the print cylinder 73 is
des1gnated by the arrow numbered 75, and the major and minor axes
of the aperture 56 are designated m-m and m’-m’, respectively.
The major axis m-m of the rectangular aperture 56 of Figure 12 is
oriented substant'laﬂy in th_ “machine direction. The minor axis

m’-m’ of the rectangu‘lar aperture 56 is oriented substantially in
the cross-machine direction.. “An aperture 56 of this type will
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produce a prong 22 having a: weak axis oriented in 2 direction
substantially perpend1cular to the machine direction of the
substrate 24, and the prong;@?,wrll tend to orient substantially
in the direction of the wéN” fdxis of the prong 22, i.e. the
maximum lateral projection 3§*bf the prong 22 will tend to orient
substantially in the cross-machine direction of the substrate 24.
The maximum lateral proaect'ion 38 will randomly orient toward
either of the sides of the prong 22 paralle] to the major axis m-m
of the footprint, however, by: s119ht1y biasing the prongs 22, they
can be forced to orient touard a particular side for a more
uniform array of prongs 22.

~ As another nonlimiting '_:giample of an aperture 56 which will
produce a prong 22 having a weak axis, Figure 13 shows an aperture
56 having an elliptical sectional area at the surface of the print
cylinder 73. Again, the major and minor axes of the cell are
designated m-m and m’-m’, reﬁpettively. The major axis m-m of the
elliptical aperture 56 of Ffﬁure 13 is oriented substantially in
the cross-machine "direction. The minor axes m'-m’ of the
elliptical cell s oriented substantially in the machine
direction. An apertur__'e 56 of this type will produce a prong 22
having a weak axis o_rieji_ted in a direction substantially
perpendicular to the crossfméghine direction of the substrate 24,
and ‘the prong 22 will tend to orient substantially in the
direction of the weak ax'lsof the prong 22, i.e. the maximum
lateral projection 38 will:-tend to be oriented in the machine
direction of the substrate-g#; The maximum lateral.projection 38
of the prong 22 will generajﬁy;be oriented in a direction opposite

.the direction of travel Qf};f}__t.hé substrate 24 as a result of the

biases inherent in the' :;'ii;lia:nufacturing process. However, by
slightly biasmg the prongs as discussed hereinbefore, they.can
easily be forced to or1ent he direction of travel.

-As a thwd non-hmtmg‘ (ample of an aperture 56 which will
produce a prong 22 havmg ‘a ak axis, Figure 10 shows an aperture
56 which has a sectiona] _ar at the surface of the print cylinder
73 generally resemb1'_1 } @n 'quﬂatera] triangle with one side of
the equ1latera1 tr1aug]ef enerally parallel to the machine
direction of the print cy’__l_;aii@ier 73. Because the aperture 56 of
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Figure 10 is a three sided figure each of the three sides being
equal in length, the apertur"-é""ess will have three major axes (not
shown) and three minor axes (m'-m'1, m-m’'2, m-m’3). The
aperture 56 will have a maJor ax1s generally parallel to each side
of the .equilateral triangle and a minor axis generally
perpendicular to each s1de of the equilateral triangle.
Therefore, an aperture 56 of._ __t,l_ns type will produce a prong 22
having a footprint with th_’r..gg major axis and three minor axes
corresponding to the three aJor axis and three minor axis of the
aperture 56. The prong 22 will therefore have three weak axes,
and the maximum lateral'prpjgéfipn 38 of the prong 22 will tend to
orient toward one of the three weak axes. An azimuthally angled
prong 22 can be produced using an aperture 56 of this type
disposed on the print cy‘l'iip_d_ér 73 such that the minor axes-
(m-m’y, m'-m'2, m'-m'3) of the aperture 56 sectional area are
each oriented in a direction 5’t'her than the machine direction of
the print cylinder 73, such as in Figure 10. Because of the
biases inherent in the manufacturmg process, a prong produced
from the aperture of Figure 10 will tend to be oriented toward the
weak axis of the prong which genera]’ly corresponds with minor axis
m'-m’] of the aperture 56.

H1thout being bound by any particular theory, it is believed
that the maximum lateral pro,)ectmn 38 of the prong 22 tends to
orient substantially in thg_ direction of the weak axis of the
prong 22, i.e. the direction of the minor axis m’-m’ of the
footprint, as a result of th ‘Shank 28 being unstable from a lack
of support from the base 26 along the sides of the prong 22
parallel to the major axis "of the footprint.

' The minor axis m’-m’ of :an aperture 56 may be oriented in any
direction on the print cy er 73, however, as discussed above
when the' minor axis m'-m’ n aperture 56 is oriented in the
machine direction of the p y1 ifnder 73, a prong produced using
that aperture 56 wi'ﬂ ‘be:generally oriented in the machine
d1rection of the substra , i.e., not azimuthally angled.
Therefore, azmutha'lly ang rongs 22 may be produced using an
aperture 56 having an _aspe ratio greater than about 1.1:1, with
aperture 56 oriented in a direction
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other than the machine directi'bn_ of the print cylinder 73. To
produce azimutha]ly angled p"'r'ongs the minor axis m‘-m’ of the
aperture 56 shauld be at an ang'le greater than about 1 degree
relative to the machine d1rectlon of the print cylinder 73, will
- _ preferably be at an angle greater than about 20 degrees relative
| ~ to the machine direction of the print cylinder 73, more preferably
greater than about 45 degrees re] ative to the machine direction of
the print cylinder 73 and most preferably greater than about 60
degrees relative to the machme direction of the print cylinder
73. In a preferred embodiment shown in Figure 12, the minor axis
m’'-m’ of the aperture 56 will be oriented about 90 degrees
relative to the machine dlrection of the print cylinder 73. The
aspect ratio of the aperture 56 will preferably be greater than
about 1.5:1; more preferably’ the aspect ratio of the aperture 56
will be at least about 2:1;- ,and most preferably the aspect ratio
will be at least about 3:1. |
' A prong 22 having an azimuthal angle may also be produced
using an aperture 56 haviuqf-'-a dominant area on one side of the .
machine direction center'lin:'é -0f the aperture 56 and having an
aspect ratio greater than about 1.5:1. Without being bound by any
particular theory it is be‘heved that a prong 22 having a weak .
axis and-a bending axis and havmg a footprint with a dominant
area will be more 1likely “to orient toward the side of the
footprint having the dommant area. Therefore, an aperture 56
having an aspect ratio greatgr_ than about 1.5:1, having a dominant
area, and being oriented o .:"at'he print cylinder 73 such that the
major axis m-m of the apefrt ‘jif 56 generally corresponds with the
machine direction centerlir 5_f'the aperture 56, will produce a
~ prong 22 having an azimutha 'an__'QIe of about 90 degrees relative to
the machine direction. _' ‘major axis m-m and the machine
direction centerhne 65 cor uond with each other when they are
generally oriented in the same direction, i.e. are generally
paraliel to each other or: gen ﬁy overlap each other.

As used herein the_tef" jachine direction centerline" refers
to the center_hne. pf the _a_-perture 56 in the machine direction.
The machine direction centerline of the aperture 56 -can be

e dot@rmined as follows. t. a line 1is drawn, parallel to the
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machine direction, passing through a point on the perimeter of the
aperture 56 farthest out in the cross-machine direction on one
side of the aperture 56. A second line is drawn, parallel to the
machine direction, passing thrﬁhﬁh a point on the perimeter of the
aperture 56 farthest out in'ihe cross-machine direction on the
‘other side of the aperture 56. These lines, shown in Figure 11,
will be referred to as the remote parallels 66 and will represent
the boundaries of the width of the aperture 56 taken perpendicular
to the machine direction. As used herein the phrase “width of the
aperture 56 taken perpendicule}-to the machine direction®, refers
to the distance between the remote parallels 66, i.e. the length
of a line segment drawn between and perpendicular to the remote
parallels 66. The midpoint of the width of the aperture 56 taken
perpendicular to the machine: dlrection, is determined and a line
is drawn, parallel to the machine direction, passing through the
midpoint. This line represents the machine direction centerline
65 of the aperture 56. '

As used herein the term “"dominant area" refers to the portion
of the sectional area of the'aperture 56 on one side of the
machine direction centeritne 65 which is greater than the portion
of the sectional area of the aperture 56 on the other side of the
machine direction centerline 65. If the sectional area of the
aperture 56 is symmetrica1 éﬁoﬂt the machine direction centerline
65, then the aperture 56 wi]] ‘not have a dominant area such as in
Figures 12 and 13. As used here1n the term "sectional area of the
aperture” will refer to the: sect1ona1 area of the aperture 56 at
the surface of the print cylinder 73 or other depositing member.

As a non- 11m1ting_example of an aperture 56 having a dominant
area and having a majer axfsiﬁ-m generally corresponding with the
machine direction centerlin ?65 of the aperture 56, Figure 11
shows an aperture 56 whic js'a sectional area generally of an
isosceles triang?e’with th ase of the isosceles triangle being
generally parallel ‘to ‘the mach1ne direction and being longer than
each of the other sides he_mach1ne direction centerline 65 of
the aperture 56 has. bee eﬁermined by the method described
hereinabove, and the dominan area 69 of the aperture 56 is the

- portion of the aperture 56;$é§tiona] area which is to the right of
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the machine direction centerline 65. The remote parallels 66 are
positioned on each side of the machine direction centerline 65 and
pass through the ﬁoints on the perimeter of the aperture 56
farthest out in the cfbss-mééhﬁne direction. The major axis m-m
of the aperture 56 -genéral]y' corresponds with the machine
direction centerline SS-of_the aperture 56. A prong 22 produced
from an aperture 56 of this type will tend to orient toward the
side of thé footprint having the dominant area 69 and will be
oriented generally in a direction having a vector component in the
‘cross-machine direction of the substrate 24. The aspect ratio of
the aperture 56 of Figure_llereferably_ranges from about 1.5:1 to
about 5:1. More preféfab]y, the'aspect ratio of the aperture 56
will be about .2:1 to about 4:1, and in a preferred embodiment the
aperture 56 will have an aspect ratio of about 2.3:1. ,

It should also be understood that azimuthally angled prongs
22 may be produced by using a combination of various methods. A
nonlimiting example of the use of combinations of methods is the
use of gravitational force and a pressure differential across the
plane of the substrate 24 in combination to impart an azimuthal
angle to the prongs 22. Another non-limiting example is the use
of gravitational forces and a rotating severing means in
combination to impart an azimuthal angle to the prongs 22. A
third non-limiting example is the use of a pressure differential
across the plane of the substrate 24 in combination with a prong
22 having an e11ipfica1 footprint. Many other methods of
“imparting an azimuthal angle to the prongs 22 will be apparent to
one skilled in the art, as will the various combinations of
methods. | ‘ |

1LLUSTRAT1VE ARTICLE OF USE

An illustrative and nonl1m1t1ng example of the usage of the
fastening system 120 of the,present invention in an article of
manufacture follows and is' illustrated in Figure 6. Mechanical
fastening systems havé_ be¢d' advantageously used in disposable -
absorbent articles 'ésifdisé!bséd in U.S. Patent No. 4,846,815,
filed on Deéeﬁbér 18, '1987,° in ‘the name of Scripps, which
refeqence is 1ncorporated herein by reference for the purpose of

--‘This Sheet Has Been Rerlaced .
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showing a diaper 110 structure.and the advantageous utilization of
mechanical fastening systems 20 in such diaper 120 structures.

It is known, for examp jthat mechanical fastening systems
are less easily coutamtnated__ ;oils and powders than are adhesive
tape fastening systems ‘and, ‘further, may be easily reused. All of
these features provide adv ges when applied to a disposable
diaper intended for use on-.an infant. Also, a refastenable
fastening system providés‘tﬁé'advantage that the infant may be

-checked to see if soiling'qfﬁthe disposable diaper has occurred
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during the wearing period.

Referring to Figure 6, there is shown a disposable diaper 110
intended to be worn about iﬁéf]ower torso. by an infant. As used
herein, the term “disposable absorbent article” refers to a
garment generally wurn_by'infénts or incontinent persons and which
is drawn between the legs, fastened about the waist of the wearer
and intended to be diScardé@_after a single use and not to be
laundered or restored. A :idisposablé diaper” is a particular

disposable article intended=§ﬁd.sca1ed to be worn by an infant.

A preferred diaper llofchmprises a liquid pervious topsheet
112, a liquid impervious baékshéet 116, and an absorbent core 118
intermediate the topsheet 112 and backsheet 116. The topsheet 112
and backsheet 116 are at least partially peripherally joined to
ensure the core 118 is helq. p position. The diaper 110 elements
may be assembled in a-varie;yiof configurations well known to one
skilled in the art, with pﬁéférred configurations being generally
described in U.S. Patent No.. 3,860,003 issued January 14, 1875 to
Buell, and U.S. Patent No. 4,699,622 issued October 13, 1987 to
Toussant et al., 'which? iehts are incorporated herein by
reference for the purpos f"disc]osing particularly preferred
diaper configurations. .

The topsheet 112 an
generally coextensiﬁe'aﬁdfé
together as noted _‘abo
backsheet 116 may b ac
Adhesive No. 1 -
Vadnais He1ghts, Mxnnésot*
length and width dimensio

ai";ksheet 116 of the diaper 110 are
least partially peripherally joined
oining of the topsheet 112 and
shed by a hot-melt adhesive, such as
nufactured by the H.B. Fuller Company of
55110. The absorbent core 118 has
generally less than that of the
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topsheet 112 and backsheet 116." The core 118 is interposed
between the topsheet 112 and b&éksheet 116 in fixed relationship.

The diaper 110 peripheryﬁbbﬁpﬁises oppositely disposed first
and second ends 122 and 124." :The diaper 110 has a first waist
portion 142 and a second walstrport1on 144 extend1ng respectively
from the first end 122 and-: second end 124 of the diaper 110
periphery towards the latera1 centerline of the diaper 110 a
distance of about one-fifth to about one-third the length of the
diaper -110. The waist portions 142 and 144 comprise those
portions of the diaper 110 wh1ch, when worn, encircle the waist of
the wearer and are genera]]y at the highest elevation of the-
diaper 110 when the wearer 1s in the standing position. The
crotch 146 of the diaper 110;15 that portion of the diaper 110
disposed between the first and second waist portions 142 and 144
and which, when worn is positﬁgned{between the legs of the wearer.

The absorbent “core" is;éﬁy means for absorbing and retaining
liquid body exudates. The ‘absorbent core 118 is generally
compressible, conformable, a@ﬁ nonirritating to the skin of the
wearer. A preferred core 118 has first and second opposed faces
and may, if desired, be'fuﬁﬁher encased by tissue layers. One
opposed face of the core 118 is oriented towards the topsheet 112
and the other opposed face is oriented towards the backsheet 116.

The absorbent core liﬂip*‘super1mposed on the backsheet 116
and preferably joined therefo by any means well known in the art

"such as adhesive bonding. In*aﬂparticu]arly preferred embodiment,

the adhesive bonding which joins the core 118 to the backsheet 116
is accomplished by applying _”sive in the form of a spiral. The
backsheet 116 1is impervious: to Tliquids and prevents liquids
absorbed by and contained ir ﬁhe absorbent core 118 from wetting
undergarments, clothing, - fing and any other objects which
contact the diaper 110. A ﬁuged herein, the term "backsheet"
refers to any barrier dis »sel outwardly of the core 118 as the

.diaper 110 is worn and which contains absorbed 1liquids within the

diaper 110. Preferably,:t ;ksheet 116 is a polyolefinic film
of about 0.025 to about 0.030 mm (0.001-0.0012 inches) in
thickness. A polyethy]en Im is particularly preferred, with

~-suitable films being manu;hctured by Tredegar Industr1es of
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Richmond, Virginia, 23225 -and the Clopay Corporation of
Cincinnati, Ohio, 45202. I-f';Qesired, the backsheet 116 may be
embossed or matte finished td"ﬁrovide a more clothlike appearance
or be provided with passages to permit escape of vapors.

The topsheet 112 is comphant, tactilely pleasing and
nonirritating to the wearer’s skin. The topsheet 112 prevents
contact of the absorbent core 118 and liquids therein with the
skin of the wearer. The topsheet 112 1is Tliquid pervious,
permitting liquids to readily penetrate therethrough. As used
herein, the term "topsheet” refers to any liquid pervious facing
which contacts the skin of the wearer while the diaper 110 is
being worn and prevents the core 118 from contactmg the skin of
the wearer. The topsheet 112 may be made of woven, nonwoven,
spunbonded or carded materials. A preferred topsheet 112 is a
100% polypropylene nonwoveh,_ -carded or spunbonded by means to
those skilled in the nonwoven fabrics art. A particularly
preferred topsheet 112 has a weight of about 21 to about 24 grams
per square meter, a mini_l_:_m:_; dry tensile strength of about 138
.grams per centimeter in the machine direction and a wet tensile
strength of at least abo‘ut" 80 grams per centimeter in the
cross-machine direction.

The diaper 110 is provided with a fastening system 120 and
receiving surface 153 for maiiitaining the first waist portion 142
and second waist portion 144 m an overlapping configuration when
the diaper 110 is worn, so. that the diaper 110 is secured to the
wearer. Thus, the diaper 110 is fitted to the wearer and a side
closure is formed when the fastemng system 120 is secured to the
receiving surface 153.

The fastening system 12 should resist the separation forces
which occur during the wé ' mg -period. The term "separation
forces" refers to forces acting on the fastening system 120 and
receiving surface 153 which:tend to cause separation, release or
removal .of the fastening '”sy' fem 120 from the receiving surface
153. Separation forces in e both shear and peel forces. The
term “shear force" refers:? 1stribut1ve forces acting generally
tangential to the recewmg urface 153 and which may be thought

.. of as being generally paralle] to the plane of the substrate of
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the fastening system 120. The term “"peel forces" refers to
distributive forces acting 1in . the generally 1longitudinal
direction, and perpendicular to the plane of the receiving surface .
153 and fastening system 120 substrates.

Shear forces are measured by tensile pulling of the fasten1ng
system 120 and receiving surface 153 in oppos1te directions
generally parallel to the p1anes of the respective substrates.
The method used to determine the resistance of a fastening system
120 and receiving surface 153 to shear forces is more fully set
forth in U.S. Patent No. 4;699,622 issued October- 13, 1987, to
Toussant et al., which patent_ts incorporated herein by reference.

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

-Separation forces are typical]y generated by movements of the
wearer or by the wearer -trying to unfasten the diaper 110.
Generally, an infant'shOuld'not be able to unfasten or remove a
diaper 110 the infant is wearlng, nor should the diaper 110 come
unfastened in the presence of ordinary separation forces which
occur during normal wearing. However, an adult should be able to

“remove the diaper 110 to change it when soiled or check to see if
soiling has occurred. Generally, the fastening system 120 and
receiving surface 153 should resist a peel force of at least 200
grams, preferably at IQast about 500 grams, and more preferably,
at least about 700 grams. Furthermore, the fastening system 120
and receiving surface 153 s ”*lq resist a shear force of at least
500 _grams, preferably at éast about 750 grams, and more
preferably at least about 1,000, _

The rece1vang surfac ﬁay'be disposed in a first position
anywhere on the d1aper 110 .long as the receiving surface 153

~ engages the fastening megns to maintain the first and second waist

e e - portions 144 in an overlappﬁng configuration. For example, the
This Sheet Has Been RTlaced | - '
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receiving surface 153 may be disposed on the outside surface of
the second waist portion 144, -'.o_t_i the inside surface of the first
waist portion 142, or any othe_:t;' position on the diaper 110 on
which it is disposed so as to ':';e,ng-age with the fastening system
120. The receiving surface 153 may be integral, a discrete
element joined to the di"a_per 110, or a single piece of material
that is neither divided or di’-stf_britinuous with an element of the

diaper 110, such as the topshe__et'_'llz or backsheet 116.

While the receiving surface 153 may assume various sizes and
shapes, the receiving surface 153 preferably comprises one or more
integral patches positioned aeifpss the outside surface of the
second waist portion 144 to al'lfdw for maximum fit adjustment at
the waist of the wearer. As illustrated in Figure 6, the

. receiving surface 153 is pr_eferab'l y an elongate rectangularly

shaped integral member secured to the outer surface of the second
waist portion 144.

A suitable receiving surface 153-1is a nonwoven fabric,
stitchbonded or any other tjp__e'_' of fiber or loop material well
known in the art. The recei\_ﬁnjg surface 153 may be manufactured
from a variety of materials which provide fiber elements, and
preferably loops capable of being intercepted and retained by the
engaging  means. Suitable .matei*ials include nylon, polyester,
polypropylene and combinatio’nsf of the foregoing. A suitable
receiving surface 153 comprisés_'_'a number of fiber loops projecting
from a woven and is comerc:ia}]y available as Scotchmate brand
nylon woven loop No. FJ3401,.:sold by the Minnesota Mining and
Manufacturing Company of St.':Paul, Minmesota. Another suitable
receiving surface 153 compnses a tricot having a plurality of

- nylon filament Jloops proaecting from a nylon backing and is

commercially available from _:Gllford Mills of Greensboro, North
Carolina and designated Gil grd No. 16110. A particu]arfy
preferred receiving surface polypropylene non-woven fabric

having a basis weight of abou 17 1 grams per .square meter (0.5

ounces per square yard) made 'any suitable commercial carding or
spunbonding processes such ' those available from Veratech
Nonwoven Group of the Interq__a_ﬁona] Paper Company of Walpole,

I Massachusetts, 02081.
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The fastening system 120 1is intended to engage the
complementary rece1v1ng surface 153 to provide a secure fit for
the diaper 110. The fasten1ng system 120 may comprise any of the
well known configurations. ut;];zed for achieving a side closure on
a disposable diaper 110. Tﬁpﬁfastening system 120 substrate is
Joined to the diaper 110 in'Spéced relationship from the receiving
means 153. As shown on Figﬁfe 6, the fastening system 120 is
preferably disposed on both ‘the first and second longitudinal
sides of the diaper 110. ’A‘ preferred configuration for the
fastening system 120 m1nimizes any potential contact between the
prongs of the fastentng system 120 and the skin of the wearer. A
preferred fastening system _120 disposition is a Y-shaped tape
arrangement, described in detail in U.S. Patent No. 3,848,594
issued November 19, 1974 to Buell. An alternatively preferred
fastening system lzo_arrangghﬁnt is described in detail in U.S.
Patent No. 4,699,622 issuedfﬂétober 13, 1987 to Toussant et al.,
both of which patents are inéqrporated herein by reference for the
purpose of illustrating variqu'placements of the fastening system
120 on the disposable diaper 110. A particularly preferred
fastening system 120'disposiiion is a single tape tab attached to
only one side of the diaper. this type of fastening system
arrangement is well known fih{ the disposable diaper art and a
non-limiting example of this'iype of fastening system arrangement
is described in U.S. PatentﬁNn. 4,846,815 issued July 11, 1989 to
Scripps, which is intorporatggfherein by reference.

The fastening system 120 of Figure 6 has a manufacturer’s end
156 and an oppositer%dispoéénfuser’s end 158. The manufacturer’s
end 156 is joined to the d fr 110, preferably in juxtaposition
with the first waist portioﬁff42 The user’s end 158 is the free

"end and is secured to the Teceiving surface 153 when the diaper
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110 is secured to the wearer.

After the diaper. 110 i fitted about the waist of the wearer,
the user’s end 158"of the . fastening system 120 is releasably
secured to the recefv1ng su _ef153 and preferably positioned on
the second wa1st pf4tton 144. therehy causing the diaper 110 to
encircle the wa1st of the'w fer The diaper 110 has now effected
a ‘side closure. The pronggﬂgnot shown) extend from the fastening
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system 120 of the user’s end 158 so that the prong engaging means
intercept the strands of the neéeiving surface 153.

A fastening system 120 ‘and complementary receiving surface
153 which provides a resistance to peel forces in excess of 400
grams and a resi stance to s ___,ar forces in excess of 1,000 grams
may be constructed as follows accordmg to the specific parameters
of the fastening system 120 'set forth in the aforementioned
*Process of Hanufacture The complementary receiving surface 153
used “in conJunction uith the fastening system 120 is the
aforementioned po'lypropy‘lene non-woven fabric.

The fastening system 126 §s at least about 2.54 centimeters
(1 inch) in width and may be of any length which provides a
convenient user’s end 158, with a length of at least about 3.5
centimeters {1.4 inches) bemg preferred The array of the prongs
of fastening system 120 compni_ses a matrix having about 256 prongs
per square centimeter (1600 prongs per square inch). The prongs
are preferentially oriented. m substantially the same. direction
and are preferential 1y Oriented_ toward the manufacturer’s end 156
of the fastening tape when the disposable articie is in use. _

In use, the diaper 110 1is applied to the wearer by
.positioning the first waist. ﬁd_rtion 142 around the wearer’s back
and drawing the remainder o'f‘*'ihe diaper 110 between the legs of
the wearer so that the second watst portion 144 is disposed across
the front of the wearer. The user’s ends 158 of the fastening
system 120 are then secured; to the receiving surface 153 on the
outside surface of the second waist portion 144 to form a side
closure. . i

While particular embodiments of the present invention have
been illustrated and described, it would be obvious to those
skilled in the art that virious 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 modifications that are within the
scope of this mventmn '
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- What is claimed is:

1. A method for nanufacturmg a fastening system having .one or
more free formed prongs, th_e method comprising the steps of:
forcing a molten thermally sensitive material through
apertures of a depositing niém'ber; depositing discrete amounts
of said molten them]-:ly sensitive material from said
apertures onto 2 substrate, stretching a portion of said
'- discrete amount of mo'lten thermally sensitive material in a
direction having a vec;pf. component parallel to the ‘plane of
_the substrate to form -"a_..;'f:prong; and solidifying said molten
thermally sensitive atér_‘}?iéjl of said prong, said prong having
a base, a shank, and an engaging means.

2. The method of Claim l wherein said depositing member
‘comprises a screen, preferab'ly a print cylinder.

3. The method of Claim 2. wherein said print cylinder comprises
64 apertures “per square centimeter to 1600 apertures per
“square centimeter, p_r:g__f,erably 100 apertures per square
centimeter to 900 apertures per square centimeter, more
-preferably 144 aperfﬂﬁé# per square centimeter to 576
._-.j'apert-ures, per squa centimeter, most preferably 256
_“apertures per square

1 wherein said depositing member
" having an internal reservoir and
orcing said molten thermally sensitive
‘apertures comprises supplying molten
gr_ii:a] under pressure to said internal

4. The method of Clai
.comprises a porous
~wherein said step of .

* ‘material through sai
“thermally sensitive m
-reservoir. :

he ‘preceding claims wherein at least
said depositing member has a major
aid minor axis being oriented in a

5. - The method 6f_ any of
- one of said aperture

e ~ ‘axis and a minor axis;
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direction other than the "qi_'a'chihe direction of said depositing
member, ' preferably in :ﬂ_i_e cross machine direction of said -
depositing member, such that the resultant prong has an

. azimuthal angle.

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

The method of any of the preceding claims wherein at least

one of said apertures h_a_s'_an aspect ratio greater than 1.5:1,
preferably greater than 2:1, more preferably greater than
3:1.

A fastening system for "at_:t'aching to a complimentary receiving

- surface said fastening_system being manufactured according to

the method of any of the;'-.'p_'receding claims.
An .absorbent article comprising:

an outer cover comprising a topsheet and a backsheet
Joined with said topsheet;

an absorbent core’ pos1tioned between said topsheet and
said backsheet; and

a fastening systénf”manufactured according to any of the
preceding c‘laxms Jomed to said outer cover, preferably
to said backsheet

An. a_bsorbent article f:'

an outer cover :Co prising a topsheet and a backsheet
joined with said topsheet;
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.an absorbent core pos_-"itioned between said topsheet and

W

" at least one fastening tape having a user’s end and a
o -ﬁanufacturer's end, said manufacturer’s end being joined
"~ - to said outer cover and the fastening system according

| ‘to any of the preceding claims being joined to said

user’s end.
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