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(57) Abstract: Forming a fastener component having
heads constructed to engage loops formed e.g. of fibers
of a mating component, comprises forming, from a
thermoformable material, a preform product having a
sheet-form base and an array of preform stems (200)
integrally molded with and extending from the base
to corresponding terminal ends, by a process having a
machine direction and a cross-machine direction. Each
molded stem (204) has at least two terminal features
(208) spaced from one another in the cross-machine
direction, the features having a transverse shape about
which engaging fibers can bend, the features having a
thickness of about 0.25 mm (.010 inch) or less, preferably
about 0.20 mm (.008 inch), and for personal care products
and the like preferably about 0.1 mm (.004 inch) or less.
The terminal ends (209) of the features are heated to a
predetermined softening temperature and the terminal
ends (209) are contacted to reform the terminal ends to
form heads therefrom that overhang the sheet-form base
sufficiently to engage loops. Also shown are molded stems
that have at least two terminal features spaced from one
another in the machine direction; molded preform having
substantially parallel side surfaces on all sides, e.g., of
"M" or crossed "M" profile of substantially thin fin or
crossed thin fin form of molded stems that carry upwardly
directed, spaced apart prongs. Preforms are shown having
at least three prongs along at least one coordinate. Each
prong of a group of at least two neighboring prongs.
is coalesced to form a head or all prongs of a stem are
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HOOK AND LOOP FASTENER

TECHNICAL FIELD
This disclosure relates to touch fasteners commonly known as hook and loop
fasteners. In many aspects it deals with the particular case in which hooks engage flexible

loops such as are formed of fibers of thin nonwoven materials and the like.

BACKGROUND

The present invention relates to male fastener components that engage in openings of
a female component, e.g. engage in openings of loops formed by fibers of a nonwoven
female component. The invention more particularly relates to stem and head formations of
the male elements that promote loop engageability and to methods and machines for their
manufacture and their use. .

There is a general need for male fastener components for hook and loop fasteners that
provide good peel and shear strength properties in desired single or multiple directions and
that are relatively inexpensive to manufacture. There is a specific need for low cost male
fastener components that can function with low cost nonwoven loop materials.

There is also a need to be able to consistently and efficiently produce male fastener
products having differing functional characteristics, using techniques that require limited
changeover in basic tooling, yet allow for adjustments to produce the desired fastener
characteristics.

Furthermore, it is especially desirable to extend the use of hook and loop fastening
systems into fields of low cost products and still obtain good fastening performance.
Examples include mid- and lowest-cost disposable diapers and sanitary products, disposable
packaging for low price products, and disposable lowest cost surgical and industrial clothing
and wraps, and single use me&ical and therapeutic devices. There are many other recognized
low-cost product areas to which such fasteners would be applicable.

In particular it is desirable to ootain good engagement of the male member of the
fastening systems with low cost nonwoven loop products that are characterized by their

thinness and the low height to which their loop-defining fibers extend.
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“Good engagement” in some instances means engaging a large percentage of hooks
with low-lying loops. "Good engagement" in other applications often requires more, as in
the case of fasteners for diapers, which require the hook component to exhibit strong "peel"
resistance when engaged with thin, low cost loop rﬁateﬁals. With such materials, the limited
loop height does not permit significant transition of loading from the hook head to the hook
stem during peeling action, as does occur with expensive loop products that have h_igher loop
height. For this reason there are special problems to be addressed with hooks for thin loop
structures in addition to the need to reduce the cost of the hook component and its tooling.

To explain the peel considerations more fully, in a hook and loop type fastener, “peel
strength” is the resistance to stripping of one component from the other when a force normal
to the mating surfaces is applied to the extremity of one of the components. Such peeling
force on the component causes it to flex and progressively peel from the other. It is desirable
to have peel strength in a hook and loop fastener that ensures that the closure does not release
under normal forces of use but still permits the components to be separated when desired.

When the loop element is thin, as is usually the case for low-cost female fasteners, the
individual loops are very short and low-lying. With application of a peel force, such loop
exerts a force on the hook that is essentially perpendicular to the sheet-form base and parallel
to the stem of the individual hooks. Consequently the force is applied primarily only to the
heads of the hooks. .

In contrast, when the loop element has a thick pile structure comprised of long
individual loops, a loop must first be pulled out to its full length before it can exert
significant force on a hook. As this occurs, the base webs to which the hooks and loops are
attached are enabled to flex away from each other (see Fig. 1). Thus, at the poiat of
separation of hooks from thick pile loops, the mated components are no longer face-to-face,
and the angle at which a loop exerts its force on a hook is less than perpendicular. The longer
the loop length, the more that angle diminishes. Thus, with a loop components having long
loops, the force not only acts on the head of the hook, but also on its stem, and for very long
loops, most of the resistance force is on the stem during peeling action.

However, for short loops, most of the resistance force is on the hook head, the
consequence being that the hook head must be strong and provide much of the resistance to

peel separation. Therefore, the use of thin and inexpensive loop components is to be
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expanded and improved, the hook head geometry must be improved to increase strength of
engagement and produce an acceptable closure.

In many cases it is desirable to form the male hook members by molding an array of
stems integrally (i.e. monolithically) with a common base, and subsequently post-treating the
stems by a pressed formation step to form loop-engageable heads. In many instances it is
desired to use continuous processes that act in a given machine direction, but to find a way to
do this to achieve a hook product having good peel strength when the user applies peel forces
at a substantial angle to the machine direction, in many cases at right angles, i.e. in the cross-

machine direction.

SUMMARY

There are provided a method of forming a fastener component having heads
constructed to engage loops formed e.g. of fibers of a mating component and products
resulting from and characterized by the method. The method comprises forming, from a
thermoformable material, a preform product having a sheet-form base and an array of
preform stems integrally molded with and extending from the base to corresponding terminal
ends, using a process having a machine direction and a cross-machine direction, with molded
stems each having at least two terminal features spaced from one another in the cross-
machine direction, these terminal features having a transverse shape about which engaging
fibers can bend, the features having a thickness of about 0.25 mum (.010 inch) or less,
preferably about 0.20 mm (.008 inch), and for personal care products and the like preferably
about 0.1 mm (.004 inch) or less. The terminal ends of these features are heated to a
predetermined softening temperature while maintaining the sheet-form base and a lower
portion of each stem at a temperature lower than the softening temperature, and the terminal
ends are contacted with a contact surface that is at a predetermined forming temperature to
reform the terminal ends to form heads therefrom that overhang the sheet-form base
sufficiently to engage loops, the geometry and mat crial of the preform product and the
condition of reforming the terminal ends of the featur s being so related that the formed
heads are capable of peel-resistant engagement with loops formed by fibers of thin or
ultrathin nonwoven fabrics.

Preferred embodiments have one or more following features.
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The stems up to the terminal ends of the features extend straight, do not overhang the
base layer.

Each molded stem also has at least two terminal features spaced from one another in
the machine direction.

The molded preform stems have substantially parallel side surfaces on all sides,
preferably the parallel sides extending perpendicular to the sheet form base.

The molded stems are of substantially “M” or crossed “M” profile, or the molded
stems are of substantially thin fin or crossed thin fin form, or the molded stems carry
upwardly directed, spaced apart prongs that define said features.

Protrusions from the stem are in multiples, having in many cases a bifurcated or
trifurcated appearance.

In the case that the prongs extend upwardly from a stem, one prong has dimensions ‘
different from another prong selected to form a different head shape, for instance, at least one
prong has a terminal end spaced further from the base than another prong, and/or at least one
prong has a transverse dimension different from another prong. Preferably, a stem has at
least three prongs arranged along at least one coordinate, and a separate fiber-engaging head
is formed on the terminal end of each prong, or head portions of a group of at least two
neighboring prongs are coalesced to form portions of a single head, or head portions of all
prongs of a stem are coalesced to form portions of a single head.

In certain preferred embodiments, transverse cross-sections of the prongs have a
rectangular profile, while in other embodiments in transverse cross-section the prongs have a
round profile.

The terminal ends of the features are heated by non-contact heating, e.g., the non-
contact heat source comprises a convective heat source, preferably the convective heat source
comprising a flame.

The preform stems and the features thereon are formed from a synthetic polymer, the
polymer being molecularly unoriented.

The step of heating the terminal ends of the features to a predetermined softening
temperature forms ball-like configurations at the terminal ends of the feature.

The temperature of the contact surface is sufficiently low that the thermoformable

material does not adhere to the contact surface.
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Water, water of combustion or steam or a spray of fine water molecules is introduced
to the contact surface to provide a non-adhering condition. |

In another method, preferred members are provided having three or more prongs, or
similar upright head forming features extending in one coordinate from a single stem,
preferably there being at least two rows thereof in the other coordinate from that stem.

Other contributions of the invention are the unique fastener members per se as shown
in the drawings and the preform members from which they are to be made, within the size
ranges described in the specification.

The details of one or more embodiments of the invention are set forth in the accompa-
nying drawings and the description below. Other features, objects, and advantages of the

invention will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

Fig. 1 is an illustrative side view of hooks engaged with a thick-pile loop material
undergoing peeling action.

Fig. 2 is a highly enlarged perspective view of a single six-prong preform member
molded integrally with a base layer.

Figs. 2A and 2B are respectively top and side views of a preform feature on the
terminal end of which an overhanging loop-engaging head has been formed.

Figs. 3-6 are top views of a set of loop-engageable fastener head portions made on a
preform member of Fig. 2, the views showing varying degrees of head coalescence produced
by respectively different head-forming conditions.

Figs. 3A-6A are respectively top views of arrays of loop-engageable fasteners
corresponding to the designs of Fig. 3-6, on a reduced scale.

Fig. 7 is a side view of an apparatus for making the fasteners, for example, of Figs.
3A-6A.

Fig. 8 is a side view of a portion of the apparatus of Fig. 7 at larger scale.

Figs. 9-13 depict texturizing head-forming rolls.

Fig. 14 is a highly enlarged diagrammatic side view of a low-pile loop material.

Fig. 15 is a highly enlarged diagrammatic side view of a fully fused hook head of the

present invention engaging a low-pile loop material.
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Fig. 16 is a highly enlarged diagrammatic side view of a partially fused hook head of
the present invention engaging a low-pile loop material.

Fig. 17 is a diagrammatic illustration of hook “engagement breeding engagement”.

Fig. 18 is a highly enlarged perspective view of another six-prong preform member
having prongs of two different heights.

Figs. 19-22 are respective top views of a set of loop-engageable fastener head
portions made on a preform member of Fig. 18, illustrating varying degrees of head
coalescence.

Fig. 23 is a side view of an alternative fastener product made from the preform
member of Fig. 18.

Fig. 24 is a perspective view of a three-prong preform member.

Figs. 25-27 are respective top views of fastener members made from the preform
member of Fig. 24 with varying degrees of head coalescence.

Fig. 28 is a perspective view of a six-prong preform member having prongs with two
different machine direction thicknesses.

Fig. 29 is a top view of a fastener made from the preform member of Fig. 28, while
Fig. 30 is a top diagrammatic view of a tooling component for making the preform member
of Fig. 28.

Fig. 31 is a perspective view of a four-prong preform in which both stem and prongs
have circular transverse cross-section.

Fig. 32 is a top view of a fastener member made from the preform member of Fig. 31.

FIGs. 33, 33A and 33B illustrate a quadrolobal M hook while FIGs. 33C, D and E
illustrate the molded preform product from which it is fabricated and FIG. 33F illustrates the
condition of the terminal end of the preform of FIG. 33D after non-coniact heating and
before flat topping. FIGs. 33G, H and I are cross-sectional views that illustrate mold tooling
for molding the preform element of FIG. 33.

FIGs. 34, 34A and 34B illustrate in the usual manner another embodiment, based on a
single cross-machine extending, M-shaped preform and FIGs. 34C, 34D and 34E illustrate
the molded preform product from which it is formed, and FIG. 34A” illustrates a hook profile

similar to FIG. 34A, but formed in a different manner.
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FIG. 34F through FIG. 34J are various cross-sections taken through mold rings of the
set as indicated, that define molds for molding the preform stem component of FIGs. 34C, D
and E.

FIGs. 35-35E are views, corresponding to ‘FIGS. 34-34E, of another embodiment, a
modified M, and its preform element, while FIG. 36 illustrates a hook profile similar to FIG.
35A but formed in a different manner.

Figs. 37-38 are perspective views of six-prong, straight-sided M style preform
members.

Figs. 39 and 40 are perspective views of a four-prong preform member and
corresponding fastener member, respectively.

FIG. 41 is a diagrammatic perspective view of an embodiment of a multi-lobed hook
element, while FIG. 41A is a side view taken on liﬁes 41A-41A of FIG. 41 and FIG. 41Bis a
top view taken on lines 41B-41B of FIG. 41A.

FIGs. 42 through 42B are views of a preform element employed in forming the hook
element of FIG. 41, FIG. 42 being a diagrammatic perspective view of the molded preform
element, FIG. 42a a vertical side view of the element and FIG. 42b a horizontal section view
of the preform element taken on line 42B-42B of FIG. 42a.

FIG. 43 is a side view similar to FIG. 41 A of the stem after it has passed by non-
contact heat source, before reaching the conforming roll.

Figs. 44-49 are views showing tooling for making the preform member of Fig. 39,
Figs. 44 and 45 being partial cross sections on magnified scale taken parallel to the periphery
of mating tool rings, Figs. 46 and 47 being cross section views of greater magnification taken
on lines 46-46 and 47-47 respectively on Figs. 44 and 45, and Fig. 48 is a view similar to that
of Figs. 44 and 45, showing the tool rings in assembled relationship and Fig. 49 is a view
similar to Fig. 48, but on more magnified scale showing two pairs of such rings assembled
with spacer rings.

Figs. 50 and 51, respectively, are perspective views of an eight-feature preform and a
fastener member made therefrom.

Figs. 52 and 53, respectively, are top views of a six-feature fastener member and

tooling for its preform.
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Figs. 54 and 55, respectively, are top views of an eight-feature fastener member and
tooling for its preform. '

Figs. 56 and 57, respectively, are top views of an eight-feature fastener member
fastener and tooling for its preform.

Figs. 58 and 59, respectively, are top views of an eight- feature preform member and
tooling therefor.

Figs. 60-65 comprise a sequence of views illustrating steps in the making of the
tooling of Fig. 59.

Figs. 66 and 67, respectively, are top views of a four- feature preform member and
tooling therefor.

Figs. 68-72 are top views of multi-feature preform members that can be formed with
tooling based on principles similar to the principles illustrated in Fig. 67.

Fig. 73 is a top view of a fastener member made from the preform member of Fig. 72.

Figs. 74 and 75 are perspective views of multi-feature fastener members formed with
fin elements lying at an acute angle to the machine and cross machine directions.

Figs. 76 and 77 illustrate two machines for making preform sheets.

Fig. 78 is a perspective view of a preferred apparatus for making fastener members of

the types illustrated in preceding figures.

DETAILED DESCRIPTION

Referring to Fig. 2, straight-sided preform member 200 of molded plastic resin
extends upwardly from and is continuous with a plastic resin base layer 12 in a monolithic
structure. The member 200 includes a stem base 202, a central solid stem portion 204, a stem
top surface 206 and a plurality of parallel upwardly directed prongs 208 extending to
respective terminal ends 209. The prongs have no overhang of the base, and all side surfaces
of the stems and prongs are parallel (except for a small draft angle). In this embodiment, as
shown, there is a 2 by 3 pattern of upwardly directed prongs, each prong having in transverse
section (parallel to the base) a rectangular cross-sectional profile. In this profile, each prong
is longer in the cross-machine direction than in the machine direction and hence is stiffer in
that direction. There are on the single perform stem, 3 prongs aligned in the machine

direction in each of two columns spaced apart in the cross-machine direction. Thus there are
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three sets of cross-machine-extending pairs of prongs. The prongs of each pair in this
embodiment as shown are spaced further apart (iﬁ the cross machine direction) than the
spacing between the pairs in the machine direction.

From this pronged preform member, individual heads 210 (e.g., Fig. 3) are formed by
the application of appropriate heat and pressure to the terminal ends 209 of the prongs. By
control of the heating and pressure parameters the shape of loop-engaging heads 210 can be
selectably formed to a desired conformation depending upon the particular fastening
environment and fastening characteristics required. As illustrated in the embodiment of Fig.
3, with a limited amount of displacement by applicétion of pressure to molten terminal ends
of the prongs, individual fiber-engaging heads 210, Fig. 3, are formed having the appearance
of headed teeth, with spaces between all adjacent teeth in which fibers may be enggged.
Individual heads as they form can instead be forced to coalesce by heating the prongs further
and/or applying a higher pressure and greater deformation to the heated prongs. In the
embodiment of Fig. 4, sufficient heat and pressure has been applied to cause the resin of
closest prongs, i.e., those in the machine direction, to merge, to produce two coalesced heads,
each having three fiber-engaging knob-like features. In the embodiment of Fig. 5, further
heating and pressure is effective to coalesce the heads of all prongs into a 6-lobed head. In
the embodiment of Fig. 6, concentrated heating in the interior of the six prong set, relative to
the exterior, forms a more rounded internal shape than that achieved in Fig. 4.

A large array of each of these fastener types creates a sheet-form fastener product
such as those shown in Figs. 3A-6A, respectively. In the arrays shown the fastener members
are aligned in X, Y coordinates. For certain applications it is desirable instead to employ a
staggered array.

A machine 100 for forming the fastening heads described above is shown in Fig. 7. A
supply roll 102, 126 introduces a continuous supply of a stem-carrying base 12 into the
machine 100. Stem-carrying base 12 is formed of a thermoformable polymer. In a previous
manufacturing step, roll 102 was wound up as the take-up roll at a molding station (not
shown) where stems with prongs were integrally molded onto base 12. The molding station
may include a mold roll having a pluraiity of mold cavities provided by aligned plates. The

molding station will be described in further detail later.
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The supply roll 102 is unwound by drive mechanism 106, which conveys stem-
carrying base 12 into optional pre-heating area 108 which raises the temperature of the stem-
carrying base 12 to a pre-heat temperature that is above room temperature, but much lower
than the Vicat softening temperature of the polymer. This pre-heating allows the stems with
prongs to be heated to a predetermined softening temperature more quickly during the next
step of the process.

Next, the base 12 moves to heating device 110, which heats the prongs. If only a
small portion P (Fig. 2) of the prongs are heated by heating device 110, structures like that
shown in Figs. 3 and 4 result. Heating a larger portion P of the prongs, leads to coalescing
of the individual heads, as shown in Fig. 5 and 6. Portion P (or P’) is heated to a sbftening
temperature, typically a temperature that is greater than or equal to the Vicat softening
temperature of the thermoformable polymer and then portion P (or P*) can be formed into a
desired head shape. The remainder of the stem is not heated, and remains at a temperature
that is less than the softening temperature, preferably at least 10% less.

To ensure that only portion P (or P) is heated to the softening temperature, it is
preferred that heating device 110 include a non-contact heat source 111 (FIG. 8) that is
capable of quickly elevating the temperature of material that is very close to the heat source,
without raising the temperature of material that is relatively further away from the heat
source. Suitable non-contact heat sources include flame heaters, electrically heated nichrome
wire, and radiant heater blocks. To heat portion P (or P°) to the softening temperature
without contact, the heat source typically must be at a relatively high temperature. For
example, if the softening temperature is from about 100 °C to 140 °C, the temperature of the
heat source will generally be from about 300 °C to
1000 °C and the heat source will be positioned from about 0.1 to 50 mm from the tips of the
prongs.

After portion P (or P’) has been heated, the base 12 nioves to conformation station
112, at which time base 12 passes between conformation roll 114 and drive roll 116.
Conformation roll 114 forms the portion P (or P*) of the prongs into a desired head shape, as
will be described in further detail below, while drive roll 116 advances base 12 and flattens it
against roll 114 to enhance head uniformity. It is preferred that the temperature of

conformation roll 114 (the forming temperature) be lower than the softening temperature.

10
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Maintaining the conformation roll 114 at this relatively low temperature has been found to
allow the conformation roll to flatten into a desired head shape the spherical ("ball-shaped")
tips of prongs that are generally formed during the previous heating step. A low forming
temperature also prevents adhesion of the thermoformable polymer to the conformation roll.
Generally, to obtain the desired forming temperature it is necessary to chill the conformation
roll, e.g., by running cold water through a channel 115 (Fig. 8) in the center of the roll, to
counteract heating of the conformation roll by the heat from portion P (or P’) of the prongs.
If further cooling is needed to obtain the desired forming temperature, the drive roll may be
chilled in a similar manner.

In many cases the conformation roll may be a smooth cylindrical roll, and the multi-
prong features of the preform member alone, by deforming, provide a desirable complex
edge surface for fiber-engaging head portions as illustrated in Figs. 3-6.

Referring to Figs. 9-13, however, for other circumstances a surface texture of
conformation roll 114 is provided that will determine the shape of the heads that are formed.
If disc-shaped heads having a smooth top surface are desired, the surface texture is smooth
and flat as previously mentioned. If a sandpaper-like surface is desired, the surface texture of
the conformation roll is made sandpaper-like (Fig. 9). If mushroom-shaped (domed) heads
are desired, the conformation roll surface is provided with a plurality of substantially
hemispherical indentations ("dimples") to form the dome portion of the heads (Fig: 10).
Disc-shaped heads having a "wavy" shape can be formed using the conformation roll
surfaces shown in FIGs. 11 and 12. The diamond-lattice conformation roll surface shown in
Fig. 13 will give the head portions a pyramidal shape.

Preferably, when the surface texture includes dimples, the density of the dimples is
substantially uniform over the roll surface, and is substantially greater than the density of the
prongs. If the density is equal, improper registration may result in none or few of the prongs
being contacted by dimples.

The spacing of the conformation roll 114 from the drive roll 116 is selected to deform
portion P (or P) to form the desired head shape, withe .t excessive damage to the unheated
portion of the stems. It is also preferred that the spacing be sufficiently small so that the
drive roll flattens base 12 and provides substantially uniform contact pressure of prong tips

against the conformation roll. Relatively low pressures generates fasteners where the prongs
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are only partly deformed (see, for example, the fastener of Figs. 3 and 16), while relatively
high pressures generate fasteners in which the prongs are fully deformed (see, for example,
the fastener of Figs. 5 and15).

Next, the base 12 moves to a cooling stationi 118 (Fig. 7). Cooling station 118 cools
the formed heads, e.g., by cool air, preventing further deformation of the heads. Preferably,
the heads are cooled to approximately room temperature. The cooled base is then moved
through driving station 520 and wound onto take-up roll 522 by winding element 524.

Alternate supply and take-up rolls 126, 128 are provided so that when supply roll 102
is depleted and/or when take-up roll 524 is filled, the appropriate roll can be easily replaced
without disrupting the process.

Suitable materials for use in forming the fastener are thermoplastic polymers that
provide the mechanical properties that are desired for a particular application. Preferred
polymers include polypropylenes, such as those available from Montell under the tradename
MOPLEN, polyethylene’s, ABS, polyamides, and polyesters (e.g., PET).

Other embodiments are of course possible.

The head structures, though derived from simple parallel surface preforms with no
overhang of the base, may thus have desired shape that provides a complex surface
overhanging the base to an extent sufficient to provide a multi-directional loop engagement
having desired strength characteristics.

Moreover, while the process described includes only a single heating of the prongs
and a single pass through a conformation station, these steps may be repeated one or more
times to provide other head shapes. Subsequent conformation stations may have the same
conforming surface as the first conformation head, or may have different surfaces.

One or more of at least six advantages may be obtained in using multi-featured
preforms such as those shown in Fig. 2, and in later figures to be described. F irst, the tooling
for straight-sided preforms can be relatively inexpensive because no engageable heads or
overhanging features need to machined in the tooling for molding the preforms. Second, the
spacing between the prongs or other upwardly extending features enable good heat transfer,
as by the convection heat transfer by hot gases in which the features are immersed. This
allows for high production rates, and efficient use of capital equipment, space and manpower,

2

hence enabling low cost production. Third, since the headless, upright preforms take up less
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space than do preforms that have overhanging structures, it is possible to have fastener
products that have more engageable heads or knob-like head features per unit area, hence
more efficient Joop engagement is provided. Discrete, individual engaging head products,
(e.g., Figs. 3) and the variety of coalesced head products (e.g., Figs. 4, 5, 6) are each useful
under particular circumstances. For example, all of the products of Figs. 3-6 offer high hook
density and (good cross-direction engagement. Individual engaging element products (e. g.,
Fig. 3) are useful when a disposable attachment is required. The multi-prong preform shown
in Fig. 18 has different prong heights and enables different engageable element head sizes to
be formed on the same stem (best seen in Fig. 19) which with certain useful loop materials
increases the probability of engagement, as when loops exist in the material a variety of
sizes, as in certain nonwovens. Fourth, since the stem is relatively large, it provides for a
good, sturdy support for the small heads so that they can engage a low pile loop material
(e.g., anon-woven). Relatively small engaging heads increase the probability for penetration
and engagement with small loops when compared with large heads. Fifth, when the small
engaging elements are employed, the initial “grab” or seize of an engaging head on a loop
can lead to full engagement of that loop. Sixth, the initial “grab” or seize can disturb the bed
of loops and bring other loops into range to be engaged by the first head or knob feature or of
other heads or knob features on the stem. In other words, the initial engagement of a loop
can break up loop interconnections and enable more loops to become exposed. Surprisingly,
we have discovered, “engagement breeds engagement.” That is to say, that during
engagement or during peeling action, the fasteners of the present invention when engaging
some loops, expose more loops for engagement by disrupting the loop pile, in a cascade-like
effect.

Fig. 14 is a diagrammatic side view of a low-pile loop materials that has a variety of
loop sizes and a degree of loop entanglement. Fig. 15 illustrates that initial engagement of a
hook of the current invention can aid in dis-entanglement of the loops in the low-pile loop
material exposing them for engagement by other hooks. Fig. 16 shows the same effect with a
fastener only partially fused such as that of Fig. 3. Fig. 17 suggests that Juring peeling
action, the fasteners of the present invention expose more loops for engagement by disrupting

the loop pile.
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In respect of the range of constructions that are useful employing the principles
disclosed refer again to Fig. 2. In Fig. 2, the dimension A represents the overall height of the
preform material, B the prong height, C the spacing between prongs in the cross-machine
direction, D the prong thickness in the cross-machine direction, E the spacing between
prongs in the machine direction, X is the prong thickness in the machine direction, F the
width of the preform stem in the cross machine direction, and G the thickness of the preform

stem in the machine direction. The dimensions may range as follows:

General Range Preferred Range Most Preferred Products
7 for Personal Care and the
like
A= 0.007 t0 0.080 inch  0.010 to 0.040 inch  0.013 to 0.030 inch
= 0.0014 to 0.080 inch 0.002 to 0.040 inch  0.003 to 0.010 inch
= 0.002 t0 0.012 inch  0.002 to 0.010 inch  0.002 to 0.006 inch
D 0.002 to 0.020 inch ~ 0.002 to 0.008 inch  0.002 to 0.004 inch
= 0.002t0 0.010inch  0.002 to 0.008 inch  0.002 t00.004 inch
= 0.002 to 0.020 inch  0.002 to 0.012 inch  0.003 to 0.012 inch
G= 0.002 to 0.020 inch  0.002 to 0.012 inch  0.003 to 0.012 inch
X= 0.001 t0 0.010 inch ~ 0.001 to 0.004 inch  0.001 to 0.004 inch

Fig. 2A is a plan view of a prong described above with a head, while Fig.2B is a side
view of the prong with its head. The overhang of the head O, and the head thickness Ty may

be expressed in terms of the prong width X:

Oy ~ 0.3X to about 0.7X; and
Th = 0.5X to about 1.3X.

Preferably, X i, from about 0.001 (0.025 mm) to about 0.010 inch (0.25 mm). More
preferably, X is less than about .008 inch (0.20 mm), and ranges from about 0.001 inch
(0.025 mm) to about 0.004 inch (0.10 mm). For a square cross-sectional area such as that

shown in Fig. 2, the hook density may advantageously range from 1000-7000 hooks/in?.
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Hook fasteners such as these may be useful in personal care products and the like such as
diapers, training pants, swim pants, sanitary napkins, panty liners, incontinency garments,
and as well, for containers for food storage, covers, filters, towels, paper towels, medical
wraps, gowns, surgical drapes, face masks, single patient use devices, packaging closures,
outdoor shelters, and other products.

Referring to Fig. 18, again a pattern of six straight, vertical sided prongs extend from
a single stem, the central prong 220. In each machine direction row of the preform member
is taller than its machine direction neighbors at each side. Referring to Figs. 19-22, in some
implementations, during the flat-topping of the preform shown in Fig. 18, the taller prongs
220 are bent to overhang the base in the cross-machine direction. This may occur because of
freedom of interference in that direction in comparison to the other directions in which there
are neighboring prongs. Bending outwardly as illustrated, can enable better shear |
performance and better cross-direction engagement of the engaging heads. One way to
create such fastener, for example, is to heat all the prongs as discussed above and then to cool
the higher prongs selectively at an appropriate cooling station (not shown). In one example,
the heights H; of the lower prongs are about 0.025 inch and the height H, of the higher
prongs are about 0.030 inch. In another case, the taller stems provide more material for
melting down to a deformation limit, resulting in larger head formations and overhang in the
central region, as depicted in Figs. 19-22. This has.the desirable omni-directional effect,
enabling the fastener to have loop engaging ability regardless of the direction of relative
shear movement between a so-formed hook component and a matching loop surface.

Referring to Figs. 24-27, a three prong preform is shown along with fastener heads
made from the preform of Fig. 24. The prongs, in this instance, for a given overall size, are
sturdier, here in the X, cross-machine direction, and provide more material for deformation.

Referring to Fig. 28, preform member 230 has six prongs extending upwardly from
the stem, as before. In this case, the middle prongs 232 have a greater thickness in a selected
direction than do the neighl oring prongs 234 on either side. For example, the thickness T, of
the thicker prongs 232 may range between about .003 inch to about 0.008 inch, while the
thickness of the thinner prongs 234 range about 0.001 inch to about .004 inch. This enables

forming a range of different engaging head sizes, for example, as shown in Fig 29, to enable
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engagement of different loop sizes. Fig. 30 illustrates a portion of the tool that creates the
preform of Fig. 28. Methods of forming such tooling will be disc.ussed below, but its
simplicity and low cost is evident just from the figure.

In Figs. 31and 32, a four-prong preform member and the resulting fastener,
respectively are shown. In this case, both the stem and the prongs have circular transverse
cross-sections. Tooling for such preform products is made by simple drilling, e.g., by
employing EDM or laser drilling. Useful ranges 6f diameters may be determined from the
forgoing table in which D corresponds generally to F or G in the table, and D; and S
correspond to dimensions X and E in the table, respectively.

FIGs. 33, 33A and 33B, perspective, side and top views, respectively, show a
quadrolobal “M” hook, so-named “M” because of the configuration of the preformed stem
profile, shown in corresponding FIGs. 33C, D and E. FIGs. 33 G, H and I illustrate simple
mold tooling for the element of FIG. 33.

Referring first to FIGs. 34C, D and E, a plaﬁar “M?” perform, for forming a “bilobal”
hook, has more polymer at the outer-most portions of the stem, the amount of polymer
decreasing linearly moving toward the center of the hollow V. This particular preform stem
shape may be used to provide a final fastener product having engagement characteristics
different from the previously described examples. Preform stem 120 has a first stem portion
122 attached to base 12 and a second portion 124 that extends from portion 122 to define the
overall height of the formation. The stem portion 122 extends for instance to a height, h;, of
the order of 0.019 inches, the second portion 124 has a height, h,, of the order of 0.008
inches, the overall height, hs, of the formation being of the order of 0.027 inches. Second
portion 124 has outer wedges 117, 119 or prongs at its left and right surfaces 121, 123 that
are of triangular form with base at the transition from stem portion 122 and peak or point at
the top or adjacent the respective surface 121, 123. Thus a “V” shaped central opening
occurs that is devoid of thermoformable resin.

FIGs. 34C, D and E show the “M” stem preform element, oriented in the cross-
machine direction, is conceptually formed of two “half M” configuration stem segments, see
the corresponding mold tooling shown in FIGs. 34F through 34J.

The principle of a thin fin is employed, i.e. of thickness of about .010 inch (0.25 mm)

or less, having more of the resin concentrated at the X direction ends of the fins, i.e. at the
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prongs, defined adjacent vertical side surfaces of the formation. Depending upon the
method and degree of deformation, an oval head or the cross-machine “figure 8” head of
FIG. 34B can be obtained. With the quadrolobal M stem of FIGs. 33 similar deformations
can be obtained. In the case of the hook depicted in FIG. 33, non-contact heating provides
four lobes of molten resin, concentrated at the peﬁphery, see FIG. 33F. Flat-topping of this
resin can then produce the head 18B shown in FIG. 33B. The resin, as it melts, finds the path
of least resistance to be predominately at the “precipice” provided at the steep sides of the M.
If a “super heating” condition is employed, with resins such as Nylon and high density
polyethylene, J-shaped profiles are obtainable at the corners.

It 1s useful to explain here the term “superheating,” and how it may be employed to
achieve desirable shapes. In general, the non-contact heating step described, is usefully
achieved with gas flame heating. When the gas ﬂo§v rate and orifice sizes are set, the system
has an established range of heating capability that is controlled by the distance of adjustment
that is independent of the particular polymer. The heating is readily adjusted to enable flat-
topping and stabilization of the forms shaped by the cold forming roll 4. By adjusﬁng the
distance of the burner closer to roll 3, more heat than the minimum required for flat-topping
can be applied. The system remains within the range of the flat-topping action. In that case,
flat-topping is effective to distribute the resin and apply a shape, but a point is reached at
which it is readily observed that the emerging forms have not yet frozen in that shape, and
further, predictable deformation is observed.

It is realized that benefit can be obtained from this secondary, “self-forming” action,
following flat-topping. In one case, by choosing a resin having a low heat deflection
temperature, the method is used to form rounded mushrooms. For example, low density
polyethylene (LDPE) having a heat deflection temperature of 113 degrees F can be employed
(significantly lower than the heat deflection temperatures of 186 degrees F and 204 degrees
F, of high density polyethylene (HDPE) and polypropylene (PP), respectively).

With a given coolant flow through the cold forming roll 4, after satisfactory flat-
topping of the LDPE heads is established with frozen shapes emerging, the heater is brought
closer to roll 3, and the line speed slowey to apply excess heat. As heating is increased,
gradual change in the final conformation of the flat-topped product is observed. A point is

reached in which, in a stable process, rounded mushroom shapes are produced. In this case
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flat-topping is effective to flatten and spread (distribute) the bulbous molten polymer, and
following roll 4, the mass sinks and rounds into mushroom form.

By choice of low deflection temperature resin, e.g. certain polyethylenes, and either
by making the fin construction very thin and or subjecting the tip portion to large heat
transfer by the proximity or intensity of the flame, a “super heated" condition can be obtained
in which useful gravity flow of molten resin occurs after passing by roll 4. This condition
can for instance also be obtained by maintaining roll 4 at such temperature that it does no
entirely solidify the tip portions.

Contact heating the M-configuration may be employed as well, though potentially at
slower speeds. Thus a hot roll (or ultrasound heating techniques) may be employed to obtain
head shapes that may, in the case of ultrasound or low level heat forming by a heated roll, be
more sharply defined.

In the case of non-contact melting followed by engagement by a conformation roll,
e.g. for flat-topping, steps can be taken also to limit resin flow back toward the center of the
“V?” shaped void. This is suggested by FIGs. 34 and 34A, for instance by limiting the non-
contact heating so that only the sharp tips of the M are rendered molten, while the larger
cross-sections further down the wedge-form section of the M profile are rendered
mechanically deformable but not molten. Following this, flat topping with a chilled roll
below the softening temperature or in some cases with a heated roll at or even above the
softening temperature, provides useful hooks for some applications.

By the flame heat-cold roll technique, thicker hook tips are attainable, attributable to
the non-contacted heated resin that melted and rounded under surface tension prior to the flat
topping action.

FIG. 33, the 3-D view of a quadrolobal M hook shows 2 large outer margin portion of
the hook head overhanging the base layer. More polymer on the outer head portion on the fin
is created from a perform that has more polymer on the outer portion of the fins.

According to this aspect of the invention, the more the hook heads extend past the
stem is beneficial for forming a crook for better engagement, to obtain better holding of loops
underneath the hook. A greater distance is then required for the loop to slide off when it is at

the top of the stem. When it is at the end of the stem underneath the head, a greater distance
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is required for the loop to travel around the head of the stem before disengagement hence the
loop will be held better.

The FIG. 34B top view of FIG. 34A shows the head of the hook is formed in the
cross-machine direction, and that the bulk of the polymer has indeed been pushed out to the
side.

In FIGs. 34A and 34B the @ angle is approaching 90 degrees, in this case, being high
because of the large amount of polymer pressed out to the side. Loop along the base
underneath the hook, by the stem, is at approximatelv the widest portion of the hook.
Therefore, the ® angle will be very close to 90 degrees and the tendency of the loop to slide
off will be very low.

FIG. 34A’ illustrates another hook profile that is achievable, similar to that of FIG.
34A. |

In FIG. 34G the tool ring shown is cut at a 30 degree angle, so that when one of the
rings of these figures is flipped over and two rings are placed together, they provide the
center two rings of the mold of FIG. 34F. The rings form a peak together, FIG. 34G. InFIG.
34F two outer spacer rings complete the beginning and end portion of the M profile.

In FIG. 34F, the four different rings are 40, 42, 44 and 46, ring 42 being the one
turned over 180 degrees, otherwise being the same as ring 44.

FIG. 35 shows another alternative of the M style hook in which a small rectangular
block is placed between the two halves of the M. This design provides a larger cross-
directional hook. Referring to FIG. 35A it allows more volume of polymer to be excluded
between the two hooks. When this preform formation is flat topped, even more resin is
pushed out to the sides. FIG. 36 illustrates a hook profile similar to FIG. 35A but formed in a
different manner.

In the example of Figs. 33 and 34, the stem formations may have an overall height A
from base surface to prong tip, a width F, a length X and a prong height B. In one example, F
and X are equal to 0.008 inch, A is 0.027 inch and the height B of the prong is about 0.010
inch (.025 mm).

Figs. 37 and 38 show a preform similar to that shown in Fig. 33, but trifurcated, to
provide six prongs per preform. The depth of the dpen spaces between the prongs is shown

greater in Fig. 38 than in Fig. 37. Relative to the structure shown in Fig. 33, the structures
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shown in Figs. 37 and 38 enable forming smaller engageable head features and better cross-
direction engagement. Referring to Fig. 37, the overall height A, for example, is about 0.025
inch and the cutout height C, is, for example, about 0.005 inch. Referring to Fig. 38, the
cutout height C,, for example, is about 0.009 inch.

The bifurcated quadlobal M perform of Fig. 39 is to be contrasted with the M
quadlobal of Fig. 33. Fig. 33, a perspective view, shows a four-pronged “M” hook, so-
named because of the configuration of the preformea stem from which it is formed, appears
as the equivalent of crossed M structures. In one example, the lateral extent of each fin is
about 0.007 inch, while the overall preform height A is about 0.030 inch.

Fig. 39 is similar to the preform of Fig. 33C, except each prong is longitudinally split
or bifurcated along its entire length. The resultant flat-topped loop engageable fastener is
shown in Fig. 40. The head of this fastener has a desirable, more complex edge than that of
the fastener of Fig. 33, enabling more engageable head features to be present per unit area
and also enables engagement with very small loops. Referring to Fig. 39, for example, the

dimensions may generally range as follows:

General Range Preferred Range Most Preferred
A’ 0.007 to 0.080 inch  0.010 to 0.040 inch  0.013 to 0.030 inch
B’ 0.003 t0 0.027 inch  0.004 to 0.015 inch  0.004 to 0.010 inch
c 0.002 t0 0.012 inch  0.001 to 0.008 inch  0.002 to 0.004 inch
D’ 0.001 to 0.020 inch  0.002 to 0.008 inch - 0.001 to 0.004 inch
E’ 0.002 t0 0.012 inch  0.002 to 0.008 inch  0.001 to 0.004 inch
F 0.007 t0 0.030 inch ~ 0.007 to 0.022 inch  0.007 to 0.016 inch
G’ 0.007 t0 0.020 inch ~ 0.007 t0 0.022 inch  0.007 to 0.016 inch
X’ 0.001 to 0.010inch  0.001 to 0.008 inch ~ 0.001 to 0.004 inch
H’ 0.002 t0 0.012inch  0.002 to 0.008 inch  0.002 to 0.005 inch
I= 0.002 to 0.012 inch  0.002 to 0.008 inch  0.002 to 0.005 inch

FIG. 41, a highly magnified perspective view, shows a quadrolobal hook created by
heating and pressure-heading a stem comprised of thin crossed fin features, fin 21 extending

along the cross-machine X axis and thin fin 19 extending along the machine direction, Y
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axis. These fins have been heated and reformed at their outer extremities to form hook head
18.

As shown in FIGs. 42 and 42B the stem is of a “plus sign” cross-section profile, fins
21,19 extending symmetrically along the X and Y axes in both directions from a common
intersection. The fins have the same length F, G, tﬁe same thickness B, H and the same
height L, prior to pressure-heading.

The fin profile ratio for the X axis fin is F/y and for the Y axis fin, %/p. A

The concept of this hook preform element is that with a fin ratio of greater than about
2, preferably around 2", an improved head overhang is obtainable at the end regions of the
fins.

With the stem preform of FIG. 42, such overhangs are provided in each sense in
orthogonal directions.

According to this aspect of the invention, a ratio of less than about 2 is seen generally
to result in a stem that, when heated and pressure-headed, a head of approximately the shape
of a circle centered on the center of the stem results. With a fin ratio of about 2, preferably
between 2 and 4, most preferably between about 2 1/2 and 3, the geometry differs
significantly from a square or circular cross-section stem such that when heated, surface
tension of unoriented polymer will form lobes on the ends of the fins that remain somewhat
independent, see FIG. 43, this being especially the case when non-contact heating is
employed, with immersion of the side surfaces in the hot convection gases, down to the end
of the dashed lines in FIG. 41A.

Referring to Fig. 42, dimension M denotes the stem width in the X axis and N the
width in the Y axis, A denotes the overall height, X denotes the thickness of a thin fin and D
denotes the lateral extension of each fin from its juncture with its neighbor. For example, the

dimensions may generally range as follows:
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Preferred Range Most Preferred Range
= 0.007 to 0.018 inch 0.008 to 0.015 inch
N= 0.007 to 0.018 inch 0.008 to 0.015 inch
= 0.008 to 0.035 inch 0.013 to 0.027 inch
= 0.001 to 0.006 inch 0.001 to 0.004
D= 0.002 to 0.010 inch 0.003 to 0.008

Whereas, in general, the extent of non-contact heating is pfeferably from about 15 to
25% of the total length of the protruding formation; in the special case of convective heating
with gases that, from flame combustion, can be about 1000°C, the percentage length heated
extends to 30% with good results obtainable.

The mold cavities in the mold roll are shown in FIGs. 44-49. Rings 70 and 72 are
placed face-to-face together in registry such that when viewed from a plan view down upon
the periphery of the mold ring pair, a plus sign mold shape is provided, with fin shaped
cavities of between about 2 and 3 length to thickness ratio in accordance with the provided
explanation. Many sets of rings are placed side-by-side and pressed onto a shaft, providing
an axial distribution of peripheral rows of cavities, FIG. 49. The size of the cavities and
their distribution is selected according to the needs of the particular fastening system being
constructed. Typically a slight draft angle, e.g. of 1° is employed to enable the molded fin to
readily leave its mold. As shown in FIG. 49, solid épacer rings 73 having no mold cavities
are placed between pairs of rings 70, 72. A first set of rings 70, 72 is spaced by a spacer ring
from the next set, and so on. In the mold pattern of FIG. 49 the mold cavities of adjacent
pairs are aligned axially of the mold roll.

In another set-up, an off-set pattern is employed. Adjacent pairs of rings are off-set
by 50%, as one useful pattern for enabling engagement with loops.

According to the concept of this embodiment, the plus sign cross-section stems 18
with thin fins 19, 21, when pressure-formed by conformation roll 4, will provide polymer
flow in directio s of the four lobes off the ends of the fins. For diaper applications, for
instance, where cross-machine directionality of the hook is often important due to the

orientation of the machine direction of the fastener in the diaper forming process, this can
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achieve better engagement with the nonwoven loop component of a diaper than by hooks
formed with a round or square profile cross-section design.

Fig. 50 shows a preform similar to that shown in Fig. 41, except each prong is divided
into portions, i.e., bifurcated. When flat-topped and made loop-engageable (Fig. 51), this
fastener enables formation of smaller engageable heads when compared to that shown in Fig.
41. This enables achievement of more engageable elements per unit area and also enables
engagement of very small loops. For a square cross-section, the hook density ranges from

about 500 to about 2000 hooks/in®. For example, preferred dimensions are as follows:

Preferred Range Most Preferred
A= 0.010 to 0.040 inch 0.013 to 0.030 inch
C= 0.002 to 0.010 inch 0.001 to 0.004 inch
D= 0.002 to 0.008 inch 0.001 to 0.003 inch
E’ = 0.002 to 0.008 inch 0.001 to 0.004 inch
F= 0.007 to 0.022 inch 0.007 to 0.016 inch
G = 0.007 to 0.022 inch 0.007 to 0.016 inch
X = 0.001 to 0.008 inch 0.001 to 0.004 inch
H = 0.001 to 0.008 inch - 0.002 tc 0.005 inch
= 0.001 to 0.008 inch 0.002 to 0.005 inch

Figs. 52-57 show a variety of multi-featured preforms, the corresponding fasteners
after flat-topping and the tooling that may be used to form the préforms. All of these
fasteners have small engaging heads that are highly engaging in the cross-machine direction.
Referring to Fig. 56, L, the overall lateral length of the perform, in the machine direction is,
for example, about 0.009 inch to about 0.020 inch and W, the overall dimension in the cross-
machine direction is for example, about 0.008 inch to about 0.016 inch.

Fig. 2A shows a plan view of the features described above, while Fig. 2B shows a
side view of the features u.. ussed above. The overhang of the engaging element O, and the
head thickness Ty, may be  oressed in terms of the feature width X:

O, ~ 0.3X to about 0.7X; and
Ty = 0.5X to about 1.3X,
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Preferably, X is about 0.001 to about 0.010 inch. More preferably, X is from about
0.001 inch to about 0.004 inch.

Another technique that may be used to create pronged preforms such as that shown in
Fig. 56 employs addition of material to preformed tool rings. This method begins by using
flat stock tool rings having simple cavities such as, but not limit to, rectangular cavities
formed e.g., by laser cutting through the thickness of the flat stock. Tool rings with positive
feature, Pr (i.e. added features) such as that shown in Fig. 59, are then placed face-to-face
with these flat rings. The flat surfaces of the rings and flat tool rings lay face-to-face against
one another, with the positive features Py of these rings extend into the cavities of the flat tool
rings, as shown in Fig. 59. This technique is beneficial for creatiﬁg preforms with cross-
machine direction features as well as j-style and palm tree hooks facing in the cross-machine
directions. Tool rings such as these may be built up with a high degree of accuracy because
only the highly accurately mating faces come into contact.

The features on the tool rings may be created by various techniques including
electroplating, stamping, etching, milling, EDM, étc. The electroplating option is shown in
Figs. 60-61. The flat stock tool ring, Fig.60, is first coated with a photo resist layer, Fig..61.
A mask is placed on the resist layer, Fig. 62, and is UV exposed. Exposed areas of resist are
then removed leaving the tool ring exposed in these areas, Fig. 63. Metal is then
preferentially electroplated in these exposed areas, Fig. 64. The resist is then rerﬁoved
leaving the tool ring as seen in Fig. 65. This is one illustration of the electroplating process,
it is understood there are other techniques that create similar features.

Figs. 66, 68-72 are alternative, multi-directibn, multi-pronged preforms, while Fig. 67
illustrates tooling for the preform of Fig. 66. When the corresponding fasteners are formed
from these preforms, the fasteners provide multi-directional engagement from a single stem.
The dimensions of L;, W; and X; can be, for example, about 0.010 inch to about 0.020 inch,
about 0.004 inch to about 0.009 inch, and about 0.001 inch to about 0.005 inch, respectively.
Fig. 73 is a top view of a fastener formed from the preform of Fig. 72. These have in
common thin fin constructions the ends of which form vertical features about which fibers
engage. Fig. 67 illustrates the sim:ple tooling by which diagonally extending thin fins can be

created, to provide both cross machine and machine direction effects.
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Figs. 74 and 75 are alternative, multi-direction, multi-pronged fasteners that provide
multi-directional engagement from a single stem. Employing thin fin segments formed by

tooling similar to that of Fig. 67.

Preferred Process for Production

The preform products shown can be formed by the method and apparatus illustrated
in Fig. 76. Thermoplastic resin 31 from extruder 29 is introduced into nip 32 formed
between a supporting pressure roll 34 and a mold roll 36. Pressure.in the nip causes
thermoplastic resin 31 to enter blind-ended stem formation forming cavities 38 of mold roll
36 while excess resin remains about the periphery of the mold roll and is effectively
calendared to form base sheet 12. As the rolls 34, 36 rotate in opposite directions (shown by
arrows), the thermoplastic resin proceeds along the periphery of the mold roll until it is
stripped from both the mold cavities and the roll periphery by stripper roll 40. The resulting
product has base 12 with integrally formed stem formations with sets of small features as
described above. The direction of travel of the material illustrated in Fig. 76 is referred to as
the “machine direction” (MD) of the material and defines the longitudinal direction of the
resulting preform product.

In preferred cases, the mold roll comprises a face-to-face assemblage of circular
plates or rings, some having cutouts in their periphery defining mold cavities and others
being circular, serving to close the open sides of the mold cavities and serve as spacers.

Once preform product 9 has been stripped from mold roll 36, it proceeds through
guide rolls 42 to a head shaping station where the loop engageable heads are formed as
described above.

In another embodiment, illustrated in Fig. 76, an alternate technique for producing
preform stem product 9 is employed. The process is similar to that described above with
reference to Fig. 76, except only a mold roll is used, i.e., no pressure roll is necessary. Here,
the extruder head 29 is shaped to conform to the periphery of the mold roll and the extruded
resin 31 is introduced directly to a gap iormed between the mold roll and the extruder head.
From here, the preform stems on the shc. !-form base go to the head shaping station where

the loop engageable heads are formed as described above.
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The presently preferred method for forming fastener product 10 is shown in Fig. 77.
Extruder 29 (not shown) provides a traveling molten resin strip to a roll stack comprised of
rolls 1, 2, 3 and 4, numbering from bottom to top. The plastic passes through the nip
between rolls 1 and 2. Roll 2 is a mold roll, its exposed outer surface includes mold cavities
such that the molten polymer flowing into the cavities takes on the form of the cavity and
then is de-molded to provide preform stems of substantially unoriented resin. It is one of the
features of this invention that, by the use of non-contact heating, advantage is taken of the
unoriented nature of the polymer to enable surface tension effects to act to strategically locate
and size the deformable mass of polymer so that highly desirable effects are obtainable by
the “flat-topping” i.e. press-forming action.

An array of stems integral with a backing sheet, with extent in both X and Y
directions is thus molded by roll 2, and the stems are demolded anut a take-off roller (not
shown) in making the transition to roll 3. On roll 3; close to the nip with conformation roll 4

H

the end portion of the stems pass under a non-contact heat source as a first step to create the
hook heads.

In this embodiment, the non-contact heat source is a close-lying gas burner, and the
sides as well as the ends of terminal tip portions of the prongs or other small features are
immersed in the hot gases produced by the burner. Thus the sides are rapidly heated by
convective effects as are the top portions, which also receive radiative heating. Given the
high surface area exposed to the intense heat, compared to the bounded volume of resin of
the exposed terminal portion of the structure, these small portions are rapidly melted, with
highest temperature and lowest viscosity achieved at the terminal ends.

In this condition, the stems pass between another nip created between rolls 3 and 4, in
which roll 4 presses down upon the molten polymer terminal ends and forms a flattened head
shape, to form heads of shape depending upon the characteristics of this roll and the degree
of compaction produced on the ends of the features.

Preferably, the forming roll 4 is cooled, to-remain at a temperature below the molten
polymer temperature, preferably considerably lower.

With the surface of roll 4 cooled to teruperature below the condensation temperature
of steam, and in the case of use of flame from a burner to heat the stems in close proximity to

a cooled conformation roll 4, water 250 as a combustion product from the burning gas fuel
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condenses on the roll 4 and is found to act as a release agent for promoting clean separation
of the formed heads and the surface of the roll as the headed hooks exit from under the
forming roll. (Likewise, steam or water mist may be introduced to the roll, as the case of
using non-flame radiant heating.) In such cases both the cool temperature of the
conformation roll 4 and the moisture promote clean release of the heads from the roll surface
without sticking of the heads to the roll. Best advantage is obtained by locating the point of
heating close to the roll. In preferred embodiments the tip of the burner is within one
centimeter of roll 3 and within 2 1/2 centimeters of roll 4, adjustment of the separation of the
burner from roll 3 serving as a control for the amount of convective heating obtained.

The air gas mixture of the gaseous fuel and air is introduced to the burner in
substantially stoichiometric ratio for optimum combustion, such that substantially complete
combustion occurs, producing byproducts essentialiy only of carbon dioxide and water.

The burner may have a ribbon opening extending across the width of the web, or may
comprise jet holes, the spacing between holes being closer than the distance to the heads such
that because of air entrainment a substantially uniform turbulent stream of hot gas reaches the
top portion of the features to be melted.

In one preferred embodiment a ribbon burner is used, providing a continuous line of
flame. The burner temperature is between about 1000° and 1200°C, produced with a natural
gas feed , the primary component of which is methane (CHy).

The burner face is approximately 1" wide. The web carrying the stem preform travels
at speeds in the range of 20 to 200ft/min (depending upon the product desired and operating
parameters), and so a stem preform element spends-only a fraction of a second under the
burner. In this amount of time a sufficient amount of heat is transferred into the preform
element to enable it to be deformed into a hook. Heat is transferred to the preform element
by forced convection. Heat is transferred through the tops of the small features as well as
sides. The amount of heat transferred to the preform element, is controlled by the position of
the burner relative to the elements.

Sirhple steps may be followed in set-up for such flat-topping.

L. Extrude and form a web of preform stems on a continuous backing, as

described above.
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2. Set gap position of the forming roll (Gap between rolls 3 and 4) at a
position that corresponds with desired hook height while stem forming
is occurring. At this point stems passing through the gap Wiﬂ buckle
since their tips are not being heated.

3. Turn on the burner and, step-wise, bring the burner closer to the
terminal ends of the stems. The burner position will typically vary
from 0.2" to 1" from roll 4. The flame set-up (i.e. flow conditions) is
maintained constant, so that the only variable altered is the position of

the burner with respect to roll 3.

In some cases the line speed is dependent upon the amount of heat desired to be
transferred to the stems. For instance, comparing 2 sets of stems, Group A is smaller than
Group B. Group B requires more heat per stem, and passing heat through a larger body
requires more time for heat to be transferred such that Group B may run at a speed 1/3 that of
Group A.

The mold cavities in roll 2 are formed by rings that are placed face-to-face together in
registry such that when viewed from a plan view down upon the periphery of the mold ring
pair, a plus sign mold shape is provided. Many sets of rings are placed side-by-side and
pressed onto a shaft, providing an axial distribution of peripheral rows of cavities. The size
of the cavities and their distribution is selected according to the needs of the particular
fastening system being constructed. Typically, a sﬁght draft angle, e.g. of 1°, is employed to
enable the molded prongs or other features to readily leave its mold. As shown, solid spacer
rings having no mold cavities are placed between pairs of rings.

A number of embodiments of the invention have been described. Nevertheless, it will
be understood that various modifications may be made without departing from the spirit and
scope of the invention. Accordingly, other embodiments are within the scope of the

following claims.
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WHAT IS CLAIMED IS:

1. A method of forming a fastener component having heads constructed to
engage loops formed e.g. of fibers of a mating component, comprising:

forming, from a thermoformable material, a preform product having a sheet-form
base and an array of preform stems integrally molded with and extending from the base to
corresponding terminal ends, by a process having a machine direction and a cross-machine
direction, each molded stem having at least two upright features spaced from one another in
the cross-machine direction, the features having a &msverse shape about which engaging
fibers can bend, the features having a thickness of about 0.25 mm (.010 inch) or less,

heating the terminal ends of the features to a predetermined softening temperature,
while maintaining the sheet-form base and a lower portion of each stem at a temperature
lower than the softening temperature, and contacting the terminal ends with a contact surface
that is at a predetermined forming temperature to at least assist in reforming the terminal
ends to form head portions therefrom that overhang the sheet-form base sufficiently to
engage loops, the geometry and material of the preform product and the condition of
reforming the terminal ends of the upright features being so related that the formed head
portions are capable of peel-resistant engagement with loops formed by fibers of thin or

ultrathin nonwoven fabrics.

2. The method of claim 1 in which said upright features extend straight, not

overhanging the base layer.

3. The method of any of the foregoing claims in which each molded stem also

has at least two upright features spaced from one another in the machine direction.

4. The method of claims 1, 2 or 3in which the molded preform stems have

substantially parallel side surfaces on all sides.

5. The method of claim 4 in which the parallel sides extend perpendicular to the

sheet form base.
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6. The method of any of the foregoing claims in which said thickness is about
0.20 mm (.008 inch) or less.

7. The method of any of the foregoing claims in which said htickness is about
0.1 mm (0.004 inch) or less.

8. The method of any of the foregoing claims in which the molded stems are of
substantially “M” or crossed “M” profile, the inverted V tips of the “M” profile being said
upright features.

9. The method of any of the foregoing claims 1-4 in which the molded stems are
of substantially thin fin or crossed thin fin form, the lateral ends of the fins comprising said

upright features.
10. The method of claim 8 or 9 in which said molded stems are bifurcated,
trifurcated or otherwise effectively divided into multiple segments each having a terminal

portion to be deformed.

11.  The method of any of the foregoing claims 1-7 in which the molded stems
carry upwardly directed, spaced apart prongs that define said upright features.

12.  The method of claim 11 in which at least one prong has dimensions different

from another prong selected to form a different head shape.

13.  The method of claim 12 in which at least one prong has a terminal end spaced

further from said sheet form base than another prong.

14.  The method of claim 12 or 13 in which at least one prong has a transverse

dimension different from another prong.
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15.. The method of any of the claims 11-14 in which a stem has at least three

prongs arranged along at least one direction.

16.  The method of any of the claims 11-151 in which a separate fiber-engaging

head is formed on the terminal end of each prong.

17.  The method of any of the claims 11-15 in which head portions of a group of at

least two neighboring prongs are coalesced to form portions of a single head.

18.  The method of any of the claims 11-15 in which head portions of substantially

all prongs of a stem are coalesced to form portions of a single head.

19.  The method of any of the claims 11-18 in which in transverse cross-section

the prongs have a rectangular profile.

20.  The method of any of the claims 11-18 in which in transverse cross-section

the prongs have a round profile.
21.  The method of any of the foregoing claims in which at least one of said
upright features or prongs is shaped and arranged to be displaced laterally during formation

of said heads or head portions

22.  The method of any of the foregoing claims in which the terminal end of the

features are heated by non-contact heating.

23.  The method of claim 22 wherein said non-contact heat source comprises a

convective heat source.

24.  Themetho¢ fclaim 23 wherein the convective heat source comprises a

flame.
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25.  The method of any of the foregoing claims, wherein the preform stems and the

features thereon are formed from a synthetic polymer, the polymer being moleculaﬂy

unoriented.

26.  The method of any of the foregoing claims, wherein the step of heating the
terminal ends of the features to a predetermined softening temperature forms ball-like

configurations at the terminal ends of the stems.

27.  The method of any of the foregoing claims wherein the temperature of said
contact surface is sufficiently low that said thermoformable material does not adhere to the

contact surface.

28.  The method of any of the preceding claims wherein water, water of

combustion or steam is introduced to the contact surface to provide a non-adhering agent.

29.  The method of any of the foregoing claims in which the reforming is

performed with a cool roll that sets the form of said heads or head portions.

30.  The method of any of the foregoing claims in which the terminal ends are

super heated and the resin flows into the final form of said heads or head portions.

31.  Atouch fastener, the touch fastener comprising:

a plurality of molded stems extending outwardly from, continuous with and
substantially perpendicular to a sheet-form base, a stem comprising:

a stem base, the intersection of the stem base and the sheet-form base defining a base

region,

a central portion,

a top surface, and

a plurality of upright featurcs having loop engageable head positions, the loop

engageable portions extending outwardly from and continuous with the upright

features, in a direction parallel to the sheet-form base; and
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wherein substantially only the loop engageable elements overhang the sheet-form base.

32.  The touch fastener of claim 31, wherein the upright features are prongs that
extend from the top of the stem.

33.  The touch fastener of claim 31, wherein the upright features are spline-like

formations that extend transversely from the central portion of the stem.

34.  The touch fastener of any of the foregoing claims 31-33 in which there are at

least four of the features associated with a stem.

35. The touch fastener of claim 31-33 in which there are more than four of the

uprightfeatures associated with a stem.

36. A method of making a touch fastener, the method comprising:
molding a plurality of stems extending outwardly from, continuous with and
substantially perpendicular with a with a sheet-form base, the stems comprising:
a stem base, the intersection of the stem base and the sheet form base defining a
region,
a central portion,
a top surface, and
a plurality of upright features extending outwardly from and continuous with the
central portion,
wherein the features do not overhang the base end forming loop engageable elements at the

top of the features.

37.  The method of claim 36, wherein the features comprise a multiplicity of

prongs that extend from the top of the stem.

38.  The method of claim 36, wherein the features extend radially from the central

portion of the stem.
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39.  Tooling for performs comprised only of substantially vertical cut surfaces

defining multiple upright features on a stem that are directed in the cross machine direction.

40 Preforms for forming loop engageable hooks having the forms and the

5 dimension ranges disclosed.
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