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FASTENERS ENGAGEABLE WITH LOOPS
OF NONWOVEN FABRICS AND WITH
OTHER OPEN STRUCTURES, AND
METHODS AND MACHINES FOR MAKING
FASTENERS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

[This application is a continuation in part of U.S. Ser. No.
09/870,063, filed May 30, 2001, now U.S. Pat. No. 6,708,378,

which 1s a divisional of U.S. Ser. No. 09/231,134, filed Jan.
15, 1999, now U.S. Pat. No. 6,248,276. This application 1s
also a continuation 1n part of U.S. Ser. No. 09/808,395, filed
Mar. 14, 2001 pending.] This application [also] claims prior-
ity [from] wunder U.S. Provisional Application Ser. No.
60/295,937, filed Jun. 4, 2001. The entire contents of [each
of] the foregoing are hereby incorporated by reference.

TECHNICAL FIELD

This invention relates to touch fasteners commonly known
as hook and loop fasteners and to self-engaging fasteners. In
many aspects 1t deals with the particular case 1n 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 1in openings of a female component, 1n particular
to loops formed by fibers of a nonwoven female component.
The mvention more particularly relates to stem and head
formations of the male elements that promote loop engage-
ability and to methods and machines for their manufacture,
and their use. In other aspects the ivention relates to manu-
facture of male fastener members per se, with application for
instance to so-called self-engaging fasteners as well as to
hook and loop fasteners. The invention 1n some respects, also
relates to specific products of which the following 1s one
example.

Attachment strips for window screens have been formed
of, among other things, the male component of a hook and
loop type fastener. To secure the screen, the male fastener
clements are mserted through the openings of the mesh mate-
rial and engage the sides of the mesh openings. It 1s desirable
that the engagement between the male fastener elements and
the mesh openings provide good peel strength, so that the
screen 1s not detached by wind, and that the attachment strip
be mnexpensive and relatively attractive.

There 1s a general need for male fastener components for
hook and loop fasteners that provide good peel and shear
strength properties 1n desired single or multiple directions
that are relatively inexpensive to manufacture, and a specific
need for male fastener components that can function with low
cost nonwoven loop materials.

There 1s also a need to be able to produce male fastener
products having differing functional characteristics consis-
tently and efficiently, using techniques that require limited
changeover 1n basic tooling, yet allow for adjustments to
produce the desired fastener characteristics.

Furthermore, 1t 1s especially desirable to extend the use of
hook and loop fastening systems into fields of low cost prod-
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ucts 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. There are many other recognized low-cost product
areas to which such fasteners would be applicable.

In particular 1t 1s desirable to obtain good engagement of
the male member of the fastening system with low cost non-
woven loop products, which are characterized by their thin-
ness and the low height to which their loop-defining fibers
extend.

“Good engagement™ 1n some nstances means engaging a
large percentage of hooks with low-lying loops.

“Good engagement” 1n other applications often requires
more, as 1n the case of fasteners for diapers. In such instances
the hook component must exhibit strong “peel” resistance
when engaged with thin, low cost loop matenials.

With such materials, effective loop height does not permit
transition of loading from the hook head to the hook stem
during peeling action, as does occur with expensive loop
products that have higher loop height. For this reason there
are special problems to be addressed with hooks for thin loop
structures 1n addition to the need to reduce the cost of the hook
component.

To explain the peel considerations more fully, in a hook and
loop type fastener, “peel strength” 1s the resistance to strip-
ping of one component from the other when a force normal to
their mating surtaces 1s applied to the extremity of one of the
components. Such peeling force on the component causes i1t
to flex and progressively peel from the other. It 1s desirable to
have such 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
required.

When the loop element 1s thin, as 1s usually the case for
low-cost female fasteners, the structure of individual loops 1s
very short and low-lying. In this condition, with application
ol a peel force, the loop exerts a force on the hook, which 1s
essentially perpendicular to the sheet-form base and parallel
to the stem of the individual hooks. Consequently the force 1s
applied 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 1ts full length before 1t can exert a significant force on
a hook. As this occurs, the base webs to which the hooks and
loops are attached are enabled to tlex away from each other
(see FI1G. 23Y) so that at the point of separation of hooks from
such loops, the mated components are no longer face to face.
Theretfore the angle at which a loop exerts 1ts force on a hook
1s less than perpendicular. The longer the loop length, the
more that angle diminishes. As a result, with a long loop
component, the force not only acts on the head of the hook,
but also on 1ts stem. For very long loops, most of the resis-
tance force 1s on the stem during peeling action.

The consequence 1s that for short loops, the hook head must
be strong and provide much of the resistance to peel separa-
tion, while for long loops, a short rigid stem with a slight head
overhang 1s suificient to give high resistance to peel separa-
tion. Therefore, 1n many instances, 1 order to expand and
improve the use ol thin and inexpensive loop components, the
hook head geometry must be improved to increase strength of
engagement and produce an acceptable closure.

In many cases it 1s desirable to form the male hook mem-
bers for use with short loop material by molding an array of
stems integrally (1.e. monolithically) with a common base,
and subsequently to post-treat the stems by a pressed forma-
tion step to form loop-engageable heads. In many 1nstances 1t
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1s desired to use continuous processes that act 1n a given
machine direction, but to find a way to do this so as to achieve
a hook product that has good peel strength characteristics
when the user applies peel forces at a substantial angle to the
machine direction, and in many cases at right angles, e.g., in
the cross-machine direction.

SUMMARY OF THE INVENTION

In many aspects, the present invention employs a method
of forming a fastener that includes: (a) forming, from a ther-
moformable material, a preform product having a sheet-form
base and an array of preform stems and upper structures
integrally molded with and extending from the base to corre-
sponding terminal ends; (b) heating the terminal ends of the
stems or structure provided above the stems to a predeter-
mined 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 1s at a predetermined
forming temperature, to reform the terminal ends to form
heads therefrom that overhang the sheet-form base sudilfi-
ciently to engage loops, the geometry and material of the
preform structure and the condition of reforming the terminal
ends of the structure 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 methods of this aspect of the invention include
one or more of the following features. The heating 1s per-
formed by a non-contact heat source, preferably a convective
heat source as by combustion products of a flame. The poly-
mer of the stem or structure i1s unoriented and 1s melted 1nto a
ball-like configuration. The forming temperature 1s sudfi-

ciently low or other conditions are provided so that the ther-
moformable material does not adhere to the contact surface.
Water of combustion or steam 1s introduced to the contact
surfaces as a non-adhering agent. The forming temperature 1s
lower than the softening temperature. The contact surface
comprises the cylindrical surface of a roll. The contact surface
1s cooled to maintain the forming temperature during step (c).
In step (c), the heads that are formed are substantially disc-
shaped or mushroom-shaped. The thickness of each disc-
shaped head 1s from about 5 to 15% of the equivalent diameter
of the disc, or, 1n the special case of convective heating of the
sides of the terminal structure as well as the ends, as by hot
combustion products, up to about 33% of the equivalent
diameter of the disc. The head has a substantially dome-
shaped surface overhanging the base. Step (a) includes mold-
ing the stems 1n molding cavities ina mold roll. In step (b), the
region extends from the terminal end towards the base a
distance equal to from about 15 to 25% of the total distance
from the terminal end to the base, or, in the special case of the
convection heating mentioned, up to about 30% of that dis-
tance. The contact surface has a surface finish selected from
the group consisting of dimpled, smooth, textured, and com-
binations thereof. The surface finish comprises dimples or
other formations that are small relative to the size of the disc
or head, discrete and separated 1n both the X andY directions
and the contact surface includes a density of dimples or other
formations per unit area of the contact surface that 1s greater
than or equal to the density of stems per unit area of the base
and especially for the said small discrete formations for modi-
tying the under-structure of the discs through transformation
of displacement through the thickness of the disc, the rela-
tively small discrete formations number between about 3 and
15 per disc or head. During step (c), the dimples are 1n at least
partial registration with the stems.
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In other aspects, the present invention employs a method of
forming a fastener that includes: (a) forming a plurality of
stems extending from a common base to a terminal end struc-
ture from a thermoformable material; (b) heating a region of
the terminal end structure to a predetermined soitening tem-
perature, to soften the matenal in the region, while maintain-
ing the remaining portion of the stems at a temperature lower
than the softening temperature; and (¢) contacting the termi-
nal ends with a contact surface to form heads at the terminal
end of the stems, at least a portion of the contact surface
having a sufficiently rough texture to impart a loop-engaging
surface roughness to at least a portion of the heads.

Preferred methods include one or more of the following
teatures. The contact surface comprises the cylindrical sur-
face of a roll. The contact surface has a sandpaper-like tex-
ture. The contact surface has a surface roughness (rugosity) of
about 10 to 200 microns. The contact surface defines a plu-
rality of dimples. The contact surface includes a density of
dimples per unit area of the contact surface that1s greater than
or equal to the density of stems per unit area of the base. The
surface roughness imparted to the heads 1s sufficient to
increase the peel strength of the fastener by from about 10 to
100%. The contact surface 1s so related to the thickness and
nature of the heads bemg formed that contact with the upper
surface of the heads 1s effective to transmuit the effect through
the resin thickness of the heads suificiently to impart a degree
ol texture or surtace roughness to the peripheral edge of the
head or the undersurface of the head or both, 1n regions
contacted by loops during hook-to-loop engagement. Prefer-
ably, the contact of the conforming surface with the head
imparts discrete depressions distributed 1 X or Y or both
directions and numbering in the range between about 3 and 15
depressions per head.

According to some aspects of the invention there 1s a fas-
tener element including an elongated stem extending and
molded integrally with a substantially planar base, and a head
disposed at a terminal end of the stem, at least a portion of the
head having a rough surface having a sandpaper-like surface
texture.

Preferred fastener elements include one or more of the
tollowing features. The rough surface has a surtace roughness
(rugosﬂy) of from about 10 to 200 microns. Therough surface
has suilicient surface roughness to increase the peel strength
of the fastener by from 10 to 100%. The head 1s substantially
disc-shaped or mushroom-shaped.

According to some aspects of the ivention there 1s an
attachment strip for attaching a mesh screen to a surface. The
attachment strip includes (a) a substantially planar base; (b) a
plurality of elongated stems extending from the base; and (c)
a plurality of heads, each head being disposed at a terminal
end of one of the stems. According to one aspect of the
invention, at least a portion of the heads have a rough surface
having a sandpaper-like surface texture.

The term “softening temperature,” as used herein, refers to
a temperature at which the thermoformable material can be
formed by a surface pressed against 1t and includes the melt-
ing temperature as well as lower temperatures at which defor-
mation and tlow of the material can occur.

The term “disc-shaped”, as used herein, refers to a shape
having top and bottom surfaces, at least a portion of the top
surface being substantially parallel to a corresponding por-
tion of the bottom surface, and having a thickness that 1s
substantially less than its equivalent diameter. “Equivalent
diameter” means (a) for a circular disc, the actual diameter,
and (b) for a disc having a non-circular shape, the diameter of
a circular disc having the same thickness and surface area as
the non-circular disc. When viewed from above, the disc-
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shape may be substantially circular, irregular 1n shape but
approximately circular, or non-circular, €.g., square or cross-
shaped. The disc-shape may be flat, or may have other shapes
such as domed, wavy, or pyramidal.

The term “mushroom-shaped”, as used herein, refers to
any shape having a domed portion, with the exception of a
complete sphere.

The phrase “loop-engaging surface roughness™, as used
herein, means a degree of surface roughness that 1s sufficient
to “catch” on a loop fastener element and provide a partial,
momentary engagement therewith.

The term “sandpaper-like”, as used herein, means a surface
roughness akin to the surface texture of sandpaper.

The fastener elements of the invention have a head geom-
etry that advantageously provides a strong attachment to a
female fastener component. The fastener elements are par-
ticularly well adapted for use 1n fastener tapes for attaching an
insect screen to a window frame, as the head geometry pro-
vides a strong engagement with the mesh of the insect screen.
Insect screen fastener tapes of the imnvention exhibit good peel
strength and thus good resistance to detachment due to wind.
The methods of the invention allow the fastener elements to
be manufactured using a relatively simple and economical
process.

Other and very important aspects of the present invention
g0 beyond window screening to provide male fastener ele-
ments capable of improved engagement with loops formed by
fibers of thin nonwoven materials, or with other open struc-
tures.

In one aspect of the mmvention, a method of forming a
loop-engaging touch fastener product includes forming, from
a thermolormable material, a preform product having a sheet
form base and an array of preform stem formations integral
with and extending from the base to corresponding terminal
ends, each of the stem formations including a first portion
joined to the base and a terminal second portion extending,
from the first portion to a terminal end, there being a discrete
transition to alesser cross-sectional area in the second portion
relative to the first portion according to cross-sections taken
parallel to the sheet-form base; and deforming substantially
all of the second portions of at least some of the stem forma-
tions to form, for each portion so deformed, an opening-
engaging feature, especially a loop-engageable feature, over-
hanging the sheet-form base sheet while leaving the first
portion substantially as-molded.

Preferred methods include one or more of the following
teatures. The discrete transition begins at a distance from the
sheet-form base at least haltf way to the terminal end of the
stem formation. The discrete transition includes a substantial
decrease 1n the cross-sectional area of the second portion
relative to the first portion of the stem formation.

In another aspect, the invention provides a hook fastener
preform product for subsequent formation of aloop-engaging,
hook fastener product, the preform product including a base
sheet having a surface of thermoplastic resin; and a plurality
of stem formations formed integrally (1.e., monolithically)
with the surface of the base to protrude therefrom. Each of the
protruding formations includes a first, stem portion intersect-
ing the surface and a second portion extending from the first
portion to a distal end, to define a height of the formation
relative to the surface. An mtersection of the first and second
portions occurs at a distance from the surface equal to at least
half the height of the formation, the intersection defining a
discrete transition 1n structure of the tormation, wherein the
second portion 1s selected to improve the formation of the
head or disc of the fastener, e.g., to be more susceptible to
deformation energy than the stem portion, for instance being
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reduced 1n mass to form a disc or head of reduced thickness,
or to be more easily pre-conditioned for being formed into a
head, or to be formable 1nto a head structure that has improved
loop engagement properties, especially resistance to peel
when engaged with loops formed by short or low lying fibers
of a thin nonwoven loop material. Variations of this aspect of
the mvention may include an area of any cross-section of the
second portion taken parallel to the surface being less than an
area ol any cross-section of the stem portion taken parallel to
the surface, or outermost (1.e., distal) cross-sections having,
area less than half, or preferably less than one fourth or less of
the area of the first, stem portion.

In another aspect, the invention provides a hook fastener
preform product for subsequent formation of a loop engaging
hook fastener product, the preform product including a base
sheet having a continuous length, a width and a surface of
thermoplastic resin; and a plurality of stem formations
formed integrally with the surface to protrude therefrom, each
of the protruding formations including a first, stem portion
intersecting the surface and a second portion extending from
the first portion to a central peak to define a height of the
formation relative to the surface, wherein longitudinal edges
of the second portion are tapered relative to longitudinal
edges of the first stem portion toward the central peak. Varia-
tions of this aspect of the invention may include each stem
formation having lateral edges that taper from the first portion
continuously to the terminal end of the protruding formation,
a stem having an “M” shape or an “A” frame house configu-
ration being examples, only.

In another aspect, the mvention provides a hook fastener
preform product for subsequent formation of aloop-engaging
hook fastener product, the preform product including a base
sheet having a continuous length, a width and a surface of
thermoplastic resin; and a plurality of stem formations
tformed integrally with the surface to protrude therefrom, each
of the protruding formations including a first stem portion
intersecting the surface and a second portion extending from
the first portion to define a height of the protruding formation
relative to the surface, wherein the second portion comprises
a first peak along a first longitudinal edge, a second peak
along a second longitudinal edge and a central valley devoid
of resin therebetween.

Vanations of this aspect of the invention may include each
protruding formation, e.g. i the form of a thin fin, having
opposite lateral edges that taper continuously from the first
portion to the terminal end of the formation, for instance, to
describe the configuration of the letter “M.” In another case
the preform product comprises elfectively, one halfl of the
foregoing geometry, 1.€., a peak 1s located at a first longitudi-
nal edge of this fin and a relatively low region 1s at the
opposite longitudinal edge. In preferred embodiments of this
aspect, the protruding formation has an “M” or an half “M”
shape 1n which the height of the formation decreases linearly
from the one or both peaks to the lowest part of the top of the
structure.

In another aspect, the invention provides a hook fastener
preform product for subsequent formation of a loop engaging
hook fastener product, the preform product including a base
sheet having a continuous length, a width and a surface of
thermoplastic resin; and a plurality of stem formations
tormed integrally with the surface to protrude therefrom, each
of the stem formations including a first stem portion inter-
secting the surface and a second portion extending from the
first portion to define a height of the protruding formation
relative to the surface, wherein the first portion comprises a
first cylindrical shape of a first diameter, and the second
portion comprises a second cylindrical shape of a second
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diameter, the second diameter being smaller than the first
diameter. Varniations of this aspect of the invention may
include the second portion being concentric with the {first
portion.

In the foregoing references to “second portion,” 1t will be
understood that the second portion may itself be formed of
multiple portions.

According to another aspect of the invention, a new way to
manufacture hook products for these and other purposes 1s
achieved by selection of forming conditions to form heads on
pre-molded stems or protruding structures, that provide a
localized molten mass of the hook resin such that the action of
surface tension on the molten mass causes the mass to so
overhang a cross-machine extremity of the distal end of the
stem, that, when deformed by a conforming surface, such as
that of a forming roll, the molten resin 1s formed into a
generally flattened, thin head at a cross-machine extremity of
the stem. In preferred embodiments, non-contact heating
action melts the distal ends of the preformed structures, and
the forming surface 1s maintained at a lower temperature than
that of the molten resin. Also in preferred embodiments, the
surface of the forming roll carries molding formations that
produce irregular edges or contours to the heads being formed
that promote engagement and holding of fiber loops after
engagement.

According to another aspect of the invention, a method of
manufacturing a hook component for a hook and loop 1as-
tener 1s provided comprising (a) providing a continuous
length of a preform stem component of thermoformable resin,
the component having a base layer from which extend a
plurality of preformed stems with thermoformable extremi-
ties of predetermined geometry, the stem component having a
machine direction, (b) heating said deformable extremaities of
said stems to provide on each a localized molten mass of resin
which, under action of surface tension, so resides on the
respective stem as to overhang a cross-machine extremity of
the stem, and (¢) deforming the molten mass with a forming,
surface 1n manner to produce a generally tlattened, thin head
at the cross-machine extremity of the stem, (d) steps (a),(b)
and (c¢) being so conducted as to produce a loop engageable
head defining, in a plan view, a general contour having a
peripheral arc AB parallel to the base of the preform compo-
nent, the head having an overhang aspect ratio OAR, defined
as the ratio of the chord of the arc AB and the height “h™ of the
line perpendicular to said chord lying at the furthest point of
the arc from the chord, OAR=AB/h, where the chord of the
arc lies 1n the plane which defines the cross-machine extrems-
ity of the stem and 1s parallel to said machine direction, the
chord lying 1n or being tangent to the surface of said stem that
defines the cross-machine extremity of the stem, said aspect
ratio OAR being less than 3.5, preferably about 2.

According to another aspect of the invention, a hook com-
ponent for a hook and loop fastener 1s provided comprising a
base layer from which extend a plurality of stems having
respective loop-engageable heads, at least some of the heads
cach having a general contour, in plan view, that has a periph-
eral arc AB parallel to the base, the head having an overhang
aspect ratio OAR, defined as the ratio of the chord of the arc
AB and the height “h” of the line perpendicular to said chord
lying at the furthest point of the arc from the chord,
OAR=AB/h, where the chord of the arc lies in the plane which
defines the cross-machine extremity of the stem and 1s paral-
lel to said machine direction, the chord lying in or being
tangent to the surface of said stem that defines the cross-
machine extremity of the stem, said aspect ratio OAR being,
less than 3.3, preferably about 2.
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The foregoing method or the hook component may have
one or more of the following features.

The head has a vertical head thickness, down to its loop
engaging region, ol no more than about 0.015 inch.

The combined height of each stem and 1ts respective head,
measured from the base layer, 1s no more than about 0.055
inch.

The footprint area of each head 1s no more than about
4.30x10™* square inch.

The stem preform comprises a thin fin projecting from said
base, said thin fin having a cross-machine component of
orientation of at least about 45 degrees, the fin characterized
by a length from the cross-machine extremity of the projec-
tion, along the length of the projection, that 1s greater than
about twice the thickness of the fin, the length and thickness
being measured at right angles in a plane parallel to the plane
of the base of the hook component.

Another aspect of the invention 1s a hook component for a
hook and loop fastener comprising a base layer from which
extend a plurality of stems having respective loop-engageable
heads, the heads overhanging a cross-machine extremity of
the respective stems, the component having a machine direc-
tion, the stem comprising a thin {in projecting from said base,
said thin fin having a cross-machine component of orientation
of at least about 45 degrees, the fin characterized by a length
from the cross-machine extremity of the projection, along the
length of the projection, that 1s greater than about twice the
thickness of the fin, the length and thickness being measured
atright angles in a plane parallel to the plane of the base of the
hook component.

Methods or products featuring the thin fin may have one or
more of the following features.

The length of the fin 1s at least 2% times 1ts thickness.
The length of the thin fin extends in the cross-machine
direction.

The stem preform, or the stem, as the case may be, 1s
double-ended, there being a said length of thin fin extending
inwardly 1n opposite directions from cross-machine extremi-
ties on opposite ends of the stem preform or stem.

According to other aspects of the invention, 1t 1s further
found that important special geometries of molded preform
clements, and selected techniques of head forming, are etiec-
tive 1n achieving important advantages 1n this context, and
more generally.

According to one particularly important aspect of the
invention, the molded stem preform comprises a thin fin
projection having a signmificant cross-machine component of
orientation, the thin fin characterized by a length from the
cross-machine extremity of the projection, along the length of
the projection, that 1s greater than about twice the length and
thickness being measured at right angles in a plane parallel to
the plane of the base of the hook component, preferably, such
length being 1n the range of about 22 times such thickness, to
less than 3 times such thickness.

Maximum length of the fins 1s not dictated by melted
configuration considerations.

Preferred aspects of this aspect have one or more of the
tollowing features.

A stem preform 1s double-ended, 1n that there 1s such a
length of thin fin extending inwardly 1n opposite directions
from cross-machine extremities on opposite ends of the pre-
form member. The stem preform has a stiffening feature that
serves to stitlen the preform from columnar collapse during
application of postforming force. In certain preferred
embodiments the stiffening feature has a height that 1s less
than that of the thin fin, such that, 1n some embodiments, 1t 1s

not reformed during the post-forming action, or, in other
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embodiments, 1s not reformed to the degree to which the
cross-machine extremity of the thin fin 1s reformed. In other
embodiments, the strengthening projection itself comprises a
thin fin having a length greater than about twice 1ts thickness,
or more, measured 1n the same manner as above, and prefer-
ably has the other preferred attributes of thin fins mentioned
above. In certain preferred embodiments, the stem has mul-
tiple thin fins, for nstance 1t 1s of cross or plus sign form,
having four projections from a central region, or 1t can have,
e¢.g., three or five projections, each having the described thin
fin form. In some cases the pairs of oppositely extending fins
are aligned with the cross-machine and machine directions,
while 1n other embodiments all projections form acute angles
with those directions.

Another 1important feature of the invention 1s a thin fin stem
preform as described which has 1ts direction of elongation set
at an acute angle to the machine direction, for instance 30 or
45 degrees, but has an end surface at its cross-machine
extremity that 1s generally aligned with the machine direc-
tion. In certain preferred embodiments this cross-machine
extremity 1s defined by a planar end face that 1s perpendicular
to the base of the hook component and aligned with the
machine direction, preferably this fin-shaped preform ele-
ment having long sides that are generally of planar, parallel
form, the preform terminating at one corner at the cross-
machine extremity with a horizontal profile included angle of
substantially less than 90 degrees, for instance 45 degrees. In
certain preferred embodiments, the horizontal cross-section
of the entire stem 1s of parallelogram form, in which each
cross-machine extremaity of the profile ends 1n a stem portion
defining an included angle of substantially less than 90
degrees, e.g. as little as 45 degrees. In another embodiment,
the profile of the stem 1s defined as two thin fins of such
profile, set at substantial angles to each other, e.g. at 90
degrees, to form a cross of the two parallelograms. In other
cases an X, Y array of such preform elements includes bands
in which the parallelogram profiles have a first orientation and
bands, preferably bands alternating with the first-mentioned
bands, having the opposite or mirror 1mage orientation.

Another aspect of the invention employs a thin {in preform
element, which, at least in the cross machine direction, has the
profile of an “M” with vertically straight sides at the cross-
machine extremities, and, effectively a “V”’-shaped cut out in
its central region that 1s devoid of resin, so that the outermost
portions of the preform element are tapered from an outward
point to horizontal cross sections of increasing area moving,
toward the base. With this form, as melting progresses, as
when heated by a non-contact heat source, the molten resin
preferentially tflows over the edge of the straight side to form
a molten mass overhang at the cross-machine extremity. This
mass later 1s formed to provide the desired loop-engaging,
shape.

In preferred embodiments of these aspects: non-contact
heating 1s accomplished principally by convection heating,
preferably by the hot gaseous combustion products of a close-
approaching gas flame; the forming surface that engages the
molten surface has a molding surface that imparts a degree of
roughness or shaped profile to the outer surface at the periph-
cral edges of the head that 1s formed, of size and shape
enabling telegraph of the disturbance through the mass of the
overhanging portion to provide a degree of rregularity, tex-
ture or roughness on loop-engaging surfaces of the overhang-
ing head, for instance the peripheral edges of the head’s
under-surfaces, that promote retention of the loop on the hook
under peel conditions.

Other aspects of the invention comprise hook manufacture
employing stem preform products of the geometries
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described, employing non-contact heating, enabling forma-
tion of advantageously sized and/or located rounded masses
of molten resin, followed by engagement of the masses with
a forming surface.

In preferred embodiments a step 1s employed to prevent
sticking or adherence of the formed head to the forming
surface during disengagement. Embodiments of the invention
include maintaining the forming surface cooler than the
ambient boiling or condensation temperature of water and
introducing water or steam to that surface. In one important
embodiment, the mode of non-contact heating 1s by immers-
ing the terminal end portions of the formations 1n the tlow of
hot combustion products of a close-approaching gas flame 1n
such manner that water of combustion condenses on the
cooled forming roll and performs an anti-adhesion function.

Another aspect of the mvention involves “superheating’™ a
preform element by a non-contact heat source 1n advance of
press-forming the heated resin mass with a relatively cool
forming surface, such that, following such press forming,
under the mfluence of gravity and/or surface tension, further
forming movement of the resin occurs belfore stabilizing, e.g.
to form a self-engaging male fastener formation, as in the case
of mushroom formations, or a loop engaging structure, as 1n
the case of heads with a “J” profile.

In preferred embodiments the amount of such “superheat-
ing’” 1n relation to heat loss at the forming surface, which 1s
preferably a cooled roll, ensures that the retained heat main-
tains the resin suiliciently heated to enable the mass to flow
into the form of a mushroom, or 1n other embodiments, 1s
suificient to enable peripheral portions of the formed mass to
droop or seli-deform to form a “J” like profile, before solidi-
tying.

In preferred embodiments of this feature the resin for thus
forming a mushroom structure following press-formation 1s
low density polyethylene or other resin having a low heat-
deflection temperature, and for so forming a “J” like profile,
the resin 1s high density polyethylene or nylon or resins of
similar higher heat deflection temperatures.

Another important aspect of the invention 1s the realization
that the property of molecular orientation of the resin of
preformed stems itended for subsequent heat forming, con-
trary to thought of others 1s not a necessity and indeed can
advantageously be avoided with desirable effects. It 1s real-
1zed that pre-heating a non-oriented resin projection enables
a mass ol molten resin to form as a ball, dependent on the size
and shape of the resin formation melted, and that the physical
location of this ball can be advantageously selected and con-
trolled by pre-design of the protruding structure, so that a
subsequent press forming (1.e. flat-topping) of the molten
resin can distribute the resin to a desired final shape; or a
desired distribution geometry, in the case of super-heated
resin, such that gravity and/or residual surface tension effects
accomplish a further desired deformation. In certain situa-
tions, further cooling, or even further surface pressing can be
employed for determining the final shape.

In preferred embodiments, the sequence 1s preheating to
super-heat condition by convection, preferably by immersion
in combustion products of a gas flame, flat-topping with a
cooled roll to produce a desired areal distribution of the resin,
and allowing the elements to further form from the distributed
shape by action of gravity and surface tension. This 1s fol-
lowed by air cooling or engagement with a further cooled roll.
In some cases, at this point, the product may be engaged by a
heated roll to finalize the conformation or surface texture of
the product.

Another aspect of the invention concerns convection heat-
ing of preform elements, employing a distributed gas flame.
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The luminescent flame 1s positioned to immerse side surface
of terminal portions of the preform elements as well as the end

surfaces, 1 hot combustion products of the gas flame, at
temperature of the order of 1000° C., to achieve rapid heating,
of the elements and enable the elements to proceed at high
production rate through the subsequent press forming (or
“flat-topping™) stage.

In preferred embodiments the press forming surface 1s
maintained at a temperature below condensation temperature
of water, in preferred cases 1n the range of between about 5°
and 60° C., preferably 10° and 45° C. and most preferably of
about 25° and 30° C., and the surface 1s exposed to the
combustion products of the flame to cause condensation of
water over the forming surface 1n quantity to enhance release
of the resin from the forming surface after the forming action.
Preferably the forming surface 1s a chilled conforming or
pressing roll.

In the case of using a heated pressing roll following pre-
heating with convection heating as described, anti-adhering,
material 1s provided at the interface between the forming
surface and the resin. In preferred embodiments the material
comprises a Teflon or other anti-stick coating of the forming
surface, injection of water or steam to the intertace, or both. In
this manner, the speed of operation of the process may be
increased while still using developed tooling that employ hot
rolls or other heated forming surfaces.

In yet another aspect of the invention, a method of forming
a loop engaging fastener product includes providing a pre-
form stem product having a plurality of stems, each of which
rises 1rom a base to a distal end and contacting the distal end
of at least some of the stems with an ultrasonic horn to form
loop engaging heads.

Variations of this aspect of the invention may include one
or more of the following features. The ultrasonic horn 1is
rotating while contacting the distal end of at least some of the
stems. The preform stem product 1s mmtroduced between a gap
formed by the ultrasonic horn and an anvil and the gap 1s s1zed
to cause the distal ends of at least some of the stems to contact
the rotary horn. The anvil 1s rotating.

The details of one or more embodiments of the invention
are set forth 1n the accompanying drawings and the descrip-
tion 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 1s a side view of a fastener including a fastener
clement according to one embodiment of the invention. FIG.
1A 1s a top view of the fastener element, with the stem portion
shown 1n phantom lines. FIGS. 1B, 1C and 1D are top views
of fastener elements according to alternate embodiments of
the invention; these fastener elements have the same profile,
when seen from the side, as that shown 1n FIG. 1.

FIG. 2 1s a side cross-sectional view of a fastener element
according to an alternate embodiment of the invention. FIGS.
2A and 2B are top views of fastener elements according to
alternate embodiments of the invention; these fastener ele-
ments have the same cross-sectional shape as that shown in
FIG. 2.

FIGS. 3 and 3A are side cross-sectional views of fastener
clements according to other alternate embodiments of the
invention. FIGS. 3B and 3C are perspective views of fastener
clements according to other alternate embodiments of the
invention.

FI1G. 4 1s a front view showing a fastener element of FIG. 1
or FIG. 2 engaged with the mesh opening of an 1nsect screen.
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FIG. 5 1s a schematic side view of a machine for manufac-
turing a fastener element.

FIG. 6 1s an enlarged view of a portion of the machine
shown 1n FIG. 5.
FIG. 7 1s an enlarged side detail view of area A in FIG. 6,

showing a portion of the stem-carrying base prior to confor-
mation. FIG. 7A 1s a highly enlarged view of one of the stems
shown 1n FIG. 7. FIG. 7B 1s a top view of the portion of the
base shown in FIG. 7A.

FIG. 7C 1s a plan view of the preform product comprising,
an array of the stems proceeding 1n the machine direction.

FIGS. 8-8D are side views showing various suitable con-
formation roll surfaces for forming fastener elements of the
invention.

FIGS. 9A and 9B are further magnified side and front

views, respectively, of an individual stem formation of the
preform stem product of FIGS. 7-7C.

FIGS. 10A, 10B and 10C are unscaled, magnified side,

front and top views of a loop engaging fastener product
formed from the preform stem product of FIGS. 7-7C.

FIGS. 11A, 11B and 11C are further magnified front, side
and top views of an individual loop engaging fastener element
of the loop engaging fastener product of FIGS. 10A-10C.

FIG. 12 1s a schematic 1llustration of a method and appa-
ratus for forming the preform stem product of the FIGS. 7-7C
and for subsequently forming the loop engaging fastener
product of FIGS. 3A-3C from the preform stem product in an
in-line process.

FIG. 13 1s a schematic illustration of an alternative method
for forming the loop engaging fastener product of FI1G. 12.

FIG. 13A 15 a perspective diagram showing the path of
travel ol a rotary ultrasound horn parallel to the machine
direction.

FIG. 13B 15 a perspective diagram showing a rotary ultra-
sonic horn, the axis of which extends perpendicular to the
machine direction and the plane of the web of the preform
clements.

FIG. 14 1s a schematic illustration of an alternative appa-
ratus and method for forming the preform stem product of
FIGS. 7-7C.

FIGS. 15A and 15B are side and front views, respectively,
ol another preform stem formation.

FIGS. 16A, 16B and 16C are side, front and top views,
respectively, of a loop engaging fastener element formed
from the preform stem formation of FIGS. 15A and 15B.

FIGS. 17A and 17B are side and front views, respectively,
of another preform stem formation.

FI1G. 17C 1s view similar to that of FIG. 17A, but 1llustrat-
ing a modified preform stem formation.

FIG. 17D 1s a cross-sectional view of tooling for forming,
the preform stem formation of FIG. 17C.

FIGS. 18A, 18B and 18C are side, front and top views,
respectively, of a loop engaging fastener element formed
from the preform stem formation of FIGS. 17A and 17B.

FIGS. 19A and 19B are side and front views, respectively,
ol another preform stem formation.

FIGS. 20A, 20B and 20C are side, front and top views,
respectively, of a loop engaging fastener element formed
from the preform stem formation of FIGS. 19A and 19B.

FIGS. 21A and 21B are side and top views of another
preform stem formation.

FIG. 22 15 a side view of a loop engaging fastener element
formed from the preform stem formation of FIGS. 21A and
21B.

FIG. 23 15 a diagrammatic perspective view of an embodi-
ment of a multi-lobed hook element made according to the
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invention, while FIG. 23A 1s a side view taken on lines 23 A-
23A of FIG. 23 and FIG. 23B 1s a top view taken on lines

23B-23B of FIG. 23A.

FIGS. 23C through 23E are views of a preform element
employed in forming the hook element of FIG. 23, FI1G. 23C
being a diagrammatic perspective view of the molded pre-
form element, FIG. 23D a vertical side view of the element

and FIG. 23E a horizontal section view of the preform ele-
ment taken on line 23E-23E of FIG. 23D.

FI1G. 23F 15 aside view similar to FIG. 23 A of the stem after
it has passed by non-contact heat source, before reaching the
conforming roll, while FIGS. 23F-A through FIGS. 23F-E 1s
a set of figures that 1llustrates the “balling” of melted resin
along the exposed edge of a single thin fin element as a result
ol convection preheating by a gas flame.

FIGS. 23G 1s a diagrammatic side view of a forming
machine, and 23H 1s a magnified diagrammatic view of the
heading action of the machine. FIG. 23G' 1s a side view and
FIG. 23G" 1s a perspective view of a preferred configuration
ol the machine.

FIGS. 231 and 23] are highly magnified partial cross-sec-
tional views taken parallel to the periphery of respective mold
rings for forming the preform element of FIG. 23 while FIGS.
23L and 23M are more highly magnified cross-sections taken
on lines 230.-23L, and 23M-23M of FIGS. 231 and 23J,
respectively.

FIG. 23K 1s a view similar to FIGS. 231 and J, of the two
mold rings held face-to-face together 1n registry to form a
plus-form mold cavity, to mold the element of FIG. 23.

FIGS. 23N and 230 are still further magmfied views of two
assembly patterns achievable with the set of mold rings of
FIGS. 231 and ], assembled with intervening spacer rings.

FIGS. 23P and Q are top and side diagrammatic views of a
fastener formed from a square-profile cross-section stem.
FIG. 23R 1s a vector diagram representing forces applied
between a hook and a loop; FIGS. 23S and 23T are views
similar to FIGS. 23P and 23Q of a hook formed by a thin {in
preform stem while FIG. 23U 1s a vector diagram for the hook
of FIGS. 23S and 23T, of form similar to that of FIG. 23R.
FIGS. 23V and W are similar to FIGS. 23Q and 23R, respec-
tively, for a hook subjected to pull from a loop at an angle and
FIG. 23X 1sacomparison ofangle ® and 0 _ ., overanangular
range. FIG. 23Y 1s a diagram showing hook and loop com-
ponents being peeled from each other.

FIG. 24 1s a diagrammatic perspective view of a second
embodiment of a single hook element made according to the
imnvention, while FIG. 24 A 1s a side view of the element of

FIG. 24 and F1G. 24B 1s a top view taken on lines 24B-24B of
FIG. 24A.

FIGS. 24C through 24EF are views of a preform element
employed in forming the hook element of FIG. 24, FI1G. 24C
being a diagrammatic perspective view of the molded pre-
form element, FIG. 24D a vertical side view and FIG. 24E 1s
a horizontal section view of the preform element taken on line
24E-24E of FI1G. 24D.

FIG. 25 15 a top view of another embodiment of a single
hook made according to the invention, while FIG. 25A 1s atop

view ol the preform employed to produce the embodiment of
FIG. 25 and FIGS. 25B and 25C are side views ol the preform

taken respectively on lines 25B-25B and 25C-25C of FIG.
25A. FIG. 25D 15 a plan view of another embodiment, similar
to that of FIG. 25, but with the Y dimension fins at the
extremities of the machine direction structure.

FIGS. 26 and 26 A are side and top views of another
embodiment while FIGS. 26B and 26C are side and top views
of a preform element used 1n forming the embodiment of

FIGS. 26 and 26A.
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FIGS. 27 and 27 A are, respectively, plan and side views of
another embodiment, while FIG. 27B 1s a top view of the
preform element from which the embodiment of FIGS. 27
and 27A 1s fabricated.

In the same respect as embodiments above, FIGS. 28, 28A
and 28B illustrate another embodiment.

FIGS. 29, 29A, 29B and 29C depict dome shaped mush-

rooms formed following flat-topping by flow of previously
“super heated” polyethylene (FIGS. 29 and 29A referring to
use of low density polyethylene) while FIG. 29D illustrates
use of two such components as a self-engaging fastener.
FIGS. 30 and 31 depict the forming of J configurations by
post-forming flow, resulting from use of resins of different
flow properties, nylon and high density polyethylene, respec-
tively.

FIGS. 32, 32 A and 32B, illustrate another embodiment of
a quadrolobal hook, featuring J profile formation.

FIGS. 33, 33A and 33B illustrate a quadrolobal M hook
while FIGS. 33C, D and E illustrate the molded preform
product from which 1t 1s fabricated and FIG. 33F illustrates
the condition of the terminal end of the preform of FIG. 33D
alter non-contact heating and before flat topping. FIGS. 33G,
H and I are cross-sectional views as noted that 1llustrate 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 M-shaped preform
and FIGS. 34C, 34D and 34E 1illustrate the molded preform
product from which it 1s formed, while FIG. 34A' illustrates a
hook profile similar to FIGS. 34A, but formed in a different
mannet.

FIG. 34F through FI1G. 341 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. 35-35EF are views corresponding to FIGS. 34-34F of
another embodiment, a modified M, and its preform element,
while 35A' illustrates a hook profile similar to FIG. 35A but
formed 1n a different manner.

FIGS. 36-36E are similar views of an N hook and 1its
preform element, while FIG. 36A' 1s a hook profile similar to
FIG. 36A but formed 1n a different manner.

FIG. 37 1s a diagrammatic perspective view of a further
embodiment of a single hook element made according to the
invention, while FIG. 37A 1s a side view of the element and
FIG. 37B 1s a top view taken on lines 37B-37B of FIG. 37A.

FIGS. 37C through 37E are views of a preform element
employed 1n forming the hook element of FIG. 37, FI1G. 37C
being a diagrammatic perspective view of the molded pre-
form element, FIG. 37D a vertical side view of itand F1G. 37FE
a horizontal cross-section view of the preform element taken
on line 37E-37E of FIG. 37D.

FIGS. 37F and G are cross-sections of mold tooling for
molding a variation of the element of FIG. 37C, that includes
a supporting pedestal.

FIG. 37H 1s a plan view of a male fastener component
comprising an X, Y array ol the male fastener elements of
FIG. 37, while FIGS. 371 and J are diagrammatic perspective
views of the array of FIG. 37H.

FIGS. 38 and 38 A are diagrams showing the relationship of
the chord AB at the stem face relative to the disk overhang in
the case of square and cylindrical stems, represented by an
overhang aspect ratio, while FIG. 38B 1llustrates the different
ratio obtainable with a thin fin stem and FIGS. 38C and 38D
illustrate, by two examples, the different relationship obtain-
able employing the principles of construction described 1n

relation to FIGS. 37-37A.
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Like reference symbols in the various drawings indicate
like elements.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, fastener 10 includes a base 12 and a
fastener element 14 extending from the base. (Fastener 10
generally includes an array of fastener elements; a single
fastener element 1s shown for clarty.) Fastener element 14
includes a stem 16 and, at the terminal end of stem 16, a head
18. Head 18 1s shaped for engagement with another fastener
component, for example a female fastener component having
a plurality of loops, a mesh such as an insect screen, or
another fastener component similar to fastener 10.

As shown 1n FIG. 1, head 18 i1s substantially disc shaped,
including a substantially planar top surface 20, and a substan-
tially planar bottom surface 22 that faces and overhangs base
12. It 1s desirable that the disc be relatively thin, allowing a
cooperating fastener element, e.g., a loop or the wire mesh of
a window screen, to penetrate into the disc by flexing the disc
material. Preferably, the thickness of the disc 1s from about 5
to 15% of the equivalent diameter of the disc. If the disc 1s
thinner, 1t will tend to have reduced cycle life (i.e., durability
during repeated engagement and disengagement of the fas-
tener), whereas 11 the disc 1s thicker the fastener may exhibit
reduced peel strength. As shown in FIG. 1A, head 18 1s
substantially circular when viewed from above, and stem 16
1s substantially circular 1n radial cross-section, as shown, or
square 1n radial cross-section. (In other embodiments, head

18 can be 1rregular in shape (FI1G. 1B), square (FIG. 1C) or
cross-shaped (FIG. 1D) when viewed from above.) The disc
shape 1s particularly advantageous for engagement with a
mesh screen (FIG. 4) because the sides 25 of the mesh open-
ing can penetrate mto the thin disc. As a result, as shown 1n
FIG. 4, secure engagement can be provided even though the
disc 1s smaller than the mesh opening and only engages one or
two sides 25 of the mesh opening. The head 18 1s also suitable
for engagement with loops or with other similarly shaped
heads.

In an alternate embodiment, shown in FIG. 2, head 18
includes a domed portion 24, and a correspondingly dome-
shaped lower surtace 23, a major portion of which 1s substan-
tially parallel to domed portion 24. Surface 23 faces and
overhangs base 12, providing a surface for engagement with
a female fastener element or mesh. Head 18 can have various
shapes. For example, head 18 can be a disc that 1s square or
rectangular when viewed from the top (FIG. 2A), with two
opposed edges of the disc being bent down to form a
U-shaped domed portion. Alternatively, head 18 can be a
circular disc that 1s bent down around its periphery to form a
mushroom-like domed portion. These head shapes are par-
ticularly advantageous for engagement with a mesh screen
(FIG. 4) because the domed portion allows smooth penetra-
tion 1nto the mesh openings 27 and the thin disc shape allows
sides 25 of the mesh opening to be embedded 1nto surface 23.
Head 18 can also be used to engage the loops of a female
fastener component, or to self-engage with another fastener
having similarly shaped heads.

In alternate embodiments, shown 1n FIGS. 3 and 3A, the
disc-shaped heads are “wavy”. The head 18 may be S-shaped
in cross-section, as shown 1n FIG. 3, or may be W-shaped, as
shown 1 FIG. 3A. The head shapes shown in these figures
may be provided with a rough surface, as described below
with reference to FIG. 3B.

In another alternate embodiment, shown 1n FIG. 3B, head
18 includes a rough, sandpaper-like surface 30. Preferably,
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the texture of surtace 30 resembles that of 320 grain sandpa-
per (used for sanding metals). The sandpaper-like surface
includes protrusions that tend to catch on the fastener com-
ponent with which the head 18 1s engaged (not shown), mak-
ing 1t more difficult to madvertently disengage the mated
fastener components. As a result, the strength of engagement
1s generally increased, relative to the strength obtained from a
similar fastener element having a smooth surface. In particu-
lar, 1n preferred embodiments the peel strength, as measured
by ASTM D 3170-91 (*T” method), 1s increased by about 10
to 100%. It 1s preferred that the surface 30 have a surface
roughness (rugosity) of at least 10 microns, more preferably
from about 10 to 200 microns.

In another embodiment, shown 1n FIG. 3C, the head 18 1s
pyramidal in shape. Preferably, the surface of the head that
overhangs the base has the same contour as the upper surface
of the head, so that a major portion of—1 the surfaces 1s
substantially parallel.

In all of the embodiments shown 1n FIGS. 1-3C, the head
overhangs the base to a significant extent. Preferably, the
surface area Al of the surface overhanging the base 1s equal to
at least 20% greater than the surface area A2 of the radial
cross-section of the stem 16 taken along line A-A, 1.e., where
the stem intersects the head. The surface area A1 may be up to
600% greater than the surface area A2. For example, for a
fastener element in which surface area A2 is 0.03 mm?, sur-
face area A1 is preferably about 0.05 mm~. It is also generally
preferred that the amount of overhang be substantially uni-
form around the perimeter of the stem, to provide a multi-
directional engagement. However, for ease of manufacture 1t
will 1n some cases be preferred that the amount of overhang be
non-uniform, as will be discussed below with reference to
FIG. 5.

A machine 100 for forming the fastener elements described
above 1s shown 1n FIG. 5. A supply roll 102, 126 introduces a
continuous supply of a stem-carrying base 12 (shown 1n
FIGS. 7-7B) into the machine 100. Stem-carrying base 12 1s
formed of a thermotformable polymer. In a previous manufac-
turing step, roll 102 was wound up as the take-up roll at a
molding station (not shown) at which stems 104 (FIGS. 7-7B)
were integrally molded onto base 12. The molding station
may nclude a mold roll having a plurality of mold cavities
provided by aligned plates, e.g., as described, for example, by
U.S. Pat. No. 4,794,028, the disclosure of which 1s incorpo-
rated herein by reference, or may utilize any desired stem-
molding technique. As shown 1n FIG. 7B, the stems may be
rectangular or square 1n radial cross-section, 1f a rectangular
or square head 1s desired, or may be oval, round, cross-
shaped, or any other desired shape, for forming similarly
shaped heads (see FIGS. 1A-1D).

The supply roll 102 1s unwound by drive mechanism 106,
which conveys stem-carrying base 12 1nto optional pre-heat-
ing area 108 which raises the temperature of the stem-carry-
ing base 12 to a pre-heat temperature that 1s above room
temperature but much lower than the Vicat temperature of the
polymer. This pre-heating allows the tips of the stems 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
a portion of the stems. As indicated in FIG. 7A, only a portion
P of the stems 104, adjacent their tips 109, 1s heated by
heating device 110, leaving the remainder of the stem rela-
tively cool and thus relatively rigid. Preferably, the length LL of
portion P 1s less than 30% of the total length L1 of the stem,
more preferably from about 15% to 25% of L1. Portion P 1s
heated to a softening temperature at which portion P can be
tformed 1nto a desired head shape, typically a temperature that
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1s greater than or equal to the Vicat temperature of the ther-
moformable polymer. The remainder of the stem 1s not
heated, and remains at a temperature that 1s less than the
soltening temperature S, preferably at least 10% less.

To ensure that only portion P 1s heated to the softening
temperature, it 1s preferred that heating device 110 include a
non-contact heat source 111 (FIG. 6) that 1s capable of
quickly elevating the temperature ol material that i1s very
close to the heat source, without raising the temperature of
material that 1s relatively further away from the heat source.
Suitable non-contact heat sources include flame heaters, elec-
trically heated nichrome wire, and radiant heater blocks. To
heat portion P to the softening temperature without contact,
the heat source typically must be at a relatively high tempera-
ture. For example, 11 the softening temperature 1s from about
100 to 140 C., the temperature of the heat source will gener-
ally be from about 300 to 1000 C. and the heat source will be
positioned from about 0.1 to 30 mm from the tips of the stems.

After portion P of the stems has been heated, the base 12
moves to conformation head 112, at which base 12 passes
between conformation roll 114 and drive roll 116. Conforma-
tion roll 114 forms the portion P of the stems into a desired
head shape, as will be described in further detail below, while
drive roll 116 advances base 12 and flattens 1t againstroll 114
to enhance head uniformity. It 1s preferred that the tempera-
ture of conformation roll 114 (the forming temperature) be
lower than the softening temperature. Maintaining the con-
formation roll 114 at this relatively low temperature has been
found to allow the conformation roll to flatten the spherical
(“ball-shaped™) heads that are generally formed during the
previous heating step mnto a desired head shape. Spherical
heads are generally undesirable, as such heads tend not to
provide secure engagement with a mating fastener. A low
forming temperature also prevents adhesion of the thermo-
formable polymer to the conformation roll. Generally, to
obtain the desired forming temperature 1t 1s necessary to chill
the conformation roll, e.g., by runming cold water through a
channel 115 1n the center of the roll, to counteract heating of
the conformation roll by the heat from portion P of the stems.
If further cooling 1s needed to obtain the desired forming
temperature, the drive roll may be chilled 1n a similar manner.

The surface texture of conformation roll 114 will deter-
mine the shape of the heads that are formed. If disc-shaped
heads having a smooth surface are desired, the surface texture
will be smooth and flat. IT a sandpaper-like surface 1s desired,
the surface texture of the conformation roll will be sandpaper-
like (FIG. 8). If mushroom-shaped (domed) heads are
desired, the conformation roll will include a plurality of sub-
stantially hemispherical indentations (“dimples™) to form the
dome portion of the heads (FIG. 8A). Disc-shaped heads
having a “wavy” shape, ¢.g., as shown 1n FIGS. 3 and 3A, can
be formed using the conformation roll surfaces shown in
FIGS. 8B and 8C. The diamond-lattice conformation roll
surface shown 1n FIG. 8D will give the head a pyramidal
shape, e.g., as shown in FIG. 3C. The conformation roll may
also have a soft surface (not shown), e.g., rubber, to provide a
mushroom-shaped head.

Preferably, when the surface texture includes dimples, the
density of the dimples 1s substantially uniform over the roll
surface, and 1s greater than or equal to the density of stems on
the base 12. To allow for improper registration between the
stems and the dimples, it 1s preferred that the density of the
dimples be substantially greater than the density of the stems
(if the density 1s equal, improper registration may result 1n
none of the stems being contacted by dimples).

As discussed above, while the umiformly overhanging,
domed head shape shown in FIG. 2 1s generally preferred,
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obtaining this shape may unduly complicate manufacturing,
due to the need to maintain substantially complete registra-
tion between the dimples and stems. As a result, for ease of
manufacturing it may in some cases be desirable to form less
uniform head shapes by allowing the dimples and stems to be
in partial registration, rather than full registration. In these
cases, the conformation roll should have a density of dimples
that 1s significantly higher than the density of stems, to
increase the probability of contact between the dimples and
stems. In this manner, some of the heads are likely to have the
shape shown 1n FIG. 2, while other heads will have different
head shapes resulting from contact of a stem with a portion of
a dimple.

The spacing of the conformation roll 114 from the drive
roll 116 1s selected to deform portion P of the stems to form
the desired head shape, without excessive damage to the
unheated portion of the stems. It 1s also preferred that the
spacing be suificiently small so that the drive roll flattens base
12 and provides substantially uniform contact pressure of
stem tips 109 against the conformation roll. Preferably, the
spacing 1s approximately equal to the total height of the stem
(L1, FIG. 7A) less the length of the heated portion P (L, FIG.
TA).

Next, the base 12 moves to a cooling station 118. Cooling
station 118 cools the formed heads, e.g., by cool air, prevent-
ing further deformation of the heads. Preferably, the heads are
cooled to approximately room temperature. The cooled base
1s 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 1s depleted and/or when take-up roll
524 15 filled, the appropnate roll can be easily replaced with-
out disrupting the process.

Suitable materials for use 1n forming the fastener are ther-
moplastic polymers that provide the mechanical properties
that are desired for a particular application. Preferred poly-
mers include polypropylenes, such as those available from
Montell under the tradename MOPLEN, polyethylenes,
ABS, polyamides, and polyesters (e.g., PET).

Other embodiments are of course possible.

For example, while disc-shaped heads have been shown
and discussed above, the head may have any desired shape
that provides a surface overhanging the base to an extent
suificient to provide a multi-directional engagement having
desired strength characteristics.

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

In addition, if desired, the stem tips may be cooled after the
heating step and immediately before the conformation head,
to form a spherical head that 1s then forced down against the
stem, embedding the upper portion of the stem 1n the head to
form a mushroom-shaped head.

Further, in some cases it 1s not necessary to cool the con-
formation roll. It the desired head shape can be obtained and
resin sticking can be avoided, the conformation roll may be
used without either heating or cooling, or may be heated.

As 1llustrated in FIGS. 7, 7A, 7B and 7C, one example of a
preform product 9 for producing a fastener product, has a
flexible, yet relatively planar base sheet 12 from which stem
formations 104 project. Stem formations 104 are formed
integrally, 1.e. monolithically from the same thermoplastic
resin, €.g., polypropylene, as the surface 13 of base sheet 12
from which they project. As shown in the more detailed views
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of FIGS. 9A and 9B, each stem formation 104 has front and
back edge surfaces 101, 103 that typically taper very slightly
(e.g. 1°, not shown), and fairly continuously from broadly
radiused 1ntersection surfaces 15 with base surface 13 to a
distal end 109 of the stem formation. Side edge surfaces 107
are relatively perpendicular to the base and extend to distal
end 109, which 1s relatively parallel to the base. The slight
taper or draft angle of front and back edge surfaces 101, 103
aids 1n the removal of the stem formations from the mold
cavities 1n which they are formed.

In the example of FIGS. 9A, 9B, the stem formations have
an overall height, L, from base surface 13 to distal end 109,
a constant width, w, between the side surfaces 107 and a
length, 1, as measured between the top of the tapered front and
back surfaces.

In one example, dimensions w and 1 are equal, e.g. 0.008
inch, to provide a stem of square cross-sectional profile, 1n
which case the height L, may be e.g. 0.027 1n.

Referring now to FIGS. 10A-10C, the preform product can
be formed, as further described below, 1nto a fastener product
10 having the same base sheet 12 and surface 13, but with the
tips of the stem formations flattened relative to the base to
form loop engageable heads 18. Each engageable head 18 1s
generally disc-shaped and extends outward from its respec-
tive stem portion 16 to overhang and oppose base surface 13.
As 1llustrated more clearly in FIGS. 11A-11L, discs 18 are
slightly oval-shaped, having a major diameter J, in the
example, of the order of 0.017 inches, extending in the direc-
tion corresponding to the side surfaces 107 of stem portion 16
and a minor diameter N, of the order o1 0.015 1nches, extend-
ing 1n the direction of the front and back surfaces of the stem.
Discs 18 of this example are also slightly wedge-shaped 1n
vertical cross-section, having a greater thickness near a trail-
ing edge of the machine direction in which they are manufac-
tured (FIG. 4A), as further discussed below.

Fastener product 10 can be formed by the method and
apparatus 1llustrated 1n FIG. 12. Thermoplastic resin 31 from
extruder 29 1s introduced into nip 32 formed between a sup-
porting pressure roll 34 and a mold roll 36. Pressure 1n the nip
causes thermoplastic resin 31 to enter blind-ended stem for-
mation forming cavities 38 of mold roll 36 while excess resin
remains about the periphery of the mold roll and 1s 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 1t 1s
stripped from both the mold cavities and the roll periphery by
stripper roll 40. The resulting product has base 12 with inte-

grally formed stem formations 104 protruding therefrom as
described above. The direction of travel of the material 1llus-
trated 1n FIG. 12 1s referred to as the “machine direction”
(MD) of the material and defines the longitudinal direction of
the resulting preform product 9 and fastener product 10 (1ndi-
cated by arrows MD in the figures).

A more detailed description of the process for forming
such structures protruding integrally from a base 1s described
forinstance 1n U.S. Pat. No. 4,775,310, 1ssued Oct. 4, 1988, to
Fischer, the entire contents of which are hereby incorporated
by reference. In preferred cases the mold roll comprises a
face-to-face assemblage of circular plates or rings, some hav-
ing 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 50 where the loop engageable heads 18 are formed.
Various techniques and apparatus for performing the head
shaping function of station 30 are now to be described.
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Preferably, as previously described, preform product 9 1ni-
tially passes adjacent a non-contact heat source, e.g., the
combustion products from a gas flame 66 (indicated by
dashed lines 1n FIG. 12), arranged to heat the tips of stem
formations 104. Subsequently, preform product 9 passes
through predetermined gap 60 formed between rolls 62 and
64 and the tips of stem formations 104 are contacted by a
conformation roll 62, as described above.

Gap 60 1s less, by a controlled amount, than the overall
thickness of the preform product 9 from the surface of the
base opposite the stem formations to the tip of the protruding
formations. Thus, the tip portions of the formations contact
the roll and are compressed to cause the material to be flat-
tened or formed 1n the area of 60, 1n a press-forming action
which 1s sometimes referred to as “flat topping,” though final
product may 1n fact not be flat due to desired conformations
applied to the head surface, as with conformation rolls 8-8D,
or as a result of further forming influences that follow the
press-forming action.

In the presently preferred form, roll 62 1s cooled to tem-
peratures significantly below melt or softening temperature
of the resin, preferably to a temperature less than the ambient
condensation temperature of water for reasons mentioned. A
surface temperature of 5° to 60° C. 1s operable over a wide
range ol products; for these specifically described here, it 1s
preferable that the surface temperature range be between 10°
and 45° C., surface temperature between 25° to 30° produce
excellent results 1n cases where the temperature of the com-
bustion gas 1n which the formation extremities are immersed
1s 1n the vicinity of 1000° C. or slightly higher.

In an alternative construction the head 18 1s shaped by
passing the preform product 9 through a gap 60 formed
between a heated roll 62 and an unheated or cooled support
roll 64. A more detailed description of this type of “heated
surface” head forming process 1s provided in U.S. Pat. No.
5,679,302 1ssued Oct. 21, 1997, to Miller et al., the entire
contents of which are hereby incorporated by reference. Even
in the case of using such hot roll forming as taught by Miller,
it 1s recognized, according to the present imnvention, to be
advantageous to employ non-contact preheating to forming
temperature with especial advantage being obtained using the
combustion gas convection heating as described 1n which the
side surfaces of distal portions of the formations are
immersed in the hot combustion gases to achieve rapid heat
transier by convection and hence faster line speed and more
economical operation.

In yet another example, which 1s also slow relative to the
non-contact heating system of FIGS. 5, 6 and 12, an ultra-
sound roll 1s employed for heating and applying a desired
head configuration. Speed of operation 1s enhanced by pre-
heating with a non-contact heater, 1.e. a radiant block, or
exposure to convective heat transfer with gas at lower tem-
perature.

In the preferred case, roll 62 is a rotary ultrasonic horn and
support roll 64 1s a rotating anvil. In this example, more
clearly illustrated in FIG. 13, anvil roll 64 1s mounted on a
reducer 65 that allows the vertical position of anvil roll 64 to
be adjusted, thereby allowing adjustment of gap 60. A motor
68 drives anvil roll 64 to pull preform stem material 10 1nto
gap 60. Meanwhile, a vibration 1s imparted to rotary horn 62
causing its outer surface to oscillate at a frequency typically
between 18 and 60 kHz. Horn 62 1s arranged to vibrate and
cyclically compress the contacted portions of the stems as
they pass through gap 60, the vibration occurring at a ire-
quency that causes the tips of thermoplastic stem formations
14 to tlow and be formed by the contacting surfaces. The
result 1s a flattening deformation of the tip portions of the
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stems to form the disc-shape, loop engageable heads 18 of
FIGS. 11 A-C. Subsequently, fastener product 10 1s accumu-
lated on take-up rolls 69. More detailed descriptions of ultra-
sonic horn and anvil arrangements suitable for use i1n the
above-described process are disclosed in U.S. Pat. No. 5,087,
320, 1ssued Feb. 11,1992, to Neuwirth etal., and U.S. Pat. No.
5,096,532, 1ssued Mar. 17, 1992, to Neuwirth. The entire
contents of both of these patents are hereby fully incorporated
by reference.

In the diagram of FIG. 13 A, it 1s seen that the path of travel
of the surface of rotary horn 62 is in the machine direction,
m.d., of the stem-forming machine. In this case, the horn
surface may function as a pressing or tlat-topping surface to
reform the top portion of the traveling preform elements.

In the diagram of FIG. 13B, the rotary ultrasound horn 62a
has a planar contact surface arranged to brush over the tops of
preform elements, with components of the brushing motion
extending in all quadrants, creating multidirectional hooks,
including, importantly, hooks overhanging their base 1n the
cross-machine directions. An optional water spray may be
introduced 1n advance of the stems to serve as a coupling
agent to prevent adhesion of the stems to the vibrating sur-
face. By suitable choice of resin, melted resin at the tops of the
stems, resulting from the vibration is brushed plane-wise into
the form of thin disc-form heads at the ends of the stems.

In another embodiment, 1llustrated 1n FIG. 14, an alternate
technique for producing preform stem product 9 1s employed.
The process 1s similar to that described above with reference
to FIG. 12 exceptonly amold roll 1sused, 1.e., no pressure roll
1s necessary. Here, the extruder head 29 1s shaped to conform
to the periphery of the mold roll and the extruded resin 31 1s
introduced directly to a gap formed between the mold roll and
the extruder head. The remainder of the process proceeds as
described above with reference to FIG. 12.

The shape of the engaging heads 18 of the fastener product
1s dictated by a number of parameters. For example, the
wedge shape illustrated particularly in F1G. 11 A 1s commonly
the result of the dragging of the head portion of stem forma-
tions 104 as they are deformed 1n head forming station 50 of
FIG. 12. Thus, the wedge 1s thicker at the rear edge of the
engaging head as the material 1s pressed rearwardly while
base 12 moves forward in the machine direction. The differ-
ence 1n thickness between the front and rear of the wedge can
be adjusted by, e.g., process speed, heat applied (1f a heat
deformation process 1s used) and by the adjustment of
deforming gap 60.

It 1s found that particular forms of the shape of stem for-
mations 104 of preform product 9 significantly affect the
loop-engageability properties of the male fastener needed,
and important aspects ol the present invention concern these
preform products per se, as well as their effective use 1n the
various forming systems described, and especially systems
employing non-contact heating and/or melting. In one
example, illustrated FIGS. 15A, B and 16A, B and C, a
relatively short stem design 1s employed. The preform stem
height, L, , 1s of the order of 0.018 inches, a width, w, of the
order of 0.008 inches, and a length, 1 of the order of 0.008
inches, again providing a stem of square cross-section. While
the engaging head 18 (FIGS. 16A-16C) formed from such a
preform element can have the same dimensions as the taller
fastener element previously described above with reference
to FIGS. 11A-11C, the shorter stem portions enable the fas-
tener elements to be more rigid.

In the embodiment of FIGS. 17A, B and C, a particular
preform stem shape 1s used to determine a final fastener
product 10 having engagement characteristics different from
the above described examples. Preform stem 120 has a first
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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 to aheight, h,, of
the order 01 0.019 1inches, the second portion 124 has a height,
h,, of the order of 0.008 inches, the overall height, h,, of the
formation being of the order 01 0.0277 inches. Second portion
124 has outer wedges 117, 119 at 1ts front and back 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 1s devoid of thermoformable resin.

Referring now to FIGS. 17C and 17D, preform stem 120" 1s
a modified version of the preform stem 120 described imme-
diately above. Stem 120" has lateral extensions 125 of mate-
rial that extend outward and upward from wedges 117', 119"
These lateral extensions, when reformed or deformed, e.g., by
flat-topping or any of the other stem reforming operations
disclosed herein, provide important features to the resulting
fastener element. For example, lateral extensions 125 can be
melted and/or pressed downward to create or enhance base
overhanging features, and these features can be particularly
directed in the cross-machine direction relative to the direc-
tion of stem manufacture. FIG. 17D 1illustrates a series of
mold roll plates 117", 119", 120" that combine, along with
outside spacer plates, to form a cavity capable of producing
stem 120' of FIG. 17C.

As 1llustrated in FIGS. 18 A-18C, subsequent processing of
stem formation 120, using, ¢.g., one of the above described
head forming techmques to deform substantially all of second
portion 124 of the FIG. 17 preform element can result 1n a
fastener element 130 having a substantially larger major
diameter, J, in the machine direction (MD) than its minor
diameter, N, 1n the cross-machine direction. This asymmetri-
cal head shape allows for a directional increase 1 peel and
shear forces, as the longer overhang 1n the machine direction
retains, €.g., an engaged loop better than the shorter overhang
in the cross-machine direction.

The opposite effect to that of the fastener element just
described can be obtained, for example, by using a preform
stem shape such as that illustrated mn FIGS. 19A and 19B.
Stem formation 200 has a first portion 202 of height h, con-
nected to base 12 and a second portion 204 of height h,
extending to define an overall height, h,, of the stem forma-
tion. The second portion 204 of the formation, beginning at a
transition at the top of first portion 202, tapers substantially on
cach side (e.g. at an angle greater than 20°) to provide a
significantly reduced dimension w at the top. In an example,
first portion 202 has a height, h,, of the order 01 0.021 1nches
while the overall height, h,, of the stem formation 1s of the
order of 0.027 inches.

Deformation of substantially all of second portion 204,
employing one of the above described techniques, to form an
engaging head, results 1n the fastener element 210 1llustrated
in FIGS. 20A-20C. Fastener element 210 has a major diam-
cter, J, 1n the cross-machine direction substantially greater
than 1ts minor diameter, N, 1n the machine direction. The
result 1s a unidirectional increase in engagement forces due to
the increased overhang of the engaging head in the cross-
machine direction.

In another example, illustrated 1n FIGS. 21A and 21B, a
stem formation 300 has a first portion 302 of a first cylindrical
shape and a concentric second portion 304 of a substantially
smaller cylindrical shape extends to define the overall height,
h,, of the formation. Deformation of substantially all of sec-
ond portion 304, employing, e.g., one of the above described
techniques results 1n an advantageously thin engaging head,
of thickness K, as illustrated by fastener element of FIG. 22.
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This small thickness 1s a result of having substantially less
material 1 the deformed head portion than in traditional
preformed stems. Such thin engaging heads are advanta-
geously capable of penetrating beneath loops with very little
loft, a characteristic especially exhibited by certain non- °
woven materials, for instance, ultra thin nonwoven materials
used e.g., in mexpensive packaging applications in which few
cycles of opening and closing are required.

FIG. 23, a highly magnified perspective view, shows a
novel quadrolobal hook created by heating and pressure-
heading a quadrolobal stem comprised of thin fins 21 extend-
ing along the X axis and thin fins 19 extending along the Y
axis, that have been heated and reformed at their outer
extremities to form hook head 18.

In the side-view of FIG. 23 A, and plan view of FIG. 23B, L
dimension M denotes the head width in the X axis, N the
width 1n the Y axis, K the head thickness, L, the overall hook
height, L, the stem height prior to pressure-heading and S the
overhang of the hook head beyond the side of the stem. For
example the dimensions may generally range as follows:

10
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General Range Preferred Range

= 0.004 to 0.070 1nch 0.010 to 0.020 1inch =
= 0.004 to 0.070 1inch 0.010 to 0.020 1inch
= 0.002 to 0.015 inch 0.002 to 0.005 1inch

Lh= 0.007 to 0.120 mch 0.025 to 0.045 inch

L1 = 0.010 to 0.160 1nch 0.030 to 0.050 1inch

S = 0.001 to 0.015 1nch 0.003 to 0.005 1inch

30

As shown 1n FIG. 23C and 23F the stem 1s of a “plus sign”
cross-section profile, fins 21,19 extending symmetrically
along the X and Y axes i1n both directions from a common
intersection. The fins have the same length F, GG, the same 35
thickness B, H and the same height L, prior to pressure-
heading.

The fin profile ratio for the X axis fin 1s F/H and for the Y
axis fin, G/B.

The concept of this hook preform element 1s that with a fin 40
ratio of greater than about 2, preferably around 2%, an
improved head overhang 1s obtainable at the end regions of
the fins, see the series of FIGS. 23F-A-23F-E for an 1llustra-
tion of the “balling effect of unoriented resin along the top
edge of a thin fin, and note the bulbous overhangs at the thin 45
ends of the fins.

With the stem preform of FIG. 23, such overhangs are
provided 1n each sense 1n orthogonal directions.

According to this aspect ol the invention, a ratio of less than
about 2 1s seen generally to result 1n a stem that, when heated 50
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 274 and 3, the geometry differs significantly
from a square or circular cross-section stem such that when 55
heated, surface tension of unoriented polymer will form lobes
on the ends of the fins that remain somewhat independent, see
FIGS. 23F and 23F-A-23F-E , this being especially the case
when non-contact heating 1s employed, with immersion of the
side surfaces 1n the hot convection gases, down to the end of 60
the dashed lines 1n FIGS. 23A and 23F-E .

Whereas, 1n general, the extent of non-contact heating 1s
preferably from about 15 to 25% of the total length of the
protruding formation, 1n the special case of convective heat-
ing with gases that, from flame combustion, can be about 65
1000° C., the percentage length heated extends to 30% with
good results obtainable.
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The presently preferred method for forming this product 1s
shown 1n FIG. 23G, FIG. 23G', 23G™" and FIG. 23H. Extruder
29 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 1s a mold roll, its exposed outer surface comprised of
mold cavities such that the molten polymer flowing into the
cavities takes on the form of the cavity and then 1s de-molded
to provide preform stem 104 of substantially unoriented resin.
It 1s one of the features of this invention that, by the use of
non-contact heating, especial advantage is taken of the unori-
ented nature of the polymer to enable surface tension effects
to act to strategically locate and size the deformable mass of
polymer that highly desirable effects are obtainably by the
“flat-topping™ 1.e. press-forming action.

Referring to reference to FIGS. 23G, G'and H, an array of
stems 1ntegral with a backing sheet 18, with extent 1n both X
and Y directions are thus molded by roll 2, and are demolded
about a take-oif roller 5 1n making the transition to roll 3. On
roll 3, close to the nip with conforming roll 4, the end portion
of the stems pass under a non-contact heat source as a {first
step to create the hook heads 18.

In this embodiment, the non-contact heat source 1s a close-
lying gas burner, and the sides as well as the ends of terminal
tip portions of the stems are immersed 1n the hot gases pro-
duced by the burner. Thus the sides are rapidly heated by
convective elfects as are the top portions, which also recerve
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, this portion 1s rap-
1dly melted, with highest temperature and lowest viscosity
achieved at the projecting ends of the profile of the thin fins.
An example 1s shown 1n FIG. 23F.

As also shown 1n the diagrammatical blown-up view, FIG.
23H, surface tension causes the molten plastic to form as a
cylindrically rounded mass along the fin length ending 1n
segments of spheres or balls at the ends of the fins. The
circular forms 105 of FIGS. 23G and H are symbolic of the
molten form, the precise form depending upon the length to
thickness ratio of the fin profile, as well as the selection of the
resin and degree of heating, controllable parameters of the
pProcess.

In this condition, the stems pass between another nip cre-
ated between rolls 3 and 4, 1n which roll 4 presses down upon
the molten polymer tips and forms a flattened head shape, to
form heads 18 of shape depending upon the characteristics of
this roll.

Preferably, the forming roll 4 1s cooled, to remain at a
temperature below the molten polymer temperature, prefer-
ably considerably lower.

With the surface of roll 4 cooled to temperature below the
condensation temperature of steam, and 1n the case of use of
flame from a burner to heat the stems 1n close proximity to a
cooled conformation roll 4, water as a combustion product
from the burning gas fuel condenses on the roll 4 and 1s 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
ex1t from under the forming roll. In this case both the cool
temperature of the conforming roll 4 and the moisture pro-
mote clean release of the heads 18 from the roll surface
without sticking of the heads to the roll, where that 1s unde-
sirable. Best advantage 1s obtained by locating the point of
heating close to the roll. In preferred embodiments the tip of
the burner 1s within one centimeter of roll 3 and within 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.
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The air gas mixture of the gaseous fuel and air 1s introduced
to the burner 1n substantially stoichiometric ratio for optimum
combustion, such that substantially complete combustion
occurs, producing byproducts essentially only of carbon
dioxide and water.

The burner may have aribbon 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 turbu-
lent stream of hot gas reaches the top portion of the stems to
be melted.

In one preferred embodiment a ribbon burner 1s used, pro-
viding a continuous line of flame. The burner temperature 1s
between about 1000° and 1200° C., produced with a natural
gas feed, the primary component of which 1s methane (CH4)

CH,+20,—CO,+2H,0

Complete combustion uses 9.5 moles air for each mole of
CH._, thus oxygen 1n the air gas mix 1s (2 moles O2/10.5 moles
total) equal to 19.0% O,

The burner face 1s approximately 1" wide. The web carry-
ing the stem preform travels at speeds 1n the range o1 20 to 200
ft/min (depending upon the product desired and operating
parameters), and so a stem preform element spends only a
fraction of a second underneath the burner. In this amount of
time a sulficient amount of heat 1s transferred into the preform
clement to enable 1t to be deformed into a hook. Heat 1s
transierred to the preform element by forced convection. Heat
1s transierred through the stem tops as well as sides. The
amount of heat transferred to the preform element, 1s con-
trolled by the position of the burner relative to the elements.

Simple steps may be followed 1n set-up for such flat-top-
ping.

1. Extrude and form a web of preform stems on a continu-

ous backing, as described above.

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 1s occurring. At this point
stems passing through the gap will 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 (1.e. flow conditions) 1s maintained constant, so
that the only variable altered 1s the position of the burner
with respect to roll 3.

In some cases the line speed 1s dependent upon the amount

of heat desired to be transferred to the stems. For instance,
comparing 2 sets of stems, Group A: 0.008"x0.008"x0.027"

vs. Group B: 0.012"x0.012"x0.075". Group B requires more
heat per stem, and passing heat through a larger body requires
more time for heat to be transierred such that Group B may
run at a speed 3 that of Group A.

The mold cavities 1n roll 2, FIG. 23G, are shown 1n FIGS.
231-23M. Rings 70 and 72 are placed face-to-face together 1n
registry such that when viewed from a plan view down upon
the periphery of the mold ring pair, a plus sign mold shape 1s
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 periph-
eral rows of cavities, FIG. 23N. The size of the cavities and
their distribution 1s selected according to the needs of the
particular fastening system being constructed. Typically a
slight draft angle, e.g. 01 1° 1s employed to enable the molded
fin to readily leave its mold. As shown 1n FIG. 23N, solid
spacer rings 73 having no mold cavities are placed between
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pairs of rings 70, 72. A first set of rings 70, 72 1s spaced by a
spacer ring from the next set, and so on. In the mold pattern of
FIG. 23N the mold cavities of adjacent pairs are aligned
axially of the mold roll.

In FIG. 230, a typical off-set pattern 1s shown for the tool
rings. Adjacent pairs of rings are ofi-set by 50%, as one usetul
pattern for enabling engagement with loops.

According to the concept of this embodiment, the plus sign
cross-section stems 104 with thin fins 19, 21 when pressure-
formed by conformation roll 4 will provide polymer flow 1n
directions of the four lobes oif the ends of the fins. For diaper
applications, for instance, where cross-machine directional-
ity of the hook 1s often important due to the orientation of the
machine direction of the fastener in the diaper forming pro-
cess, this can achieve better engagement with the nonwoven
loop component of a diaper than by hooks formed with a
round or square profile cross-section design.

To explain why the thin-fin quadrolobal stem preform waill
provide better cross-machine directionality, referring to
FIGS. 23P and 23Q), a square stem with a circular head 1s
shown. In the side view of F1G. 23Q a loop 1s shown attached
to the hook. The loop extends upwardly, perpendicular to the
bottom surface of the hook overhang. The case where the loop
1s being pulled directly away from the base of the hook can be
explained by vectors as 1n FIG. 23R. In this case the force F
exerted on the loop 1s shown as the vector coming from the
outer portion of the hook head down to underneath of the
hook head to the mid point of the stem. This vector may be
explained to be the sum of a vector A that extends tangent to
the circle to the point where the loop exits from underneath
the bottom of the hook head, heading away from the stem, and
a third vector B drawn at 90 degrees, extending from the end
of vector A to the end of vector F, to create a right triangle
tformed by side vector A, side vector B and hypotenuse vector
F. The angle @ between vectors A and F enables vector A to be
written as vector F consine .

For @ between 0 to 90 degrees, as @ increases, vector A
decreases, hence the loop becomes less likely to slide off the
hook when pulled.

This case 1s compared with one lobe of head 18 of a thin-fin
hook, as shown 1n FIG. 23S, a top view. The loop filament 1s
at the end point of the stem and 1s being pulled directly up as
shown 1n FIG. 23T.

In this case, by vector analysis shown in FIG. 23U, the
angle @ 1s greater than the angle @ for the circles @, 1s
greater than @ ., _, . The reason for this 1s, according to the
present concept, the tips and short ends of a thin {in stem are
deformed more compared to the long section of the fin due to
greater exposed surface area to the heating conditions. The
greatest overhang of the hook head then 1s at the end of the fin.
This causes a tangent to the overhanging rim to be closer to
horizontal (in plan view) than the tangent line of a similar
round head, and the beginning of the widest portion of the
head to be close to the end surface of the thin fin. In the case
of a circular head on a stem, the widest portion of a circular
head (its diameter) lies at the center axis of the stem structure
rather than off-set as 1s the case with the thin fin.

The concept described here rests 1n part on the proposition
that the fin tip heats locally towards its profile ends because of
a higher surface to mass ratio, related to surface exposed to
the localized, non-contact radiant or convection heat that
reaches the side margins of the stem.

Consider the top end of the quadrolobal fins with points A
on the end of one {in, B 1n the middle where the two {ins join
and C on the end of the opposite fin. When passed under a
non-contact heat source points A and C are predicted to
acquire more heat per unit volume of polymer and are easier
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to deform compared to point B. During pressure forming by
roll 4, more resin 1s pushed off (deformed) 1n areas A and C
compared to the middle, B, because more heat per unit vol-
ume has been transterred to the synthetic resin at those points,
A and B, and therefore that resin reaches a higher tempera-
ture, and consequent lower viscosity, and more readily flows
in response to forming pressure.

For a typical square stem that has a cross-section size of
0.008x0.008 inch, the head has approximately two times the

width of the stem. Thus the area of the footprint of an 1ndi-
vidual hook is 0.0087x1, or 2x10™* inches®, while the stem

cross-section area is of 6.4x107° inches®. With a thin fin stem

construction of the same area of ratio of 2 to 1, (lengthx
base=2.04x107), the thickness is about 0.0056 inches and
the length about 0.0113 inches. For the same size footprint,
comparing the angle ® between a square stem and a thin fin
stem, the angle ® 1s considerably greater with the fin for the
same footprint than for the @ of the circular head, or said
another way, a thin fin hook of equal peel performance to that
of a circular head will have a smaller footprint on the loop
surface.

Footprint 1s important for applications such as diapers,
because a small footprint allows for good penetration 1nto a
low loop mass, whereas a larger footprint tends more to push
down on the loops and not allow the crook or bottom part of
the head of the hook to enter under the loops that are pushed
down.

This analysis indicates, turther, that one can make a thin fin
hook with a footprint less than that of a round head that waill
penetrate loop better, and get more engagement, and 1t can
still be such that the loop tends less to slide off than with the
round head.

The relationship so-far described shows the difference
between a circle and a fin when the hook and loop are being
separated 1in tension mode, 1.¢. at their stages ol peel which are
in tension mode, when the loop 1s pulled at an angle close to
90 degrees to the base of the hook.

The benefits of a fin may be further explained considering
the condition 1n which the hook 1s subjected simultaneously
to a component of sheer loading. FIG. 23V shows a flat top
hook 1n which the loop 1s being pulled back at an angle
between the loop filament and an 1imaginary horizontal line
extending across the bottom of the hook head 1n the X, Z
plane. When angle ¢ 1s introduced, with the previous vector
work, an equation may be generated to show the relationship
between ¢ and @, i.e. the relationship between the angle at
which vector A 1s coming oil the angle between vectors A and
F. Vector A 1s the vector in which the loop 1s coming around
the hook and angle ¢ is the angle relative to the bottom of the
hook head. With angle e=0 degrees, the loop and hook are in
perfect sheer mode and with angle =90 degrees, the loop and
hook are 1n perfect tension mode. This enables an equation to
be generated, with the vectors added, to show a minimum
no-slip condition effect, angle ¢ minimum in relation to @
mimmuim 1s equal to the inverse cosine of the group of cosine
® divided by sine ®. From this relationship a graph 1s created,
FIGS. 23X, that shows the minimum no-slip condition rela-
tionship between @ and ¢, angle ® being the angle between
vectors F and A and vector A being the force tending to cause
the loop to slide off the hook. It shows that for an angle ® of
less than or equal to 45°, ¢ minimum must be 0. A loop will
slide off unless 1t 1s 1n perfect sheer mode for ® equal to or less
than 45 degrees. This graph also shows that there 1s a sharp
portion of the line between ®=45 and ®=50 degrees. It 1s
realized that any small increase in ® between angles from 45
to 50 degrees results 1n a much larger difference 1n what 1s
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required for ¢ minimum. Small improvements in @ result in
less of a necessity to be 1n perfect sheer mode.

An 1mportant aspect of the invention concerns the realiza-
tion that small changes 1n the head configuration can give
relatively larger benefits; hence the important advantage of
the thin fin construction for peel mode. Explaining further
referring to FIG. 23Y a hook component is shown being
peeled from a loop component. At the bottom area of the
valley between the hook and the loop component the forces
are substantially in tension mode, angle ¢ being close to 90
degrees, because no sheer force 1s involved. The hook 1s being
pulled directly away from the loop at the bottom of the V
during peel mode, similar to the application of forces shown
in FIGS. 23P and 23T. Now, so long as the hook can hold onto
the loop, as it moves up the V, angle ¢ starts to decrease.

I a hook at the horizontal portion of the fabric 1s still mated
with a loop, all force 1s 1n the shear mode, 1.e. resisted by the
stem.

This shows the importance of having a large @ angle to
avoid dependence on the € angle. It 1s believed the fin designs
will have a higher ® angle when compared with a standard
round head product. Therefore, for any given e angle, the fin
design should be less likely to slip when compared to a
standard round top hook. These calculations were made with
the assumption of no iriction; the loop conforms to head
shape, thus loop stiflness 1s negligible, gravity 1s negligible
and the hook 1s a rigid body.

The analysis applies to a plane single fin, and to the fins 19,
21 of a plus-form hook as well, and to other configurations
that provide flow or forming capabilities to increase angle @.

In condition where only cross-machine peel strength 1s
important, a hook component formed with single fins lying
cross-wise can be employed.

The plus-form or the “quad” configuration allows one to
engage 1n differing directions.

FIG. 24 1s a 3-D (three dimensional) view of the quadrolo-
bal hook created with (see FIGS. 24C and 24D) fins 21" in the
X axis that are shorter than the fins 19" 1n the Y axis to form a
hook 10 with better loop engageability 1n the cross-machine
direction because the profile causes more polymer in the
cross-machine direction to be heated and subject to forming a
hook compared to the polymer of fins 1n the machine direc-
tion.

In certain 1nstances the fins 21' may be so short that their
outer t1p portions are not reformed by roll 4. In such case, the
X-direction {ins act as supports for fins 19'.

FIG. 25 1s a top view of a hook created with 'Y axis fins 21"
and 21" offset from each other, neither being at the center of
the X axis structure.

In the case of FIG. 25 fins 19" protrude at the extremities of
the X axis structure beyond fins 21", at the forming station at
roll 4.

In the alternative embodiment of FIG. 25D the Y direction
fins are at the extreme ends of the X direction structure.

Likewise, of course, where the eflect 1s desired for the
machine direction, the stem cross-section may be placed at
90° to that which 1s shown 1n FIG. 25D.

As shown 1n FIG. 235D this forms an 1rregular shaped hook.
Under certain conditions, as shown, the head has bulbous
ends and reduced width section in-between, e.g. adog bone or
bow tie configuration. Such a configuration enables a loop,
that passes the widest point of the hook, to slide towards the
middle of the hook, where the head i1s narrower, effectively
trapping such loops to improve hook-to-loop engagement.

FI1G. 26 1s a side-view of a four feature hook created with X
axis fins 21A of considerable length, and Y axis protrusions
17 that are very short 1n machine direction md. The Y axis
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protrusions 17 serve to support the hook during formation and
in use as well. Importantly they reduce the foot print of the
hook, allowing for easier penetration into the loop mass e.g.
ol thin nonwoven fabrics.

FI1G. 27 1s a top-view of a quadrolobal hook formed with a
conformation roll having an array of embossing features
much smaller than the head diameter, indicated 1n the form
shown, as square projections. Penetration of these projections
into the top surface of head 18 during 1ts formation, serves to
displace resin to a useful degree, to the undersurface though
not to as great a degree as at the top surface. This provides
roughness or rigidity to the undersurface and edges of the
head. Such features provide mechanical obstacles or
“catches” to the sliding of loops along that surface, and hence
enhance loop engagement.

In other embodiments, pointed pyramidal shapes, rounded
dimples and the imprint of randomly placed particles such as
those of sandpaper can have like effect on the edges or under-
surtace of the head.

Preferably, at least three of such deformations are
employed and, except 1n the case of relatively fine sandpaper,
preferably there are less than about 15 of the deformations to
avold “wash-out” of the effect.

In certain cases the surface features of the conformation
roll are selected to force resin from one X, Y location to
another to enhance head overhang in some regions, decrease
it in others, or provide edge friction points for improving loop
engagement.

The hook form of FIGS. 28 and 28A has the head 28"
shifted to one side along axis A aligned with the machine
direction. This form can be created by over- or under-driving
the forming roll 4 of FIG. 23G. Hooks of this type are usetul
in applications that require one-directional engagement.

It 1s usetul to explain use here of the term “superheating.”
In general, the non-contact heating step described, when the
gas tlow rate and orifice sites are set has an established range
ol heating capability that 1s controlled by the distance of
adjustment and 1s imdependent of the particular polymer.
Using the set-up technique described above, the heating 1s
readily adjusted to enable flat-topping and stabilization of the
forms shaped by the cold forming roll 4. By adjusting the
distance of the burner closer to roll 3, more heat than the
mimmum required for flat-topping can be applied. The sys-
tem remains within the range of the tlat-topping action. In that
case, tlat-topping 1s elffective to distribute the resin and apply
a shape, but a point 1s reached at which it 1s readily observed
that the emerging forms have not yet frozen, and further,
predictable deformation 1s observed.

It 1s realized that benefit can be obtained from this second-
ary, “self-forming” action.

In one case, by choosing a resin having a low heat deflec-
tion temperature, the method 1s usetul to form rounded mush-
rooms of the self-engaging fastener type. For the example of
FIGS. 29-29A, low density polyethylene (LDPE) having a
heat detlection temperature of 113 degrees F. was employed
(significantly lower than the heat detlection temperatures of
186 degrees F. and 204 degrees F., of high density polyethyl-
ene (HDPE) and polypropylene (PP), respectively). (For
nylon and High Density PE, see FIGS. 30, 31.)

With a given coolant flow through the cold forming roll 4,
alter satisfactory flat-topping of the LDPE heads was estab-
lished with frozen shapes emerging, the heater was brought
closertoroll 3, and the line speed slowed to apply excess heat.
As heating was increased, gradual change 1n the final confor-
mation of the tlat-topped product was observed. A point was
reached 1n which, 1n a stable process, the rounded mushroom
shapes shown 1n FIGS. 29-29C were produced. In this case
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flat-topping was eflective to flatten and spread the bulbous
molten polymer, and following roll 4, the mass sank and
rounded to the form shown. Two components of this shape

were ellectively engaged to serve as a self-engaging fastener
as depicted 1n FIG. 29D.

Thus, the embodiment of FIG. 29 1s formed employing an
initial preform stem of the form of that of FIG. 23C, however
parameters are controlled to form a rounded upper profile. In
addition or 1in combination with previous techniques men-
tioned for forming round tips, 1t 1s found that resin selection
and an extra degree of melting, produced by “super-heating”
at the non-contacting heating steps can be usetully employed.

By choice of low detlection temperature resin, €.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 condition can be
obtained 1n which useful gravity flow of resin occurs after
passing by roll 4. This condition can for instance also be
obtained by maintaining roll 4 at such temperature that 1t does
no entirely solidify the tip portions.

With higher deflection temperature resins, e.g., high den-
sity polyethylene, a usetul self-bending action of outer edges
of the flat-topped structure form the “J” profile mentioned.

The process of forming the stem preform by filling dead-
end mold voids with polymer, does not orient the polymer. As
previously mentioned, heating this preformed stem results in
a ball of molten polymer at the top of the stem. After heating,
the molten top 1s reformed with a flat or configured forming
roll to form a head structure extending out 1n all directions to
an extent dependent upon the height and mass of the reformed
portion.

In the pictures of FIGS. 29, 29A a low-density polyethyl-
ene resin was chosen. The tip portions were super heated, 1.¢.
heated 1n excess of that to be removed by cold flat-topping to
retain residual gravity flow capability.

Following flat-topping, the flattened resin head gathers
under surface tension to form a well shaped mushroom head.

Under essentially the same thermal conditions, the flat-
tened head of nylon and high density polyethylene bent
bodily to turn down the peripheral tips of the heads to provide
a J profile, see FIGS. 30 and 31.

FIG. 32 1s a side view of a quadrolobal hook with a curved
head that has portions at the fin ends shaped as a J style hook.
This 1s accomplished by choice of the resin of which the
preform stem element 1s molded and appropriate control of
the non-contact heating and of the end of the stem and soft-
ness of the head following reformation by the conformation
roll; e.g. roll 4, to enable a degree of slump of peripheral
portions of the resin following flat-topping.

The amount of heat provided prior to the forming deter-
mines whether the polymer will flow while, as shown by
comparison of FIGS. 29, 29A with FIGS. 30 and 31, the type
of resin determines the shape of the formed head and down
the stem giving a curved head or whether the ends of the head
bend down to provide the J style referred to. The resultant J
form 1s beneficial to retain loops trapped underneath the head.

FIGS. 33, 33A and 33B, perspective, side and top views,
respectively, show a quadrolobal “M” hook, so-named
because of the configuration of the preformed stem from

which it 1s formed, shown 1n correspondingly FIGS. 33C, D

and E and FIGS. 33 G, H and I illustrate mold tooling for the
clement of FIG. 33.

Referring first to FIGS. 17A and 17B , that preformed stem
has more polymer at the outer-most portions of the stem 1n the
machine direction, the amount of polymer decreasing linearly
moving toward the center of the stem V.
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FIGS. 34C, D and E show a similar M stem preform ele-
ment, oriented 1n this case 1n the cross-machine direction, and

conceptually formed of two “half M” configuration stem

segments, see the corresponding mold tooling shown in
FIGS. 34F through 341.

In the cases of FIGS. 17A and 34, the principle of the thin

fin 1s employed, having more of the resin concentrated at the
X direction ends of the fins, adjacent vertical surfaces of the
formation. Depending upon the method of deformation, an

oval such as the machine direction oval of FIG. 18 or the
cross-machine “figure 8 head of FIG. 34B can be obtained.

With the quadrolobal M stem of FIGS. 33 similar deforma-

tions can be obtained. In the case of the hook depicted 1n FIG.
33, non-contact heating provides four lobes of molten resin,
concentrated at the periphery, see FIG. 33F. Flat-topping of
this resin can then produce the head 18B shown 1n FIG. 33B.
The resin, as 1t melts, finds the path of least resistance to be
predominately at the “precipice” provided at the steep sides of
the M, with the desirable result of forming a large ® angle in
the flat-topped product, according to the analysis presented
carlier. IT a “super heating “condition” 1s employed, with
resins such as Nylon and high density polyethylene, J-shaped
profiles are obtainable at the corners.

The M-configuration can usefully be reformed to provide a
loop-engageable head by contact heating techniques as well,
though potentially at slower speeds. Thus the hot roll and
ultrasound techniques described above with respect to FIGS.
12 and 13 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 as suggested by FIGS. 34 and
34A.

In the case of the non-contact melting followed by flat-
topping, steps can be taken also to limit resin flow back
toward the center of the “V” shaped void, as suggested by
FIGS. 34 and 34 A, for mstance 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 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, pro-
vides useful hooks for some applications.

FIG. 34A'" depicts the profile of a hook provided by the
flame heat-cold roll technique, the thicker hook tips being
attributable to the non-contacted heated resin that melted and
rounded under surface tension prior to the tlat topping action.

FI1G. 33, the 3-D view of a quadrolobal M hook has larger
outer margin portions of the hook head overhanging com-
pared with the hook of FIG. 23. More polymer on the outer
portion of the fin 1s created from a stem that has more polymer
on the outer portion of the fins and the distribution of polymer
and 1ts proximity to the heat source decreases towards the
center of the stem as shown in FIG. 33C.

According to this aspect of the invention, the more the hook
heads extend past the stem 1s beneficial for forming a crook
for better engagement, to obtain better holding of loops
underneath the hook. A greater distance 1s then required for
the loop to slide off when 1t 1s at the top of the stem. When 1t
1s at the end of the stem underneath of the head, a greater
distance 1s required for the loop to travel around the head of

the stem before disengagement hence the loop will be held
better.

FI1G. 34B 15 a top view of FIG. 34 A that shows the head of
the hook 1s formed in the cross-machine direction, showing,
that the bulk of the polymer has indeed been pushed out to the
side.
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In FIGS. 34A and 34B the ® angle 1s approaching 90
degrees, 1n this case, being high because of the large amount
of polymer pressed out to the side. At the loop along the base
underneath the hook, by the stem, 1s at approximately 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' 1llustrates a hook profile similar to that of FIG.

34A

In FIG. 34G the tool ring shown 1s cut at a 30 degree angle,
so that when one of the rings of these figures 1s flipped over

and two are placed together, they provide the center two rings
of the mold of FIG. 34F. The rings form a peak together, FIG.
34G. In FIG. 34F two outer spacer rings make-up the begin-

ning 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 and otherwise
1s the same as ring 44.

FIG. 35 shows another alternative of the M style hook 1n
which a small rectangular block 1s placed between the two
halves of the M. This design provides a bigger cross-direc-
tional hook. Referring to FIG. 35A it allows more volume of
polymer to be excluded between the two hooks. When this
preform formation 1s flat topped, even more resin 1s pushed
out to the sides. F1G. 35A' illustrates a hook profile similar to
FIG. 35A but formed 1n a different manner.

FIG. 36 comprises one side of the M hook design some-
times referred to as an “N” design. It can be used by having
half the rings face to the left cross-machine direction and half
the rings face to the right cross-machine direction. It enables
heating and flat topping a stem to make a hook that bends in
one direction 1n the cross-direction. The benefits of this hook
compared to the M hook are a smaller footprint and allowing
better penetration into the loop mass, yet still having cross-
machine direction features. F1IG. 36 A'1s ahook profile similar
to FIG. 36 A but formed in a different manner.

FIGS. 37-37B show a hook element again formed entirely
by actions 1n the machine direction to have significant peel
properties 1n the cross-machine direction.

In this embodiment a monolithic fin has a parallelogram
profile 1n cross-section as shown i FIG. 37E, with 1ts long
sides set at an angle of 45° to the machine direction and 1ts
short end surfaces aligned with the machine direction.

As a consequence the pair of smaller opposed included
angles at the corners of the stem are only 43°, creating a
localized region of the tip of the stem having a very high ratio
ol exposed surface to mass. When exposed to non-contact
heating, and in particular to the hot gases of a closely held
flame heater, those corners preferentially melt, to be readily
deformed by the flat topping action, and indeed, when
desired, can be super-heated such that desirable “J”” forma-
tions can be formed as a consequence of the tlow mentioned
in respect of FIGS. 30 and 31. Such hook formations have a
significant component of orientation in the cross-machine
direction.

On the other hand, the other set of comers with large
included angle locate a large mass of resin at the cross-
machine extremity available to be flattened into a strong
loop-engaging disc structure having substantial over-hang
beyond the upright stem surface, leading to a large angle @.
Thus both corners of the parallelogram can contribute signifi-
cantly but differently to the loop-engaging function.

Referring to FIGS. 37F and G, the mold ring MR for
forming the stem preform of FIG. 37C 1s formed simply by
forming an angular passage fully through the thickness of the
metal plate that forms the mold ring, the passage having the
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required transverse profile end, the thickness of the mold
plate thus determining the thickness for the narrow dimension

of the thin fin.

The alternating male fastener pattern of FIG. 37H 1s
achieved by onienting the parallelograms of adjacent rows of
molds in opposite orientations. This 1s done simply by revers-
ing adjacent mold tool rings, with a solid spacer ring SR
face-to-face between each adjacent mold tool ring pair. The
bands of the fastener component 1n FI1G. 37H that correspond
with the mold rings are indicated by I and I, and the bands that
correspond to the mold spacer ring are indicated by II. (*I”
denoting one direction orientation of a mold ring and “I;,” the
reverse orientation. )

Whereas one embodiment of the parallelogram construc-
tion may have straight-sided stems as suggested 1n FIGS.
37-37E, another advantageous construction, especially for
relatively tall fins, for providing colummar strength, has a
thickened pedestal portion of the profile. This 1s readily
understood from the mold cavity shown in FIG. 37G, of
length L, with shoulder, of length L., shown on both of the
long sides.

This form 1s simple to manufacture. The parallelogram
seen 1n the plan view of FIG. 37F relates to the fin structure
and 1ts mold cavity as follows. Parallelograms 430 and 438
correspond to the filet-defining stress-relieving transition at
the base. The next inward parallelograms 432, 436 represent
the strengthening shoulders of the base pedestal of the thin
fin, and the central parallelogram 434 represents the main
height of the thin {in, extending to 1ts tip.

All of these cavity portions appearing as parallelograms 1n
FIG. 37F extend at 45 degrees to the machine direction of the
mold ring.

In a preferred embodiment, with total height L, of 0.05
inch, the pedestal height B may be 0.020 inch, to provide
added columnar strength for the tlat-topping operation, and,
as well, to enable the mold to provide clearance for removal of
the entire fin structure from the rotating mold by the usual
expedient of turning about the stripping roll 5. The mold ring
plate thickness T, may for instance be 0.010 inch resulting in
a diagonal tip to tip length for the fin of 0.020 1nch, a length
along each side of 0.014 inch a thickness t measured normal
to the long sides of 0.005 inch and an end profile thickness t
of 0.0077 inch.

Taking the length of the fin as the full length of one side of
0.014 1nch and thickness t measured normal to that side of

0.005, the length to thickness ratio of this fin 15 2.8.

With respect to the pointed ends of the fin, flat-topping of
those regions can lead to a relatively small radius arc of
considerable arc extent, with a resultant ® angle approaching
90°.

It 1s anticipated when a loop 1s engaged on that point, the
loop will be prone to pass down the sides away from the tip
since 1t will not be riding along a directly opposed stem, but
rather a stem that slants at an angle away from the end of the
hook.

A sense of the loop engagement capability of the embodi-
ments of FIGS. 37-37G 1s obtained from the diagrammatic
perspective views of FIGS. 371 and J, taken from different
points of view.

Another benefit of that hook 1s similar to that of the
quadrolobal thin fin hook of FIG. 23, 1n that a footprint of size
equal to that of current hooks manufactured, results 1n a larger
® angle about the entire narrow end of the fin. If a loop 1s
engaged on that end 1t 1s believed that the @ angle will be
larger compared to standard flat top products that have a
square stem.
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As has been indicated, the benefits of using convection
heating from a gas flame and forming with a cold roll are
considerable.

The process allows the polymer to become molten and
permits geometric configurations of the remaining formation
and the flat topping step to determine the direction of the
polymer flow.

The cold roll 1s beneficial 1n that 1t freezes the polymer
quickly. This enables high line speeds and relatively inexpen-
stve production of hooks for high volume applications.

Another non-contact heating approach 1s the use of a radi-
ant heating block the heat from the metal, through radiation,
with convection, heats the tips of the stems.

As has been mentioned, another way for forming similar
hooks 1s the ultrasonic method whereby vibration 1s used for
localized heating and deformation as determined by surfaces
of the ultrasonic hormn or the anvil.

A possible benefit 1s to obtain desired head shapes, as a
consequence of a more localized heating, avoiding effects of
surface tension and hence not requiring as large a fin ratio. It
may also be beneficial 1n providing more curvature of the
heads and in making a head with a smaller thickness for
improved loop penetration, but with the drawback of lower
line speed.

Another method used 1s a hot-wire method which would be
a contact method. It would be with a heated wire. When the
stems pass and touch the wire they could then be formed by a
forming roll or nip. Those would be the main flat-topping
methods.

Other features and advantages will become apparent from
the following Description of the Preferred Embodiments, the
drawings and the claims.

Another aspect of the invention i1s a composite fabric, and
the making of such fabric, on which stems have been directly
molded 1n accordance, for instance, with the teachings of U.S.
patent application Ser. No. 09/808,395 filed Mar. 14, 2001,
which has been incorporated herein by reference above, fol-
lowed by use of a flame of burning gas jets or the combustion
products tlowing from the flame, to rapidly soften the extreme
ends of the stems, followed by engagement by a cooled press
surface such as a cooled forming bar or a forming roll, as
described therein. The numerous features of stem design and
conditions of forming the male fastener member as presented
here are applicable to the manufacture of such composite
materials.

A number of embodiments of the invention have been
described. Nevertheless, 1t will be understood that various
modifications may be made without departing from the spirit
and scope of the imnvention. Accordingly, other embodiments
are within the scope of the following claims.

What 1s claimed 1s:

1. A hook fastener pre-form product for subsequent forma-
tion of a loop engaging hook fastener product, the pre-form
product comprising;:

a base sheet having a surface of thermoplastic resin; and

a plurality of stem formations formed integrally with the

surface to protrude therefrom, the stem formations being,
arranged for engagement with a field of loops after
deformation of terminal ends, each of the stem forma-
tions including a first portion extending upwardly from
the surface and a second portion extending upwardly
from the first portion to a distal end to define a height of
the stem formation relative to the surface, each first
portion having only one second portion extending there-
from, an 1ntersection of the second and first portions
occurring at a distance from the surface equal to at least
half the height of the stem formation, the intersection
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defining a discrete transition 1n cross-sectional area of
the stem formation that corresponds to a flat upper sur-
face of the first portion, such that the second portions are
more susceptible to deformation energy than the first
portions, and are sized to form heads that overhang sides
of the first portions for releasable engagement with a
loop product, when deformed.

2. The hook fastener pre-form product of claim 1, wherein
an area of any cross-section of the second portion taken
parallel to the surface 1s less than an area of any cross-section
of the first portion taken parallel to the surface.

3. The hook fastener pre-form product of claim 2, wherein
the area of a cross-section taken parallel to the surface and
near the distal end of the second portion has an area less than
50% of the area of any cross section of the first portion taken

il

parallel to the surface.
4. The hook fastener pre-form product of claim 2, wherein

the area of a cross-section taken parallel to the surface and
near the distal end of the second portion has an area less than
25% of the area of any cross section of the first portion taken

.

parallel to the surface.

5. The hook fastener pre-form product of claim 1 in which
cach second portion projects above each first portion without
overhanging the surface.

6. The hook fastener pre-form product of claim 1, wherein
cach second portion includes at least four spaced apart pro-
jections.

7. The hook fastener pre-form product of claim 6, wherein
cach spaced apart projection tapers from the intersection of
the second and first portions to a narrow distal extrematy.

8. The hook fastener pre-form product of claim 6, wherein
a wall of each spaced apart projection 1s angled with respect
the surface.

9. The hook fastener pre-form product of claim 1, wherein
cach first portion 1s substantially rectangular in shape 1n trans-
verse cross-section.

10. The hook fastener pre-form product of claim 1, wherein
cach second portion 1s substantially rectangular in shape 1n
transverse cross-section.

11. The hook fastener pre-form product of claim 1, wherein
cach second portion 1s substantially circular in shape 1n trans-
verse cross-section.

12. The hook fastener pre-form product of claim 1, wherein
cach first portion 1s substantially cruciform in shape 1n trans-
verse cross-section.

13. The hook fastener pre-form product of claim 1, wherein
cach second portion defines a pyramid shape, the intersection
of the second and first portions being defined by a base of the
pyramid.

14. The hook fastener pre-form product of claim 1, wherein
cach of the first and second portions have different shaped
transverse cross-sections.

15. The hook fastener pre-form product of claim 1, wherein
cach first portion 1s cruciform 1n shape in transverse cross-
section and each second portion 1s rectangular in shape 1n
transverse cross-section.

16. The hook fastener pre-form product of claim 1, wherein
cach first portion 1s substantially rectangular in shape 1n trans-
verse cross-section.

17. The hook fastener pre-form product of claim 1, wherein
the first portions are of circular transverse cross-section.

18. The hook fastener pre-form product of claim 1, wherein
the second portions are cylindrical.

19. The hook fastener pre-form product of claim 1, wherein
the second portions are centrally located on their correspond-
ing first portions.
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20. A hook fastener pre-form product for subsequent for-
mation of a loop engaging hook fastener product, the pre-
form product comprising:

a base sheet having a surface of thermoplastic resin; and

a plurality of stem formations formed integrally with the

surface to protrude therefrom, the stem formations being
arranged for engagement with a field of loops after
deformation of terminal ends, each of the stem forma-
tions including a first portion extending upwardly from
the surface and a second portion extending upwardly
from the first portion to a distal end to define a height of
the stem formation relative to the surface, each second
portion including at least four spaced apart projections,
an intersection of the second and first portions occurring,
at a distance from the surface equal to at least half the
height of the stem formation, each spaced apart projec-
tion tapering from the intersection of the second and first
portions to a narrow distal extremity, the intersection
defining a discrete transition 1n cross-sectional area of
the stem formation, such that the second portion 1s more
susceptible to deformation energy than the first portion,
for deformation of the second portions to form over-
hanging heads for releasable engagement with a loop
product.

21. The hook fastener pre-form product of claim 20,
wherein an area of any cross-section of the second portion
taken parallel to the surface 1s less than an area of any cross-
section of the first portion taken parallel to the surface.

22. The hook fastener pre-form product of claim 21,
wherein the area of a cross-section taken parallel to the sur-
face and near the distal end of the second portion has an area
less than 50% of the area of any cross section of the first
portion taken parallel to the surface.

23. The hook fastener pre-form product of claim 21,
wherein the area of a cross-section taken parallel to the sur-
face and near the distal end of the second portion has an area
less than 25% of the area of any cross section of the first
portion taken parallel to the surface.

24. A hook fastener pre-form product for subsequent for-
mation of a loop engaging hook fastener product, the pre-
form product comprising;:

a base sheet having a surface of thermoplastic resin; and

a plurality of stem formations formed integrally with the

surface to protrude therefrom, the stem formations being,
arranged for engagement with a field of loops after
deformation of terminal ends, each of the stem forma-
tions including a first portion extending upwardly from
the surface and a second portion extending upwardly
from the first portion to a distal end to define a height of
the stem formation relative to the surface, each first
portion being substantially rectangular in shape 1n trans-
verse cross-section, an intersection of the second and
first portions occurring at a distance from the surface
equal least half the height of the stem formation, the
intersection defining a discrete reduction in cross-sec-
tional area of the stem formation from the first portion to
the second portion, such that the second portion 1s more
susceptible to deformation energy than the first portion,
for deformation of the second portions to form over-
hanging heads for releasable engagement with a loop
product.

25. The hook fastener pre-form product of claim 24,
wherein an area ol any cross-section of the second portion
taken parallel to the surface is less than an area of any cross-
section of the first portion taken parallel to the surface.

26. The hook fastener pre-form product of claim 25,
wherein the area of a cross-section taken parallel to the sur-
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face and near the distal end of the second portion has an area
less than 50% of the area of any cross section of the first
portion taken parallel to the surface.

27. The hook fastener pre-form product of claim 25,
wherein the area of a cross-section taken parallel to the sur-
face and near the distal end of the second portion has an area
less than 25% of the area of any cross section of the first
portion taken parallel to the surface.

28. A hook fastener pre-form product for subsequent for-
mation ol a loop engaging hook fastener product, the pre-
form product comprising:

a base sheet having a surface of thermoplastic resin; and

a plurality of stem formations formed integrally with the

surface to protrude therefrom, the stem formations being,
arranged for engagement with a field of loops after
deformation of terminal ends, each of the stem forma-
tions including a first portion extending upwardly from
the surface and a second portion extending upwardly
from the first portion to a distal end to define a height of
the stem formation relative to the surtace, each second
portion being substantially rectangular in shape 1n trans-
verse cross-section, an intersection of the second and
first portions occurring at a distance from the surface
equal to at least half the height of the stem formation, the
intersection defining a discrete transition 1n Ccross-sec-
tional area of the stem formation, such that the second
portion 1s more susceptible to deformation energy than
the first portion, for deformation of the second portions
to form overhanging heads for releasable engagement
with a loop product.

29. The hook {fastener pre-form product of claim 28,
wherein an area ol any cross-section of the second portion
taken parallel to the surface 1s less than an area of any cross-
section of the first portion taken parallel to the surface.

30. The hook {fastener pre-form product of claim 29,
wherein the area of a cross-section taken parallel to the sur-
face and near the distal end of the second portion has an area
less than 50% of the area of any cross section of the first
portion taken parallel to the surface.

31. The hook fastener pre-form product of claim 29,
wherein the area of a cross-section taken parallel to the sur-
face and near the distal end of the second portion has an area
less than 25% of the area of any cross section of the first
portion taken parallel to the surface.

32. A hook fastener pre-form product for subsequent for-
mation ol a loop engaging hook fastener product, the pre-
form product comprising:

a base sheet having a surface of thermoplastic resin; and

a plurality of stem formations formed integrally with the

surface to protrude therefrom, the stem formations being
arranged for engagement with a field of loops after
deformation of terminal ends, each of the stem forma-
tions including a first portion extending upwardly from
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the surface and a second portion extending upwardly
from the first portion to a distal end to define a height of
the stem formation relative to the surface, each second
portion including at least four spaced apart projections,
an 1ntersection of the second and first portions occurring
at a distance from the surface equal to at least half the
height of the stem formation, the intersection defining a
discrete transition in cross-sectional area of the stem
formation that corresponds to a tlat upper surface of the
first portion, each spaced apart projection tapering {from
the 1ntersection of the second and first portions to a
narrow distal extremity, such that the second portions
are more susceptible to deformation energy than the first
portions, and are sized to form heads that overhang sides
of the first portions for releasable engagement with a
loop product, when deformed.

33. The hook fastener pre-form product of claim 32,
wherein a wall of each spaced apart projection 1s angled with
respect to the surface.

34. A hook fastener pre-form product for subsequent for-
mation ol a loop engaging hook fastener product, the pre-
form product comprising:

a base sheet having a surface of thermoplastic resin; and

a plurality of stem formations formed integrally with the

surface to protrude therefrom, the stem formations being
arranged for engagement with a field of loops after
deformation of terminal ends, each of the stem forma-
tions including a first portion extending upwardly from
the surface and a second portion extending upwardly
from the first portion to a distal end to define a height of
the stem formation relative to the surtace, each second
portion defining a pyramid shape, an intersection of the
second and first portions being defined by a base of the
pyramid, the intersection occurring at a distance from
the surface equal to at least half the height of the stem
formation, the intersection defimng a discrete transition
in cross-sectional area of the stem formation that corre-
sponds to a flat upper surface of the first portion, such
that the second portions are more susceptible to defor-
mation energy than the first portions, and are sized to
form heads that overhang sides of the first portions for
releasable engagement with a loop product, when
deformed. occurring at a distance from the surface equal
to at least half the height of the stem formation, the
intersection defining a base of the pyramid, and also
defining a discrete reduction 1n cross-sectional area of
the stem formation from the first portion to the second
portion, such that the second portion 1s more susceptible
to deformation energy than the first portion, for defor-
mation of the second portions to form overhanging
heads for releasable engagement with a loop product.
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