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REFASTENABLE GARMENT ATTACHMENT 
MEANS WITH LOW IMPACT ON THE GARMENT 

BACKGROUND OF THE INVENTION 

[0001] The use of fastening systems on disposable absor 
bent products, such as diapers, training pants, adult incon 
tinent products, feminine care products, and the like, is Well 
knoWn. These fastening systems include pins, ties, buttons, 
snaps, adhesives, and mechanical fastening systems. Key 
performance requirements of such fastening systems include 
a balance of maintaining the position of the absorbent 
products during use and loW/no impact on the garments that 
the fastening system comes into contact With or utiliZes 
during the use of the absorbent product. 

[0002] Refastenable mechanical fastening systems such as 
Velcro®-style hook and loop mechanical fastening systems 
are Well knoWn in the art. Typically, such fastening systems 
involve tWo major components, a male component and a 
female component that When engaged can hold tWo sub 
strates together. The male component typically includes a 
backing material With a number of protruding hook elements 
that are designed to engage With a number of loops on a 
complimentary female component. These hook elements 
protruding from the backing material of the male component 
typically consist of a base, a shank and an engaging means 
in the form of a hook, a cap, a spherical/hemi-spherical 
shape, a ?at top, etc. Generally, a loop fastening material 
comprises ?brous loops protruding from the backing mate 
rial and is capable of engaging the above-described male 
component of a mechanical fastener. 

[0003] When the mechanical fastening system becomes 
engaged, a hook element penetrates the loop fastening 
material and either engages or intercepts ?brous loops of the 
loop fastening material. This results in a mechanical inter 
ference and physical obstruction Which prevent the removal 
of hook material from the loop material until the separation 
forces, usually in the form of either peel or shear forces, 
eXceed a certain threshold. After this, the disengagement of 
a mechanical fastener occurs resulting in separation of the 
hook component and the loop component. Furthermore, the 
separation forces being applied to the loop material during 
the disengagement stage can result in loop breakage, ?ber 
pull-out and ?ber string-out, fuZZy marks on the loop 
material etc., up to mechanical tear of the loop material. 

[0004] The common Way to avoid these problems is to use 
a female component of a mechanical fastening system that 
is speci?cally designed to engage With a particular male 
component and thus possesses a necessary mechanical 
strength, ?ber strength, ?ber thickness, and/or a particular 
?ber bonding pattern, in order to prevent the above-men 
tioned problems. Examples of suitable loop materials 
include Velcro® brand loop materials sold by Velcro USA of 
Manchester, NH, stitchbonded fabric sold by the Milliken 
& Company of Spartanburg, S.C., or a loop material avail 
able from Guilford Mills, Inc., Greensboro, NC. under the 
trade designation No. 36549. Another suitable loop material 
can comprise a pattern un-bonded Web as disclosed in US. 
Pat. No. 5,858,515 issued on Jan. 12, 1999 to Stokes et. al. 
The fact that the dual surface (i.e., tWo separate surfaces) is 
required to enable hook and loop style mechanical fastener 
makes it a costly material, decreases ?exibility of mechani 
cal fastening system, and therefore creates limitations for its 
use. 
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[0005] Mechanical fastening systems have been devised 
Which provide for repeated refastening as Well as being 
lightWeight and secure. Hook and loop type mechanical 
fastening systems, such as Velcro-style fasteners, are Well 
knoWn in the art. Such fastening systems involve tWo major 
components, a male component and a female component. 
The male component typically includes a backing material 
With a number of protruding hooks that are designed to 
engage With a number of loops on a complimentary female 
component. The hooks protruding from the backing material 
of the male component typically project perpendicularly to 
the direction of fastener shear force. The hooks typically 
have a base, a shank, and an engaging means in the form of 
a hook, cap, or spherical or hemispherical shape. Generally, 
loop fastening materials Will comprise loops, ?bers, or the 
like With the engaging elements of the hook fastening 
material can become entangled. 

[0006] When the mechanical fastening system is fastened 
and shear force acts upon the fastening system, the hooks 
pull toWard the direction of fastener force. As the hooks are 
pulled Which can result in the hooks releasing the loops, the 
mechanical fastening system may become unfastened as a 
?nal result. Furthermore, the fastener force applied to the 
loops during disengagement may result in damage to the 
loops, such as loop breakage, ?ber pull-out and string-out. 
Furthermore, the male component often produce red-mark 
ing and irritation if brought into contact With a person’s skin, 
such as an infant’s skin in contact With a male component of 
a diaper mechanical fastening system. 

[0007] There is a need or desire for a male component of 
a mechanical fastening system that is capable of remaining 
fastened to a female component under effective levels of 
shear force While not damaging or distorting the female 
component. 

[0008] There is a need or desire for a more universal male 
component of a mechanical fastening system that is capable 
of engaging into a Wide variety of different potential female 
components, such as fabrics used in garment manufacturing, 
e.g. knitted fabrics, Woven fabrics, non-Woven fabrics, and 
the like. There also is a need or desire for a male component 
of a mechanical fastening system that is capable of remain 
ing fastened to an above-speci?ed group of female compo 
nents under in-use levels of shear force While not damaging 
or distorting the female component. There is also a need or 
desire for a male component that is capable to release or 
disengage from the female component under the effective 
levels of peel force during disengagement While not dam 
aging or distorting the female component. There is also a 
need or desire for a male component that can be securely 
re-attached to the female component after disengagement. 

[0009] There is also a need or desire for a male component 
of a mechanical fastening system that reduces or eliminates 
the occurrence of red-marking and/or irritation if brought 
into contact With a person’s skin. 

SUMMARY OF THE INVENTION 

[0010] The present invention is directed to a male com 
ponent of a mechanical fastening system such as hook and 
loop fastener, comprising protrusions Wherein at least a 
portion of the protrusions may be angled toWard the direc 
tion of fastener shear force acting on the mechanical fas 
tening system in use. The angled protrusions may Withstand 
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a higher shear force than conventional perpendicular hooks 
on the male component Without becoming disengaged from 
the female component, such as loop material, resulting in an 
advantageously more secure mechanical fastening system. 
The angled protrusions of the male component may be 
disengaged from the female component of the mechanical 
fastening system Without causing damage to the above 
mentioned female component. The angled protrusions on the 
male component may reduce skin irritation often caused by 
perpendicular hooks. 

[0011] The angled protrusions are non-hook type angled 
protrusions located on the male component. In some 
embodiments of the present invention, the entire surface of 
the male component may be covered With angled protru 
sions, the surface of the male component may have a 
combination of perpendicular protrusions and angled pro 
trusions, or the surface of the male component may have a 
combination of Zones covered With angled/perpendicular 
protrusions and Zones With no protrusions. The protrusions, 
angled and/or perpendicular, on the male component may 
have similar or different heights. 

[0012] The angled protrusions may be formed from a mold 
designed to produce such protrusions, or from a mold 
specially shaped to produce angled protrusions When the 
male component is removed from the mold. In some situa 
tions, the protrusions may be formed from a mold designed 
to produce perpendicular protrusions, and then angled in the 
after-treatment. Alternatively, the angled protrusions may be 
formed by using tWo or more polymers side-by-side in a 
mold, such that the protrusions become angled as the poly 
mers cool due to differential shrinkage of the polymers. 

[0013] With the foregoing in mind, it is a feature and 
advantage of the present invention to provide a male com 
ponent of a mechanical fastening system that may remain 
fastened to a female component under the in-use levels of 
shear force Without causing noticeable damage or distortion 
of the female component. 

[0014] It is another feature and advantage of the present 
invention to provide a male component of a mechanical 
fastening system that may be released or disengaged from 
the female component under effective levels of peel force 
Without causing noticeable damage or distortion of the 
female component. 

[0015] It is another feature and advantage of the present 
invention to provide a male component of a mechanical 
fastening system that may engage a variety of different 
materials serving as female components, such as knitted, 
non-Woven, and Woven materials. 

[0016] It is yet another feature and advantage of the 
present invention to produce a mechanical fastening system 
that includes the above male component. 

[0017] It is another feature and advantage of the present 
invention to provide a male component of a mechanical 
fastening system that reduces or eliminates the occurrence of 
red-marking and/or irritation if brought into contact With a 
person’s skin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a side vieW of a male component and a 
female component of a mechanical fastening system of the 
present invention prior to engagement With one another; 

Nov. 3, 2005 

[0019] FIG. 2 is a side vieW of a male component of a 
mechanical fastening system of the present invention shoWn 
in partial engagement With a female component; 

[0020] FIG. 2a is a side vieW of a male component of a 
mechanical fastening systems of the present invention 
shoWn in partial disengagement from a female component 
by the application of a peel force. 

[0021] FIG. 3 is a perspective vieW of a male component 
of a mechanical fastening system of the present invention; 

[0022] FIG. 4 is a side vieW of an angled protrusion on a 
male component of a mechanical fastening system of the 
present invention; 

[0023] FIG. 5 is a side vieW of an angled protrusion on a 
male component of a mechanical fastening system of the 
present invention engaged With a female component; 

[0024] FIG. 6a-b is a side vieW of an angled protrusion on 
a male component of a mechanical fastening system of the 
present invention; 

[0025] FIGS. 7a-7a' are side vieWs of angled protrusions 
on male components of mechanical fastening systems of the 
present invention; 

[0026] FIGS. 8 a-Sf are cross-sectional vieWs of protru 
sions of mechanical fastening systems of the present inven 
tion; 
[0027] FIG. 9 is a plan vieW of a garment-facing side of 
a disposable absorbent article incorporating a male compo 
nent of a mechanical fastening system of the present inven 
tion; 
[0028] FIG. 10 is a side vieW of an angled protrusion 
comprised of tWo different materials on a male component 
of a mechanical fastening system of the present invention. 

[0029] FIG. 11 is a plan vieW of a garment-facing side of 
an absorbent article consisting of multiple groups of protru 
sions. 

[0030] FIGS. 12a-12d are microphotographs of some loop 
materials at a magni?cation 

[0031] FIG. 13a is a microphotograph of loop material 
before the engagement of a conventional hook material. 

[0032] FIG. 13b is a microphotograph of loop material 
after the engagement of a conventional hook material and 
subsequent disengagement of the conventional hook mate 
rial. 

[0033] FIGS. 14a-14b are top plan vieWs of portions of a 
male component of mechanical fastener With angled protru 
sions. 

[0034] FIGS. 14c-14a' are side vieWs of portions of a male 
component of mechanical fastener With angled protrusions. 

[0035] FIGS. 15a-15c are bar graphs shoWing of pore siZe 
distributions of loop materials. 

[0036] FIGS. 16a-16d are schematic draWings of void 
patterns of loop materials. 

DEFINITIONS 

[0037] Within the context of this speci?cation, each term 
or phrase beloW Will include the folloWing meaning or 
meanings. 
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[0038] “Angled Protrusion” refers to a protrusion com 
prising a base and a shank that extends from the backing of 
a male component of a mechanical fastening system, and is 
non-perpendicular to a male component backing. 

[0039] “Comprises”, “Comprising” and other derivatives 
from the root term “comprise” are intended to be open 
ended terms that specify the presence of any stated features, 
elements, integers, steps, or components, but do not preclude 
the presence or addition of one or more other features, 
elements, integers, steps, components, or groups thereof. 
Accordingly, such terms are intended to be synonymous 
With the Words “has”, “have”, “having”, “includes”, “includ 
ing” and any derivatives of these Words. 

[0040] “Direction of Fastener Force” refers to a force 
exerted by the male component on the female component 
While the components are engaged (e.g. While the article 
embodying the fastener is being Worn). The fastener force is 
a vector force having a shear force component and a normal 
force component. 

[0041] “Engaging Portion” refers to a part of a fastening 
component that is suitably shaped to enable the fastening 
component to engage or secure itself to a complementary 
fastening component. Examples of engaging portions 
include J-shaped hooks, and ?at-topped hook portions atop 
protrusions having a diameter narroWer than the ?at top. 

[0042] “Extensible Material” refers to a material that can 
a provide a substantially permanent deformation of at least 
about 10 percent, desirably at least about 15 percent, par 
ticularly at least about 17 percent, more desirably at least 
about 20 percent, even more desirably at least about 25 
percent, and yet even more desirably at least about 30 
percent When subjected to a tensile force of 100 gmf per inch 
(per 2.54 cm) of Width according to the Material Elongation 
and Deformation Tensile Test set forth herein. In general, the 
Material Elongation and Deformation Tensile Test is con 
ducted similar to ASTM Standard Test Method D882 (Ten 
sile Method for Tensile Properties of Thin Plastic Sheeting) 
dated December 1995. The initial separation of the jaWs of 
the tensile tester is 3 inches (76.2 mm) at a tensile force of 
about 1 gram force per inch of Width of the test sample, and 
the moving jaW is moved at a constant rate of 127 mm/min. 
The moving jaW is stopped at an extension Where the tensile 
force equals 100 grams force per inch of Width of the test 
sample, held at that extension for a period of 2 minutes, and 
then returned back to its initial tensile force of about 1 gram 
force per inch of Width of the test sample at a rate of 127 
mm/min. 

[0043] “Knitted Fabric” refers to a cloth constructed by 
interlocking a series of loops of one or more yarns by hand 
or by machine, by a knitting process. Three main classes of 
knit fabrics are circular knit, ?at knit and Warp knit. 
Examples of the last type of knit include Tricot, Milanese 
and Raschel knit. 

[0044] “Knitting Process” refers to a method of construct 
ing fabric by interlocking series of loops of one or more 
yarns. 

[0045] “MeltbloWn Fibers” means ?bers formed by 
extruding a molten thermoplastic material through a plural 
ity of ?ne, usually circular, die capillaries as molten threads 
or ?laments into converging high velocity heated gas (e.g., 
air) streams Which attenuate the ?laments of molten ther 

Nov. 3, 2005 

moplastic material to reduce their diameter, Which may be to 
micro?ber diameter. Thereafter, the meltbloWn ?bers are 
carried by the high velocity gas stream and are deposited on 
a collecting surface to form a Web of randomly dispersed 
meltbloWn ?bers. Such a process is disclosed for example, 
in US. Pat. No. 3,849,241 to Butin et al. MeltbloWn ?bers 
are micro?bers Which may be continuous or discontinuous, 
are generally smaller than 10 microns in diameter, and are 
generally self bonding When deposited onto a collecting 
surface. MeltbloWn ?bers used in the present invention are 
preferably substantially continuous in length. 

[0046] As used herein, the term “Non-elastic”, What is 
meant is that the sheet layers are made from polymers that 
are generally considered to be inelastic. In other Words, use 
of such inelastic polymers to form the sheet layers Would 
result in sheet layers that are not elastic. As used herein, the 
term “Elastic” means any material Which, upon application 
of a biasing force, is stretchable, that is, elongatable, at least 
about 60 percent (i.e., to a stretched, biased length Which is 
at least about 160 percent of its relaxed unbiased length), 
and Which Will immediately recover at least 55 percent of its 
elongation upon release of the stretching, elongating force. 

[0047] As used herein, the term “Non-Woven” means a 
fabric or Web having a structure of individual ?bers or 
threads Which are interlaid, but not in a regular or identi? 
able manner as in a knitted textile or Woven textile fabric. 

Non-Woven fabrics or Webs have been formed from many 
processes such as, for example, melt-bloWing processes, 
spunbonding processes, air laying processes, and bonded 
carded Web processes. The basis Weight of non-Woven 
fabrics is usually expressed in ounces of material per square 
yard (osy) or grams per square meter (gsm) and the ?ber 
diameters useful are usually expressed in microns. (Note 
that to convert from osy to gsm, multiply osy by 33.91.) 

[0048] “Perpendicular Direction” or “Perpendicular Force 
Direction” refers to a direction normal (90 degrees) to a 
backing material or other reference surface. The perpendicu 
lar direction is perpendicular to the shear direction, de?ned 
beloW. 

[0049] “Perpendicular Force”, or “peel force” refers to 
forces that tend to produce an opposite pulling motion in a 
perpendicular direction betWeen tWo bodies’ planes. 

[0050] “Polymers” include, but are not limited to, 
homopolymers, copolymers, such as for example, block, 
graft, random and alternating copolymers, terpolymers, etc. 
and blends and modi?cations thereof. Furthermore, unless 
otherWise speci?cally limited, the term “polymer” shall 
include all possible geometrical con?gurations of the mate 
rial. These con?gurations include, but are not limited to 
isotactic, syndiotactic and atactic symmetries. 

[0051] “Releasably Attached,”“Releasably Engaged” and 
variations thereof refer to tWo elements being connected or 
connectable such that the elements tend to remain connected 
absent a separation force applied to one or both of the 
elements, and the elements being capable of separation 
Without substantial permanent deformation or rupture. The 
required separation force is typically beyond that encoun 
tered While Wearing the garment item. 

[0052] “Resilient” refers to a material that is ?exible, 
compressible and re-formable. 
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[0053] “Shear Force” refers to forces that tend to produce 
an opposite but parallel sliding motion between tWo bodies’ 
planes. 
[0054] “Shear Direction” or “Shear Force Direction” 
refers to a direction parallel to a backing material or other 
reference surface undergoing shear force. 

[0055] As used herein, the term “Spunbonded Fibers” 
refers to small diameter ?bers Which are formed by extrud 
ing molten thermoplastic material as ?laments from a plu 
rality of ?ne capillaries of a spinnerette having a circular or 
other con?guration, With the diameter of the extruded ?la 
ments then being rapidly reduced as by, for example, in US. 
Pat. No. 4,340,563 to Appel et al., and US. Pat. No. 
3,692,618 to Dorschner et al., US. Pat. No. 3,802,817 to 
Matsuki et al., US. Pats. No. 3,338,992 and 3,341,394 to 
Kinney, US. Pat. No. 3,502,763 to Hartmann, US. Pat. No. 
3,502,538 to Petersen, and US. Pat. No. 3,542,615 to Dobo 
et al., each of Which is incorporated herein in its entirety by 
reference. Spunbond ?bers are quenched and generally not 
tacky When they are deposited onto a collecting surface. 
Spunbond ?bers are generally continuous and of-ten have 
average diameters larger than about 7 microns, more par 
ticularly, betWeen about 10 and 30 microns. 

[0056] “Thermoplastic” describes a material that softens 
When exposed to heat and Which substantially returns to a 
nonsoftened condition When cooled to room temperature. 

[0057] “Water-permeable Porous Films” refers to ?lms 
rendered porous by puncturing or aperturing, and to ?lms 
rendered porous by mixing polymer With ?ller, forming a 
?lm from the mixture, and stretching the ?lm. 

[0058] “Woven Fabric” refers to fabric that is formed by 
a Weaving process of interlacing of at least tWo sets of yarns. 
Woven fabric may be composed of tWo sets of yarns, Warp 
and ?lling. Woven fabrics may be composed of three sets of 
yarn to provide a triaxial Weave. TWo dimensional Woven 
fabrics may be composed of tWo or more Warps and ?llings 
in a fabric, depending on the complexity of the construction 
of the fabric. The manner in Which the tWo sets of yarn are 
interlaced determines the Weave. The Weaving process may 
include one or more basic Weaves, such as plain, tWill, and 
satin. 

[0059] “Yarn” refers to a continuous strand of textile 
?bers, ?laments, or material in a form suitable for knitting, 
Weaving, or otherWise intertWining to form a textile fabric. 
Yarn may be provided in the folloWing forms: (1) a number 
of ?bers tWisted together (spun yarn); (2) a number of 
?laments laid together Without tWisting (a Zero-tWist yarn); 
(3) a number of ?laments laid together With a degree of 
tWist; (4) a single ?lament With or Without tWist (a mono?la 
ment); or, (5) a narroW strip of material, including but not 
limited to, paper, plastic ?lm, or metal foil, or metal foil, 
With or Without tWist, intended for use in a textile construc 
tion. 

[0060] These terms may be de?ned With additional lan 
guage in the remaining portions of the speci?cation. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0061] The present invention is directed to a mechanical 
fastening system that includes a male component and a 
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female component. In the present invention, a male compo 
nent of a mechanical fastening system, such as hook and 
loop fastener system, may be fastened to a variety of 
different materials serving as a female component and may 
remain securely fastened to the female component under 
effective levels of shear force. The materials may include 
fabrics, such as: Woven textile fabrics; (2) knitted textile 
fabrics; and, (3) non-Woven materials. For the purposes of 
the present invention, the term “fabrics” is used to refer to 
Woven, knitted, and non-Woven Webs. 

[0062] The present invention may also be directed to a 
male component of a mechanical fastening system that may 
be easily released or disengaged from the female component 
under the effective levels of peel force Without causing 
noticeable damage or distortion to the loop material, and 
may be securely re-attached if needed after several engage 
ment disengagement cycles. The male component includes 
protrusions Wherein at least a portion of the protrusions may 
extend from a backing material at an angle toWard the 
direction of fastener shear force. The geometry of the male 
component can also reduce or eliminate the occurrence of 
red-marking and/or irritation if brought into contact With a 
person’s skin during use of the disposable absorbent article. 

[0063] The male component of mechanical fastening sys 
tem of the present invention may be utiliZed When a material 
comprising the male component Would be attached in a 
refastenable manner to a garment or an undergarment mate 
rial. Examples of applications of this particular type of 
mechanical fastener include, but are not limited to using a 
male component of the present invention to: 

[0064] (1) refastenably attach a shoulder strap or 
another part of an undergarment, e.g. brassiere, to the 
undersurface of an overlying garment or used to 
attach any piece of one garment, eg an undergar 
ment such as panties or breast caps, to overlying 
garments, thereby preventing shifting during use; 

[0065] (2) secure a disposable absorbent article, such 
as an adult incontinence pad or a feminine care pad, 
to the Wearer’s undergarment; 

[0066] (3) adjust the Waistline of a garment or an 
undergarment by either tightening or un-tightening 
Waistline band or Waistline ?aps, and re-attaching 
them to the garment and/or to themselves at a 
desirable Waistline Width or used to close and/or 
adjust Width of collars, sleeve cuffs, or leg cuffs of 
garments; 

[0067] (4) attach various functional and fashionable 
additions to a garment article, e.g. additional pock 
ets, re-attachable sleeves, re-attachable hoods, or 
seasonal decorative appliqués, such as pumpkin or 
autumn leaf shapes for Thanksgiving, or used to 
create a Wide variety of fashionable, decorative 
designs from the same basic piece of garment; 

[0068] (5) make creativity toys for kids, e.g. animal 
and alphabet shapes that can be attached to a fabric 
covered board; 

[0069] (6) refastenably attach name tags and visitors 
badges to the garments; 

[0070] It should be appreciated by those skilled in the art 
that these examples are given for purposes of illustration and 
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are not to be construed as limiting the scope of the appli 
cation of the present invention. 

[0071] This male component is particularly suitable for 
use in mechanical fastening systems on disposable absorbent 
articles in Which the fastener force has a signi?cant shear 
force component during use. The term “disposable absor 
bent garments” is intended to refer to any disposable gar 
ment intended to absorb discharged body ?uids. Examples 
of disposable absorbent garments include diapers, adult 
incontinence products, training pants, feminine napkins, 
Wound dressings, and the like. For ease of understanding, 
much of the folloWing description Will be made in terms of 
the use of the mechanical fastening systems of the present 
invention on disposable absorbent products, such as, femi 
nine care products and disposable diapers. Nonetheless, it is 
to be understood that the mechanical fastening systems of 
the present invention are equally suited for use on any other 
disposable absorbent products or durable products. 

[0072] As shoWn in FIG. 1, a male component 20 and a 
female component 22 may be brought together to be releas 
ably attached, or releasably engaged, to one another. The 
male component 20 may have a number of individual stems 
or protrusions 23 extending from a resilient backing material 
26. Similarly, the female component 22 may have a number 
of individual loops 28 protruding generally perpendicularly 
from a resilient loop backing material 30. It is understood, 
as used herein, the female component 22 may comprise a 
part or a component of a garment article; alternatively, the 
female component 22 may comprise a part or a component 
of the disposable absorbent article 10 or a knitted textile 
fabric, Woven textile fabric, and/or non-Woven Web that the 
disposable absorbent article 10 comes in contact With during 
use. The individual protrusions 23 of the male component 20 
and the loops 28, such as individual ?bers or bungles of 
?bers, of the female component 22, When brought into 
contact With one another, engage or interlock With one 
another, With the protrusions 23 of the male component 20 
latching onto the loops 28 of the female component 22, until 
forcibly separated, thereby pulling the protrusions 23 of the 
male component 20 out of the loops 28 of the female 
component 22. The male and/or female components 20 and 
22, respectively, may be attached to the disposable absorbent 
article 10 or to a peripheral portion thereof, such as Wing 
structures. 

[0073] In some embodiments of the present invention, the 
individual loops 28 of the female component 22 may be 
needled, stitched or otherWise projected through the loop 
backing material 30. The loop backing material 30, or 
alternatively, the female component 22 may suitably be 
made from a non-Woven material. In another embodiment of 
the present invention, the female component 22 may suit 
ably be made from a ?brous non-Woven Web such as a 
spunbond non-Woven Web, or a staple ?ber carded Web. An 
example of a suitable non-Woven Web is disclosed in US. 
Pat. No. 5,858,515 to Stokes, et. al, and is hereby incorpo 
rated by reference. Alternatively, the individual loops 28 
may be made of yarn or toW. Once the loops 28 have been 
formed, ?bers forming the loops 28 may be anchored in 
place by bonding the ?bers to the loop backing material 30 
With heat and/or adhesives or any other suitable means. Such 
suitable female components 22 are available from Velcro, 
USA, of Manchester, NH. Alternatively, the female com 
ponent 22 may be a Woven or knitted textile fabric, such as 
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one of the fabrics conventionally used for garment or 
underWear manufacturing. It is to be understood that the 
individual loops 28 may not protrude from the surface of the 
female component 22 but may be an integral part of a fabric, 
as in typical knitted textile fabric, Woven textile fabric, or 
non-Woven Webs. 

[0074] At least some of the individual angled protrusions 
24 of the male component 20 of the present invention may 
be angled, at least in part, toWard the direction of fastener 
shear force. As used herein, the term “direction of fastener 
shear force” refers to a shear component of a direction, i.e., 
the direction of fastener force, Which a male component 20 
applies to a mating female component 22 When the male and 
female components 20 and 22, respectively, are engaged and 
under tension. FIG. 2 shoWs the male component 20 and the 
female component 22 of FIG. 1 in an engaged position 
under tension, Wherein part of the male and female compo 
nents 20 and 22 are undergoing disengagement. The direc 
tion of fastener force is indicated by arroW 32 in FIGS. 1 
and 2. The direction of fastener shear force is indicated by 
arroW 31 in FIGS. 1 and 2. The direction of a perpendicular 
peel force component of the fastener force is indicated by 
arroW 33 in FIGS. 1 and 2. As shoWn in FIGS. 1 and 2, as 
typically observed during use, the shear component of the 
force acting on the mechanical fastening system may be 
much higher than the peel component of the force acting on 
the mechanical fastening system. The fastener shear force is 
in direct opposition to shear force exerted by the female 
component 22 against the male component 20. If the angled 
protrusions 24 of the male components 20 are relatively 
?exible, the loops 28 of the female component 22 may bend 
the angled protrusions 24 in a direction opposite the direc 
tion of their original tilt, as shoWn in FIG. 2. Alternatively, 
the angled protrusions 24 may be relatively stiff, thereby 
latching the loop 28 betWeen the protrusion 24 and the 
backing material 26, as shoWn in FIG. 5, and providing for 
a very secure attachment. 

[0075] When it is necessary to disengage or unfasten a 
mechanical fastening system, an unfastening force having a 
higher perpendicular peel force component than parallel 
shear force component may be applied to the mechanical 
fastening system (see FIG. 2a). The geometry of the angled 
protrusions 24 and properties of the materials making up the 
angled protrusions 24 may ensure that the loop 28 are not 
pulled out from or otherWise damaged during the release 
stage. The angled protrusions 24 may require only slight 
deformation, such as bending, to be released, Which can be 
achieved by application of the loW-to-moderate levels of 
perpendicular peel force. Thus, much loWer values of forces 
may be applied to the female component 22 during the 
separation stage in case of angled protrusions 24 than in case 
of a conventional hook material-based male component. In 
order to further reduce or prevent damage to the female 
component 22 during the release stage, only the materials 
With the appropriate ?exibility characteristics may be chosen 
for manufacturing of angled protrusions 24, ie materials 
With Flexural Modulus of betWeen about 331 MPa to about 
2,758 MPa (see more detailed discussion of the ?exibility of 
protrusions beloW), alternatively, about 344.7 MPa to about 
2,413 MPa, or alternatively about 413.7 MPa to about 2,344 
MPa. The loWer limit of the Flexural Modulus may be 
independently about 331 MPa, about 344.7 MPa, about 
379.2 MPa, or about 413.7 MPa. The upper limit of the 
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FleXural Modulus may be independently about 2,344 MPa, 
about 2,413 MPa, or about 2,758 MPa. 

[0076] For some embodiments of the present invention, 
the materials may have a FleXural Modulus of betWeen 
about 331 MPa to about 586. MPa, alternatively, about 338 
MPa to about 572 MPa, or alternatively, about 345 MPa to 
about 552 MPa. The loWer limits of the FleXural Modulus 
may be independently about 331 MPa, about 338 MPa, or 
about 345 MPa. The upper limit of the FleXural Modulus 
may be independently about 552 MPa, about 572 MPa, or 
about 586 MPa. 

[0077] In some embodiments of the present invention, the 
materials may have a FleXural Modulus of betWeen about 
965 MPa to about 1,379 MPa, alternatively, about 1,034 
MPa to about 1,310 MPa, or alternatively, about 1,103 MPa 
to about 1,241 MPa. The loWer limits of the FleXural 
Modulus may be independently about 965 MPa, about 1,034 
MPa, or about 1,103 MPa. The upper limit of the FleXural 
Modulus may be independently about 1,241 MPa, about 
1,310 MPa, or about 1,379 MPa. 

[0078] In other embodiments of the present invention, the 
materials may have a FleXural Modulus of betWeen about 
1,724 MPa to about 2,344 MPa, alternatively, about 1,793 
MPa to about 2,275 MPa, or alternatively, about 1,862 MPa 
to about 2,206 MPa. The loWer limits of the FleXural 
Modulus may be independently about 1,724 MPa, about 
1,793 MPa, or about 1,862 MPa. The upper limit of the 
Flexural Modulus may be independently about 2,206 MPa, 
about 2,275 MPa, or about 2,344 MPa. 

[0079] The angled projections 24 may be able to handle a 
greater amount of fastener shear force 31 eXerted by the 
female component 22 than typical perpendicular projections 
25 because the female component 22 must overcome a 
greater amount of fastener shear force 31 When the angled 
projections 24 are angled toWard the direction of fastener 
shear force 31. Male components 20 having angled projec 
tions 24 thereby may result in a more secure fastening 
system. To address opposite directions of fastener shear 
force 31 that may be subjected to the mechanical fastening 
system during use and separation, depending on the direc 
tions in Which the female component 22 moves during use 
and during separation from the male component 20, angled 
projections 24 are suitably located in opposite directions, as 
illustrated in FIG. 3. Furthermore, the angled projections 24 
and perpendicular projections 25 reduce the number of sharp 
ends poking a Wearer by pointing sharp ends aWay from the 
Wearer, and may thus reduce skin irritation often caused by 
conventional hook structures. 

[0080] All of the individual protrusions 23 of the male 
component 20 may be angled protrusions 24 Which are 
angled toWard the direction of fastener shear force 32 or, 
alternatively, some of the individual protrusions 23 may be 
angled protrusions 24, angled toWard the direction of fas 
tener force 32 and some of the individual protrusions 23 may 
be perpendicular protrusions 25, roughly perpendicular to 
the backing material 26 (and roughly perpendicular to the 
direction of fastener shear force 31). A combination of 
angled protrusions 24 and perpendicular protrusions 25 is 
shoWn in FIG. 1 and FIGS. 9 and 11. Individual angled 
protrusions 24 that are angled non-perpendicular to the 
backing material 26 are suitably at an angle (a) of about 5 
degrees to about 85 degrees With respect to the backing 
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material 26 (and the direction of fastener shear force 31), 
more suitably at an angle (a) of about 15 degrees to about 80 
degrees, more suitably at an angle (a) of about 15 degrees to 
about 75 degrees, more suitably at an angle (a) of about 20 
degrees to about 75 degrees, more suitably at an angle (a) of 
about 30 degrees to about 75 degrees, most suitably at an 
angle (a) of about 35 degrees to about 70 degrees (See FIGS. 
7a-7d). The loWer limit of the angle (a) of the individual 
protrusions 23 may be independently about 5 degrees, about 
15 degrees, about 20 degrees, about 30 degrees, or about 35 
degrees. The upper limit of the angle (a) of the individual 
protrusions 23 may be independently about 85 degrees, 
about 80 degrees, about 75 degrees, or about 70 degrees. 

[0081] Individual protrusions 25 that are roughly perpen 
dicular to the backing material 26 and direction of fastener 
shear force 31, are suitably at an angle (a) of about 70 
degrees to about 110 degrees With respect to the backing 
material 26, more suitably at an angle (a) of about 80 degrees 
to about 100 degrees, and most suitably at an angle (a) of 
about 85 degrees to about 95 degrees. The loWer limit of the 
angle (a) of the individual protrusions 25 may be indepen 
dently about 70 degrees, about 80 degrees, or about 85 
degrees. The upper limit of the angle (a) of the individual 
protrusions 25 may be independently about 110 degrees, 
about 100 degrees, or about 95 degrees. 

[0082] The protrusions 23 of the male component 20 
penetrate the surface of or otherWise interact With the female 
component 22. The protrusions 23 of the male component 20 
may comprise a variety of siZes and shapes. FIGS. 7a to 7d 
shoW four side vieWs of different shapes that the protrusions 
23 may assume. The protrusions 23 may terminate in tapered 
ends (see FIG. 7b) or may comprise conical or pyramidal 
shapes (see FIG. 7c). In other embodiments, the protrusions 
23 may comprise the shape of a truncated cone or a truncated 
pyramid (see FIG. 7d). FIGS. 8a to 8f shoW siX additional 
cross-sectional vieWs of shapes that the protrusions 23 may 
also assume. 

[0083] It may be desirable that the cross-sectional dimen 
sions of the protrusions 23 of the male components 20 of the 
present invention are comparable or smaller than the siZe of 
the void spaces betWeen the ?bers in the female component 
22. The cross-sectional dimensions of the protrusions 23 
may range from about 90 to about 500 pm, more speci?cally 
from about 130 to about 440 pm, and most speci?cally from 
about 160 to about 400 pm. The loWer limit of the cross 
sectional dimension of the protrusions 23 may be indepen 
dently about 90 pm, about 130 pm, or about 160 pm. The 
upper limit of the cross-sectional dimension of the protru 
sions 23 may be independently about 500 pm, about 440 pm, 
or about 400 pm. The cross-sectional dimensions of the 
protrusions 23 may be variable along the length of protru 
sion as shoWn in FIGS. 6b, and 7b to 7d. Such variability in 
the cross-sectional dimensions of the protrusions 23 may 
alloW the protrusions 23 to penetrate and engage a variety of 
female components 22 having void spaces of different siZes 
or variable siZes. In an alternative embodiment, male com 
ponent 20 may include tWo or more groups of protrusions 
23, each group of protrusions 23 being characteriZed by 
speci?c cross-sectional dimensions (see FIGS. 9 and 11), 
thereby enabling the male component 20 to attach to a 
variety of female components 22. 

[0084] The angled projections 24 may be more angled 
along a small portion, such as at one end 27, as shoWn in 














