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FI ELD-OF THE | NVENTI ON The present invention relates to refastenable
mechani cal fastening systenms, nore particularly to fastening systens having
~free formed prongs. and the process of manufacturing such fastening
sysfens. WO 93/60215 BACKGROUND OF THE | NVENTI ON Ref aBCHAUSIR84770
mechani cal fastening systens are well known intthe art. Typicall y, such
fastening systens involve two maj or conponents, 2oprong which is joined to
- a substrate and engages with a conpl enentary secofid conponent, the

receiving surface. A peol ;1 oy ¥ ”ifatﬁfhohg %‘ 948961251 Ked UaPlR f]) 1976 to

" penetrates the receiving surface an ntercepr s
or fibers of the red® %‘i‘ﬂb@“d%r'ﬂ’&@b tepeh 3re§‘!}l5€¢ng" fe®an ‘E’QF Related

interference and physiteathingbsdreustiowpnin DIV Patent 1O 416, 267 ,t NEsued QSN G,
e el o sher o WS WS Ak s S
. . _ 84 to Wollman "and U.S. Patent No. 4,463,486, issued August 7,
1984 to Matsuda. These references teach heatmg the ends of
po]ymerlc monofﬂaments Other re'lated teachings of fastening
systems produced by the first: method are disclosed in U.S. Patent
No. 4,307,493, issued December 29 1981 to Ochiai and U.S. Patent
No. 4, 330 907 issued May 25 1982 to Ochiai.
The second genera'l method comon'ly utilized to manufacture
.- mechanical fastemng systems 1s to mold or extrude the systems as
illustrated in U S. Patent No 3 147,528, issued September 8, 1964
to Erb and U.S. Patent ‘No.. 3 594 863, issued July 27, 1971 to Erb.
Continuous injectwn molding is taught in U.sS. Patent No.
3,594 865, 1ssued July. 27 1971 ‘to Erb.
Various prong structures -are illustrated in the prior art.
For example, the references_“ discussed above teach fastening
systems having ‘stems of generally constant cross section. U.S.
Patent No. 3,708,833, rssue_ January 9, 1973 to Ribich et al.
discloses a prong which is S h__at tapered from the proximal end
to the distal end and perpend ul_arly projects from the substrate.
European Patent Apphcatlon No. 0,276, 970 published August
.3, 1988, by the Procter & Gamh'le Company in the name of Scripps
discloses a fastening devwc :"avmg a constant cross section stem
oriented at an angle between 'bout 30° and about 90° relative to
the base.

expensive t_ iproduce, and the . _processes of the prior art are
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Presently, refastenable nechanical fastening systens are nade by at | east

two general nethods. One nethod requires a plurality of filane each
of-whi ch may WOIV8IHEJ into two prongs. Exanples of fastening g&é%’@?&[o‘”m

produced by this nmethod are shown in U S. Pat ent No 2,717,437, issued

Sept enber 13, 1955 to de : - 2-
Mesteral and U S. Patent No. 3, 943 981, |ssued -Nﬁr'ch 16, 1976 to De
Brabandar which teach a raised pile | 00 Rel at ngs
are shown in U.S. Patent NIme40bghess7 "*Q%u@ﬂ"eAJgﬁth agdrﬁg SE g%“é‘?

al:, U S Patent No. lApﬂBifhatB& 0V £668¢81 70 Fited. MardtO 4 l!lBlV‘thttmnnamcbeD&nms

rg;gﬂt hggt | ﬁg‘lfﬁe‘lgg , g\ S?H&st‘u&lﬁheﬁ ﬁgﬁaételﬂbwtﬁééﬂgmca'l TRERRninid GRS Shd

Process of - Manufacture Therefor , which discloses a method of
manufacturing a refastenable mechamcal fastening system rapidly.
and inexpensively by a method smilar to gravure printing.

However, the present 1nvention discloses a faster and less
expensive method of p,r_oducmg a mechanical fastening system than
‘the prior art. The method of the present invention also produces
a fastening system hav-'i_n_'g" an array of prongs that is more dense,
and therefore is less "f:a'br_‘asi_ve and less irritating, than the
fastening systems of the prior art

BRIEF SUMMARY OF THE IN .

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

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

‘The fastemng _sy 't"
utilizing a screen pr
steps of heatmg a
reduce its v1scosity fo
its me'itmg pomt

may be made according to a process
ng procedure The method comprises the
_ nsitwe material sufficiently to
ro ssmg, ‘and preferably to at least
A -depositmg member having apertures for

e extruding di screte amounts of the heated material, such as a
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pol ymeric nonofilanments. Oher related teachings of fastening systens
preduced by the first nethod are disclosed in U S Patent No. 4,307,493,
i ssued Decenber 29, 1981 to Cchiai and U. S. Patent No. 4,330,907, issued
‘May- 25, 1982 WO 9360285 . The second general nethod commonl YPCK/USE2/047700
menuf act ure mechani cal fastening systens is to nold or extrude the systens
as illustrated in U S. Patent No. 3,147,528, issued Septenber 8, 1964 to
Erb and U.S. Patent No. 3,594,863, issued July 274 -1971 to Erb. Conti nuous

in.ection nolding is t
Jul'y 27, 1971 to Erb. hot %ﬂ]raldghﬁve tﬁemoFﬁf??%res ﬂ%ﬁustrat N tﬁet0

prior art. For exanpl which the !liaﬁeé'ﬁéhc t°d|b§ca§§1?é ‘ébéﬂns"%ﬁﬁ% in a first
fasteni ng systens havi gfirettfoi® redbitBRNG0AIhY B6pDSi TG ®ieMbeér.SeThe Omateria®s. is

Pat ent No. 3,708, 833, n 973 t RI

prong which is som&*v\/naFIttsifaﬁ‘f| é‘ u%ﬁ%’tw‘%&%& wﬁ?to t{&g 3?{%@’”’%{ ;ﬁ%gﬁgﬁﬁnlf‘
per pendi cul arly proj ecdsscfrehm amoantsibs t Thet discrete EmountsadfpPaaterial are then
Appl i cation No. 0,276, Q ﬁ’#bbl'ins@ddﬁ%%ﬁ%ng%av 81 Qictiore compeiient neraﬂy

Ganbl e Co th S t d
constant cr oss '52ct.§n3&“a§;@brtp§ﬁee 6 HbSAaE e oS FSLELCHSY mREgri s

about 90 relative to géwverbdsto form a distal end and engaging means. Specifically,
- the moliten hot melt adhes1ve will be extruded through the
apertures of a printing screen onto a polyester film substrate and
as relative diSplacemEht between the screen and the substrate
increases, will be stretched ind then severed by a hot wire to
form a fastening system having prongs.

An illustrative and suitible, but nonlimiting, use for the
fastenxng system produced by the process of the present invention
is in conjunction wiih'a disanab1e absorbent article, such as a
. diaper. This example of oné:usage of the fastening system of the

present invention isfwbre_fuity:described herein.
BRIEF DESCRIPTION OF TH NGS
While the Specification concludes with claims particularly
‘pointing out and distinctly claiming the invention, it is believed
the invention will bg bétt;r understood from the following
description taken iﬁ'coﬁjungtibn with the associated drawings in
which 1ike elements are described by the same reference numeral or
letter and related elements are des1gnated by adding one or more

prime symbols or increment1ng the numerals by 100:

Figure 1 is a photomicrograph show1ng a perspective view of a
fastening system of the present fnvention wherein the
engaging means are: or1entgd in substantially the same
direction; _

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

Figure 3 is a 51dj” evatio

view of a second.embodiment having
a generaﬂf sel y s?haped engaging means;

Figure 4 is a sideielev schematic view of a screen prmtmg
apparatus used to produce the fastening system of the present
invention; '
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The fastening systens of the prior art are relatively expensive to
pr.oduce, and the processes of the prior art are relatively slow.

Addi tional ly, the fastening systens of the prior art are |rr|tat|n and
abrasi ve to NWO®3/e8215 and are, therefore, not well suited for E E'ﬁ%zdp‘f’c?ﬂs,
whi ch cause themto be in close proximty to hunman ski n. There IS,
therefore, a need for a fast and inexpensive netbagg-of producing nechanlcal
fastening systems. There is also a need for nechanical fastening systens

which are non-irritati ngérﬂdsr“%"}aﬁﬁbiﬁmi€90§r%phtﬂﬁbﬂlnﬁkhﬂperspect1ve view of a
_3-_ i _Sorre of these NoGas ? dq‘?.ﬁ r gt 'sRv t$ vB@J‘@i’?ﬂtthe
Appl i cation 07/668,817 fil &ST«HPEH sﬂs G 'Eﬁg Rane H? BRAR
: ' engaging means are or1ented in substantially random
dlrectlons, and

Figure 6 is a perspectlve v1ew of a disposable absorbent garment

utilizing the fastening system of the present invention,
- showing the topsheet and core partially cut-away.

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

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

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

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

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

Figure 12 is a top plan view of another aperture having a major
axis and minor ax1s,

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

The - fastentng system ' fhe present invention comprises'at
least one prong 22, and P bly an array of prongs 22, joined
to a substrate 24 1n a prE' ined pattern as shown in Figure 1.
The prongs 22 have a base-ZG: shank 28 and engaging means 30. The
bases 26 of the prongs" ct and adhere to the substrate 24,
and support : the prox1ma1'ends of the shanks 28. The shanks 28
project outwardly from he trate 24 and bases 26. The shanks

. 28 term1nate at a dxst ¢h is joined to an engaging means
30. The engaging _Jan 30, ro ct Iaterally from the shanks 28 in
one or more: d1rect1 ; :esemble a hook-shaped tine. As
used here1n. the term '1atera1' means having a vector component

generally narallel to _the_“‘]ane of the substrate 24 at the
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A. Thomas, entitled "Refastenabl e Mechani cal Fastening Means and Process
of Manufacture Therefor", which discloses a nethod of manufacturing a

ref ast enabl e nechani cal fastening systemrapidly and i.nexpensively by a .
met hod si mi | aWQ /02§ ure printing. However, the present i|PUBMUSIZ04770
di $cl oses a faster and |ess expensive nethod of producing a mechani cal
fastening systemthan the prior art. The nmethod of the present invention
al so produces a fasteni ng system havi ng an array of" prongs that is nore

dense, and therefore | 34 I in

fasteni ng systens of t‘*ﬁ" f‘ﬁ? QP.S@S 2 ey mww@ﬁ gm&%&{% of an
| NVENTI ON The pr éé‘ﬂﬁﬂ"ﬁgn\ﬂl?ﬁ@# 0RO r Erom cthe; shanke 28 o ReHPheEh iR cBurliateral
fastening system fordireéfioahialPows Othea eﬁyagﬂigemiaahﬁr)zo rtecdievlsn:g:us'udfase,a

d h f d h
A Cubstrat e and ap 1 S TeembICHERT i) SyPHES not! Miolr)S" ST ndiirG bEAR
and engagi ng neans. Bleipdoinest toh@nprmgenabu @onteuum Mhbh:sﬁb%tdﬂatiﬂ &nd of

the shank is contiguoypevitankagsd projects outwardly fromthe base. The
engagi ng neans is joined to the sh

k and ect terall yqnd, t he
peri phery of the shank. UNANOT, gr‘fﬂ?ﬁp& ﬁg é‘ﬂﬁear? 3 %/té’ﬁgé’a‘ eh | geids
to the plane of the sifireerfidvmed girongsR2nks fﬂescmﬂedadnmg:ladged desteinbelow. As

used herein, the term “free formed“ means a structure which is not
removed from a mold cavity or extrusion die in solid form or with
a defined shape. The prongs 22 are deposited onto a substrate 24
which will be dtscussed in deta11 hereinbelow, in a molten,
preferably liquid state=and so];dify, by cooling until rigid and
preferably freezing, into the desired structure and shape as
described hereinafter. - '
The free formed array of . prongs 22 is preferably produced by
a manufacturing process whtch ‘is similar to that process commonly
known as rotary screen printing. This process uses a depositing
member in the form of a generally cylindrical screen, referred to
as the print cy1inder 73. Ustng this process, a substrate 24
having opposed faces is passed -between the nip 70 of the print
cylinder 73 and a backing ro :74 as illustrated at Figure 4.
The print cylinder 73 and baegjng roll 74 have generally parallel
centerlines and are maintainedffh contacting relationship with the .
substrate 24 as it passes through the nip 70. The depositing
member, presently referred to es the print cylinder 73, has an
array of perforations, refei' ‘to as apertures 56, corresponding
to the desired pattern of ‘prongs 22 to be deposited on the
substrate 24. The second-r61 ; referred to as the backing roll
74, provides the reaotioﬁ:_ag;inst the print cylinder 73 to
position the substrate 24;§§ nst the print cylinder 73 as the
substrate 24 passes fthrough ‘the nip 70. Liquid, thermally
sens1t1ve material pr’f ermoplastic material, from which
the prongs 22 are tj ormed /is ‘supplied from a heated source,
such as a heated pressur ar 8l. The thermally sensitive
S— . - material is forced into the rtures 56 by a doctor blade 83 as

the print cylinder 73 is -rotated about its centerline. The

- iThis Sheet Has Been Rep
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trailing edge defining a leading angle and trailing angle
respectively. The leading angle and trailing angle are
substantially different fromeach other, so that the sides of the shank ar e
nonparal | el . WORHbhal |y, the fastening system can be made sURfsFARPPAFTH.
nen-irritating and non- abrasive to human skin by having the prongs di sposed
I n-a dense array having about 64 to about 1600 pr@ngs per square centineter
(400 to 10,000 prongs per square inch) of substrate. The fastening

;¥§E ggnu;rgy b_el_hga?rgt ﬁgg%g&,ﬂgw q;easgr,ogeﬁaermﬂ Hisz then cxsmdeénfrqlmr the i apgriures
. sensitive material suf ﬁgc‘?r@ % f‘éPS%F%fﬁJ?gs O£h€%§ io@?t@‘ ?’w g?ol:gsm n
and preferably to at-|east Asi telative idigpiasement- betwegapthy subsfratened a and print
gﬁ\éhngagpgrt ures for G¥irderi 79 iRdreased etﬁé@”ﬂi\& b ikee shearchel Tat £rdidection
- having a lateral vector component, generally parallel to the plane
of the substrate 24, form1n&“the shank 28 and the engaging means
30. Finally, the moil of the prong 22 is severed from the
engaging means 30 by a severing means 78. Due to the viscoelastic
properties of the thermoplastic, the prong 22 retracts. It is
also believed that the prnngfzz retracts under the influences of
gravity and shrinkage which - occur during cooling. The prong 22
then cools, and preferably freezes, into a solid structure having
the engaging means 30 contiguous with the shank 28.

The fastening system 20 s secured to a complementary
receiving surface. As used ‘hérein, the term “"receiving surface"
to which the engaging meanseso of the fastening system 20 are
secured refers to any plane?qn-surface having an exposed face with
tightly spaced openings complementary to the engaging means 30 and
defined by one or more straﬁ;j or fibers or, alternatively, which
exposed face is capable of localized elastic deformation so that
the engaging means 30 may *ﬁecome entrapped and not withdrawn
without interference. Tngﬁ openings or localized elastic
deformations allow fbrfentﬁifof the engaging means 30 into the
plane of the receiving surfiée, while the strands {or nondeformed
material) of the receiving sf*face interposed between the openings
{or deformed areas) prevent;w1thdrawa1 or release of the fastening
system 20 until desired by;the user or either the peel or shear
strength of the fastening 5 ftem 20 is otherwise exceeded. The
plane of the receiv1ng surfacesmay be flat or curved.

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

This Sheet Has Been Replaced




-4- hot-nelt adhesive thernoplastic, is provided. The substrate to which
the material is to be joined is transported in a first direction relative
to the deposi wdhes er. The material is extruded fromthe g ?ﬁ;

onto the transported substrate in discrete anounts. The discre AR
of*material are then stretched in a direction- having a vector

conponent generally parallel to the plane of th® substrate. The stretched
material is severed to forma distal end and engagi ng neans. %peci fical I¥,
the nolten hot nelt disturbancecresists remevaleqr rsepavatiomafuibe fastening system

apertures of a printi ngowegheopé&ﬁmgogm&@r filmsubstrate and as

rel ative di splacenent bet he screen an he subst.rgte | Cr

be stretched and then sev\g;g!b]tag a TRSET e f‘g‘tfffﬁsm é“?]é'g ent CP‘@igtgm\Wams,
havi ng prongs. Ankniﬁtadtfdzmue, avoyes Landatobawovent matenialsi t ianﬂg sti¢chtionded
the fastening system pﬁ@&ﬂ’ﬁnﬁﬁbﬁxﬁ hQué QQ%%#H bkdi wdi.smerhﬂseawa IR16Fb

conjunction with a dis abl_e absor bent arti
“exanpl e of one usage oﬁgfh@ faﬂ@!‘@?ﬁ%ﬁ'syg ?‘G‘Ppsthﬂée'preéer?@r*@iﬂ'f]ﬂons?‘ézame
more fully described heeesining surface is a. pBWﬂEEpﬁESEHl@Th@étﬂ?aﬁrR having a

DRAW NG5 basis weight of about 17.1 grams’ per square meter (0.5 ounces per
square yard) made’ by any suttable commercial carding or
spunbonding processes. Suita’ non-woven fabrics can be obtained
from Veratech NononEn Group of- the International Paper Company of
Waipole, Massachusetts 02081 Other receiving surfaces may also
be used, such as, stitchbonded fabric Number 970026 sold by the
Milliken Company of Spartanburg, South Carolina.

Referring back to F'cgur_,e__.. ,2 to examine the components of the
fastening .systein_ 20 in more ":d_etai'l, the substrate 24 of  the
fastening system 20 should be''strong enough to preclude tearing
and separation betiiieen indi i!ual prongs 22 of the fastening
system 20, be a surface to wh n_ the prongs 22 will readily adhere
and be capable’ of being Jomed to an article to be secured as
desired by a user. As used’ here'm the term “join" refers to the
condition where a first member, or component, is affixed, or
connected to a second meinbe or' component, either directly; or
indirectly, where the flrst ;:;member or component is affixed or
connected to an 1ntermed1at member, or component which in turn is
affixed, or connected, to “second member or component. The
association between the fir '_"mber, or component, and the second
member, or component, is 1 ended to remain for the life of the
article. The. substrate i exposed surface to which one or
more prongs 22 are jo:ned G

The substrate 24 should:al b be capable of being rolled, to
support conventiona] manufa g processes, flexible so that the
substrate 24 may be bent or xed in a desired configuration, and

st e Tiquid prongs 22 being deposited

thereon mthout me]ting in;f'urring -deleterious effects until

such prongs 22 freeze. ver, the backing roll 74 may -be

e chilled, aHo__wmg the process ‘to accommodate substrates 24 which
- This Shee .
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. While the Specification concludes with clainms particularly pointing out and
distinctly claimng the invention, it is believed the invention wll be

better under f the foll owi ng description taken in conj ggaiyUSen/ed
t he associat3ﬁ8§gﬂmﬁﬁgs in which |ike elenments are described by the saﬁgﬁb

| reference nuneral or letter and related el enents are designated by adding
one or nore prinme synbols or increnenting the ruferal s by 100 Figure lis
a photom crograph showing a perspectiv

e v ni,ng.s qm f
the present invention otherwisg waydd not Bﬁg’é’é?n@ H’ég?%aﬁq ﬁ g& ! T
substantially the samgprongs 2di I qhé i substifita@deshbuld assubmaea-é\ahle anaa variaty

f f the f
Sl ag o1 Buat Ponal vi ew B 4008 oS AL SRAPHE, 28 FAAUEE MitELEI R, odkn

sem spherical |y s\heg\evdnaeegmjsngiomm miteyials, 4rulgbeg, s\rw’le?fé lg{qa@ﬂﬁlculaﬂy
?ggfgﬁ} 'n; g;g}["’eg o? tsfﬂ;‘? t?lee?éhﬂ:t 'ﬂ@ms an\cli i%@ﬂiﬁ poigestep Piladucentpulyester
film substrate 24 hav1ng a gasls weight of 17.1 grams per square
meter (14.26 grams per square yard) and a thickness of about 0.008
to about 0.15 millimeters (0.0003 to 0.006 inches) has been found
suitable. Such materials are commercially available from Hoechst
Celanese of Greer, South'Caro]ina, 29651 and sold under the trade
name Hostaphan 240O pb}yesterffilm.

The base 26 is the-generally planar portion of the prong 22
which is attached to the subStrate 24 and is contiguous with the
proximal end of the shapk'28 of the prong. As used herein, the
term “"base" refers to that portion of the prong 22 which is in
direct contact with the substrate 24 and supports the shank 28 of
the prong 22. It is not necessary that a demarcation be apparent
between the base 26 and the shank 28. It is only important that
" the shank 28 not separate from the base 26 and that the base 26

not separate from the substrate 24 during use. The base 26 cross
section should prov1qe suff1e1ent structural integrity, and hence
area, for the desired peel and shear strengths of the fastening
system 20, based on the depsity of the pattern of prongs 22 and
the geometry of the shank 28 and engaging means 30 and further
provide adequate adheSionjto-the substrate 24. If a longer shank
28 is utilized, the base;26ishould generally be of greater cross
sectional area to provide'sufficient adhesion to the substrate 24
and adequate structura] 1ntegr1ty

The shape of the footprint of the base 26 on the substrate 24
generally corresponds to the shape of the aperture’s sectional
area at the surface of the pr1nt cy11nder 73. As used here1n, the
term “footprlnt“ refers to the p]anar contact area of the base 26
on the substrate 24 As;the aspect ratio of the sides of the
footprint 1ncreasesg th prong 22 may become unstable when
subjected to. fo::es ;su s ‘gravitational forces, parallel to the
shorter dimension of the-footprlnt. To produce a prong 22 which
js oriented :substantially in the machine direction of the

B%mRTTWw '
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Figure 5 is a photom crograph showi ng a perspective view of a fasteni ng
system of the present invention wherein the engagi ng neans are oriented

in substanti aldy o& Al % g%m directions; and Figure 6 is a perspeghiMSoNesio
of a disposable 3 sorpent gar nment utilizing the fastening system of

the present invention, showi ng the topsheet and core partially

cut-away. Figure 7 is a top plan view of one prerd® having an azi nut hal

angl e of about 90[err]; Figure 8 is a fr.ant el evatlonal vi ew of OPPSI .
is

apparatus (only a (Ybstrake o4 whiae h 3BEGH @t o W9 cH e85 than uabat; o
produce the f ast eniprgféryed erﬂnﬂfatjehepiﬁyeairdummrﬂoomlhavis1g|ore preferred.

azi mut hal Iy angl ed \BLONGS: ¢F1 GHidice hPinehORyP'aAf el $Hofs 22325089 prongs

apparatus whi ch can be
or1ented in a dtrection ) 'her than the machine direction, an

aspect ratio greater than ebout 1.5:1 is preferred and a
generally elliptical or trtangu'lar footprint having an aspect
ratio greater than about 1. 5:1 is even more preferred. Methods of
producing azmuthaﬂy ang]ed"orongs will be discussed in greater
detail hereinbelow.

For the embodiment descnbed herem, a base 26 having a

. footprint of genera‘lly c1rcu'lar shape and approximately 0.10
millimeters to 0.30 mﬂhmeters (0.004 to 0.012 inches) in
diameter is suitable. If_ 1_,t is desired to make the fastening
system 20 have a Qre_at-er pee] or shear strength in a particular
direction, the cross sectionél area of the base 26 may be modified
to amplify such direction, :So that the strength and structural
integrity rvelative to the axis parallel to such direction
increases. This modification causes the prongs 22 to be stronger
when pulled in the amphﬁed;_dtrectmn of the base 26.

The shank 28 is contiguous with the base 26 and projects

" outwardly from the base 26 and substrate 24. As used herein, the
term "shank" refers to that portion of the prong 22 which is
intermediate of and cont'agu"""s with the base 26 and the engaging
means 30. The shank 28 : ovides longitudinal spacing of the
engaging means 30 from the substrate 24. As used herein, the term
"'longitudinal" means.in a '.'d;_: ection having a vector component away
from the substrate 24, which:direction increases the perpendicular
distance to the plane of ‘the substrate 24 at the base 26 of the
prong 22, unless otherwi pecified to be a direction having a
vector component towards such plane of the substrate 24.

Assoc1ated vnth ‘the st ank 28 and base 26 of each prong 22 is
an origin 36. The orlgm- "f the shank 28 is the point which may
be thought of as the ce er of the base 26, and is typically
within the footprmt of .f base 26. The origin 36 is found by
viewing the prong 22, fro Efe side view. The "side view" is any
direction rad'laﬂy toward e shank 28 and base 26 which is also

" para]1e1 to the plane of th substrate 24.
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used to produce the fastening systemof the present invention havi ng -
azi nut hal |y angled prongs. Figure 10 is a top plan view of one aperture

havi ng maj or _ and m nor axes; Figure 11 is a top plan
aperture havi n\ﬁ’oag%ezi$ axi s and mnor axis; Figure 12 is a t%@%&g 770

vi‘ew of . anot her aperture having a mjor axis and mnor axis; Figure 13
Is a top plan view of an aperture having a nmaj ar ¢@xd s and m' nor axis;
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The fastening system 20 of the

present invention conprisesTik 1htaal distaitcobgtwden thedremott cedyll yof dhe balsay26

of prongs 22, joined tof@;ﬁ.?\?t rfg}egﬁe é%t?g@ra?dest@%%ﬁ%d uﬂaért eéd?xsfi‘éersaliiaw is

in Figure 1. The prongs
30. The bases 26 of thefqméng!@dzféﬂétﬂﬁtséémﬂahﬁ ﬁé?@eéatlﬁelmgst!@sm%"?@f the

and Sugloor]{ the ErOX' g%as%nﬁh?zfgfr §ﬁc}ﬂa swksuﬂe‘i\ b;\ﬁé@;\@%ﬂgg‘%&%pﬁmj 8fithe base

R R I TR O R M R

project laterally from diseontiankisie® 8 (suchoras cfn'l'hnseodl asperities dndideag to the

resembl e a hook-shaped {i3enmenfSto substrate 24) are ignored. This point is the origin
' 36 of the shank 28.

Though it is not , necegséry that a demarcation be apparent
between the base 26 and th_ej-': "':shank 28, it is also not necessary
that the edges or sides of ‘the shank 28 be contiguous with the
outer edges of the base 26. The shank 28 may project from the
base 26 at a point somewhat inwardly away from the outer edges of
the base 26 such th_é‘-tf the b'as__:,e 26 will have an annular perimeter
25 as can be seen in Figure 1. An annular perimeter 25 is a
relatively thin 1ayer" of prd'ng material attached to the substrate
24 which forms a ring around the shank 28 at the point where the
shank 28 is attached to the’ base 26. The annular perimeter 25 is
not considered to be a fiﬂet or asperity, but is considered to be
part of the base 26 of the prong 22.

The shank 28 makes an angle a with the plane of the substrate
24. As used herein, the term "plane of the substrate® refers to
the flat, planar surface of"g’t’ﬁe substrate 24 at the base 26 of the
principal prong 22 under cons1derat1on. ‘The angle a is determined
as follows. The prong 22 is viewed in profile. The "profile
view" of the prong 22 is _on__g of two particular side views and
found as follows. The p ng 22 is visually inspected from the
side views such that the direction having the maximum 1lateral

. projection 38 becomes appa rent. The "lateral projection" is the
distance taken’ la__teraﬂy d parailel to the plane of the
substrate 24 from the cent f the base 26 in such view, i.e. the
origin 36 gif the .shank to the projection of the furthest
laterally remote péint on he prong 22 visible in such view when
such poin‘t' is longitud ally and perpendicularly projected
downward to the plane of t ubstrate 24.

It will be apparent -to one skilled in the art that the

. maximum lateral projection 38 is that projection from the origin
Sheet Has Been Reﬂlaced_ L
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used herein, the term"lateral” neans having a vector conponent generally
pacallel to the plane of +the substrate 24 at the

-6- princi pa 2 under consideration. The projection o
- engagi ng rreanlsyv %R’p?'éz the shank 28 periphery in a |ateral fPFé‘?P?%}/MTIO
ali{ows the engaging neans 30 to be secured to a conplenentary
recei ving surface (not shown). The engaging neaft® -30 is joined to, and

preferably contiguous with, the distal end of the shank 28. The array
of' prongs 22 is produce3b lty shermultex] peliphery i of’ dbe sshiank 28 @rmedgagying gnedfls 30

described and cl ai med hgei ;%gl Qew of'S tﬂﬁe%r&f‘q' &, Wit 1t6 tﬁ&%degeqhgor]r;ggra]

nmeans a structure which i1s
pro,]ectmn 38 is the. profﬂe v:ew of such prong 22. It will also

be apparent to one skﬂ‘led in; ‘the art that if the fastening system

- 20 is produced by the: process;_ described ang'l claimed below, and if
the maximum lateral -projecti@ri 38 is generally oriented in the
machine direction, then the profile view will be generally
oriented in the cross-machine direction. It will also be apparent
that if the maximum lateral projection 38 is gemerally oriented in
the cross-machine dii.'ectinfnfi" then the profile view will be
generally oriented in the machine direction. The side elevational
view shown in Figure 2 is one of the profile views of the prong
22. It will be further apparent to ome skilled in the art that
- there is another profile vi__e__'_k, generally 180° opposite from the
profile view shown (so that. the maximum lateral projection 38 is
oriented towards the left of the viewer). Either of the two
profile views is generally eguaﬂy well suited for the procedures
and usages described hereinbélow.

The origin 36 of the shank 28 is found, as described above,
with the prong 22 in the profile view. While still maintaining
the prong 22 in the profilf.e view, an imaginary cutting plane
40-40, generally parallel tbj'the plane of the substrate 24, is
then brought into tangency _vi?ith" the periphery of the prong 22 at
the point or segment of ""the prong 22 having the greatest
perpendicular d1stance from the plane of the substrate 24. This
corresponds to the .portion of the prong 22 having the highest
elevation. The 1magmary cutting plane 40-40 is then brought
one-fourth of such: greatest pet_‘pendlcul ar distance closer to the
substrate 24 from the poin‘ of highest elevation, so that the
imaginary cutting plane 40 intercepts the prong 22 at a
longitudinal e'levatwn three ourths of the perpendicular distance
from the plane of the substlj 4.

The imaginary cutting: p'lane 40-40 is then used to determme
three points on the "prong 22 ;e first point is that point where
the cutting plane mtercepts ef leading edge 42 of the prong 22
and is referred to as the - 15% 'leading point 44, The "leading

e e T adge®  is the apex  of the periphery of the shank 28 which
eet Has Been- Re‘laced o
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~renoved froma,nold cavity or extrusion die in solid formor with a defined

shape. The prongs 22 are deposited onto a substrate 24 which wll be

di scussed in detail hereinbelow, in a nolten, preferably liquid state
and solidify, WP%BM21%g until rigid and prefer abI y freezing, inPCTIU892/04770
deSired structure and shape as descri bed hereinafter. The free fornmed

array of prongs 22 is preferably produced by a mapufacturing process which
is simlar to that process commonly known as rofary~screen printing. This

process uses a depositi n_the form | ley.
~screen, referred to as f‘ﬂ@”ﬁ'ﬁl tyylff"rﬁfeF“inf&ngF%? F {'1@* g@e‘ékhﬁ}%&f@h The
substrate 24 having oppseseddf ped iis gdisposed bakoute Qhethmpgh?cthsf centerpofnthe

- cylinder 73 and a backipg Poi‘é aZﬁ is28hd pbiht! ﬁﬁ’ér‘idtli’é cﬁtﬁlﬁbepl‘bne'ﬁbewr‘«'n'ﬁércepts
cylinder 73 and backing ro

ave erally | e ent I|n
. maintained in contactinbpe-&rak] |‘891§4999m %t?‘ﬁé’ %é’t‘% ‘§4" g%sa'éeghe Tsx
through the nip 70. Therai®pesi poiag meUDEThe prasaammg/ edge?r riad uhe apex hof the

B ehpont ra« o AU AR 5Bt RIS E P TaSBE RS e

the substrate 24. The S&S&niteraﬂandrtﬁ general sooaeo&mehbdékwmdrﬁm the leading

provides the reactiongdgadddNStrhe istPaighti Tine EdirieeEiig tWese tWo points falls, of
" course, within the cdt_ting 'ﬁiiane 40-40 and is bisected to yield
the midpoint 47 of the imagienii'y cutting plane 40-40. A straig.ht
line is then drawn conne_cti':_i’g‘ the midpoint 47 of the imaginary
cutting plane 40-40 with the origin 36 of the shank 28 at the base
26. The included angle e« this line defines relative to the plane
of the substrate 24 is the angle a of the shank 28.

Alternatively stated, t__he angle a which the shank 28 makes
relative to the p'ian_e of the _’§ubstrate 24 is the 90° complement of
that angle furthest from the perpendicular defined by the Tine,
found in any side view, coz_ipécting the cutting plane midpoint 47
and the origin 36. Hence; “the smallest angle relative to the
plane of the substrate 24_-'_"when this line is viewed in any
direction radially towards the shank 28, and particularly the
origin 36, which direction i generally paraliel to the plane of
the. substrate 24 and or.thogdt_fa'l to the perpendicular is the angle
a of the shank 28. 1t is ;po_' be recognized that when a prong 22
having a maximum lateral: pi*b_-jection 38 oriented in the machine
direction is viewed_-appro" ately in the machine direction, or
approximately 180° thér‘efrdiﬂ or when a prong 22 having a maximum
lateral projection 38 or1ented in the cross-machine direction is
viewed approximately in the cross—machme direction, the apparent
angle a of the shank 28 will be about 90°. However, as discussed
above, the angle « to be measured is that which deviates furthest
from the perpendicular an herefore, is generally that angle e
determined when the prong 1s viewed in profile, typically from
about the cross«mach‘ine d ii:iohf for a prong 22 oriented in the
machine dwectlon,' and fr_\_ ‘about the machine direction for a
prong 22 oriented in the cross-machme direction. '
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ﬁosition the substrate 24 against the print cylinder 73 as the substrate

24 - passes through

Forned i’ supgl 4 oPREm

81 The thermally"

the nip 70. Liquid, thermally sensitive material,

c material, fromwhich the prongs 22 areﬁe%
m a heated source, such as a heated pressurem?)’.70

sensitive material is forced into the apertures 56 by

a doctor blade 83 as the print cylinder 73 is yptated about its
centerline. The

sensitive nateri al

-7- thermal

i s then dherangdel of ofrithenshank s mmebefgsnem1dytmpen3/icular to

substrate 24 in the desig ﬁted%g%tets‘fnme subﬁSrafelﬂtlu? w %ﬁbmwtomamerin an

the .substrate 24 and pri

| nder

ncre n
stretched in a directiofcute angu]ar relat%on refhf%ve t ere o 20 rovwde iRcreased peel
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strength in a particu1ar diregtlon, which direction is generally
parallel to the maximum ldnijindinal projection 38. However, the
angle a of the shank 28 shoﬁTd'not deviate excessively from the
perpendicular, otherwise - a  fastening system 20 of more
directionally specific sheaf_strength results. For the embodiment
described herein, a shank 28°having an angle a between about 45°
and about 80°, preferably éﬁﬁht 65°, works well. If the angle of
the shank 28 is less than about 80°, the shank 28 is considered to
be nonperpendicularly orlented relative to the plane of the
substrate 24 (without regard to lateral orientation).

The imaginary cutting plane 40-40 and profile view can also
be utilized to determine the angles of the leading edge 42 and the

'trailing edge 46 relative to the plane of the substrate 24. To

determine these angles, the ?5% Jeading point 44 and 75% trailing
point 48 are found as descrfifbéd above. The base leading point 50
is found as follows. The Tine through the base 26 as viewed in
profi\é is brought to intefséct the leading edge 42 of the shank
28. . This intersection is the "base leading point." As noted

"above, minor discohtinuitiQi in the shank 28 near the base 26,

incident to attachment to'ﬁhe substrate 24, are not considered
when determining the base'ieiding point 50. The 75% leading point
44 is connected by a straigﬁt 1ine to the base leading point S0.
This straight line-fbrmsl' included angle Bi relative to the
plane of the substrate 2 _and opening in the direction of the
origin 36 and center of the shank 28. The angle B is referred to
as the angle of the 1eading edge 42 or simply the leading edge
angle. :

The base trailing po t:52 is generally disposed 180° from
the base leading po1nt 50, through the center of the base 26, and
found as follows. =Theﬁ 'hrough the footprint of the base 26
as viewed ‘in’ prof11e is: ht-to intersect the trailing edge 46
of the shank 28. This intersection is the “"base trailing point."
As noted above, minor d1scontinu1t1es in the shank 28 near the
base 26, incident to attaghment to the substrate 24, are not




havi ng a lateral vector conponent, generally parallel to the plane of the
substrate 24 form ng the shank 28 and the engagi ng nmeans 30. Finally,

t He noi | g 22 is severed from the engagi ng nea
of WeEqi38 VPRt

severing nea e to the viscoelastic properties of the thernoplasti
the prong 22 retracts. It is also believed that the prong 22 retracts
under t-he influences of gravity and shrinkage whi4gh occur during cooling.
The prong 22 then cools, and preferably freezes, into a solid structure .

havi ng t he engagi ng nea:ossﬁiéred)nwhaguodsemtmng héhsham 2trailing muiat 52. As

fastening system 20 deoScriptd Ytove, (the %qemhﬁg%afyw %etdﬁn@Gte"thfiﬁPQhe
As used herein, the term recmwg}g surface te i.C

the en
of the fastening systehas® tradling. poigt 3% dysay 61"'5}39 HiURe. 0%8 g‘é?'@égat Tine
having an exposed face forhisahi {iel udeds pagiked o pedatiye wrtpéqmneanﬂ/the) substrate

engagi ng means 30 and ‘1‘3%@39?43%‘ §¥n e &Y &t?ér[ %‘?gﬁ °5r Pefﬁs?ﬁf center of the

al ternatively, which exg 89y capab

deformation so that theshank2§i ngTheedneluded ranglediioris e&ﬁera!;ﬁpée andtheog@ngle of
wi t hdrawn without i nt qné%r@VPhg edgt86 o?pﬁiip'l‘ﬁ&heofraﬂﬁ@aéd%e gle@' astic

deformat ons el ow for Sl R el et & Lo d Rl A
recei ving surface int empdsyd de€ineedhe t paradielismoef the sides of the shank 28. If
the angles S| and BT of the_‘-ife_ﬂading and trailing edges 42 and 46
are not supplementary to éat:h‘E bther (do not add to an arithmetic
sum of about 180°) the s1des of the shank 28 are said to be
nonparallel. If the sides of the shank 28 are nonparallel, the
straight lines which define __the angles B; and At (connecting the
base leading and trailing 'po’i’uits 50 and 52 with the 75% leading
and trailing points 44 and 48 respectively) intersect, either -
above or below the plane of" the substrate 24. If the angles B
‘and B7 of the 'Ieading and trgﬂ_mg edges 42 and 46 are unequal and
the lines defining such aﬁgf{'_és intersect above the plane of the
substrate 24 ('longi‘t-ud'ina]1y;§;§§_utward‘ly of the base 26), the prong
22 will converge from the flia"'s'e 26 towards the distal end and
engaging means 30. Only 1f the angles ﬂ[_ and Bt of the leading
and trailing edges 42 and 46 have the same sense i.e., ‘are
oriented in the same dlrec_t’qop, and supplementary magni tudes are
the angles 8; and A7 of th‘e"Téading and trailing edges 42 and 46
determined to be equal and the sides of the shank 28 to be
paraliel. E

A shank 28 having a leadmg edge 42 wmch forms 2 leading
edge angle B with the subs. ate f about 45° + 30° is suitable.
A trailing edge 46 wlnch FoFms ¢ -railing edge angle By with the
substrate of about 65‘ + '30° s s able. A shank 28 having these
angles AL and BT of the mg'a - +r'a'l'i'mg edges 42 and 46 works
we]'l with the aforemenh ect. s of included angles a of the
shank 28 to y1e1d ered sl__m_a__nk-.zzs, advantageously oriented
relative to ‘the subst_- 4 to provide high shear and peel
strengths without reqmrmgf._,gj@ceséiw pror{g material.
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(or deforned areas) prevent withdrawal or release of the fastening system
20=until desired by the user or either the peel or shear strength of the
fasteni ng systga P? f5 ot herwi se exceeded. The plane of the regryiss/o4770
surface may be at or curved. A receiving surface having strands or
fibers, is said to be " conplenentary" if the openings between strands or
fibers are sized to allow at | east one engaging reténs 30 to penetrate into
the plane of the receiving surface, and the-strands are sized to be engag'10
or intercepted by the engagilhg feregoian. measurements,iarg 2asilbtmadni ypings a Model

local 'y deformable is sajpg-goo 198 goamlt@mm@rby Rirfe’ afartsaFc. owmmmhr&kes,

means 30 s able to Cau%l@“a Ioca IZl%dmgrl'estp%c?i%gcgeasurement is p&e%%]teedg it witﬁ be

receiving surface,
recogn1zed by one sk1}1§d in the art that determination of the
profile view, Origio'éﬁ"CUtting plane 40-40, leading angle B,
trailing angle BT, base po:nts 50 and 52, 75% points 44 and 48,
and the angle a of the shank 28 can be ‘advantageously performed by
making a photograph of the prong 22. A model 1700 scanning
electron wicroscope sold by Amray, Inc. of New Bedford,
Massachusetts has been found to work well for this purpose. If
necessary, severa} photographs may be taken to determine the
maximum lateral projection 38 and hence, either profile view.

The shank 28 should longitudinally project from the base 26 a
distance sufficient to space the engaging means 30 from the
substrate 24 at au'elévatibn which allows the engaging means 30 to
readily intercept or engage the strands of the receiving surface.
A relatively longer”$hauk 28 provides the advantage that it can
penetrate deeper info:the:receiving surface and thereby allow the
engaging means 30 to 'intgrcept or engage a greater number of
strands or fibers. -Conversely, a relatively shorter shank 28
length provides the“adVaotgge that a relatively stronger prong 22
results, but also provides correspondingly less penetration into
the receiving. surfice'oé@d may therefore be unsuitable for
receiving surfaces such as wool or loosely stitched bonded
materials which have leSs'denser packed strands or fibers.

As described above, the longitudinal length of the shank 28
determines the’ 1ong1tud1na1 spacing of the engaging means 30 from
the substrate 24. The ‘*longitudinal spacing" is the least -
perpendicular d1stance from the plane of the substrate 24 to the
periphery of the engag1ng ‘means 30. For an engaging means 30 of
constant geometry, the longltudinal spacing of the engaging means
30 from the Substrate; :24 becomes greater with increasing
longitudjna}' hink 2' ll'gth. A longitudinal spacing of at least
about twice strs jber diameter of the intended receiving
surface, and preferab. bout 10 times as great as such fiber or
strand d1ameter provides good interception or engagement and

SO B retention of such strands or fibers by the engaging means 30 of
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di sturbance resists renoval or separation of the fastening system 20 from
the receiving surface. Suitable receiving surfaces include

reticul ated % Mgl tted fabrics, woven and nonwoven rraterl 539@4770
stitchbonded 2%9 rials, such as Velcro brand [ oop materi aI S S(H

Vél cro USA of Manchester, New Hanpshire. A particularly suitable
receiving surface is a pol ypropyl ene non-woven falf@i-c having.a basis wei ght

of about 17.1 grans per square neter (0.5 ounces per squar e é’éard‘) made
by any suitable conmmthecifasteninqrsysten 20r Fonnblmembodipeai slesewibed herein, a

Sui tabl e non-woven fabr,;.@oﬂpa $R61RP o) BRA AA RARF D NSWR 0TIV Pakers
abbiite

the I nternational Paper O he

chu 1.
recei vi hg surfaces may ¥ Xt?soeﬂ’”s’lﬁwrés&\@ﬁﬁg @rﬂ?éd‘q‘gﬁﬁ works Hel! -
970026 sold by the MIIikerfigorghapy of amrtmbursgctﬁnutolf @heolshamk 28 is not

E;fsf;[ﬁ' ng back to Figur 1@1&.{] XA e gﬁ%nioggmﬁ b ot j‘%rés%%@&!ﬁﬂ desjred,

in nore detal e fa
shoul d be strong enougraacardingctackhe: afonementinted ﬂ’@ﬁéﬂ'ﬁﬂ%ﬂ‘e]bg\t“aeéh the cross

individual prongs 22 cdatidn8f fhaSha¥el P6L SYRE em-&@ s&ttzan'susfmepmawureh of
;t\te i 2{2”? z tz)(za WSLLu;ggd n pgrgth%rfett?endprggg Cﬁp%aieeh C;):erpen'dglaﬂja c1’.hteosl‘\aank 28 or
the engaging means 30. As. noted above, the shank 28 is preferably
tapered to decrease in cross section as the distal end of the
shank 28 and engaging means :3_0 -of the prong 22 are longitudinally
and laterally approximated. This arrangement provides a
corresponding decrease in the moment of inertia of the shank 28
and engaging means 30 resu‘lting in a prong 22 of more nearly
constant -stress when separation forces are applied to the
fastening system 20, and thereby diminishes the quantity of
superfluous materials incorporated into the prong 22.
To maintain the desired’ geometry over a wide range of prong
22 sizes, a generally unifor_t__n rjat'uo of cross sectional areas can
be utilized to scale the prongs 22. One ratio which generally
controls the overall taper -'tjf : the prong 22 is the ratio of the
area of the cross section of ‘the base 26 to the area of the cross
section. of the prong 22, at the highest elevation of the prong 22.
The phrase "highest e"levation"" refers to the that point or segment
of the shank 28 or the engaging means 30 having the greatest
perpendicular distance fro"' -’_--the plane of the substrate 24.
Typ'scaﬂy, prongs 22 havmg a base 26 cross sectional area to
highest e'levatwn cross secti na] area ratio in the range of about
2:1 to about 9:1 work well. ;; |
A generally cu'cular s
diameter, as d1scu_s_sed above
to about 0.30 millimeter
highest elevation diamete

. 28 which tapers from a base 26
anging from about 0.10 millimeters
004 to about 0.012 inches) to a
- about 0.07 millimeters to about

0.25 mﬂhmeters ( 3to b 'inches’) has been found suitable
for the embod'lment : séusse erem Specifically, a generally
c1rcu]ar shaped cross section 'of' about- 0.20 millimeters (0.008

S - 1nches) diameter at the- ;'Eghest elevation provides a cross
eet Has Been RTlaced ' FRSTES
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desired by a user. As used herein the term"join" refers to the condition

where a first nenber, or conponent, is affixed, or connect ed to a
second menber_or co onent either directly; or indirectly, LSEIMTIO
first member WP RBWMdYhent is affixed or connected to an |nterrre

menber, or conponent which in turn is affixed, or_connected, to the second
nmenber or conponent. The assom ati on between t¥=first rrenber

conponent, and the second nbe or coppongent i nt ende f
the life of the arti cietionghe a"§ﬁb§tr abighest, 5;{9"333!5'638 g’Pf‘gcreHgd \r/]\ﬁﬂ‘(érfe

one or nore prongs 2Zniail imdters¢0.000064 sfbaresdhcitesht e A2genehalllydc ivcabarbshaped
capap e of being rollgde a@wgg&éaﬁa@%ﬂta&ué'orﬁ%nmﬁwu&g (8 OR°SRERes)

flexible so that the su

configuration, and atﬂ"@"l‘iﬁswlat b3s@n tﬁ@sﬁeéﬁcwﬁfhea’l'ﬁaqﬂir’ld aB?'btngOsoQZSB'éﬁ"ﬁg
deposi ted t hereon wi tiQUimet8ts i(0000014 syuaré | IMghels)l. et Hriisostructdreccesuitsnin b

T ol oo ag | hSAEF o, B R cragh Sac o6 B 18 b ERoREion cross
sectional area of about 2.25:1," whu:h is within the aforementioned
range. _

 The engaging means 30 is joined to the shank 28, and
preferably is contiguous vnth the distal end of the shank 28. The
~ engaging' means 30 projects radia]'ly away and outwardly from the
periphery of shank 28, and ma,_y i_"urtber have a vector component
which longitudinally projects, “j.e. towards or away from the
substrate 24. As used herein tﬁe_-tem “engaging means" refers to
any protrusion lateral to the .periphery of shank 28 (other than
minor asperities in the per":i"ﬁhery of the shank 28), which
protrusmn resists separatwn or removal from a receiving surface.
The term "periphery” means the outer surface of the prong 22. The
term "radially" means from or ‘towards the perpendicular to the
substrate 24, which perpendicular passes through the origin 36
which is generally centered wi;tgjn the footprint of the base 26.
Particularly, the lateral protrusion has a vector component
parallel to and facing towards the plane of the substrate 24. It
is to be recognized that the engagmg means 30 and shank 28 may
have both lateral and longxtudmal vector components. It is not
important that a sharp'ly defmed_ terminus of the shank 28 distal
end be apparent., or that a dem rcation between the shank 28 and
_ engaging means 30 be dlscerni_l_ﬂe at all. It is only necessary
that a longitudinally oriented ace of the shank 28 periphery be
interrupted so that the engaging means 30 has a face with a vector
component parallel to and faci}\ ':the.pl ane of the substrate 24.
" The engaging means 30 may have a greater lateral projection
38 than the shank 28, or vice ersa, as desired. As illustrated
-in the figures, the engagmg____ ans 30 is preferably generally
arcuate and may have a“ reentrant curve If the engaging means 30
_ ~ has a reentrant curve, the ef; _gmg means 30 includes a segment
e which longitudinally appmxtmagg_s ‘the substrate 24 at the base 26
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-9- otherw se would not be able to withstand the heat of the liquid

prongs 22. The substrate 24 should also be available in a variety of
widths. . Suitgkdespphistrates 24 include knitted fabric, woven mplcgyi§92994770
nonwoven materials, rubber. vinyl, filnms, particul arIy polyolefinic filns

and. preferably polyester filnms. A polyester filmsubstrate 24 having a
basis weight of 17.1 grams per square neter (14. 269grams per square yard)
and a thickness of about 0.008 to about 0.15 millineters (0.0003 to 0.006
"inches) has been found eunt tasiadion Iatarahiy spacads feame the Brse 46 | Thisy apguept cis

fro(rjn Hoechst Cel aﬂese Olfata‘iﬁ% divectdy lféﬁa%k e sﬁﬁﬁﬁb@nﬂwahg?h l:ﬁd@egﬁétﬂl ?eed
e e PRt aphan 2 R SRR e et ol PR Ta B8], LS 5nord |
contiguous W th the proxi nelhecrdgaginghaeansard0 2 each hpropgoidd. of Athe;séastening
herein, the term "base’s kelfr 9ot alyhaiaﬁé%ﬁwnexﬁhdt h&ubRESGTa PRy “RhChtHeS Sihe
- direction, if a relatively unidirectionally oriented peel strength
is desired, or may be randon_ﬂy oriented to provide substantially
isbtropic peel str.éngths -in fany lateral direction. The engaging
means 30 may be hodk-shaped tines which project substantially from
one side of the shank 28, defmmg a genera]'l,v convex outline, and
penetrate the opening of the recewing surface to intercept the
strands or fibers of the receiving surface at the inner radius of
curvature 54 of the engaging means 30. The interference between
the engaging means 30 and strands or fibers of the receiving
surface prevents release of the fastening system 20 from the
receiving surface until the-_péel strength or shear strength of the
fastening system 20 is exceeded. The engaging means 30 should not
radially project too far in. the lateral direction, otherwise the
engaging means 30 may not penetrate the opening of the receiving
surface. The cross section of the engaging means 30 should be
sized to penetrate the openings of the receiving surface.

The cross sectional ar{ea and geometry of the engaging means
30 are not critical, so l-{'long as the engaging means 30 has
structural integrity which provides sufficient shear and bending
strengths to accommodate the desired peel and shear strengths of a
fastening system 20 havmgi an array of prongs 22 of a given
density. For the @tﬂbod_iic_uenf. described herein, a hook-shaped tine
engaging means 30 ha\_iing a maxmum lateral projection 38 from the
center of the base 26 to 'fihé remote lateral periphery of about
0.18 millimeters to about 0. 34 millimeters (0.007 to 0.013 inches)
is suitable. -

The array of . prongs 22 may be of any patitern and densny as
desired, to achieve the pee'! .and shear strengths required for the
particular appl i ‘the fastemng system 20. Generally as
‘the array dens1ty ncreaseszi__ pee] ‘strength .and shear strength
proportionately “increase in a linear fashion. The individual
prongs 22 should not be so closely spaced as to interfere with and

Thxs Sheet Has Been Rer

BT




direct contact with the substrate 24 and supports the shank 28 of the prong
22~ It is not necessary that a demarcation be apparent between the base 26

and: t he shank is only inportant that the shank 28 not s

t he base 26 a“??%“é ?he base 26 not separate fromthe substrat gegélﬁédﬁrl ng
use. The base 26 cross section should provide sufficient structural
integrity, and hence area, for the desired peel an@®shear strengths of the

fasteni ng system 20, based on the density of the pattern of prongs 22 and
the geonmetry of the shaprevéit ahé engagngomeanzns030fartte f adjdcent pprongsie2Z from

adequat e adhesion to thﬁ‘ ﬂ,%% gazhds o .ﬁhé,cng,er tﬁé‘%Eeﬂﬁn%SsMhéé zeglf the

t he base 26 shoul d genera goreater Cross, section a to provid
sufficient adhesion to W@%Lﬂ?stafat 0 £1958) Ya 4R34 cCORRIGE NG QX W?ﬁtégh?ﬁ/ the
The shape of the foot pryegéivihgt Berfaec stramds lofe fibbry rmiye dbéugeneccluding the

o L0 e S aeR {na GochReh b3 3apde kO Rerd Randlrskle, THE (50 2
pl anar contact area of sheldhagt begsedistantdyispaced asoho requivenan exsessive area

ratio of the sides of tdfesiyagidted P to mveaéQSfastbhﬁug BySHea 202 4f NRIeqUAARC K& r
unst abl e when subj ect edd&peﬁorces such as gravitational forces, parallel

to the shorter di mensi &% h%t'ieﬂgﬁhﬁrl nt. To produce a prong 22 whi ch
It is advantageous to dmspose the prongs 22 in rows, so that

each prong 22 is generally equa'H y spaced from the adjacent prong
22. The rows are- gen_era'l‘l_y oriented in the machine direction and
cross-machine direction according to the manufacturing process
described and claimed below. Generally, each machine direction
and cross-machine difection row of prongs 22 should be equally
spaced from the adjacent machine direction and cross-machine
direction rows of brdhgs 22, tp provide a generally uniform stress
field throughout the fasteniqg'?jijstem 20 and the receiving surface
when separation forces are ab‘;_i'lied to the fastening system 20 and
" the receiving surface.

As used herein the term “"pitch® refers to the distance,
measured either in the mit:hine direction or cross-machine
direction, between the centers of the footprints of the bases 26
of prongs 22 in adjacent rows. Typically a fastening system 20
having an array of prongs 22 with a pitch ranging from about 1.0
mﬂhme_ters to about 2.0 millimeters (0.039 to 0.078 inches) in
both di-reﬂcfcioris is suitable; with a pitch of about 1.3 millimeters
{0.051 inches) being preferi‘é& Adjacent cross-machine direction
rows are preferably of fset approxmate]y one-half pitch in the
cross-machine direction to doub'le the distance in the machine
. direction between the adJacent cross-machine direction rows.

The prongs 22 may be th’:_"ght of as disposed in a matrix on a
one square centimeter grld havmg an array of prongs 22 with about
2 to about 20 rows of prongs 22 ‘per centimeter (5 to 50 rows per
inch) in both the machme and cross-machine directions. However,

- when a fastemng system ): having prongs 22 is used as the
fastening means for a d1sposahle diaper or incontinence brief as
described more fully below p,r is used on a sanitary napkin as a
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Is oriented substantially in the machine direction of the

- 40 - substrate ~aspect ratio of Iless than about 1.5:1 is
preferred, ang, :ﬂgﬁa‘ally circular footprint is nore preferredpdioygyHbsro
to produce a2|nut y angled prongs 22, i.e. prongs oriented in a

di*frection other than the machine di rection, an aspect ratio greater
than about 1.5:1 is. preferred, and a generally elliptical or

triangul ar footprint having an aspect ratio %reater than about 1.5:1 is
even nore preferred. NMoeasifoofsepuridgcthegsaniitaty mapkip &%dﬁhewﬁﬂﬁtrﬁstm Wearpgy,

di scussed in greater dggai{s hgdsSirihe! % have F®r fﬁgﬁnﬁﬁ@odrm tiRtCrisedskin
herein, a base 26 havi '}gi dtloptprA'snElsed hereqien%ﬁg | J:eyrm “ain r1end? refersnc%o a
fastening system which is substantially non-irritating and
non-abrasive to human skin. It has been found that a fastening
system having an array of prongs 22 with abaut 8 to about 40 rows
of prongs per centimeter (20 to 100 rows per inch) in each
direction will hroduCe a fastening system 20 which is
substantially non-irritating and non-abrasive to human skin. This
grid will resuit in a fasteﬁing system having about 64 to about
1600 prongs per square centimeter (400 to 10,000 prongs per square
inch) of substrate 24.

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

Preferably, the fastening system will have from about 64 to
1600 prongs per square centimeter (400 to 10,000 prongs per square
inch) of substrate. More'préferab]y, the fastening system 20 will
have from about 10 to_abouth3b rows of prongs per centimeter (25
to 75 vows per inch). This grid will result in a fastening system
having from about 100 to abbﬁt 900 prongs per square centimeter
(625 to 5625 prongs per square inch) - of substrate. Most
preferably, the fasten1ng system 20 will have from about 12 to
about 24 rows of prgngs per_qenttmeter {30 to 60 rows per inch).
This grid will tésd]iﬁinia faStening system having from about 144
to about 576 prongs pér §quéfé centimeter (900 to 3600 prongs per
square inch) of substrate In a preferred embodiment the
fastening. system will have from .about 16 rows of prongs per
centimeter (40 rows per 1nch) in each direction. This grid will

apprOX|nater 0.10

B N

\\ll\l\\ \Ill\\ \\\l \l\‘ﬁm



mllimeters to 0.30 mllimeters (0.004 to 0.012 inches) in dianeter
I s- suitable. If it is desired to make the fasteni ng system 20 have a
greater peel , strength in a particular direction, the

sect i onal are\gbo g’ base 26 may be nodified to anplify such gfrec??zo,g?wgo
tftat the strength and structural integrity relative to the axis
parallel to such direction increases. This npeépfication causes the
prongs 22 to be stronger when pulled in the anplified direction of the base
26. The shank 28 iresudht inguuasteningt is¥stens bavinga ftomrabout t 256 Lpnangsi| ger

from the base 26 and Sufishé otéudfleteS (166 1BhG4 perl "udl MrchPaBK. siRiePice.

to that portion of the ng ternedi ate of cont | guous

with the base 26 and t"ﬂ@e@rga@?n‘(j h@hiﬁge@d:hat arfastening slﬁte&r g@‘f"d‘@sz rows of
| ongi tudi nal  spaci ng prohgé herecogmdmeterTHE0Srasd perorintie inukath aticettion Rill

sed herein, the term a ' hayd 0,
gorrpon'ent | away from t rPe'Jogﬂ%s 9%'& élimn?\ﬁéﬁﬁhp f?%%%‘ 5‘%&# #CEP' egﬁs?e@g* e &lenhore
per pendi cul ar di st ancepneferned. p| Ahds cgridhwiklmesult dnoa Eﬁ“?h@%éﬁ&t% haying

the prong 22, unless ojtaat 676 prbRgd fpepd shsaree contdine Rt (960071 Prongs cpere Gg@ire
conponent towards such, "pbic‘ﬁ of%&[he substrate 24. Assom at ed W|th t he
shank 28 and base 26 off¢ A% s an ori gin 36. The "origin" of the
shank 28 is the point whi cTherrmyongs 22 may be made of any thermally sensitive material

which is stable and shape retaining when solid, but not so br1tt1e'
that failure occurs when the quten1ng system 20 is subjected to
separation forces. As used herein, "thermally sensitive” means a
material which gradually changes from the solid state to the
liquid state upon the'applicai?ion of heat. Failure is considered
to have occurred when the prong 22 has fractured or can no longer
sustain a reaction in the pré_sence of and when subjected to
separation forces. Preferably the material has an elastic tensile
modulus, measured according to ASTM Standard D-638, of about
24,600,000 to about 31,600,000 kilograms per square meter (35,00
to 45,000 pounds per square inch).

Further, the prong material should have a melting point low
enodgh to provide for easy processing and a relatively high
viscosity to provide a tacky'and tough consistency at temperatures
near the material melting pdijii:, so that the shanks 28 may be
stretched and the engaging means 30 easily formed according to the
method of manufacture recited below It is also important that
the prongs 22 be viscoelastic to allow for more variation in the
parameters affecting prong structure, and particularly the
geometry of the eng‘_ag'ing ; s " 30. Material having a complex
viscosity ranging from abum_}.E 20:to about 100 Pascal seconds at the
temperature of application t _ e substrate 24 is suitable.

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

,,_ e millimeter between the disk ..an “plate. g
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be thought of as the center of the base 26, and is typically within the
footprint of the base 26. The origin 36 is found by view ng the prong 22,

fromthe sid [ The "side view' is any direction radially tgvwa{de/
shank 28 andqgéggm%lé?\hi ch is also parallel to the plane of the suiﬁg?zrg?ga

24, _ The | ateral distance between the renote edges of the base
26 footprint for the particular side view under-@nsideration is found

and this distance is bisected, yielding the mdpoint of the base 26 fo

such view. Wen bisectinghe momgmﬂpramtPwetm‘bﬂgec%@"?%'r °ft%é"he""°ﬂa$t‘c

DR SULEL ST0E VICHHEE! | 9] rmTisORe” Grefra! 1] Unerass Tl
perit ng'lsymleps: I0 °q thermaﬁ?y sens ve material which flows under the
application of heat or pressure " Hot melt adhesive thermoplastics
are particularly well. suited to manufacture the fastening system
20 of the present invention, part1cu'lar1y in accordance with the
process described and cl_amed.___he]ow As used herein the phrase
*hot melt adhesive® 'refe‘r's' tfqgi_..{i_.thermop] astic compounds, normally
solid at room temperatufe,"" 'ﬁhich become fluid at elevated
temperatiures and which are apphed in the molten state. Examples
of hot melt adhesives may "be found in the "Handbook Of Adhesives”,
Second Edition by Irvmg Skeast, published in 1977 by Van Nostrand
Reinhold Company, 135 West 50th Street, New York, New York, 10020,
which is incorporated herem by reference. Polyester and
polyamide hot melt adheswes -are particularly suitable and
preferred. As used herein, the terms “"polyester" and "polyamide"

mean chains having repeating ester and amide units respectwe]y

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

In a second embodimet__lj_;i--.:-::- ‘of the fastening system 20,
illustrated by Figure 3, the -engaging means 30’ may be generally
semispherically (mushroom) shaped. The term “semispherical® means
a generally round shape, protruding in multiple directions and is
inclusive of hemispheres. and: 'heres, but not limited to regular
shapes. This geometry, part1éiﬂaﬂy the generally spherically
shaped engaging ' ‘means 30" strueture, provides the advantage that
less d1sturbance to the strands _ f the receiving surface typaca‘l] y

surface. Th1s causes ]ess s1b]e damage to the recewmg

surface, allowing it to be r _sed a greater number of times. If

e | the semispherically shaped engaging means 30’ is selected, the
This Shegt L
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attachnment to substrate 24) are ignored. This point is the origin 36 of the
shank 28. Though it is not necessary that a demarcati on be apparent

bet ween t he b d -the shank 28, it is also not necessary t}JaI,
edges or sides o?g Re%shank 28 be contiguous with the outer edgés o 'f’gﬁonm

base 26. The shank 28 may project fromthe base 26 at a point sonewhat

I nwardly away fromthe outer edges of the base 26-@4ch that the base 26

wi || have an annul ar perinmeter 25 as can be seen in Figure 1. An annul ar
perimeter 25 is a rel atshaak)y28 his preferably mpreomgariyt eritmborsit ta:ltbel planéd € the

Substrate, 24 which 1or MpRerdeddar 04l 3 gﬂa& Renctirat it AGLE AN BERIHEE of

shank 28 is attached to peri net
considered to be a fil e cnecas\ﬂes. sprfacgt and c,tBné’Pﬂ!ﬁeecﬂWQ%et‘baF'@e ofeqgefwing

base 26 of the prong 22urface athths engigiag madaes3on iangéhaeed/\/lﬁ'hn tthe Pdcefiving

Cetere-to the frat, pl WFac, Aclety BruilanyliE ot hadt 20 Bl so°

the principal prong 22 isnseitabdesi deration. The angl e a is determ ned as

follows. The prong 22 is "fdaﬁf iide i”p?fn'id 92’ ofTﬂﬂe p Jﬁfr bﬁap&*ﬁ%s Qnd K¥¥ing a
prong 22 is one of two&grtl ar side views and foun he

g
prong 22 is visually i gdsqmgphemgal engagmg means 30°, t?ue engagmg means 30’
should radially protrude from the circumference of the shank 28’ a

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

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

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

The engaging _means ﬁhould_ radially project, in each
lateral direction, from the periphery of the distal end 29’ of the
shank 28’ at least about 25 percent of the diameter of the distal
end 29’ of the shank 28, and preferably at least about 38 percent
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side views such that the direction having the maximum |l ateral projection 38
beeanes apparent

The "l ateral projection” is the distance taken
| ateral ly @E @g
center of the base

to the plane of the substrate 24 fg 590477
In such view, i.e. the origin 36 of the shank% 0

thhe projection of the furthest laterally renote &cj)l nt on the prong 22

visible in such view when such point is longiT

Tnally and

perpendi cularly projected downward to the plane of the substrate 24.
It will be apparent ob such diameted. Adtermatively staded: HE thei diameten afalthe

projection 38 is that E{Qia?céddoﬂﬁ ro?”kﬁéiﬁ #8'i §5Thormalized to 1.0, the diameter of

-12- 36 to t he outer eerl her
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he e gag1¥|g means 3& snoul%Bbg fat® e | 1% m'a&% pr&erab‘ly at
of ~the distal end 29’ of the shank
r of the base 26’ should be about
2.0 times the diameter of the distal end 29’ of the shank 28°.
The shank 28’ height should-be about 1.5 to about 2 times the
diameter of the distal end. 29' of the shank 28’, to properly
longitudinally space the engagmg means 30’ from the substrate
24’. The longitudma'l dimension of the engaging means 30’ may

least 1.75 times the d'«ametgi
28‘. Furthermore, the diamei

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

end 29’ of the shank 28‘

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

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

method is to bring the highéé't" elevation of the prong to within
about 3.3 millimeters to. about 10.1 millimeters (0.1 to 0.4
inches) of a heat source, such as a hot wire heated to about
440°C. R

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

For the aforementiohed liken 970026 receiving surface, the
engaging means 30’ of Figure 3 'should preferably have a lateral
and 10ng1tud1na1 d'imensmn bout 0.029 millimeters to about
0.032 m'l'lhmeters :001 mch -and be disposed on a shank 28’
having a base 26° :d-umétE f about 0.30 millimeters to about

- 0.045 millimeters {.012 toOOZ inches) and a diameter at the



The side view of the prong 22 which nmaximzes the |ateral
prejection 38 is the profile view of such prong 22. It will also be
apparent to o@a@erpddisd in the art that if the fastening systenpCfyuss2/e4770
produced by the process described and clainmed below, and if the maxi mum

| ateral projection 38 is generally oriented in the machine directi-on,

then the profile view will be generally ori-gt-ed |n t he cross- machl ne
direction. It will also be apparent t i f the teral pr ct o)

38 is generally orient cist¥l ¢ fed 3?os§gna499f"ﬁe Bﬁeﬂ’fnh e ﬁ"}"‘leni:o ﬁgA“et 0.2
profile view will benigbinmetedd (000606nte@d.0007 Hinchesyhi The dlistal iend. 29'The the

side el evational view sﬂggﬂﬂ 28"' Eﬂ“gﬁaepgt 88%& %Ef‘fééﬁ Q(,ajtl Ioe“/lnﬁ\w“gte Snd

prong 22. It will be fur ere
i s another profile vi evﬁbogfen%ﬁﬂl W“l‘@@teﬁpdogﬂ einchesn ?‘he %OOPFF 5~)| éRP"e the
shown (so that the mammm Iogtﬂfeagumpgﬁcmon aﬁ@ the engagivigenledns\80’dshédld have

left of th f t.he t | |
wel | Suited for the pr dodataral raieceialoath ot abask 67 W PREELY W AR 60
origin 36 of the shank si8limetéxsund0.022 dmscmmd inshes) , wDNfe[f'thpr abaut220.64

in the profile view M’Hnﬁtf"\’tﬁs” mai nt ai ni ng. t@@g@ gong 22 in the pro{nlch@s
view, an imaginary cutting p

ane 40-40 eneral | l el to the plane of
the substrate 24, is _B_Q_%__Mukp CESS OF EACTY

Figure 4 is a side e'levationa] schematic view of a
particularly br.eferre,d appar_at_u_s used to produce prongs according
to the method of the present ‘invention. Figure 4 shows a backing
roll 74 and print cylinder 73 which form a nip 70 through which
the substrate 24 passes. A_fs: ‘the print cylinder 73 and backing
roll 74 rotate about their ajges, the molten prong material is
extruded through the apertuﬁ‘és of the print cylinder 73 onto the
moving substrate 24, is str‘éiched' in a direction having a vector
component parallel to the plane of the substrate 24 and is severed
by the means for severing 7§ to produce prongs having a distal end
29 and engaging means 30 thereon As used herein the term
“extrude" refers to forcmg a substance through an opening causing
the substance to be shaped, at least partially, by the opening.

"The print cylinder 73 is an example of a particularly
preferred depositing member which may be used with the method of
the present invention. Thejfdé_positing member should be made of
metal or any other -suitab‘l_féﬁ Elj_t:lateria"l which can accommodate the

' temperatures of the molten br‘&ng material, provide substantially
uniform pitch between the prongs 22 in both the machine direction
and cross-machine dlrectwn,: and yield the desired density of
prongs 22 within the array.

As used herein the :._;_:___h".ase' “depositing member" refers to
anything through which hq 1d ‘prong material is extruded in
dosages corresponding to "{i;'nd‘igv"idual prongs 22. The depositing
member will generaﬂy be a"- mooth and relatwe'ly thin piece of
meta] or other materlal havm ._“'rforatmns or apertures through

The depo_s1t1ng member may .';be a flat bed screen, a belt screen
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then brought into tangency with the periphery of the prong 22 at the point
or. segnent of the prong 22 having the greatest perpendicul ar

di stance frompdnesmbare of the substrate 24. This corresponds PCTINS92/04770
portion of the prong 22 having the highest elevation. The imaginary
cutting plane 40-40 is then brought one-fourth of such greatest

per pendi cul ar di stance closer to the substrate 2421 om t he poi nt of hi ghest

| t , that th ttl 40- 40 t S
brong 22 at- a longi AaUPRds LIBULAUBHE BARLoLE Ty 0 SOBYerPRIATAR ARATtES) or
di stance fromthe pl ana obtariyescreen} rsauchk Mthe screeﬁlshelsedmlgl the yscreen iprgnting
plane 40-40 is then usegd totﬂéto%w%ﬁ‘%n%%{n bér ORay *l‘?s&rtfénﬂn %%F fomeof a

‘first point is that p0|n pl.ane i nte eadl ng
edge 42 of the prong 2 POrelsd or ssingerad: galk ba‘é‘é‘gtﬁ‘é‘f‘ﬁ%'\ a sr‘i’ﬁ"‘bﬁ‘ ﬁP“QMW“S]Y

The "l eading edge" i preidife f&Pwithf molten prongi patenial Okhichhds ShemnlextAfiled
whi ch through the pores of the ro'ﬂ onto the moving substrate.. As used
herein the term "depos1t" means to transfer prong material from
the bulk form and dose such material onto the substrate 24 in
units corresponding to individual prongs 22. '
Preferably, the depositing member will be a rotary screen or
print. cylinder. A particul_a-'r_’_‘ij preferred print cylinder 73 will
be a metal cylinder, preferably constructed of aickel, having
apertures 56 produced by an‘j means well known in the art and
preferably produced ,by' means of photoengraving. Preferably a
circular frame will be mounted on each end of the cylinder, which
will provide the' screen with- structural support, maintain the
screen’s cylindrical shape, and will also provide a means of
holding the screen in position and rotating the screen about its
axis without interfering with‘-"c_fhe heated pressure bar 81 or heated
hose (not shown). For convenience of description, the depositing
member of the present invention shall be described as a print
cylinder 73. It is to be understood, however, that the present
invention applies to any meth_i:d of extruding molten prong material
onto a substrate to produce a fastening system having free-formed
prongs. '

The print cyhnder 73.and backing roll 74 may be driven by

any means well known in the art such as an external motive force
~ {not shown), or the baqking_:ro'll 74 may be driven by an external
~motive force and the print ‘cylinder 73 driven by frictional
engagement with the backing roTI 74 ,or vice-versa.

“Rotary screen pr'mtmg apparatus which can be modified for
use with the method of the _?‘present invention are commercially
available from Graco/LTI Corjmratwn, P.0. Box 1828, Monteray, CA
93940, such as the Graco/l.t_l ‘Micro-Print hot melt adhesive
applicator. D T

The size, shape and paty _tem of the apertures in the print
cylinder 73 may vary accordmg to the size and shape of the prongs

Been Re‘laced :
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- 13 - | ongitudinally faces away fromthe plane of the substrate 24.
The second point is disposed about 180[err] through the center of the
prong 22 andwe 9steezssoi nt where the cutting plane 40-40 inter c@GTEUSIZ/Y4E0
trailing edge 46 of the prong 22 and is referred to as the 75% trailing
point 48. The "trailing edge" is the apex-ofghe peri phery of the

shank I2I8 which longitudinally faces towards the substrate 24 and is
general |y oppositely dis ed, fr t he W Te etel e I 2
| i ne connecting.these H@Q‘ﬁﬁi ﬁ‘i“ﬁ?%qus?l‘@@g m_.ctgﬁrse, vm%tl };Et ée&tféﬁdtug%r the

pl ane 40-40 and is bi spottddutas fastening systempdesibedy Ahe Srosherhionp :aarﬁ]' a of

cutting plane 40-40. {heShpétahé 56, tdkaR ats thé e rsanfaczonficthei mointheylinder
m dpoint 47 of the im '

nar cutting .plane, 40,40 _w. th (o] IWe T f
the shank 28 at the ba gexﬁ'@.‘]yﬂ?gr?ﬁ’gﬁ‘éﬁj@dthﬂ'léeséhttehf’gﬁengb(g’]gﬁ"}gs?? the
relative to the plane baseof26t bf thebgprongt @224 The crassasestdon of thec aperiyke 56

28. Al ternativ t | ual Wai €he 'desiredatkos28setrlion of th
relative to the plane g*“’?ﬁeeéﬁgpsﬁégﬁaeﬁgg tﬁlg t he 90[err] conpl enment of y
that angle furthest frbase B& perpendicul ar defined by the Iine,

For the embodiment ‘described herein, a generally
cylindrically shaped aperture :.25?6 is adequate. Though if desired,
the aperture 56 may be sgmewbgtf frustoconically tapered in shape,
having a larger cross 'sfe;étionff'either at the outer surface of the
cylinder 73 or inner surfaée of the cylinder 73. For the
embodiment described herein an aperture 56 having a diameter of
about 0.30 millimeters to about 0.70 millimeters (0.012 to 0.028
inches) produces a suitable prong 22.

There are different metﬁ@c}; and apparatus that are suitable
to supply molten prong materi'_gj"" to the print cylinder 73 and which

: are well known in the art. One suitable apparatus is disclosed is
o U.S. Patent No. 4,876,982, issued October 31, 1989 to Claassen,
: ' which is incorporated herein '-_'j__b_,y reference. Another particularly
preferred apparatus is a heaf'ei_d pressure bar 81 shown in Figure
10. The heated pressure ba?j‘;_ 81 is disposed -within the print -
cylinder 73 and is suhstantiééi‘]‘y parallel to the print cylinder
73. The heated pressure b:.\rf'}_= 81 has an internal reservoir (not
shown) which is fed with 'liq'_d__._i.d prong material and one or more
discharge ports (not shown) from which the liquid prong material
uniformly flows to_th_é__insidéi'i;urface of the print cylinder 73.
Attached to the heated press,\iﬁé; bar 81 is a doctor blade assembly
83. As the print cylinder 73f'§6tates the doctor blade assembly 83
squeegees the molten ﬁf‘ong mdﬁ%ri'al along the inner surface of the
print cylinder 73 and"forces';f_}gii:;hg 1iquid prong material into the
apertures 56. The d@qtor blade assembly 83 not onily serves to
force the molten p_ron_§ }lﬁateriﬁ?:through the apertures 56, but also
provides support to theprmtcy'tinder 73 at the point of the nip
70 to prevent the pr:";z tcy‘lmder 73 from buckiing or deforming as
it is pressed against ‘the bac ng roll 74. The backing roll 74
may be constructed of metal or any other suitable material. A
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found in any side view, connecting the cutting plane mdpoint 47 and the
ortgin 36. Hence, the snmallest angle relative to the pl ane of the

substrate 24 _when this line is viewed in any direction i3l
towards the ?3(00225, and particularly the  origin 36, whi cﬁbﬁﬂ?@&{qﬁgw
I s generally parallel to the plane of t he substrate 24 and orthogonal to
the perpendicular is the angle a of the shank_28._ It is to be

recogni zed that when a prong 22 havi ng a nmaxi num lateral proj ection 38
oriented in the nmachi nBack'mgliﬁo&ttanavmgvaeubbenmnammgmﬂw iShoréreA wiardnieter

direction, or approFé@E glg@{ b edrbga{cg@ mg% %’fﬁ@”be aus%ongPr%gerab]y,

havi ng a maxi num on 3 I ented € Cross-nac
direction is Vi ewedtbmpoci}m‘ kadeyassemblyc83 risspressedhiagainsitr the mswt F.Vﬂa‘mder

gppar entd ang' e a fL 73 hﬁ:tlsnhad“kf&%ewolﬂ aB&nabsmtp&@E@[ pér smg@VﬁhchaSS the
i scusse above, e .angl e ure a e\

furt hest fromthe pé‘l"ﬁéﬂiﬁeca"arp%ﬁas ?ﬁ ortze |“§ng}¢2 FI ys"[‘ﬁ ] an'bqaéed
a . deternined when t{eessorechar? 8ls and edml:ornb]xdaf ialssembly pBZ adte/ ¢ommercially
about the cross-machin aﬁ*lﬁ L iePih E%co? ﬁ“t‘% fJ ei’t@dsbi? 1828, M @@F:lr'}’teg{\

di rection, andfroma e nac |rec prong 22 orie
in the cross-machi ne d9$39§t| on.

The internal reservoir of -the heated pressure bar 81 should
have a steady supply of therm_‘afl'?_l;y sensitive material. This may be
provided by any means well knovm in the screen printing or hot
melt adhesives art, but a particularly preferred method of
supplying the heated pressurg: bar comprises a heated hose assembly
(not shown), a heated tank f(iwt_ shown), and a gear pump (not
shown). The gear pump may be: f_ariven by a variable speed DC motor
{not shown) and should provi_-;t_i'é constant uniform output at the
discharge port of the heated“";jréssure bar 81 at all line speeds.
The heated tank, heated hose 3a§$embly, and heated pressure bar 81
should keep the molten prong -material at the desired operating
temperature. Typically, a témﬁ'erature slightly above the meiting
point of the material is desifi:éd. The material is considered to
be at or above the "melting pomt" if the material is partially or
wholly in the liquid state. If the prong material is kept at too
high a temperature, the prong ‘material may not be viscous enough
and may produce engaging means ‘30 which laterally connect to the
prongs 22 adjacent in th _'achme direction. If the prong
material temperature is very hot, the prong 22 will flow into a
small, some-what semtsphencaﬁy shaped puddie and an engaging
means 30 will not be formed: .. Conversely, if the temperature of
the prong material is too 1 the prong material may not transfer
from the pressure bar to the doctor blade assembly 83 or print
cylinder 73 or, subsequentl may not properly transfer from the
print cylinder 73 to the bstrate 24 in the desired array or
pattern. _

The print cyl inder is preferably heated to prevent
solidification of the prongs_:__zz during transfer from the heated

- pressure bar 81 through the deposition on the substrate 24.

Thls ‘Sheet Has Been: Reﬂlaced
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- 14 - The angle a of the shank 28 may be generally perpendicular to
the, plane of the substrate 24, or is preferably-oriented in an acute

angul ar relation relative thereto to provide increased peel strength in
particul ar di rW&93#21%hich direction is generally parallel to t‘ng %??’%W
| ongi tudi nal projection 38. However, the angle a of the shank 28 shoul d
not devi ate excessively fromthe perpend| cular, "ogferwise a fastening
system 20 of nore directionally specific shear st rength results. For

the enbodi ment describeg &b?*aﬁﬂ  pré ag%h%ﬁe#‘@!'ﬂﬂ-fa& %waam&ehwe&habﬁme

45 and about 80[err] preferabl’y err Lf,th
the shank 28 is |ess thﬂﬁt%ﬁttteﬂﬁeraﬂ:H? dfa ISicgﬁg*ocggé@ego?{)ate%pera%ure

~nonper pendi cul arly ori ebfextouEIHBmeaSObednefmndnm @brk welk whith rtheepdiyester hot
(orthout regard to alehgls OLyfidd ' Alvketed by "%hé "BISER Yodrihhy N9fPABE etan,

: 40- 40 and profile view Can a
5. Massachusetts as No. 7199. But, the operating temperature of the

print cylinder 73 may vary” __;___ccordmg to the particular prong
material being used. There are many methods which can be used to
heat the print cylinder 73, which will be readily apparent to one
'skilled in the art. A part-_i.éi_ﬂarly preferred method of heating
the print cylinder 73-is 'by--uﬁihg an infrared heater 72.

It is to be reco_.‘gh-ized that a chill roll may be necessary if
the substrate 24 is adversely affected by the heat transferred
from the prong material. If a chill roll is desired, it may be
incorporated into the backing roll 74 using means well known to
one skilled in the af‘t. Thi"s-"a'rrangement is often necessary if a
polypropylene, polyethy'lene or other po'lyo’iefimc substrate 24 is
used.

After being deposited ,foiij;o the substrate 24, the prongs 22
are severed from the the debbsiting member by a severing means.
The prongs:22 are severed to form the engaging means 30 of the
fastening system 20 and a moﬂ As used herein the term “"moil"
refers to any material severed from the prong 22 and which does
not form part of the. fastemng system 20.

The -severing means 78 ‘should be adjustable to accommodate:
various sizes of prongs 22 ‘and lateral projections 38 of engaging
means 30 and aiso provide o formity throughout the -cross-machine
direction of the ;rréy. e term “severing means" refers to
anything which 1longitudinally separates the moil from the
fastening system 20. The term “sever” refers to the act of
dividing the moil from the tening system 20 as described above.
The severing means 78 sho also be clean and should not rust,
oxidize or im'p'a‘r’t' corrodents and contaminates (such as moil
matenal) to the prongs _ A suitable severing means is a wire
78 -disposed: generally parallel to the axis of the cylinder 73 and
roll 74 and spaced Fr substrate 24 a distance which is
somewhat greater than the perpendicular distance from the highest
elevation of the sp'iidifiéﬂfbrong 22 to the substrate 24.

" ,.1jh:s5h ‘“ W“d



be utilized to determne the angles of the | eading edge 42 and the trailing
edge 46 relative to the plane of the substrate 24. To determ ne these

angl es, the 75% | eadi ng point 44 and 75%trailing point 48 are f
described aboWO 9302 ﬁse | eadi ng point 50 is found as foll ows. %ﬁﬂ@sﬁ'ﬁﬂ’“

t ir ough the base 26 as viewed in profile is brought to intersect t he
l'eading edge 42 of the shank 28. This intersectigg.is the "base |eading
point." As noted above, mnor discontinuities in the shank 28 near the

aﬁse §6t i nci dentttho gttacmgérab@yt{ﬁ aulpgt_l;lv_ﬁt e%gﬁ}elcmfﬂ:aﬂw mddzb_eﬁrevent
en determning the base,| eadi . e & i S

connected by a strai ght®% ]‘Lé‘ptg ntt@"l REATS R LS5 f@oqgﬁ' sf%’gﬁ'f&a mafns 78,
line forms an incl udedtcaumyioda{erany cool g o€ the prongp|22nwhish oerursubeiween dhe
24 and opening in the g ﬁ@cihé)ngpéng[ hﬁ'atgf]iag' r‘le%@e@”éll&eﬁezﬁ:@do‘cpremrih%k and

28. The angle [err] is referre e an

of ea I, N
sinply the [ eadi ng edgde¥eijing occurs Wetsz%@“q ahtleﬁﬁ ﬁér‘i"ﬁc gﬁgql"g gé"néf‘& 39ipg
di sposed 180[err] fromgelss b3ge IThadinegtingi of 3he séverind méunscdBt ahould tdleo

26 a5 vi ewed | n prof; | EPEE: for kAFrerm ”ﬁ@?@&?&%&ﬁi@??%g”t L s fdfne
shank 28. -This intersddirections shethabage arrsy| ofigppengst 22 avmg substantially
uniform geometry is produced '_

Generally, as the prong “material temperature increases a
relatively cooler hot wire 78 temperature severing means can be
accommodated. Also, as the speed of the substrate 24 s
decreased, less frequent coo'ling of the hot wire 78 occurs as each
prong 22 and moil are severed, making a relatively lower wattage
hot wire 78 more feasible at the same temperatures. It should be
recognized that as the 'tempeﬁaiﬁre of the hot wire 78 is increased
a prong 22 having a generally shorter shank 28 length will result.
Conversely, the shank 28 ‘Iength -and lateral length of the engaging
means 30 will be increased in inverse proportion as the
temperature of the hot wire: ‘78 is decreased. It is not necessary
that the severing means 78. actua'l]y contact the prong 22 for
severing to occur. The prong 22 may be severed by the radiant
heat emitted from the severi_ng__ means 78.

For the embodiment desi;"f"i"bed herein a round cross section

~ nickel-chromium wire 78, 'ihjai(ing a diameter of about 0.64
‘millimeters (0.025 inches) heated to a temperature of about '343°C
to about 440°C has been fo f’éuitab]e. It will be apparent that
a knife, laser cutting ther severing means 78 may be
substituted for the hot wire:78 described above.

It is important that the ‘severing means 78 be disposed at a
position which allows streff ing of the prong material to occur
prior to the prong 22 bei | severed from the moil. If the
severing means 78 is disposed too far from-the plane of the
substrate 24, the p’réﬁg mate al will pass underneath the severing
means 78 and not he int epted by it, forming a very long
engaging means 30 wmch not be properly spaced from the

Bl substrate 24 or adjacent prongs 22. Conversely, if the severing

. Thls Sheet Hag
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As noted above, m nor discontinuities in the shank 28 near the base 26,
ineident to attachnent to the substrate 24, are not

consi dered when

determining the base trailing point 52,

descri bed aboWQ 93/082155% trailing point 48 is connected with thé’CT/U592’04770
baSe trailing point 52 by a straight line. This straight |ine

forms an included angle [err] relative to the planepaof the substrate

24 and opening in the direction of the origin 36 and center of the

shank 28. The incl udedpnggwy @8[?{ di sposeli SR E%ket Qoaﬁaet prarnof il substrate 24,

the trailing edge-46 or

the trai The
| eadi ng edge 42 and trait ﬁ? %"éﬁlj’@ ggaqsn# L}%éﬁ %‘H@Fé ?E’F r§hank 28 and an, gepgaging
[err] define the paral | mbars80fmayhwotsbeldorméd.t he shank 28. |f

Thls Sheet
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. A hot wire severing means 78 disposed approxmate'ly 3.2
millimeters to 8.3 mﬂhmeter; (.125 to .325 inches), preferably
about 5.7 millimeters (0.225 inches) in the machine direction from
the nip point 70, approximate'ly 1.4 millimeters to 6.5 millimeters
(.056 to .256 inch‘_es); preferably about 4.0 millimeters (.156
inches) radially outward ‘from the backing roll 74 and
approximately 13.7 mill imeters to approximately 18.6 millimeters
(.534 to .734 inches), preferably about 16.1 millimeters (0.634
inches) radially outwardly " from the print cylinder 73 s
adequately positioned for the process of manufacture disclosed
herein.

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

of substrate 24 for continuous deposition of prongs 22 and removes
_ the portions of the substfhte 24 having prongs 22 deposited
. thereon. The dirvection generally parallel to the principal

direction of transport of fh’e substrate 24 as it passes through
the nip 70 is referred to as ‘the *machine direction.® The machine
direction, as indicated by the arrow 75 of Figure 4, is generally
orthogonal the centerline of the print cylinder 73 and backing
roll 74. The direction generally orthogonal to the machine
direction and paralleil td”’:the plane. of the substrate 24 is
referred to as the cross-ma_,:hme direction.”

The substrate 24 may be drawn through the nip 70 at a speed
approximately 0% to approxm_ate] y 10% greater than the surface
speed of the cylinder 73 éf__:_._ roll 74. This is done to minimize
bunching or puckering of the substrate 24 near the means for
severing 78 ‘the prongs 22 m the means for depositing the prong
material on the subgtrat 24. The substrate 24 is transported
through the nip 70 in the first direction at about 3 to about 31
meters per minute (10 to 100° feet per minute).




the angles [err] and [err] of the leading and trailing edges 42 and 46
are-not supplenentary to each other (do not add to an arithnetic

sum of about 0 the sides of the shank 28 are said to be _
nonparal | el . ‘*’?’f&’%@él des of the shank 28 are nonparallel, t hePCT/USI2/04770
p

straight lines which define the angles [err] and [err] (connecting the

base | eading: and trailing points 50 and 52 with.tgfge 75% | eadi ng

and trailing points 44 and 48 respectively) intersect, either

above or- bel ow the pl ane ofhd hmgieWfsthatshadk .28 kan tiee infilensed dyr khe rate of

the |ines defining. sulnaRefit ot shErsierine 26" Besf ol if 98, 2! 18 bhongs 22
substrate 24 (Il ongitudhavingya shaniaangle of mnecneardy mendmlvr dAgthe supstrate
converge fromthe basesP§s. gasaedls o Svowdrstalle oRCtraRSport of the safsgmenm in

e 2S cdgns’ab| et ang‘!ﬁggé[ﬁiré]‘tg%‘?r;’[; ggfdt:;",f?g';%&hg the rafé'” of
~oriented in the sane dtrasspordnis cimdreased) nangle ntheisban dareases @
[err] and [err] of the,l eq gkﬁgaﬁgy&;%@} h?ﬁeeeag%%ﬁ@zgﬂgeﬁq projection 38 will

determ ned to be equal
parallel. _ "95“ M shank 28 havi ng a | eading edge 42 which forns a
| eadi ng edge angif deeived, thd Bubstrate Bt may beofincélingd #5[aar hdglety,

28(5? ;]n g: Z [Sg'r ﬁ ?blM-ei h Txm;oxima‘te'l,y'A‘BEI %'ol 5&9‘0}?%&@ Sgh,' %peiteq'ragfy %b&ﬂtahk*,n?rom
the plane of the nip 70 towards the backing roll 74 to utilize the
viscoelastic nature'offthe prong material and properly orient the
engaging means 30 in the Tlateral direction, as well as
longitudinal direct1on This arrangement also provides a greater
force to extract the. prong mater1al from the apertures 56 and to
pull the prong 22 away from the print cylinder 73. The angle v
from the plane of the nip 70 snould be increased as a lesser angle
@ of the shank 28 is ‘desired. Also, increasing the angle vy of
deviation from the p]ane of the nip 70 has a weak, but positive
effect to produce engag1ng means 30 having a greater lateral
projection. 38.

 After depositing prong material from the apertures 56 onto
the substrate 24, the cylinder 73 and roll 74 continue rotation,
.in the directions indjcated-by the arrows 75 of Figure 4. This
results in a period of relative displacement between the
transported substrate 24 andfmne-apertures 56 during which period
(prior to severing)tthe pron ‘material bridges the substrate 24
and print cylinder 73. As relative displacement continues, the
prong material is stretched untii severing occurs and the prong 22
separated from the aperture SG?Of the print cylinder 73. As used
herein the term “stretch® mej s to increase in linear dimension,
at least a port1on of wh h increase becomes substantially
- permanent for the life of the astentng system 20.

As discussed ;"” \ ‘is also necessary to sever the
individual prongs an?rOm ‘print cylinder 73 as part of the
process which forms the engag ’g means 30. When severed, a prong

T 22 is longitudinally divided ‘into two parts, a distal end 29 and

This Sheg,
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substrate of about 65[err] 30[err] 1is suitable. A shank 28 having these

angles [err] and [err]

Shank 28 oy B2

Qtloned spectrum of included angles a of t
apered shank 28, advantageously oriented

of the leading and trailing edges 42 and 46 worKks
BEr/use2searro

“relative to the substrate 24 to provide high shear and peel

strengths without requiring excessive prong mater3ak.

-16- The foregoing nmeasurenents are easily. nade using a Mddel 100-00
115 gonioneter sold by éjagingimeins BOOwhich rémaiv afith lthkefasthieing) systen. 20 lahd a

more preci se measur emen s &’%‘S#ﬁ@&ﬁ wlhcﬁ" {-emah’t?s

in the art that determ natl
40- 40, |eading angl e [ ebe recycled, as desired. Af

Been Re‘hced ;'=
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-the prongs 22 are severed rom the
moil, the fastening system 20 is allowed to freeze prior to
contact of the prongs 22 with other objects. After solidification
of the prongs 22, the substrate 24 may be wound into a roll for
storage as desired. :

A non-limiting 111ustrat1on of the method of the present
invention shows the prong _gg.;erial to be disposed in a heated
trough (not shown) and suhp'"l_ﬁ’éd 'to the heated pressure bar 81 by a
heated hose assembly (not -sﬁgﬁn)_. If a polyester resin hot melt
adhesive is selected, a niétérial temperature of approximately
177-193 degrees Celsius, preferably about 186 degrees Celsius, has
been found suitable. If a polyamde resin is selected, a materiai
temperature of approxmate‘ly 193 213 degrees Celsius, preferably
about 200 degrees Ce'lsius. has been found suitable. A polyester
film substrate 24 about 0. 008 to about 0.15 millimeters (0.003 to
0.006 inches) in th1ckness works vwell with hot melt adhesive
prongs 22. X

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

A nickel- chromwm hot 1‘7“5 78 having a diameter of about 0.6
millimeters (0. 025 mche_. Sposed approximately 5.7 millimeters
(0.225 inches) from the mp .point 70 in the machine direction,
approximately 16.1 mﬂ_hn_:@ers (0.634 inches) radially outward




trailing angle [err] base points 50 and 52, 75% points 44 and 48, and the
angl e a of the shank 28 can be advantageously perfornmed by nmaking a

phot ogr aph of wide346889 22. A nodel 1700 scanning €lectron m pEPATHBAMTTIO

sold by Anray, Inc. of New Bedford, Massachusetts has been found to
work wel | for this purpose. |If necessary, several photographs may be
taken to determine the maximum |l ateral projectt+®r38 and hence, either
profile view. The shank 28 should longitudinally project fromthe base

26 a distance sufficifirom the prpnkecylindercnfady appreximately f4.@nmmihkimeters
substrate 24 at an el ﬁ(’tﬁtl?:@”in\éﬁéﬂhffd#e%@ gh?ginggr\g,zgir-?g émﬂitﬁf?gt? \}glﬁpaﬁ{lwe
| onger Shank 28 provi o2t 2b9HE 430 Heecess Celavuss  The, Pheseatie, Sy RaCHR PPpdcsd by
the receiving surface thid bperattipn aid csubstantéallagisigilaeane St dllusteatehiby
el 2[‘?32%2%2??2?sRzﬂ‘i%ﬁé%"fléﬁ”é'ﬁeﬁ?o*‘é%gé_"g“?%?yg&ev“ﬁﬁ?" qaay) e g arsesy
stronger prong 22 resuffcorprarated iato ihe.i §8§t"éSW‘.‘e§m¢Sgrﬂﬁ ys¢ dascuss beTow
penetration into the receWithogt beind dognd dydany partichraretheory, bit is believed
bonded materai s whi criiy 5 cadbegin 3t tne Sraattil mehs 3¢°RY gbreriet’ 67 Cfhe
descri bed above, the |ehagticigropartiengf thef hathwelihadhesive used to make the prong
22 and the difference in the tépperature-between the trailing edge
46 and the leading edgé_42 of the prong 22. The trailing edge 46
of the prong 22 is shielded and insulated from the heat
originating from the severing means 78. Conversely, the leading
edge 42 is directly exposed to the heat of the severing means 78,
which causes the leading edge 42 to solidify or freeze after the
trailing edge 46. This causes elongation of the leading edge 42
and contraction of the trailing edge 46, relative to each other.
As this temperature difference is increased, a relatively longer
engaging means 30 is formed. ‘ '
Referring to Figure 5, if a fastening system 20‘’ of more
nearly isotropic peel strength is desired, such a fastening system
20'' may be formed by modifyi@g the fastening system 20 of Figure
‘1 through a second stage differential temperature process. As
illustrated in Figure 5, the  fastening system 20 of Figure 1 is
further processed to provide ;hanks 28’’ with engaging means 30’
which radially extend from ;tpe' shanks 28‘’ in various lateral
directions of a generally raﬁdﬁm orientation. The phrase “random
orientation” means having 1é§eral projections 38’’ and profile
views which significantly deﬁiate in direction from those of the
nearby prongs 22°‘. . -
Without being bound by any particular theory, it is believed
that this struCture'js accomﬁ}ished by establishing a temperature
differential betweé§ithe prdﬁiie surfaces or leading surfaces 42
and the trailing §§ffacesf ' éf'the prongs 22 of the fastening
system 20 of Figuréfi; and that such temperature differential may
be enhanced by radiation or preferably convection.

This Sheet.HasBeenR’eraced. ?.
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determ nes the |ongitudinal spacing of the engagi ng neans 30 fromthe
substrate 24. The "longitudinal spacing” is the . |east perpendicul ar

di stance fromyigies/pease of the substrate 24 to the periphery of pthaise2/04770
engagi ng neans 30. For an engaging neans 30 of constant geonetry, the

| ongi tudi nal spacing of the engagi ng nmeans 30 from the substrate 24
becones greater wth increasing |ongitudinal s@#nk 28 | ength. A
| ongi tudi nal spacing of at ] east out EBWI ce t

of the-intended receiving rf%ﬁ:ea feved 4 %nggﬂg %rﬁs‘];llttlbﬁ‘af dléggag}'g'ré‘-{ a
as such fiber or stranptempﬁmﬂuteerdﬁﬁemmtﬂﬂs ofjothe ierdingepurface d2’’ or the
Shoagement  and [ etentighefle SHipPacks’ TR oD U Brailihg®WePac 4TS the
engaging means 30’’ will substantially change or even reverse the
orientation of lateral ,:ptfojegfion 38‘/, providing a prong 22''
which is oriented in a direction other than that which occurred
when initially cooled or frozen. The differential temperature may
be established by any source known to one skilled in the art, such
as a heated wire or meta'l- e'l'eitiént, and preferably an air gun 84,
disposed above the prongs 22’ and capable of providing a directed
temperature differential to the fastening system 20’’.
It is desired that the directed temperature differential
source direct an air current ‘towards the fastening system 20’’

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

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

If the directed temperature differential source 84 s
disposed at an angie of about___180' relative to the first direction
of travel of the substrate 24'7, the source 84 is directed towards
the 1leading surfaces 42'‘ of -the prongs 22‘’ of the fastening
system 20’‘, and genei*a'l"ly op‘posite the machine direction of the
process described and ¢l aimed herein. Directing the temperature
differential of source 84 direcﬂy towards the leading surface
42'' of a prong 22’ m'l'l resu]t in the lateral projection 38’’ of
the engaging means 30*' rotatx‘ng, to change the orientation of the
lateral projection abqut 18!):;;-;, Prongs 22'‘ disposed somewhat to
the side, i.e. in the cros: :"in_achine direction, of the directed
temperature differential s ce 84 will not have the engaging
means 30’’ rotated "'bout 180°, but instead engaging means 30’’
more nearly rotate _ bout 90°. Thus, it is apparent that a
directed temperatu:e' diff ntu‘l source 84 oriented in the
cross-machme d1rection m‘l'l provide a fastening system 20/
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the fastening.system 20. For the enbodi nent described herein, a prong 20
having a |ongitudinal spacing of about 0.10 mllimeters to about 0.20
milineters (0.004 to 0.008 i nches) works well . The shape_ of the

cross secti onWQPPUS shank 28 is not critical. Thus the shaRETFAESIAATRR

of any cross section desired, according to the aforementioned paraneters
relating to the cross section of the -base 26. They'.cross section” is the
pl anar area of any part of the prong 22 taken perpendicular to the shank 28

or the engaging neans gfng A%r&ﬁsedzzabowmhthermanhaz&ﬂs meﬁmabﬁs/ in the
tapered to decrease in cros

ectl I sfal .end,;of t S
engagi ng means 30 of | FEPSSTEARIES dlveckipn SROTRiRl Fon e | Rhy 2Ry Position
appr oxi mat ed. Thi s ag'lraaﬂmeltarthe tgnpevatkra d1f£emume'b|somen§4~decrease in

the noment of inertia of the Apagih 8 @i@@hﬁ%ﬁﬁ@'aﬁg §EA Benplri e of Wit 88-c

prong 22 of nore nearly constant arati-o Qrce
applied to the fasteftnd é?%ac"é?n °f0 ab“%d“tﬁ%’}téﬂﬁﬁeral R\lﬂl §H‘é‘§es)t ?fré""“ the
quantity of superfl uoggbstrite 24! isnaospivabledifférentisd pewaﬁm'e sourceTo A

General 1y uni form rat | Bpd ssete BEt ol S610C 67 Uhe DayBoHperrst ificrabhuring

the prongs 22. One réapanyiefcChigages dilinoisarientedtate aboutr &5'! redgtivecto the

the prong 22 is the rajjfe0hsthe substrate 24'’ and disposed ‘about 46 centimeters (18
inches) from the prongs produces a fastening system 20’’ pattern
substantially similar to that shown in Figure 5. It will be
apparent to one skilled in th_g art that a ‘one or more hot wires
disposed above the prongs 22’* and oriented in the machine
direction will prdduce a f_afsjtening "system 20’’ having cross
machine directionally orientedf_eng_aging- means 30’’ in a regular,
somewhat siriped pattern. :

Without being bound by ép_y theoi_'y, it is believed that the
change in orientation of the engaging means 30’’ occurs due to the
cooling of the profﬂe surfaces or the leading surface 42°* of the
prong 22'’ relative to the traﬂing surface 46’’, which may occur
if - the temperature of the -dischirged air from the directed
temperature source dlfferenﬁ"'a'l source 84 s less than the
temperature of the penphery ‘of such profﬂe surfaces or leading
surface 42'’. The temperature different'aa] resulting from the |
cooling causes contraction "'f the .portion of the prong 22°'’
towards which the temperatur d1fferent1a] source 84 is directed.
This contraction may result i a chan_ge in the orientation of the
engaging means 30‘‘ and 1 j;ra] '-proj'ection 38’', due to the
differential cooling of the leading surface 42’ relative to the
trailing surface 46'°. Without being bound by further theory, it
is believed that relief of i"e"sidua]”stresses which occur during
cooling may mﬂuence the: hange "m orientation of the lateral
projection 3grr, o

It will be further apparent" to‘one skﬂ‘led in the art that
other variations are feasibl 'ample, a2 prong 22 having an
engaging means 30 ‘protrudi g in mor _"‘than one direction may be

........... e produced.. If desired, on’ly fhe pr'mt cyhnder 73 may be utilized
. This Sheet'Has B :
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area of the cross section of the base. 26 to the area of the cross section
of the prong 22, at the highest elevation of the prong 22. The phrase

"hi ghest el evaWM¥370823Fers to the that point or segnent of the sREMUSIZ/G4770
t hee engagi ng means 30 having the greatest. perpendi cul ar distance from
the plane of the substrate 24. Typically, prem8s 22 having a base 26
cross sectional area to highest elevation cross sectional area ratio in the

range of about 2:1 to a I ma% Ithy &ibserdtar 243|"b%'ﬂk.act
28 which tapers froma Bgt‘gh%gﬁaw&u% process it % s

ter cussed
about 0.10 nmillinmeters tidheaBBift Gygg‘dﬁfl {3 r?é't éﬁ% poipt (Rm%etgutegbaﬁ?faseogg]the
:inches) to a highest elmiati mtddarmerthabfcoammhndso woth nthe ipodotrat twhich the

about 0.25 m |11 met or s (RS 4hgad) Ly BRSNS BRETnGUTr el 3Pl el i

t he enbodi nent di scusse erein a generally circular s
cross section of about CY3ander f3neters (O. 008 inches) diameter at the

hi ghest el evation provider i8 fidquéftly desirable to have a fastening system 20 of
| the present invention with the maximum lateral projection 38 of
the prongs 22 oriented in a’ direction other than the machine
direction. For example, wh_f"e;_\_.--using the present invention as the
fastening means of a dispos"a’blé diaper, it is desirable that the
maximum lateral projection: 38" of the prongs 22 be oriented in a
direction substantially perpendicu'lar to the direction of travel
of the disposable diaper on the manufacturing line. A diaper
manufacturing line require&_ complex and expensive machinery to
cut, reorient and apply the “fastening system 20 if the maximum
lateral projection 38 of the prongs 22 are oriented in the machine
direction. A fastening systera 20 of the present invention
produced with the maximum lateral projection 38 of the prongs 22 |
oriented in the cross-machine direction, however, would not
require re-orientation before being applied to a disposable
diaper. It s therefore - ‘very - advantageous to be able to
manufacture the fastening ;system 20 of the present invention with
the maximum tateral proje't_:f_t-‘f-ifbn ‘38 of the prongs 22 oriented in a
direction other than the ﬁithine direction.
There are two angles' wtnch are made by the shank 28 of prongs -
22 produced by this procé The shank 28 makes an angle a« with
the plane of the substrat 24 as discussed hereinbefore, and the
shank 28 also makes an az ni_tjithal angle (indicated by a letter A,
Fig. 7) relative to the -uia e direction of the substrate 24. As
used herein, the term az muthal angle” refers to the angle the
maximum lateral proaecti 38 makes relative to the machine
direction of the substrate fhen viewed from above. As used herein
"viewed from above" r s to viewing the prongs 22 from a
direction which ‘is perp _'_':'_u'lar to the plane of the substrate 24.
The term "machme din wn" refers to the direction generally
parallel to the prmcmle irectmn 0of transport of the substrate

B i T T, 24 as it passes throug_h_the nip 70, and is indicated by an arrow
- This Sheer Has Been o
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sectional ar eé at ., highest elevation of about 0.040 square
m:limeters (0.000064 square inches). A generally circular shaped base 26

cross sectio f 0.30 miIlineters (0.012 inches) provi de?,ct\r,l@gg' 0
Cross sectloM 93392? of about 0.09 square mllinmeters (0.0001 squargmz‘?7

ifches). This structure results in a ratio of base 26 cross sectional area
to highest elevation cross sectional area of about®2 25:1, which is within

t he af orenenti oned range. The engaging neans 30 is joined to the
shank 28, and prefer#bl yni figunet i Guodkheviazimythal diaggie éndmeasurad dxarflirst

28.  The engagi ng ”Eanéetgpmﬂﬁﬁb eﬂiesmﬁx'ﬂhﬁ' 1ateA¥Pprasettoon oy df Ytlfer @%ﬁd"@z as

periphery of shank 28, an have a. vect.or

t he C
| ongi tudi nal 'y proj ect%‘scg°%e F%F'H’s{%? aftdyShPYR AR ‘Fl‘@"gggp?p%taé‘ﬁtha] Angle,
used herein the term "ardeted dymthesiettef &,s isotheangiet relative Itat dhel michine

the periphery of shankyGlctfnGach 0 nilE'By g S3RETD i data1idI®vo Nl Bk

of the shank 28), rus on S ‘separation or_renova rom a
recei ving surface. lateral pro:jectwn 38 when viewed from above. The azmuthal angle

A can be measured relative to __1;_he machine direction in either the
clockwise or counter-clockwise direction, but the azimuthal angle
will not be greater than 180°. A fastening system 20 suitable for
use on a disposable diaper, 'wi?],_‘_l preferably have prongs 22 with an
azimuthal angle such that the maximum lateral projection 38 will
be oriented in a direction hav’iiig a vector component perpendicular
to the machine di_re_ct'ion of the ‘substrate 24. Thus the prongs 22
may have an azimuthal angle gréeter than 0 degrees, between about
1 degrees and about :180 degrees, generally the azimuthal angle
will be greater than. about 20 degrees {20° - 180°), greater than
about 45 degrees (45° - 180‘), or greater than 60 degrees (60° -
180°). The azimuthal angle of the prongs 22 made using the
process described herein wi_'ﬂ' -breferab] y be from about 20 degrees
to about 160 degrees, more §§_’r-_eiferab1y from about 45 degrees to
about 135 degrees. and most preferab'l y from about 60 degrees to
about 120 degrees.. In a preferred embodiment shown in Figure 7,
the azimuthal angle of the prongs 22 will be about 90 degrees.

A method for mparting an azimuthal angle to the fastening
system 20 is to bias the prongs 22 of the fastening system 20
while the prongs 22 are p_a_rn ly or wholly in a liquid state. As
used herein the term “"bias® refers to providing a force or
influencing means in a . rection having a vector component
perpendicuiar to the machi:nef i_'rection of the substrate 24. The
prongs 22 may be biased wiier‘i they are newly formed and have not
yet coo]ed and solidified and ‘are still malleable, or the prongs
22 may be biased '_after t: /- have cooled and solidified by
reheatmg the prong_"" '22 so: t| t they are malleable and will turn
when tnased There iare: a 9ppber of methods available to bias the
prongs 22 so as to .__\;;:___part ‘azimuthal angle.

A suitable method for imparting an azimuthal angle, is to

bias the prongs 22 by causmg 'grav1tat1ona] forces to act upon the
< This Sheet:Has Been' Rep . .
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The term "periphery". neans the outer surface of the prong 22. The term
“"radially” means fromor towards the perpendicular to the substrate 24,

whi ch perpen cul ar asses t hrough the origin 36 which is gene
centered w t&v "bot print of the base 26. .. Particularl JE##?MWH“

| dteral protrusion has a vector conponent parallel to and facing towards
the plane of the substrate 24. It is to be recognqyed t hat the engagi ng
means 30 and shank 28 nay have both lateral and | ongitudinal vector

conponents. It is notprongerazanhiltehthe promgs RR yardepartddl yeoniwhodlpfint hel iquid

shank 28 distal end be arent r Jg.ha t,

and engagl ng neans 30 Bgﬁ lgcg' M'% t"ﬁ érﬁ%gﬁqﬁ'ﬁafw& y%?]gggmsia:%&etw §2
| ongi tudinal |y orienteto fﬂtﬁe deisivede agimuthadg apgte.phdhys bean rhecracsamelisbed by
that the engaging ma”ﬁﬁ@nﬁ‘aﬂleasﬁﬁﬁ?aﬂ tdy %oVEEitOVthﬁoﬁmﬂeBF ﬂﬁr%hbetrait@ 24

and facing the plane of the sub e e Is y

have a greater lateral" JABYSSh §|8 tzﬁ‘ﬁ Pﬁ&hgﬁanﬂqg%& ? ‘&°éﬁ\‘} Qg? agt
desired. As illustrat mpendnculm"lfyl dhragh Bh@lmmghglemgbtmamhso Qlﬂd form an
preferably generally a?‘iuaﬁﬁl " thdiP 90 Nde &eﬁserﬁ%ﬂt 5 2p¥umC ¥ines- A§ fthbhﬁrongs 22

engagi ng means 30 has & reentrant, curve, en gln an des a
segnent whi ch | ongi tu%!‘%&ﬂ‘!ﬁedpiﬂ%ﬁﬂms ?'Weag ‘éaﬁsg W?eqﬁg?é' Hgin
Figure 8, of the substrate 24 rel ative to the horizontal allows:

gravitational forces to act upon the distal ends of the shanks 28
and engaging means 30 and- pu]] the prongs 22 toward the
Tongitudinal side of ‘the substrate 24 having the lower altitude.
. Preferably, the print cyltnderuzs and the backing roll 74 together
are tilted or raised on onefeﬁﬁ from the horizontal, as shown in
Figure 8, so that as the subst?&te 24 passes through the nip 70 of
the rolls the long1tudinal edges of the substrate 24 will be at
nonequal altitudes, and the g'”vltational forces, indicated by the
letter & in Figure 8, will ect upon the prongs 22 to give the
shank 28 an angle a with the’ substrate 24 and an azimuthal angle A
‘(neither angle a or angle A are ‘shown in Figure 8). The substrate
24 should be tilted so that the plane of the substrate 24 forms an
angle relative to the hortzoﬁta1 of at least about 15 degrees
Preferably the plane of the sgpstrate 24 will be at an angle of at
least 30 degrees. -" .
Another suitable nmthod for imparting an azimuthal angle is
to bias the prongs 22 by applying a pressure differential across
the plane of the substrate 24 while the prongs 22 are partially or
wholly in a liquid state such that the prongs are forced or drawn
to the desired azimuthal aqg}e This may be accomplished by
flowing a liquid or gas acroﬁ the plane of the substrate 24 in a
direction having a vector component perpendicular to the machine
direction. The pressure d1fferent1a1 will cause the prongs 22 to
turn or reorient toward theletde of the substrate having the lower
pressure. Preferab1y, th pressure differential across the
substrate 24 is ach1eved by r ing a high pressure from one side
. of the substrate 24 us1ng air jets, air needles or other means
well known in the art. Howei r, the pressure differential across
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- 19 - or alocation laterally spaced fromthe base 26. This segnent is
laterally directed towards the shank 28, although the segnment need not be

radially directed towards the origin 36. The engagi ng nmeans 9?%/
prong 22 of tNOPRMHRing system 20 may laterally extend Eg‘.g{'%ﬁz?@
in -the sane direction, if a relatively unidirectionall y oriented peel
strength is desired, or may be randonly oriented 48 provide substantially

i sotropic peel strengths in any lateral direction. The engaging neans 30
may be hook-shaped ti nethersiisstratej2dchays absd bet achieyed bynpraducingde Wiw pressure

shank 28, defining a geg.f:ral lVac%BrFV@X(ﬁ%Hlng mgi p,edﬂle%@tgdghgf Oﬂﬁn'sﬂﬂst‘?‘ste
- the receiving surface t |nterce strands:or - f1 bers of the receivi

“ surface at the inner radtuerdy creatmg a high pressure from one side of the subs rate
24 and at the same t'une crea_ ing a jow pressure from the other
'side of the substrate 24. The side of the substrate 24 which
represents the high pressure or low pressure side and the angle
relative to the machine dwectmn at which the fluid flows is
dependent upon the azimuthal hg'le desired. The fluid medium used
will preferably be air, though; other gases and liquids may also be
used. As used herein the term “high pressure® refers te a
pressure greater than the ambient pressure of the air or other
fluid which surrounds the prongs 22 as they are being azimuthally
angled. As used herein the term "low pressure” refers to a
pressure less than thé ambiérij; pressure of the air or other fluid
which surrounds the prongS’_i -__;ffzz as they are being azimuthally
angled. :

It should be understood{;_'that it would also be suitable to
have the high pressure and_/p '_'low pressure originating from other
than the sides of the subst te 24. That is, the high pressure
source and/or low pressure source may be positioned such that the
prongs 22 are forced and/o _'ldrawn in more than one direction,
giving the fasten'ing syst -a more isotropic peel strength. As
a nonlimiting example, a va um source may be disposed near the
sides of the substrate 24 an a pressure source disposed near the
middle of the substrate 24, such that the maximum 1lateral
projection 38 of the prongg"'zz will be influenced substantially

~away from the middle of t ubstrate 24 and toward the sides of
the substrate 24.

When a pressure diff enfia1 is used to impart an azimuthal
angle to the prongs 22, fre: ét_lt‘ly turbulence in the chosen fluid
medium will cause some of the"prongs 22 to scatter, or acquire an
undesired azimuthal .angle. minimize the incidence of prongs 22
‘'scattering, it is desu'ab'ie __o'mimmze the turbulent flow of the
fluid medium and "‘amtain é more streamline or TJaminar flow.
There are a number of metho_ ;_:vaﬂable to produce a substantially
Taminar flow. '
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curvature 54 of the .engaging nmeans 30. The interference between the
engagi ng neans 30 and strands or fibers of the receiving surface prevents

rel ease of th ég@h@ system 20 fromthe receiving surface y&} ?9%)69770
I stre

peel strength ngth of the fastening system 20 is excee

The engagi ng neans 30 should not radially project too far in the lateral
direction, otherw se the engagi ng neans 30 nmay not“zpenetrate t he openi ng
of the receiving surface. The cross section of the enga means 30 .
“shoul d be sized to penetratset methoderafnprodcipgear é&'@ﬁﬁ‘g 3lﬁrf‘aﬁl‘!‘” flow is

The cross sectional arqfreugfl RO"ESe yofofonéheremmglnaﬂzmaaa 300w adnpl lilers to

e 50T N8 2 shpe SRR ol n o, RV MR e,
desired peel and shear two reomgetrsiadf air fEloweaiplgfierst 802 zolﬂuabe nésedn iar tandem.
of prongs 22 of a giveRy éjeﬁ'ﬁ'ﬁyaw 'ﬁﬁwt%ﬁf‘ﬂ?%@?rﬁmeﬁ&%&b&d £ ?éfberaP in
hook- shaped tine engagl ng neans avi m.| at er.al
fromthe center of thefigsd)2obas d"hF h@‘ﬁcggﬂee?ﬁ!’t g?a'ﬁtspgﬁlﬁﬁe&{ré&&é\@ﬁmss the
0.18 mllineters to abQubstQ'a&ﬂ 241 | |ITheesetond @Or GQow tampDified 902c{imlicated by the
el P o acni moe pavatl Vo AOBIEZ TR U] sAOVGREE ST SRfeC bk Hom
~ -across the substrate 24. The dlscharge flow of the first air flow
amplifier P is drawn into the inlet of the second air flow
amplifier V creating a substantlally linear air draft. The air
flow amplifiers 902 are oriented relative to the substrate 24 to
produce a low velocity linear air. draft in a cross-machine
direction. The preferred location of the linear air draft is
immediately down stream of the cutting hot wire 78 (not shown in
Figure 9). Extraneous air cnf_'-r_'_é_nt may be eliminated by the use of
an enclosure {not shown) to s,u_i'round the area where the linear air
draft is applied. Suitable air flow amplifiers are commercially
available from Vortec Corpordfi‘on of Cincinnati, Ohio and marketed
as Transvector Model 912/952, having a 25-100 SCFM rating. The
required air pressure may.vary, but about 1 pound per square inch
“to about 10 potmds per square inch of air pressure works well.
Another suitable methddfi‘fgir imparting an azimuthal angle to
the prongs 22 is to bias the prongs 22 by mechanically turning or.
physically dragging the prdtu’ésf 22 while they are partially or
wholly in a liquid state. A;__-non-‘timitin'g example of this is the
use of an oscillating or -_rotﬁg_t'ihg severing means, e.g. hot wire,
{not shown) to force or drag the prongs 22 to the desired
azimuthal angle as the prongs 22 are cut. There will be many
other methods of accomphsm __'tms which will be apparent to one
skilled in the art. o
A prong 22 havmg an azim

it-h:al angle can be produced using an
aperture 56 having a ma:gar ax attd minor axis with the minor axis
of the aperture 56 cnente Sdirection other than the machine
direction of the prmt cy't nder : 73 Without being bound by any
particular theory it is behéved that an aperture 56 having a
major axis and a minor ax1s wﬂ'l produce a prong 22 having a
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particul ar application of the fastening system 20. Cenerally as the array
density increases, peel strength and shear strength proportionately
increase in_alinear fashion. The i ndividual prongs 22 sho o]
closely spaceOL3/021§ nierfere with and ' Br/U8barad
20 prevent the engaging means 30 of the adjacent prongs 22 from
intercepting strands or fibers-of the receiving=-#rface. |f the prongs 22
are too closely spaced, conpacting or nmatting of the receiving surface
strands or fibers nabendioglaxis andcweaki axjs adtb thatetheforpes nécgravity witlaads

or fibers. Conver sel yypd\gnPpRBAF 2t§§9\‘1 04281 hah A8 dgadAC RéwrdS30

to require an excesswe rea o su str ] in t e X"- t?on %s#t %%ngeas’?/satxe?

20 of adequate shear &hdthfedirong r & ganera Y 1
Although a prong 22 produced usmg an aperture 56 of this type
does not need to be tnased to azimuthally angle and will orient
generally in the direction of the weak axis without biasing, an
aperture 56 of this type does_ produce prongs 22 which are more
easily affected by biasing. _ '

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

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

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

m’-m’ of the rectangu‘lar aperture 56 is oriented substantially in
T ——— the cross-machine direction. An aperture 56 of this type will
This Sheet H "
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It is advantageous to dispose the prongs 22 in rows, so that each prong 22
I s-generally equally spaced fromthe adjacent prong 22. The rows are

general ly ori Sﬁmhi‘nrst he machi ne direction and cross-nmachi ne dipﬁ.%éﬁp“-,m
according to the manufacturing process described and claimed bel ow.

General ly, each machine direction and cross-nmachi ne direction row of prongs
22 shoul d be equally spaced fromthe adjacent mach®e direction and
cross-machine direction rows of prongs 22, to provide a generally uniform
stress field throughoutpnoduce astrrandi22s \having 20 weall ¥is orsiented nin sairdinestion

~ when separation forces gietatehind perpbRfclihd et Nehe Yy mbeliné0 dARECEidR of the
recei vi ng surf ace.

- di'stance, neasured eit hﬁiﬁfﬁﬁﬂ% ’ﬁrﬁghinwtéhgf‘i"g&g#b‘ﬁﬁi?pwggé?‘?réghf)ngé‘%gta"tia"y
direction, between the trerther divdctiore ¢fodther weak axist o€ Kheepr@@ @2, priotigsthe
prongs 22w th o pi i ch L Litehal IRegitiin 56 bF (e ity £ AP, ehd P rdent
mllimeters (0.039 to (ﬁ'@?g‘ﬂtﬁéﬁé's)“i%ebﬁﬁﬂfstﬁﬁgbl’fq gieqtion gf; 2’6? Subgfnate 24.
pi tch of about 1.3 nil|THee makfnumO 12bdral nphejectim 38 (widl eramibmlpdpeientt toward
i Loh 1 the. cr ose: o FYHSE;oF cfhe) SfieS 5%, Promf e BiFapiaTEs e, ST 15 men

of the footprint, however, by slightly biasing the prongs 22, they
can be forced to o_’r-i:ent touard a particular side for a more
uniform array of prongs 22. - .

~ As another nonlimiting '_:giample of an aperture 56 which will
produce a prong 22 having a weak axis, Figure 13 shows an aperture
56 having an elliptical sectional area at the surface of the print
cylinder 73. Again, the ma‘_j_'or and minor axes of the cell are
designated m-m and m’-m’, re,_;s_'p;e'ctive'ly. The major axis m-m of the
elliptical aperture 56 of Flgure 13 is oriented substantially in
the cross-machine "direction. The minor axes m'-m’ of the
elliptical cell s oriented substantially in the machine
direction. An apertur__'e 56 of this type will produce a prong 22
having a weak axis o_rieji_ted in a direction substantially
perpendicular to the cross_-még:hine direction of the substrate 24,
and ‘the prong 22 will tend to orient substantially in the
direction of the weak ax'lsof the prong 22, i.e. the maximum
lateral projection 38 will:-tend to be oriented in the machine
direction of the substrate 24 The maximum lateral.projection 38
of the prong 22 will -'gener-_a]_'i;iy; be oriented in a direction opposite

_the direction of travel of ‘the substrate 24 as a result of the

biases inherent in t_he' ufacturing process. However, by
slightly biasing the prong 22 as discussed hereinbefore, they can
easily be forced to orient in the direction of travel.

‘As a third non-hmt'l ” example of an aperture 56 which will
produce a prong 22 having ‘a'weak axis, Figure 10 shows an aperture
56 which has a sectioa'l a at the surface of the print cylinder
73 generally resembling an eguilateral triangle with one side of
the equilateral friaﬁglé:.:generally parallel to the machine

~ direction of the print c_y’hnder 73. Because the aperture 56 of
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direction between the adjacent cross-nmachine direction rows. The
prongs 22 may be thought of as disposed in a matrix on a one square

centineter gri i an array of prongs 22 with about 2 to ab%:l;r

of prongs 22 Bg?gs)lé)ﬂ?&rreter (5 to 50 rows per inch) in both the rraéﬁlg%zz&ﬁ%l
cross-machi ne directions. However, when a fasteni gg system 20 having
prongs 22 is used as the fastening neans for a~& sSposabl e di aper or

i ncontinence brief as described nore fully below or is used on a sanitary
napkin as a Figure 10 is a three sided figure each_of thgthregr sides being

sécuring the sani tary %ggj Nint Perdtf, PEHY gpg,ftu}@"'eg_sv\@memavé tthreé -madefi Habl ot
to have a fastening system -t ﬁt IS, o"sl%lxgs.-.frhe_r}ndl y" 'm'-t'nA’S us'szﬁ.mh el n"'e
the term "skin friendl yshowmk cfnd  gheee minor ™ axes. ( I 2 3
aperture 56 will have a major axis generally parallel to each side
of the .equilateral triangie and a wminor axis generally
perpendicular to each s"iiilé";" of the equilateral triangle.
Therefore, an aperture 56 oftl'ns type will produce a prong 22
having a footprint with th_’r..gg major axis and three minor axes
corresponding to the three aJor axis and three minor axis of the
aperture 56. The prong 22 will therefore have three weak axes,
and the maximum lateral'prpjgéfipn 38 of the prong 22 will tend to
orient toward one of the three weak axes. An azimuthally angled
prong 22 can be produced using an aperture 56 of this type
disposed on the print cy‘l'iip_d_ér 73 such that the minor axes-
(m-m’y, m'-m'2, m'-m'3) of the aperture 56 sectional area are
each oriented in a direction _-iit'-her than the machine direction of
the print cylinder 73, such as in Figure 10. Because of the
biases inherent in the manufacturmg process, a prong produced
from the aperture of Figure:':_l_o_:?wﬂl tend to be oriented toward the
weak axis of the prong which _'_g'iéheral’ly corresponds with minor axis
m'-m’] of the aperture 56. =
Without being bound by _g;ny particular theory, it is believed
that the maximum lateral projection 38 of the prong 22 tends to
orient substantially in tl_:\jé‘_”;t_'iirection of the weak axis of the
prong 22, i.e. the direction of the minor axis m’-m’ of the
footprint, as a result of th i“shank 28 being unstable from a lack
of support from the base 26 along the sides of the prong 22
parallel to the major axis m "of the footprint.
' The minor axis m’-m’ of n-aperture 56 may be oriented in any
direction on the print cy er 73, however, as discussed above
when the_' minor axis m'-m’ n aperture 56 is oriented in the
machine direction of t_'h_e___ P y1 ignder 73, a prong produced using
that aperture 56 Wi'n b jenerally oriented in the machine
direction of the substra , d.e., not azimuthally angied.
Therefore, azimuthally ang rongs 22 may be produced using an
aperture 56 having an '_aspe ratio greater than about 1.1:1, with
e ey the minor axis mY-m’ of the aperture 56 oriented in a direction
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fastening system which is substantially non-irritating. and
non-abrasive to human skin. It has been found that a fastening system

having an arr ngs 22 with about 8 to about. 40 rows of p

centineter %?%0%80 rows per inch) in each direction Pﬁ pro uce
a fasteni ng system 20 which is substantially_ non- |rr|tat|ng and

non- abrasive to human skin. This grid will result%n a fastening system

having about 64 to about 1600 prongs per sguare centineter (400_to 10,000
prongs per square i nch)otber ihant the amaghine direction oft bhri yint Hyljpdareds. To

nvention can produce Grbddec iz RuthuFlyerungRa NiFoRgslcnieemiéy ayxiaf mprrﬂngﬁ the
donsi ty of the array olPBriEe b “Raiddppecthin avdin seprer” thie (4051, b

t he nunber of neshes mﬂatlapetu thesmauhhae dwem:lomaf ghedriet csﬂnnderhé3 Wi”
depositing member. 5%5%’31 be' Et i ]aggfbgﬁe%t‘ir 1fan BHARU26 déyrees relative

deposi ti ng member havi re centi
(10, 000 neshes per squé‘Pe ’!enﬂh‘)h‘“e dI"H'éFfe‘F’B of the Priﬂts%‘é‘l"pé(/ga'tmﬁ gre erab‘ly
fasteni ng system havi ngregterotifdnoaboutcss degrweg relativeqtaithe aachimedérection of

(10,000 pronge, per <qU3g. ol kel o, B9 MSFSotiTerIy SromeRomgl shif o
about 64 to degrees relative to the machme direction of the print cylinder
' 73. In a preferred embodiment shown in Figure 12, the minor axis
m’'-m’ of the aperture 56 will be oriented about 90 degrees
relative to the machine direction of the print cylinder 73. The
aspect ratio of the aperture 56 will preferably be greater than
about 1.5:1; more preferably’ the aspect ratio of the aperture 56
will be at least about 2:1;- ,and most preferably the aspect ratio
will be at least about 3:1. |

' A prong 22 having an azimuthal angle may also be produced
using an aperture 56 haviuqf-'-a dominant area on one side of the .
machine direction center'lin:'é -0f the aperture 56 and having an
aspect ratio greater than about 1.5:1. Without being bound by any
particular theory it is be‘heved that a prong 22 having a weak .
axis and-a bending axis ang :,ha_vmg a footprint with a dominant
area will be more 'li'ke]'y'"”to orient toward the side of the
footprint having the dommant area. Therefore, an aperture 56
having an aspect ratio greater than about 1.5:1, having a dominant
area, and being oriented on:the print cylinder 73 such that the
major axis m-m of the ape ‘jif 56 generally corresponds with the
machine direction centerline dff the aperture 56, will produce a
~ prong 22 having an azimuth gle of about 90 degrees relative to
the machine direction. ' Th maJor axis m-m and the machine
direction centerhne 65 co pond with each other when they are
generally oriented in th ame direction, i.e. are generally

paraliel to each other or: generaﬁy overlap each other.
As used herem the_t" ; chme direction centerline" refers
to the center‘lme of the perture 56 in the machine direction.
The machine direction centeﬂme of the aperture 56 'can be
e e T determmed as follows. F1rst a line is drawn, parallel to the
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1600 prongs per square centineter (400 to 10,000 prongs per square inch) of
substrate. More preferably, the fastening system 20 will have from about
160 to about 30 rows of prongs per centineter (25 to 75 rows per

c
This grid wi | WO83S n 3 fastening system having from about 1@59yﬂﬁgygﬁpo

900 prongs per square centinmeter (625 to 5625 prongs per square inch)
of substrate. Most preferably, the fastening syst@m 20 will have from
about 12 to about 24 rows of prongs per centineter (30 to 60 rows per

inch). This grid will rmghine directfios! passiggshhsvagh hapiing dm dhe pevineter bft the

~ about 576 prongs per S%?Wur%e%' ??rtt‘?:gsé 991& t1ﬂ %ﬁg HSQW%PPFJ @i%l@fi%n op one

. inch) of substrate. ast eni ng

- will  have from about SﬂderQﬁ/\éthapprtjﬂgssﬁ)erAc%?ﬂonﬁe]ﬂéﬁ ’(549"'?"6\,\/59??'@( P ci9) the

in each direction. Thiggcifieddidddtion, passing through a point on the perimeter of the

: - aperture 56 farthest out in'ihe cross-machine direction on the
‘other side of the aperture 56. These lines, shown in Figure 11,
will be referred to as the remote parallels 66 and will represent
the boundaries of the width of the aperture 56 taken perpendicular
to the machine direction. As used herein the phrase “width of the
aperture 56 taken perpendicule}-to the machine direction®, refers
to the distance between the remote parallels 66, i.e. the length
of a line segment drawn between and perpendicular to the remote
parallels 66. The midpoint of the width of the aperture 56 taken
perpendicular to the machine: dlrection, is determined and a line
is drawn, parallel to the machine direction, passing through the
midpoint. This line represents the machine direction centerline
65 of the aperture 56. '

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

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

- portion of the aperture 56;$é§tiona] area which is to the right of
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result in a fastening system having from about 256 prongs per square
centineter (1600 prongs per square inch) of substrate. However,

bel i eved thatwg,w?i ng system having 24 rows of prongs per Ch &)ﬁ&ﬁu.ﬂ“
) : . :

(60 rows per each direction will produce a very skin fr

fastening systemand may be even nore preferred. This grid will result I n

a fastening system havi ng about 576 prongs per squ'a “centineter (3600

. prongs per square inch) of substrate. The s 22 may be nade_of any

- thermal ly sensitive nathe !Cmm&ifﬁet‘ﬂa‘ﬁﬁ'ﬁeﬁ peThe-remate pavaileds 66 are

~solid, but not so brittpg3itived on th%@Uf&Mﬁthﬁﬁedﬁﬁﬁtm lasnﬁemmﬁchnd
IS subJ ected to separatlon fﬁrceﬁ t Hgtd her senS|t
y Bﬁaﬁ&

. nmeans a materi al whi cHPaSgr St % e‘f‘ﬁeps'b\"}e # e WE ure 56
liquid state upon the ofarthesit ouh iaof themssﬂachmeedn@QM| dtzhee@amr Rx¥e m-m

- occurred when the prongofzztﬂpsaﬁéﬁﬁf'é”%d Cﬁen‘éf“ﬂwo é&?gﬁfonéﬁshﬁtm te machine
reaction in the presence of gg to se eagg‘e gn forcgf roduced
Preferably the material mstian Eﬁ'ﬁgﬂ’d‘et ﬁﬁhﬁr aSuPepg << p e
according to ASTM St andérosl arD-apéPftureobs a’oauis 2yp60Wwi100€erdo taborient toward the
31,600, 000 kil ograns pe{idéqb'@rﬂze‘n%gfpr(iﬁ?’399\!1#9 .the dominant area 69 and will be
oriented generally in a direction having a vector component in the
‘cross-machine direction of the substrate 24. The aspect ratio of
the aperture 56 of Figure_l.l :-'preferably ranges from about 1.5:1 to
about '5:1. More prefefab]y, the aspect ratio of the aperture 56
will be about .2:1 to about 4:1, and in a preferred embodiment the
aperture 56 will have an aspect ratio of about 2.3:1. ,
It should also be understood that azimuthally angled prongs
22 may be produced by using a combination of various methods. A
nonlimiting example of the use of combinations of methods is the
use of gravitational force and a pressure differential across the
plane of the substrate 24 in combination to impart an azimuthal
angle to the prongs 22. Another non-limiting example is the use
of gravitational forces and a rotating severing means in
combination to impart an azimuthal angle to the prongs 22. A
third non-limiting example is the use of a pressure differential
across the plane of the substrate 24 in combination with a prong
22 having an e11ipi:’ica’| footprint. Many other methods of
“imparting an azimuthal angle to the prongs 22 will be apparent to
one skilled in the art, as will the various combinations of
methods. | _ , ‘ |
An illustrative and tin'n'i?im‘iting example of the usage of the
fastening system 120 of th‘eﬁpt’fesent invention in an article of
manufacture follows and is' illustrated in Figure 6. Mechanical
fastening systems have. | been advantageously used in' disposable
absorbent art1c1es as disc\osed in U.S. Patent No. 4,846,815,
filed on December 18 1987 : in° 'the name of Scripps, which
refer_jence is 1ncorporated herein by reference for the purpose of
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to 45,000 pounds per square inch). Further, the prong material should
have a nelting point | ow enough to provide for easy processing and a
rélatively higl s §i ty to provide a tacky and tough consi st epehrigb2/04770
tenperatures near t material nelting point, so that the shanks 28 nay be
stTetched and the engag| ng neans 30 easily forrred %cordl ng to the nethod

of manufacture recited below. It is also inportant—that the prongs 22 be
- vi‘scoel astic,  to aIIowfor Jore variatjon.in.the r met af f ec
- priong structure , and SPYEng; & §apsry “q ﬁé"&é’fﬂ%ﬁﬁ " 49543 r\’é ﬂ%‘éﬁ?" of

- 30. Material having amechanliead fas;mslzg wystemgi20g i rsach a:baner 200 tstrattares.

100 Pascal seconds at the tqqp@{ q{;‘%ﬁ %r%t %R%@gﬁ%@ﬁ?ﬁ%ﬁiﬁg gbit%ms

. suitable. The vi scosity
" Mechani cal Spectroneter iﬂ%l‘ﬁ@ﬁﬁi‘é‘bﬁ/ﬁ%‘i‘&“bﬁéﬂél Pl snaek pawders)than arq adhesive
~ sanpling frequency and i@ge Ifaiﬁmﬁﬁ systdmdi dnd, furdherk mayl bepéastidy tneused. A1l of

3SR i meters. ana UAeds, Feagiret phiiod et e Sdslied Sto 4 oi3RaHbte
and pl ate. diaper intended for use on:-an infant. Also, a refastenable
' ' fastening system -provide_s ti__\_g advantage that the infant may be
-checked to see if soiling d}‘f"ﬁ"-_the disposable diaper has occurred
during the wearing period. .

Referring to Figure 6, there is shown a disposable diaper 110
intended to be worn about the “lower torso by an infant. As used
herein, the term "disposab'le ‘absorbent article” refers to a
garment generally worn by mfants or incontinent persons and which
is drawn between the l_egs,_ f_a__s,tened about the waist of the wearer
and intended to be discarded after a single use and not to be
laundered or restored. A "_'*:disposable diaper” is a particular

disposable article intended and scaled to be worn by an infant.
A preferred diaper llo"f_c'muprises a liquid pervious topsheet
112, a liquid impervious baéksheet 116, and an absorbent core 118
intermediate the topsheet 112 and backsheet 116. The topsheet 112
and backsheet 116 are at least partially peripherally joined to
ensure the core 118 is hel_.d. p position. The diaper 110 elements
may be assembled in a-va-rie_'_ty-__'of configurations well known to one
skilled in the art, with p\_'?.-'_effe'rred configurations being generally
described in U.S. Patent No.. 3,860,003 issued January 14, 1875 to
Buell, and U.S. Patent No. 4,699,622 issued October 13, 1987 to
Toussant et al., 'whic‘h_i _i'.'e"nts are incorporated herein by
reference for the purpos __'f'"'disclosing particularly preferred
diaper configurations. .
The topsheet 112 an
generally coextensi{re' ‘and ‘a

dcksheet 116 of the diaper 110 are
least partially peripherally joined
together as noted _‘abo oining of the. topsheet 112 and
backsheet 116 may b ac shed by a hot-meit adhesive, such as
Adhesive No. I jdu' 'actu ed by the H.B. Fuller Company of
Vadnais He1ghts, anesot ,:55110. The absorbent core 118 has
generally less than that of the
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The prongs 22 are preferentially conprised of a thernoplastic material.
The term "thernoplastic" refers to wuncrosslinked polyners of a

t Hermal |y sens‘i\,bigl\ﬁw erial which flows under the application q;alyg 2,3‘{7.;,0
pressure. Hot melt esive thernoplastics are particularly wel'l " 'surted to

manuf acture the fastening system 20 of the present_jnvention, particularly
i n accordance with-the process described and cl aiT bel ow. As used herein
the phrase "hot nelt adhesive" refers to thernoplastic conpounds,. normally

solid at room tenpertepsheet I\Aj @nd backsheet f {1f.d The cerevhi®qis interposed
tenperatures and whi ch pateehPBhd @epétidet I2naMd Bicksheét 116 Bnafiledsrelat fumship.
by 1rving Skerst. publ i shedhendiasss 9 bR ReT) ol iRey ﬁqi*graﬁéiﬁ&ﬁag?fe?éﬁﬂ"ﬂ
Vst 50th Street, New Yndkseddeds efuisk 122 000D 124k dihe diaperntHl f@sasetirst waist
herein - by reference. portf Y95l a 38€ond waist portion 144 extending respectively
from the first end 122 "andl_---i'géc_::ond end 124 of the diaper 110

periphery towards the lateral 'centerline of the diaper 110 a

distance of about one-fifth to about one-third the length of the

diaper -110. The waist por‘;fi_-ons 142 and 144 comprise those

portions of the diaper 110 which, when worn, encircle the waist of

the wearer and are genera]]j’" at the highest elevation of the-

diaper 110 when the wearer ‘is in the standing position. The

crotch 146 of the diaper 110° is that portion of the diaper 110

disposed between the first and second waist portions 142 and 144

and which, when worn is posifigned{ between the legs of the wearer.

The absorbent “core" 1san_y means for absorbing and retaining

liquid body exudates. The ‘absorbent core 118 is generally

compressible, conformable, and nonirritating to the skin of the

wearer. A preferred core 118 has first and second opposed faces

and may, if desired, be further' encased by tissue layers. One

opposed face of the core 118 is oriented towards the topsheet 112
and the other opposed face is oriented towards the backsheet 116.

The absorbent core 118 ' superimposed on the backsheet 116

and preferably joined the-re‘féi"by,any means well known in the art

"such as adhesive bonding. In'a particularly preferred embodiment,

the adhesive bonding which joins the core 118 to the backsheet 116

is accomplished by applying ___sﬁ‘ive in the form of a spiral. The

backsheet 116 1is impervious: to Tliquids and prevents liquids

absorbed by and contained ir the absorbent core 118 from wetting

undergarments, clothing, '_'ii"'n_'g and any other objects which

contact the diaper 110. A -""u_s;ed herein, the term “backsheet®

refers to any barrier dis »sel outwardly of the core 118 as the

.diaper 110 is worn aﬁdfwhi_’gh ontains absorbed liquids within the

diaper 110. Prefer‘éb‘ly, ¢ ksheet 116 is a polyolefinic film

of about 0.025 to about 0:030 mm (0.001-0.0012 inches) in

thickness. A polyéthyler_i' lm is particularly preferred, with

e e— == gy it able . films  being manu ctured by Tredegar Industries of
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pol yam de hot nelt adhesives are part icularly sui table and
preferred. As used herein, the terns "polyester"” and "pol yam de mean

chai ns havi ng ,0g ester and amide units respectively.
poI yester hot %Pf%ﬁe& ve is selected, an adhesive having a co "P%NMT’O

vi'scosity of about 23 [err] 2 Pascal seconds at about 194[err]C has been
found to work wel | . | f a polyam de hot nelt adh&di-ve is selected, an
adhesi ve having a conpl ex viscosity of about 90 10 Pascal seconds at about
204[ err] C has been fourRichmondor kVinginia, A23225| yanderthenoClopay: Catparation of

marketed by the Bostc'mcﬁmﬁmon@é Ms2gp et o, dwﬁeaghmeetﬁaemeuonﬁln&% be
has been found to work

fastening system 20 Wg?ﬁﬁﬁét? fﬂéﬁpw‘ﬂ%s& ogprq\ﬁg eﬁgﬂﬁﬁ? ﬁb‘&kﬁ gt?eamw;e
be generally sem spher m-abé :prévmdeﬂmdmh')pashagmdto pehmi tt esqape saefhvapivsc i cal "

means a generally round sha@gs tﬁ:é?ﬁée‘l'.d' i B mélk,ﬁrwgl gtd' rtggg,quf 3iilgla§i§g and

i nclusive of hem spheres a € res, but not to regular. s
This geometry, parti®anignijating genthey wearer shsking (Theskopsbaetn Pr'rgve"ts

means 30" structure, prceutaiQSorhﬂaeachbaatme torat- 1nesmdﬂl1swrdsamh_a~eia witth the

30 15 removed from t naUBeary g Hafde, Thiy tobsHERC L2, LAY, [FRf0Fous,

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

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

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

.. of as being generally paralle] to the plane of the substrate of
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surface, allowng it to be reused a greater nunber of tines. |If the

sem spherically shaped engagi ng neans 30' is selected, the -~ shank
28 is prefer%yés f nearly orthogonal to the plane of the Subﬁ‘ﬁ% /648470
tQ all ow easier penetration into the openings of the receiving ace
and to reduce damage to the receiving surface as the engaging means
30" is released fromthe receiving surface. A Sﬁﬁﬁk 28" having an angle

a'- of about 70 to about 90[err] is suitable. provi de a
the proper proportions thdfsstening sysemr #49-y Jbei §Bﬁ%rlf&§l] Jﬁﬁgﬁﬁq g"‘%@'é-ﬁs“

30", the engagi ng nmeangis¥ribetiedl dfereds al dotipg ot tnidether oehdralty r cClungétiiag
of t he shank 28° a direction, and perpend1cular to the plane of the receiving surface .
153 and fastening system 120 substrates.

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

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

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

“remove the diaper 110 to chanbe it when soiled or check to see if
soiling has occurred. Generally, the fastening system 120 and
receiving surface 153 should resist a peel force of at least 200
grams, preferably at Ieast about 500 grams, and more preferably,
at least about 700 grams. Furthermore, the fastening system 120
and receiving surface 153 s ”*lq resist a shear force of at least
500 .grams, _prefereb]y _at east about 750 grams, and more
preferably at least about f ;

The reéeiyiﬁgQSurﬁac may be d1sposed in a first position
anywhere on thé?diaper?ilql '‘long as the receiving surface 153

_ engages the fastening'megnﬁ to maintain the first and second waist
e e - portions 144 in an overlappﬁng configuration. For example, the

is Sheet Has Been RTlaced 5

T III III




| ateral distance sufficient to intercept the strands of the
recei ving surface, but not protrude so far that the mass of the engaging

neans 30' is be rigidly supported by the shank 28" or %‘Eﬁ!
28" is otherw se u@?%ble As the angle a' of the shank 28 P ecrsgg@g?l'
i e. deviates further from the perpendicular, _the mass of the engagi ng
nmeans 30' relative to the shank 28’ structural H?é‘grlty and cross

sectional area becones npre critical_. ergﬂﬂ shagk 28" . havi rg]g t he
base 26" to highest elreceivitg surbace ééét?@n&? QY‘ #ngthe quiside  surface of
described above, and gpe ambﬁu aiaish p*ohﬁdi\haﬂk 208’ thef indidet s&&[aeert}f vihe kfirst

well. It is to be reco Nz he t I ug tQab

taken fromthe hi ghesf"a \?§ﬁ’%’ﬁ' (}Pé swg EV% ?;Bs %gt rom 'fdr?gbgrn Qol (r‘alj
. nmeans 30' For awhiohoddi nermspased Isougs rta eﬁt!*ghgﬂ mMighr thes, faﬁ/ﬁﬂﬂmgdéwem
not have a snooth trangeli oel NRlRiving 5'3%%ce25153t jhﬁeeﬁﬂﬁéyrﬂ!l maarlﬁséi%te

LRGN 1O M K YT g o
three-fourths of the phatpeisdneithar dividedcor discontiwuousawithofant atemenbsef the
|24 to the . plane tag@{i{& Lﬁ tBfehP @t The KopkhetIEAGF VackBiet PI6. Which is

ongi tudinally closes ot

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

. receiving surface 153 is preferably an elongate rectangularly
shaped integral member secured to the outer surface of the second
waist portion 144.

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

- nylon filament Jloops proaecting from a nylon backing and is
commercially available from __Gﬂford Mills of Greensboro, North
Carolina and designated Gﬂ ord No. 16110. A partxcu]arly
preferred receiving surface g polypropylene non-woven fabric
having a basis weight of abou 17 1 grams per .square meter (0.5
~ ounces per square yard) made 'any suitable commercial carding or
spunbonding processes such ' those available from Veratech
Nonwoven Group of the Interq__a_ﬁona] Paper Company of Walpole,
e e e Massachusetts, 02081. |

is Sheet Has Been Retilaced




pl ane of the substrate 24'. The cutting plane 40'-40" is then used to
determ ne the angle a' of the shank 28, the |eading edge angle [err] and

t¥ailing edgewoys/goaiserr] as. described above. The engagpagusseAas0
- 30" should " radially project, in each lateral direction, fromthe

peri phery of the distal end 29' of the shank 28 ag&l east about 25 percent |
of the dianeter of the distal end 29' of the shank®28, and preferably at
| east about 38 percent Al teina ,ve st at ed,

such_di anet
if the diameter of the disff Jﬁagazgngofsyéﬁgrhk @@ iy JBreRded  otf ¢ Sn9ags  the
the di ameter of the engenplegentany sr@@ivisigostnfabe 13 [toaprovide, a aseture fit for

~preferably at least 1. ¢ rd‘iﬁ%’e?‘ i1e. d'Tﬁé%?fen%g ti}?téﬂ 928! mayNEomp?i s@Tany "GF the
shank well known confzgurat1ons ut:]xzed for achieving a side closure on
a disposable diaper 110. Thg fasten1ng system 120 substrate is
Joined to the diaper 110 in'Spéced relationship from the receiving
means 153. As shown on Figﬁfe 6, the fastening system 120 is
preferably disposed on both ‘the first and second longitudinal
sides of the diaper 110. .’A‘ preferred configuration for the
fastening systeém 120 minimizes any potential contact between the
prongs of the fastening system 120 and the skin of the wearer. A
preferred fastening system fi?o disposition is a Y-shaped tape
arrangement, described in detail in U.S. Patent No. 3,848,594
issued November 19, 1974 to Buell. An alternatively preferred
fastening system lzo_arrangghﬁnt is described in detail in U.S.
Patent No. 4,699,622 issuedfﬂétober 13, 1987 to Toussant et al.,
both of which patents are incorporated herein by reference for the
purpose of illustrating variqu'placements of the fastening system
120 on the disposable diaper 110. A particularly preferred
fastening system 120'disposiiion is a single tape tab attached to
only one side of the diaper. this type of fastening system
arrangement is well known fih{ the disposable diaper art and a
non-limiting example of this'iype of fastening system arrangement
is described in U.S. PatentﬁNo. 4,846,815 issued July 11, 1989 to
Scripps, which is intorporatggfherein by reference.
The fastening system 120 of Figure 6 has a manufacturer’s end
156 and an oppositeiy%dispoéé“fuser’s end 158. The manufacturer’s
end 156 is joined to the d fr 110, preferably in juxtaposition
with the first waist port%on_f42 The user’s end 158 is the free
"end and is secured to the Teceiving surface 153 when the diaper
110 is secured to the wearer.
After the d1§pgr-119 i Pfitted about the waist of the wearer,
the user’s end 158"of the . fastening system 120 is releasably
secured to the recefv1ng su _ef153 and preferably positioned on
the second wa1st pf4tton 144. therehy causing the diaper 110 to
encircle the wa1st of the wearer The diaper 110 has now effected
a ‘side closure. The pronggﬂgnot shown) extend from the fastening
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28'. Furthernore, the dianeter of the base 26' should be about 2.0 times
thé dianmeter of the distal end 29' of the shank' 28'. The shank 28 hei ght

sktoul d be abouwyodzfpepss about 2 tinmes the dianmeter of the distal pefiguds/esfHo
the shank 28', to properly longitudinally space the engaging means 30" from

the substrate 24" The longitudinal dinension of the engaging neans 30'
may range from about 0.5 to about 1.5 tines the di ter of the distal end

29' of the shank 28 f ‘ Fi by
heating the engagi ng mAEemAZh A HS udfr 3 ane e e Phan o grong PafFty oans
Figure 2 to at |east tﬁatesdeptr@epsﬁmnds of the recedvingnpenfepedsBy bri ngi ng

the engaging means 30 and Ségstﬁﬁaessﬁteﬁ.h?zd@fa%agéoﬂpaet.anarﬁetf&cemﬁgcgurface

| ongi tudi nal |y dlrectedtovva he. sy Stré%
: 26' and the proxinmal edd@3o¥ ‘tchep'é‘?YéHf(S?B"e'é?séaP&ﬁ HeBed TOECES ‘T‘e%’é‘:tesfh% 400
. mel ting point. A sui lgths aNdt BoFesistinzebto niiedn cfdrcedcint exdessabf ol, 000 giams

1078 4% nehesy of a hita? 0 CPAFIELER, ad FoTRR acchRushg B shé TRRE(fic Sdfpheters
" The | eadi ng edge angl e oferthp fastening | systesdJa0aset o forthr jinorthen afgremegt poned
~will be simlar to thatpphedssofc RanFRBAIE. NI THO Vomplimenthry receiving surface 153
; used “in conJunction with the fastening system 120 is the
aforementioned po'lypropy‘lene non-woven fabric.

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

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

While particular embodiments of the present invention have
been illustrated and described, it would be obvious to those
skilled in the art that virious other changes and modifications
can be made without departing from the spirit and scope of the
invention. It is therefore .intended to cover in the appended
claims all such changes modifications that are within the
scope of this mventmn '
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tine style engagi ng neans prong 22, from which the sem spherically shaped
engagi ng neans style prong 22' was fornmed. This occurs because the angl e
a¥ of the shanwp93p2152and | eading edge and trailing edge angl i]’
[efr] do not substantially change as the.engagi ng nmeans 30 of F| gure
heated and nelted to flow into the engagi ng neans 30' of Figure 3.

For the aforementioned MI1iken 970026 receiving surface, the engaging

' means '3 oul d preferably have agglateral and |ongitudinal
di: rren3| gummﬂumﬂmlﬁ HHQ mllimeters to about 0.032 mllineters (.001
- inches)  *and bk dbsposéd on a shank 28' having a base 26' dianeter of

Qabout 0.30 mllineters 'to about 0.045 millineters (.012 to .002 inches)
cand  a di aneter at the : |

- What is claimed is:

1. A method for nanufacturmg a fastening system having .one or
more free formed prongs, th_e method comprising the steps of:
forcing a molten ther

1y sensitive material through

apertures of a depositing member; depositing discrete amounts
of said molten them]-:ly sensitive material from said
apertures onto 2 substrate, stretching a portion of said
'- discrete amount of mo'lten thermally sensitive material in a
direction having a vector?' component parallel to the ‘plane of
_the substrate to form a_.,prong, and solidifying said molten
thermally sensitive atér_‘}?iéjl of said prong, said prong having

a base, a shank, and an engaging means.

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

| 3. The method of Claim 2. wherein said print cylinder comprises

64 apertures “per square centimeter to 1600 apertures per
“square centimeter, p_r:g__f,erably 100 apertures per square

centimeter to 900 apertures per square centimeter, more

-preferably 144 aperﬁ;’_l_t‘i;s per square centimeter to 576

-apertures per squa
~ “apertures per square

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

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

orcing said molten thermally sensitive

erial under pressure to said internal

5. = The method of any of he ‘preceding claims wherein at least
- one of said aperture

T ~ ‘axis and a minor axis;
Has Been Reﬁaced g T
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centimeter, most preferably 256

1 wherein said depositing member
* having an internal reservoir and

faéertures comprises supplying molten

- said deﬁositing member has a major
aid minor axis being oriented in a



distal end 29" of abou |inmeters to about 0.020
mtlinmeters (0. 0006t000 g , dlstal end 29' of the shank 28

swoul d be di s en a rreters and about 0.5

mJlineters (. es 020 |nches) . above the plane of Og(alélp592m4770

substrate 24' ., and the engag| ng means 30' shoubk have a | ateral proj ection

38" of about 0.56 mllineters to about 0.70 mllineters (0.022 to 0.028
~inches), preferably about 0.64 mllinmeters (0.025

i nches). dHReHes ﬂﬁewmyﬁmumhme diregiion of4saidsdepositing -

side elevational, —sChemallgemhit C\preflrably PRl {HeUIcRIdSY WAERTIR! I1PeABA’ 8F Usaid -

used to produce prongs accofdi nﬂdto th rret hoc‘h {,’P& ghghesen'ft ﬂ]vent q‘f@
 Firgure 4 shows a backi ng rol9eP93ITIAG BRPRE"s c $HEhd FER 8P m B M% an
- through which the substrate @4mgdaleangleAs the print cylinder 73 and

. backing. roll .74 rotate about their axes, the nolten prong material is
extruded through the apertures of the é)l’l nt cylinder 73 onto the noving

~ substrate 24, is-stretclfied iTheamethodeet iapy obGlalmsalveds & ebrbofenein at least
- parallel to the plane of theoneupptsaidcapertiied his WAI6 akys) ¥ miReMaxiorand a

‘ severing 78 to produce pron |ng a distal _end_ 2 ag

. 30 thereon. used g@f“ﬂ” Rt c3VEH 1N o, Q08 o8 ere?g ?'? 'P%‘g'éf'ﬁg Jfrection.
' substance through an openi ng:entnréling, with the dominant area preferably comprising at
- least 75% of said aperture’s total sectional area.

7. The method of any of the preceding claims wherein at least
one of said apertures h_a_s'_an aspect ratio greater than 1.5:1,
preferably greater than 2:1, more preferably greater than
3:1.

8. A fastening system for "at_:t'aching to a complimentary receiving
- surface said fastening_system being manufactured according to
the method of any of the preceding claims.

9. An.absorbent article comprising:

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

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

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

10. An a_bSorbent artiC]_e c

an outer cover :Co prising a topsheet and a backsheet
e joined with said topsheet;
This Sheet Has B '
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t he substance to be shaped, at |east partially, by the opening. The
prent cylinder 73 is an exanple of a particularly preferred depositing
ngnber which ed with the nethod of the present inventign.

deposi ting neﬁgygaﬁﬁH%Id be nmade of netal or any other sui t abl eP ﬁ&ﬂéﬁ?ﬁ%’"’
whi ch can accommodat e the tenperatures of the nolten prong material,
provi de substantially uni form pitch between th%Bprongs 22 in both the
machi_ne dlrectlon and cross-nmachi ne direction, ¥and yield the desired

denS| ty prongs 22 within t hanaabsmybent core Amsmsmded hiseteeen tsadd {dpsheet and

- "depos ﬂuu“l ef ers rough which liquid prong
mat er i Ulll“lelmm in dotssgzg%?gﬁggyreggpghgl ng to individual prongs 22.
The depdsit |ng "mefber will generally .be a snboth and relatively thin

\%eCﬁ 01;] rrelt al or other nateriagl 1&ati oge prasteniagi tape haviageat us@Sst lidugl a
ich the nolten prong nateri t
deposi ting menmber may be a fi aﬁs%‘g%cg@)% %%ﬁg %?‘@ %Eﬁfa%‘l‘.ﬂ?ér‘"? did bgﬁﬁ Joined
. ' - to said outer cover and the fastening system according
‘to any of the preceding claims being joined to said
user’s end.
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(such as a continuous band, belt, or conveyor having apertures) or a rotary
saereen, such as the screens used in the screen printing art The g o)
Q£p05|t|ng menber, however, may al so be in the formof a ous o ;7¥'“

rol | having an i nt er PCTY eserv0|Y°“b%WF7Lhmm°mg‘§%APgAT' d with

? terial th ded h the f i o
he. rmovi ng. SUNERRABONARAFRLGATION BVR-EHED PamtER kot ghErnflon iy pen

ptong nat ef (s Indridashat B ltukdncdier M and dgse ﬂﬁ.hn.temoﬁﬂ PatlicafidaiNambelte SUDS W@ 198/0021

24 in units$ cq;zgggp di3psd, AgqB {30V i dual |pxopgs 22. Preferably, the
depositing ,m'l g%’a rotary scregn o “-’f)!"!em“"\‘,‘yl"ﬁ"m?“’“A 7January 1993 (07.01.9

particul ar y pr eferred—primt—CytTder 73w tTbeTa etal_cyt 1 nder,

pr ef er abl y| aiyisinstisahiAgptiodion Numbed! , hﬁylr/ospzm " _hmenﬁ&mwuuom lre Prower BEGAAble Cor
wel | known{in the art_and preferab{?y w@dedu bypasye %%ﬂ%ﬁ%%ﬂgGw
Pref er abl y| @2 sratiops! Fjting Datei i | | 8 fye 1993 (08T eM"% treigpatiy

which Will|provide the screen with structuraljsupport, maintain BtGhleBR,C CS. FLL HU.
' 3p) : _ j [ 8H\Des A, CS, FLLHU. J
screen’s cyPMRgslhi: shape, . and) Wdshy @l sgsp™N -,&ng%rgpuw NO, PL, RO, RU, SD, E
- ropean patent (AT, BE, CH, DE, DX, ES, FR, GB, G
: .~ I, LU, MC, NL, SE), OAPI patent (BF, Bl, CF, C(
(71) Applicant: THE PROCTER & GAMBLE COMPANY/| . Cl CM, GA, GN, ML, MR, SN, TD, TG).
!sg%zu(st!v’s ?ne Procter:& Gamble Plaza, Cincinnati, OH | -

"' With international search report.

| (72) Inventors: THOMAS, Dennis, Albert ; 11634 Mt. Holly'
Court, Cincinnati, OH. 45240 (US). GOULA!T David, | |
.(I%sse)ph, K. ; 10025 Sonya Lane, Cincinnati, OH 45117

(54) Title: SCREEN PRINTING METHOD FOR MANUFACTURING A REFASTENABLE MECHANICAL FASTEM
ING SYSTEM AND FASTENING SYSTEM PRODUCED THEREFROM

{57) Abstract

The invention is a refastenable mechanical
fastening system, made of free formed prongs
joined to a substrate. The prongs taper and are

nonperpendicularly oriented relative to the plane
of the substrate. The prongs may also have an'azi-
muthal angle relative to the machine direction of
the substrate. Each prong has an engaging means
projecting laterally from the periphery of the
prong. The free formed prongs are manufactured
by the process of extruding liquid material through
1 the meshes of a depositing member onto a moving
substrate to form the base of the prong, stretching
the liquid material in a direction paraliel to the
plane of the substrate; severing the stretched mate-
rial to form the distal end and engaging means of
the prong. The advantageous usage of the fasten-
ing system in an article:of manufacture, such as a
disposable absorbent article specifically a diaper,
is also disclosed.




hol ding the screen in position and rotating the screen about its axis
wi & hout interfering- AWttt he heat ed pressure bar 81 or heated hose (not
g?omm) For - canveni ence of desgription, the deposi ting menber of the
esent i nveniW@93ae215 be descri‘bed as a print cylinder 73. |PCraIS9/08%76
urider st ood, “however, that the ssent invention applies to any nethod of
extrud| ng m)Iten prong nateri-ationto a substrate to produce a fasteni ng/'(6
' g

systen1haV|ng free-formed pron The print cylinder 73 and baqm

. roll 74- may:be driven by any neans well known in the art such as an
cexternal nptive force (not shomn) or the bac g roll 74 may be driven by
CAan external: ' o pri ' 273 driven by frictional
‘engagenent er sa. Rotary screen
printing app :se with the nethod of the

"~ present inven K ‘ rporation,

- P.O Box 182 v " Mcro-Print
~hot nelt £ Wijern of the
“apertures in: S g4 shape
~ of the prongs

 174 or vice-
. modified for




and the density of prongs in the array that is required for the particul ar
The cross sectional area of the aperture 56,

f asteni ng system desired.
S face of the print cylinder 73, generally QQ#rB§Qﬁﬂﬂﬁo
ﬁe Cross

taken at=:the
' .shapgaéﬁipﬂgvfootprlnt of the base 26 of the prong 22.
f the aperture 56 should be approxi mtely equal to the desired

tion of the base 26.- For the enmbodi nent descrlzgy _
3 general ly cyllndrlcally shaped aperture 56 is adeq 45
“.desired, the apert11;,~56 may be sonewhat frustoconically tapered
~having a |2 ~pOss section either at the outer surface of the
73 of the cylinder 73. For the
ﬁb a di aneter of

-ace




about 0.30 nmillimeters to about 0.70 millimeters (0.012 to 0.028 inches)
' There are different nethods and apparatus

psoduces:a suitable prong 22.
. ddhat are:sui supply nolten prong material to the print_cylinder_ 73
?"‘éhd--'v\hi h ar %?’@%om in the art. One suitable apparatus ispﬁlﬁ%@éﬁ‘}l S

8. Patent No. 4,876,982, issued October 31, 1989 to Ol aassen, which is
;E;ularly preferred apparatus

<fncotpbrated herein by reference. Another q@n;
©I's a heated pressure bar 81 shown in Figure‘p:~The heated pressure bar 81
i's disposed within the print cyQpder 7% and is substantially parallel to
- the print cylinder 73. The heated pres ane bar -81 has an internal

- reservoirr (not shown) which is fgd with |idyid prong materi al angsone or

.. more di scharge ports (not. shown) ffrom which Xhe 1iquid propg-frateria
- diniform:y flows to the insigde sujface of the Wi e Att ached to

d pressure bar gif| SGET T rint

73 rotates the T S - en prong
: al ong the innerrgis ] ' . es t he
iquid prong material i rfid enbly 83
10t only, serves to for cql grtures
6, but-‘al SO provi des sUCEIEEE of the

24"




70 to prevent the print cylinder 73 from buckling or deformng as it

i's
pressed “agai nst the backing roll 74. The backing roll 74 may be
--gonstru -ed oWwQow3sed218r any other suitable material. A PCT/US92/04770
- =<29-  hac

king roll 74 having a rubber coating with a Shore A duroneter

-h&@dneés of about 40 to about 60 may al so be used. Preferably, the doctgi
;blade assenbly 83-is pressed afH-rst rint cylinder 73 with a forc /ES

- of about 80 pounds per square . inchlas the trate 24 passes through
-~ the. nip; 70. A suitable heated priessure bar nd doctor bl ade

:'assenbl 3 are comercially avail abl ¢ from G aco/ LTI rporation, P.O Box
eray, CA 93940. A

amth - ——

20.

- 38 —

FIG. 7




7

. i's.kept at too high a tenperatufe, the prong
- “enough*and nmay produce engagin

The internal reservoir of the heated pressure bar 81 shoul d have a~stéady
sepply of thermally sensitive material. This may be provided by any neans.

uxﬁar;icu1arly preferred method of supplying the heated pressure bar

@ell known i nwphasgegsseen printing or hot nelt adhesives art, pEMUSIH04770

““ganpri.ses a heated hose assenbly (not shown), a heated tank (not shown)

“and a-gear punp (not shown). The gear punp may be driven by a vari abl e5
speed=DC notor (not shown) and shoul d provide -constant uniform output at
‘the discharge port of the heated pressure bar 81 at all line speeds. The
‘heatedtank, heated hose assenbly, and heated pressure bar 81 shoul d keep
the nol‘ten prong material at the de d operating tenperature. Typically,
a tenperature slightly above the int of the material is desired.
The material is considered to be At g abovesthe "nmelting point" if the
materi-al is partially or wholly yn-the |iquidsgt . the prong materia

B may not be viscous
_ means 30 whi{chy. |y connect to the
prongs:: 22 adjacent in the chine directroh. mat eri al
tenmperature is veryghot, the/ prong 22 wilbglowinto a s sone- what

sem spherically sha ddl/e and ani r% means 3 -be forned .

'CbﬁvéhSely, if the te




-l -
the prong.material is too low, the prong material may not transfer fromthe
pressure bar to_the -doctor blade assenbly .83 or print cylinder 73 or,

) sg sequent I *vﬂygﬂﬁea“properly transfer fromthe print cyI|nderPQ1VWS9mKHéﬂ)
S strat 4 -}

desired array or pattern. - The print cylinder 73
ated" to prevent solidification of the prongs 22 during
ated pressure bar 81 through the deposition on the

i -30- Cene@gH vy a
face tenperature near the source material tenperature

66, /55 . |
75 T \ M 66

Y Y, M-
- N
\\69
| 75
M
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melt. , adhesive marketed by the Bostik Conpany of M ddl et omgrez 2

_ I\/assachusetts as No. 7199. But, the operating tenperature..of--the print

cyL"fInder 73 may vary according to the particular prong material béi ng
useéd, - There are rrany et hods Whl gh can be used to heat the pr| nt cylinder

. 735 \M‘lt“’Ch‘“ be i

_.part iclil g

transf er'r'

|ncorpmr
in the»art {1 is oft
gﬁ efipic_sSu

deposi - onto the subst"r”'ate 24, the prongs 2'2'”-_ are ‘severed""f'romthe the
deposi ti. ng menber by assmrpm*rmnguo‘ﬁhpommmc@@gmmsevered to form

the engagi ng neans 30 y As used
herein the term "noi IREP@@@%S@%% mf@%%m Mmthe prong 22
and whi ch does not form ;fmrsmstswmmwafg THEREEROMO. The severing
means 78 shoul d be adjustable to acconmodate

FIELD OF THE INVEN ON
The present invention re'lates to refastenable mechanical
fastening systems, more particularly 1_;9 fastening systems having
free formed prohgs, and the process of ﬂianufacturing such fastening
systems.

- e
esllrsy
s

MW

Refastenab'le mechanical fastenmg systems are well known in
‘the art. Typlcaﬂ_y, such fastening systems involve- two maJor
components, a prong which is joined to a substrate and engages
with a comp'lementary second component, the receiving surface. A
projection of the prong of the fas-te_mn_g system penetratés the
receiving surface' and either engages" or intercepts strands or
fibers of the receiving surface. .The resulting mechanical
interference and physical obstruction preventi:removal of the
fastening system from the receiving surface untﬂ the separation
forces exceed either the peel or shear strength of the fastening
system. :_

Presently, refastenable mechaniéa]‘ fastening systems are made
by at least two ‘g'e'nera] methods. One: method requires a plurality
of filaments, each of which may be formed into two prongs.
Examples of fastemng systems produced b_y this method are shown in
U.S. Patent No. 2,717,437, issued September 13 1955 to de
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vari ous sizes of prongs 22 and | ateral projections 38 of engaging neans 30
~and .al so provide unlformty throughout the cross-nachi ne direction of the
arr“ay-=-~___f._..._ The term "severing means” refers to anything which

| ongi tudi naI |y separates the moil from the fastening system 20. The
termsever” refers to the act of diviging the noil fromthe fastening
syst-em 20 as described above. The severing neans 78 shoutd al so be cl ean

and shoul d not myﬁémoxndiiuzs men{t ear 8,943098Nddssued Marcic A6 al976ates.

(such as -noil pNas apke rin sis a
wire 78 di spos n@?ﬁ "'giéﬁ'alﬁ tg'lt%éi aeﬁsﬁtlifet Et: 01?; %derﬁ%fé%gﬂd roll
74 and spaced ftlemhmae ambsmwatﬁl 45 o Patentaee Mﬂ%ah’-sk issHedvAuguslr 8at er
than the perpendagWoakeklinst 16, | 8L tMethhﬁSW 4845188, Q9swid Uhﬁe 12,

solidified prorlgagzto ?Io eansua?nsdt ha%e Pzatent No. 4 463,486, issued August 7,
: 1984 to Matsuda. These references teach heating the ends of
polymeric monof1laments Other re]ated teachings of fastening
systems produced by the first method are disclosed in U S. Patent
No. 4,307,493, issued December 29, 1981 to Ochiai and u.s. Patent
No. 4,330,907, issued May 25, 1982 to Ochiai
The second ‘general method common‘ly ‘utilized to manufacture
.- mechanical fastentng systems is to mo]d or extrude the systems as
illustrated in U. S ‘Patent No. 3,147 528, issued September 8, 1964
to Erb and U.S. Patent No. 3,594,863, issued July 27, 1971 to Erb.
Continuous - injection molding is tahght in U.S. Patent No.
3,594,865, issued Ju]y 27, 1971 to Erb. .
Various prong structures are 111ustrated in the prior art.
For example, the ‘references d1scussed above teach fastening
systems having stems of generally constant cross section. U.S.
Patent No. 3, 708 833, -issued January -9, 1973 to Ribich et al.
discloses a prong wh1ch is somewhat tapered from the proximal end
to the distal end and perpend1cular1y.proaects from the substrate.
. European Patent Application No.'0,276,970,_published August
3, 1988, by the Pigcter & Gamble Company in the name of Scripps
discloses a'fastening device having a constant cross section stem
oriented at an ang]e between about 30‘ and about 90° relat1ve to
the base. W
The fasten1ng systems of the" prtor art are relatlvely
expensive to produce, and the proc_ ses. of the prtor art are
relatively slow. Add1t10na11y, the f““ten1ng systems of the prior
art are 1rr1tat1ng and abrasive to human skin and are, therefore,
not well su1ted for applications which cause them to be in close
proximity to human skin. There is,f"erefore, a need for a fast
and inexpensive method of producing n ¢hanica1 fastening systems.
There is also a need for mechanica : astening systems which are
non-irritating and non-abrasive to hu@an skin.
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.Preferably the wire 78 is electrically heated=t0 prevent

. the nolten prong material on the severing neans 78, accommpbdate

ng. of the prongs 22 which occurs between the time. the prong .

| eaves the heated pressure ._par and severing occurs and to
stretching of the engag| ng nmeans 30. The heating of the

sever| ng. means 78&qabo\gkd tﬂle§é) R gobeéml gdu,@sgéurp% ayus.e patenei bution

in:the cross-machine directl

§ 2
substantial |y ’\Eﬁ?fﬁtﬁ?’gé’aﬁéﬁq’ﬁl? sf‘§F6 tﬂfégn7 ar19§¥ eq?‘éﬂ'] z i B?Wéspr ong
materi: al.  tener Thomas, entitded cRefastenhble ﬁetlyamoe'l drastening Mears and

t enpe ature s F*;nda S of
the . substrat ?‘%%,&g %@Pg%[s&ggf ﬁ&gg 8 h@ﬁtch c@lo osesa : ﬂmohot wWre 78
occurs: as eacmapﬂ&fé"mgaﬁdfﬁﬁﬂtemtéesﬂmdcaheﬁéﬁ %;f““g F-E’fté!"l varidlyover
wat t age hot Wignq V&xgﬁidﬁvéf?‘wb& thethod BemFAFELo grwmerptmteﬁg It should be

23" hawi g a gener HMBVEoRNE Pestenk sencinl ik dBef e, Fasclf AL tasf, P 112

22 having a gener
shank::28 | engtéxpensiveanethai b pyoducingt hemenhga‘gtﬂgfn&temmosxﬁitbm Yan
' ncreased in '{h\éeﬁﬁforpﬁpporﬂé)'mei‘ﬁod B¢ the present invention also produces
: a fastening system having an array of prongs that is more dense,
and therefore is less abrasive and less irritating, than the
fastening ‘systems of the prior art. '
E_SUMMARY OF INV NT ON .
The present inventton relates to a method of manufacturmg a
fastening system for attaching to a complementary receiving
surface, and the fastening system produced therefrom.  The
fastening system has a substrate and ‘at least one free formed
prong comprising a base, shank and engaging means. The base of
the prong is joined to the substrate and the shank is contiguous
with and projects outwardly from the base. The engaging means is
joined to the shank and projects ’Iateral]y beyond the periphery of
the shank. The shank is nonperpendicularly oriented relative to
the plane of the substrate. - The shank has a leading edge and a
trailing edge defining a leading. ing’le and trailing angle
respectively. The 1leading angle and trailing angle are
substantially different from each other, so that the sides of the
shank are nonparailel. Additionally, the fastening' system can be
made substantially non-irritating and: non -abrasive to human skin
by having the prongs disposed in a den”'e array having about 64 to
about 1600 prongs peér square centlmete ; :-5'-(400 to 10,000 prongs per
square inch) of substrate. L
The fastening system may be made accord'mg to a process
utihzing a screen printing procedure. The method comprises the
steps of heating a thermally s'e‘nsit’ive material sufficiently to
reduce its viscosity for processmg, and preferably to at least
its melting point. A depositing member having apertures for
extruding discrete amounts of the he___ated material, such as a
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tenperature of the hot wire 78 is decreased. It is not necessary that the.
severi-ng neans 78, actually contact the prong 22.for severihg to-occur.

The -prong 22 may be severed by the radiant heat enmitted fromthe severing
means 78. For the enbodi nent described herein a round cross section

ni ckel -chromum wre 78, having a d gneter of about 0.64

mllimeters (0.025 jnches) heated to a_tenperaturg of gpout 343[err]Cto
about 440[ er r | wtrmelhadhes bigndharmoplastdc, 1% miovidese agg‘hr%tf tg

knife, laser wifi¢ht the mfleridk iy tosdecijomied MBartransiidriedyin be $idsstituted

means 78 be di SBEEIPe1apE; 180 tRa deppsibing ndsBBEY e WaBr{als {3707C" "

material to ocexiruged ofromothécapartuxes 2onte the tranenosded fsubstratec imoi|.

A bt P rea;5 gvgzi__nt '§g‘?@1r€% Jnﬁ:#g;ése?' ?ﬁsﬁfé%gégﬁggﬂgﬁnmeﬁapﬁ ﬁtétgﬂgeefeer itmnrreans

?g an not besﬁrr?@g’?"éjggic'bda Sichfw’“ f"bar‘%'%ga ¥G .qry-cq"@ﬂ@”gn-g%j*ﬁgﬂ%eans 30

which will noparadleprtopthe planeact dhé rsubstiates uiher siretchedomateniiat dist

prongs 22. Conygredgd Yeo iforh " FRYET (e and engaging means. Specifically,
the molten hot melt adhesive will' be .extruded through the
apertures of a printing screen onto a pg1yester film substrate and
as relative displacement between the screen and the substrate
increases, will be Stretched and then severed by a hot wire to
form a fastening system having prongs.
An illustrative and suitable, but nonlimiting, use for the
fastening system produced by the process of the present invention
is in conjunction with a disposable absorbent article, such as a
diaper. This example of one usage of the fastening system of the
present invention is more fully desqrfbed herein.

 BRIEF DE CRI?TION.OF THEfDFAWINGS
While the Specification concludes with claims particularly

pointing out and distinctly claiming the invention, it is believed

the invention will be better understood from the fb]]owing
description taken in conjunction with the associated drawings in
which like elements are described by the same reference numeral or

Tetter and related é]eﬁents are desighqted'by adding one or more

prime symbols or incrementing the numerals by 100:

Figure 1 is a photomicrograph showingiifberspective'view of a.
fastening system of the present invention wherein the
engaging means are oriented in suﬁstantially the same
direction; -

Figure 2 is a side elevational view of-dne prong of the fastening
system shown in Figure 1; o

Figure 3 is a side elevational view of'a second . embodiment having
a generally semispherically shépedééngaging means;

Figure 4 is a side elevational schemaijc view of ‘a2 screen printing
apparatus used to produce the fasténing system of the present
invention; o
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nmeansy 78 i:s di sposed too close to the plane of the substrate 24, the

ans 78 will truncate the shank 28 -and an engagi ng-nmeans 30 nmay
ed. A hot wire severing neans 78 disposed approxinately
‘inmeters to 8.3 millineters (.125 to .325 inches), preferably about
Jineters (0.225 inches) in the machi®he direction from the ni p point
70 'prOX|nater 1.4 millimeters to 6,5 mllinmeters é 056 to 56 I nches),
preferably aboubigure Hils| 3 Rbotomicrognagh  showing a perspartiye Wigmet @ rom
the” ‘backing roll fasﬂ;@mn@l‘sg}s’eqnpbﬁmhmwsynﬂanhmhlloh i whetreis the

apprIOXI fmately 18.6 gﬁré#éigtnﬁ aRis (ar? ZHtef?t d7?iﬁdﬁd3§9§ﬁ)3alw ¢hmdomP! v about 16. 1

ters (0.634 the print cylinder
'_equatel y pdtrectienss FWI the process of manuf act ure di scl osed

Figure 6 is a perspective view of a d1sposable absorbent garment
utilizing the fastening - systemx pf the present invention,
showing the topsheet and core Pgrfially cut-away.

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

Figure 8 is a front elevational view of one apparatus (only a
portion of which is shown) which can be used to produce the
fastening system of the preseﬁt invention having azimuthally
angled prongs; o

Figure 9 is a top plan view of a second apparatus which can be
used to produce the fasten1ng system of the present invention
hav1ng azimuthally angled prongs.

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

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

. and minor axis; _

Figure 12 is a top plan view of ahother aperture having a major
.axis and minor axis; ’

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

DETAILED DESCRIPTION OF,THE INVENTION
The fastening system 20 of the present invention comprises at

least one prong 22, and preferably an: array of prongs 22, joined

to a substrate 24 in a predetermined'pattern as shown in Figure 1.

The prongs 22 have a base 26, shank: 28 and engaging means 30. The

bases 26 of the prongs 22 contact and adhere to the substrate 24,

and support the proximal ends of the shanks 28. The shanks 28

project outwardly from the substrate 24 and bases 26. The shanks

28 terminate at a distal end which-ﬁsfjoined to an engaging means

30. The engaging means 30 project Lat@ra]ly from the shanks 28 in

one or more directions and may resémb1e a hook-shaped tine. As

used herein, the term "lateral" means having a vector component
generally paralle] to .the plane of the substrate 24 at the
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In opeTatlon the substrate 24 is transported in a first direction relative
ositing nenber. More particularly, the substrate.24.is -

ed through the nip 70, preferentially drawn by a take-up roll (not
his provides a clean area of substrate 24 for continuous
deposj:iti'on of prongs 22 and renoves the pér¢ions of the substrate 24 having
prongs 22 deposited thereon. The direction generally -parallel to the
principal direningipadf proamsForyndsr carsideration: e the é§‘°ﬂ?°"d&§sé§ #Ar ough

. the nip. 70 | s é,@ﬁ@f,{gednetaas agot Ffeom MeRéi BRanki rzmtpMpher'?heln n&chateral

- d d h I
ot rogonn en BRGNSkt "TAE BialRe e IC b b8 SRRGA Ko
: The -diTecti oncompbemeniaryy remmagonmface onot hehownﬁehuTﬂPe sm&ng omea@nd

~parallel to t4eipl fARed ol EhdSpRTeraBIY a&.tli?ud@fmm@dtﬁ@dasmhend of

' "cross-machi ne_di reﬁé} ?@’x The substrate 24 may be drawn through the
' nip 70 at asp P i mately 0% t-o approximately 10% greater than the
- surface. speed of Tﬁaeamydyl ofi@ronds 2Rdis producdd byThimethed swbieh tydehdsniani ze

bunchi fig “or p Bed’ ohOHs S&b%graasa%ﬁe@ d_ tcbs,mamaréﬂfm Wesng 78

~ the prongs 22 epositin rong materl a t he
substrate 24. useﬂehemgbs{ ithe ctern | s‘eﬁrm%r!"é%ﬂs gn$lylgtune,wh Tﬁhp‘?G'qtn t he

- first:directi opemdedFPoh a3mbTd aPiky oF extrusion die in solid form or with
: a defined shape. The prongs 22 are deﬁqs‘ited onto a substrate 24
which will be discussed in detail hereinbelow, in a molten,
preferably liquid state and solidify, by cooling until rigid and
preferably freezing, into the desired structure and shape as
described hereinafter.
- The free formed array of prongs 22 is preferably produced by
a manufacturing process which is similar to that process commonly
known as rotary screen printing. This process uses a depositing
member in the form of a generally cylindrical screen, referred to
as the print cylinder 73. Using this process, a substrat_e 24
having opposed faces is passed between the nip 70 of the print
cylinder 73 and a backing roll 74, as illustrated at Figure 4.
The print cylinder 73 and backing roll 74 have generally parallel
centerlines and are maintained ‘in contacting relationship with the .
substrate 24 as it passes through the nip 70. The depositing
member, presently referred to as the print cylinder 73, has an
array of perforations, referred to as'apertures 56, corresponding
to the desired pattern of prongs 22 to be deposited on the
substrate 24. The second roll, refei‘r{ed to as the backing roll
74, provides the reaction against the print cylinder 73 to
position the substrate 24 against tl_i’e print cylinder 73 as the
substrate 24 passes through the nip 70. Liquid, thermally
sensitive materié], preferably thermoplastic material, from which
- the prongs 22 are to be formed is sq’_t_’s;ﬂied from a heated source,
such as a heated pressure bar 81 The thermally sensitive
material is forced into the apertures 56 by a doctor blade 83 as
the print cylinder 73 is rotated _:about its center'lme The
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od.,

28 can be

1s sel ected. Conversel vy,

xe

cylinder 73 increases, the prongs. 22:are stretched in a direction
having a lateral vector component, genera11y parallel to the plane
of the substrate 24, forming the shank 28 and the engaging means
30. Finally, the moil of the prong 22 is severed from the
engaging means 30 by a severing means’ 78 Due to the viscoelastic
properties of the thermoplastic, thguprong 22 retracts. It is
also believed that the prong 22 retracts under the influences of
gravity and shrinkage which occur dﬁr'i'ng cooling. The prong 22

" then cools, and preferably freezes, into a solid structure having

the engaging means 30 cont:guous w1th the shank 28.

The fastening system 20 is secured to a complementany
receiving surface. As used herein, the term “receiving surface"
to which the engaging means 30 of the fastening system 20 are
secured refers to any plane or surface having an exposed face with
tightly spaced openings comp1ementary to the engaging means 30 and
defined by one or more strands or f\bers or, alternatively, which

~exposed face is capable of localized elastic deformation so that

the engaging means 30 may ‘become entrapped and not withdrawn
without interference. The openxngs or localized elastic
deformations allow for entry of the,engaging means 30 into the
plane of the receiving surface, while,the strands {or nondeformed
material) of the receiving -surface jﬂte%ppsed between the openings
(or deformed areas) prevent withdrawa]}or'release of the fastening
system 20 until desired by the usenepr either the peel or shear
strength of the fastening system zoihs.otherwise exceeded. The
plane of the receiving surface may be flat or curved.

A receiving surface having str E?br fibers, is said to be
“*complementary" if the openings bﬂ'wej:
sized to allow at least one engag1ng means 30 to penetrate into
the plane of the receiving surface,- and the strands are sized to
be engaged or intercepted by the engagwng means 30. A receiving
surface which is locally deformable 1s said to be “"complementary"

if at least one engaging means 30 1s able to cause a localized

disturbance to .the plane of theﬁ receiving surface, which

strands or fibers are -

“mnute (10 to 100 feet per mnute). The angle of
i nfluenced by the rate of transport .of. the substrate
he nip 70. |If prongs 22 having a shank angle a nore nearly
ular to the substrate 24 is- de3|5ed a slower rate of transport
substrate 24 in the first direction

e of transport is increased, the_an of t€e sha 28 d Ccreases
engagi ncthesmaldy 3sensdtive, mgteriad, is aﬂLﬁ"aF

t heses uived thé suBstrity 4%e ih nthei desdred: pattemgl e [err],
_'_teI y 35[ergd rEPatqQBreﬁpﬁéﬂe\ﬁt%Jt‘%él’tH}r QLstFRLY %l frimtef rom

| f

Qrogn *ﬂer UeSsul t .
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t he pl-ane.of the nip 70 towards the backing roll 74 to utilize the

vi scoel c nature of the prong nateri al and properly orient the engagi ng
: ‘in the lateral direction, wel |l - as | ongitudinal

¢ This arrangenent al so provi, de a greater force to extract the

terial fromthe apertures 56 anaS?o pull the prong 22 away fromthe

print_cyl i nder of B OB Rk Chdnbyd O LSRR oPEs ey D syl d e

increased as a |esser an I's desired. Also, "I ncreasing
gl e -[err]zooff"%etheaf?‘%ﬁi"ﬂ'%ﬁf‘ffféepl ane of the nip 70 has a weak, but

effect tospitablee eéu;agin‘gg wemeeo meludy aetimdtted | a’oansa,l

38. | d
Subst faitred, FAficETPeh B DidtevdlD uteal L Bid Vi1 8eHBob°s, 1O
rect i onswmmh@re@lby sunb asr Vdngomaod TooppasenialsTnld bedeler in a

of  relgii " nhn%aés'mrremew bmtmoeme theAtbﬁ"ﬁWTiﬁg' SyAthbRE € 24
;'.apert ures 5 ong .

DT doBECaANG LIRSS 1548 AR YBraPYRens Inanguivels FabEte mabiy o
rent cbasiswesghtt b gbootidl7nhtgnams | pers squaret ndted (MhiSi bungesepemg

_ndthe ep eg,fr t t UE Smefeiadf i ng _
cyl i nder.. 73. used %rdjel ﬁa?‘ih q’t"er%‘w s?rﬁeﬁgﬁé rr‘lseans{s%‘oa | nggﬁdggg | n | i near
di mensi-on, spunbondmg processes. Suitable non-woven fabrics can be obtained

from Veratech Nonwoven Group of the Intematlonal Paper Company of
Walpole, Massachusetts 02081. Other receiving surfaces may also
be used, such as stitchbonded fabric Number 970026 sold by the
Milliken Company of Spartanburg, South Carolina.

Referring back to Figure 2 to examine the components of the
fastening system 20 in more detail, the substrate 24 of the
fastening system 20 ‘should be strong enough to preclude tearing
and separation between individual prongs 22 of the fastening
- system 20, be a surface to which the prongs 22 will readily adhere
and be capable of being joined to an article to be secured as
desired by a user. As used herein the term "join" refers to the
condition where a first member, or 'EOmponent, is affixed, or
connected to a second member or eompbnent, either directly; or
indirectly, where the first member or component is affixed or
connected to an intermediate member, or component which in turn is
affixed; or connected, to the second member or component. The
association between the first member, or component, and the second
member, or component, is intended to remain for the life of the
article. The "substrate" is any exposed surface to which one or
more prongs 22 are joined.

The substrate 24 should aiso be capab'le of bemg rolled, to
support conventional manufacturing processes, f'lex1b1e so that the
'substrate 24 may be bent or flexed in a desired conﬁguratwn, and
able to withstand the heat of the hqmd prongs 22 being deposited
thereon without me]tmg or incurring: deleterious effects until -
such prongs 22 freeze. However, the backing roll 74 may be
chilled, allowing the process to accommodate substrates 24 which
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. a portion of which increase becones substantially
or the life of 'the fastening system 20. ¥:As~ di scussed
~1s also necessary 'to sever the. individual prongs 22 from
cylinder 73 as part of the %ess whi ch fornms the engagi ng
- When severed, a prong 22 |s “I0ngi tudinally divided into two

i:fi a di Sta%Eﬁ?gq g§9wﬂﬂfh not be able to withstand the heat of the liquid-
engagi-ng means wh

I ch enal t eni a d I t
Shoam) ghi ch erRRGRotA 1 1he RUDSITARR 28, Thavaha 179 B RLGAE Sncf lafafly "
“ed. . Aftesf tvhdths.ongmﬂafblarmhsevaesdl’#rm'luﬂe knitted fabhic,f ugveml ng

syst em 20 15 SRhYEthd OnbhiRR ditPials? FibbeRs lvi1 ! NAIRE OFt RN OF her
: B po]yoleflnic films and preferably ponester films. A polyester
film substrate 24 having a basis WEIth of 17.1 grams per square
meter (14.26 grams per square yard) and a thickness of about 0.008
to about 0.15 millimeters (0. 0003 to’ 0 006 inches) has been found
suitable. Such materials are commercigl]y available from Hoechst
Celanese of Greer, South Carolina, 29651 and sold under the trade
name Hostaphan 2400 polyester film. '
The base 26 is the generally planar portion of the prong 22
which is attached to the substrate 24 and is contiguous with the
proximal end of the shank 28 of the prong As used herein, the
term “base" refers to that portion of the prong 22 which is in
direct contact with the substrate 24 and supports the shank 28 of
the prong 22. It is not necessary that a demarcation be apparent
between the base 26 and the shank 28. It is only important that
the shank 28 not separate from the ba;g 26 and that the base 26 -
not separate from the substrate_24'durihg use. The base 26 cross
section should provide sufficient stry@inal integrity, and hence
area, for the desired peel and shea-v‘?"'"'s'trengths of the fastening
system 20, based on the density of ‘the.pattern of prongs 22 and
the geometry of the shank 28 and engabing means 30 and further
_ prov1de adequate adhesion to the substrate 24. If a longer shank
28 is utilized, the base 26 should genera11y be of greater cross
sectional area to provide suffictentngéhesion to the substrate 24
and adequate structural integrity. zliﬁ
The shape of the footprint of the b
- generally corresponds to the shapeai the aperture’s sectional
area at the surface of the print cyl ' er 73. As used herein, the
term "footprint" refers to the pianaf contact area of the base 26
on the substrate 24. As the aspect'rat1o of the sides of the
footprint increases, the prong 22°:may become unstable when
subjected to forces, such as gravitat qq] forces, parallel to the
shorter dimension of the footprint. %_;6 produce a prong 22 which
is oriented substantially in thef’ﬁéchine direction of the
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of the prongs 22, the substrate 24 may be wound into a roll for storage as
desired. A non-limting illustration of the nethod of the present

i nvention shows the prong material to be disposed in a heated trough (not
shown) and supplied to the heated pressurg bar 81 by a heated hose assenbly
(not shown). If a polyester resin hot Telt adhesive is selected, a

mat eri al terrpew&s%@teofzﬁppizwhgﬁc@l Yatid- 593 1ee9r ahan Cabsutisl. piefar abl'y
about 186 degrees Cela 3 has bee ound esin

o el ected. Jn RRaferTehSid o aeneral b CsuTak iRkEt 1 hoRLYEHRRE
Cel si us, preferﬂdyieyeabotn poduck gaziesticdlyi asgledaprongm Thundesuiprongse. A

pol yester 111 m suiaatastfy 24 ahoetidh Okhero ABPUEND et | ifFicaidn (003 (o

0. 006 inches) in thickness work t .ad rogg
For the illus®$Rechd ragiR, greaser cfé'@ﬂrla(?@H He nis ﬁr"F "@ bi i@dr a73
havi ng an arraygaferabmtelﬁpmntures'crsﬁngmear ceonupmnerha\(m@ anpaspedtes 56

per inch) in | | tsi.0 n I n on,
yielding a gri d" %‘fqlb re&?&‘zﬁ&gmbg ﬁeéegés Qve?'sﬂ?fg gﬁcen &?net §eﬂf°f§o{f
apertures 56 peprogdgainge azimuhyl ly angle%mroas;ﬂ i1l benidiscusgeddin grestery may
be advant ageousygtadt Herékdbergwlri nt cylinder 73 having a wal |

. For the embodiment described herein, a base 26 having a
footprint of generally circular shape and approximately 0.10
millimeters to 0.30 millimeters (0.004 to 0.012 inches) in

. diameter is suitable. If it is dgsired to make the fastening
system 20 have a greater peel or shear strength in a particular
direction, the cross sectional area of the base 26 may be modified
to amplify such direction, so that:thevstrength and structural
integrity relative to the axis parallel to such direction
increases. This modification causesfﬁhé prongs 22 to be stronger

. when pulled in the amplified direction of the base 26.

The shank 28 is contiguous with the base 26 and projects
outwardly from the base 26 and substrate 24. As used herein, the
term “shank" refers to that portion of the prong 22 which is
intermediate of and contiguous  with .the base 26 and the engaging
means 30. The shank 28 provides 7longitudinal spacing of the
engaging means 30 from the substrate 24. As used herein, the term
"longitudinal®" means in a direction having a vector component away
from the substrate 24, which direction increases the perpendicular
distance to the plane of the substrate 24 at the base 26 of the
prong 22, unless otherwise spec1f1ed to be a d1rect1on having a
vector component towards such plane of the substrate 24.

Associated with the shank 28 and base 26 of each prong 22 is
an origin 36. The "origin" of the shank 28 is the point which may
be thought of as the center of the ‘base 26 and is typ1ca11y
within the footprint of the base 26. . The orlg1n 36 is found by

~ viewing the prong 22, from the side;v1ew. The “"side view" is any
~ direction radially towards the'shanﬁ 28 and base 26 which is also
paraliel to the plane of the substrate 24.
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t hi ckmess..-of about 0.16 mllineters (0.004 inches) and a di aneter of about
Ce neters (8.0 inches), with apertures 56 having a-dianmeter of 0.30

“¢0.012 inches). A backing roll 74 having a diameter of about

i'meters (8.0 inches) and vertically reglstered has been found to

W th the aforenmentioned print-cMli#nder 73. - The rate of transport

bstrate 24 is about 10.7 neters per, minute g§5‘fe t per mnute).

e~ chromi um hihe Uterajgdishaneg) betweeinibe reppte, 5daes @foths bRserber s
‘nches) ﬁBo‘tB?ﬁﬁd fAPPItAE| PaFtHlculdr 7sidel Iviiawt ender( @oB2iderativas)isf r om

"-‘pglhgts) 799\13& rﬁyﬁgg‘ Wﬂ &gté:er S&! h¥ct@PPYPYATRE Uh¥ milholnt™of! {fEELErs
base 26 for such view. When bisecting the footprint of the base -
26 for the particular side view 'ﬁnder_ consideration, minor
discontinuities (such as fillets or asperities incident to the
attachment to substrate 24) are ignoféq; This point is the origin
36 of the shank 28. o
Though it is not necessary that a demarcation be apparent
between the base 26 and the shank 28, it is also not necessary
that the edges or sides of the shank 28 be contiguous with the
outer edges of the base 26. The shank 28 may project from the
base 26 at a point somewhat 1nward1y_§yay from the outer edges of
the base 26 such that the base 26 wai have an annular perimeter
25 as can be seen in'Figure 1. An annular perimeter 25 is a
relatively thin layer of prong material attached to the substrate
24 which forms a ring around the shank 28 at the point where the
shank 28 is attached to the base 26. The annular perimeter 25 is
. not considered to be a fillet or asper1ty, but is considered to be
part of the base 26 of the prong 22.
The shank 28 makes an ang]e a with the p]ane'of the substrate
24. As used herein, the term "plane of the substrate" refers to
the flat, planar surface of the substrate 24 at the base 26 of the
principal prong 22 under consideration. The angie a is determined
as follows. The prong 22 is viewed in profile. The "profile
view" of the prong 22 is one of tw& particular side views and
found as follows. The prong 22 igfiisua11y inspected from the
side views such that the direction ‘having the maximum lateral
projection 38 becomes apparent. Théé“1atera1 projection® is the
distance taken 1laterally and parallel to the plane of the
substrate 24 from the center of the base 26 in such view, i.e. the
origin 36 of the shank 28, to théfproaect1on of the furthest
.laterally remote point on the prongizz visible in such view when
such point is longitudinal1y aﬁ@i perpendicularly projected
downward to the plane of the Substrit§i24.
It will be apparent to one '§ﬁ111ed in the art that the
maximum lateral projection 38 is that projection from the origin
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fromgthe ..pri nt cylinder 73 and appr oxi mat_e-ly 4.0 m llinmeters (0.156
om the backing roll 74 is heated to a tenperatute. of about 430

degr e I'sius. The fastening system 20 produced by this operation is
subs ally simlar to that illustrat eg by Figure 1, which fastening
syst:em:"20 may be advantageously i nco Bcrr ated into the illustrative
ircl e of. use d| scussed bel ow. / t hout, bei bound by an articul ar
theory, it is b6 tevERe OMher (ResiRfieskett; Ehes S'm@ ggg%rgﬁﬁ'ga Z |3§ .

governed by thehel asidec viempeft ithe @iroade2dowhie tmadhémsvethaseﬂatewahake .
the prong 22 a f en ki NG
edge:'46.and thg)q’logé%lgg ;Jfge ng@ B?bﬁli'g J‘r%gﬁgf %BH‘ %}r@ﬁé \r/% |$$ﬁ(‘aiq{gga]5%

the prong 22 ibg él’ﬂaé‘FEl%dian 5kh‘§6¢a’c"e§“¢ @At thad e dhe Jrausgwasu wtﬁfﬂom t he
severing .means 2684s ;ﬁ@a«ﬁdSB&Ythet procese dies eridgeant? cll sindr balowy snepesed to

SO i ity or frouBoRakisR TRENE) JProdtEt i 3813E°chiral 7 nflR s 20t
t he I'eadi ng edgrachreandirestiomact then ofhet hprofile | viep ewitl 4be genenalle to
Fﬁﬁhe?t gﬁf 2 s &Hinggtnéde Gtrh@t?’r‘o%s%afcfxﬁeeﬂ%dtz?ﬁr I“ﬁ't?%ﬁw 130/ R abbawahv
fas?em-;h gsgst &“aﬁo‘ﬁs ?'@'%g%ﬁr?] |¥8@?‘§[3PE 3;§e @ﬁgi’wr@"% ithed,
such a. fastenl rlg;esyatosmmchine direction then the profﬂe view will be
ST generally oriented in the machine dwectwn The side elevational
view shown in Figure 2 is one of the profﬂe views of the prong
22. It will be further apparent to :.op_e skilled in the art that
there is another profile view, gener;f__afﬂ.y 180° opposite from the
profile view shown (so that the maximum lateral projection 38 is
oriented towards the left of the vf_i"éwer). Either of the two
profile views is generally equally wé’_'l_']i_' suited for the procedures
and usages described hereinbeiow.
The origin 36 of the shank 28 is found as described above,
-with the prong 22 in the profile v1ew While still maintaining
the prong 22 in the profile view, an imaginary cutting p'lane
40-40, generally parallel to the p'lane of the substrate 24, is
then brought into tangency with the pemphery of the prong 22 at
‘the point or segment of the prong 22 havmg the greatest
perpendicular distance from the p]ang_of the substrate 24. This
- corresponds to the portion of the prong 22 having the highest
“elevation. The imaginary cutting plane 40-40 is then brought
one-fourth of such greatest perpend1c 1ar distance closer to the -
substrate 24 from the point of hig__ st elevation, so that the
imaginary cutting plane 40-40 intfé epts the prong 22 at a
longitudinal elevation three-fourths fig__;_ijt'he perpendicular distance
from the plane of the substrate 24.
The imaginary cutting plane 40- 40 is then used to determine
three points on the prong 22. The f1rst point is that point where.
the cutting plane intercepts the lea__dfmg edge 42 of the prong 22
and is referred to as the 75% Ieag‘ g point 44, The "leading
edge" is the apex of the periph;é_‘_; of the shank 28 which
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-be: fornmed by nodifying the fastening system 20 of Figure 1 through
~age differential tenperature process. As illustrated i.n Figure
steni ng systen120 of Figure 1 is further processed to proVide

8" with engagi ng neans 30'' whi‘ch radially extend fromthe shanks
nvarious lateral directions of a g8nerally randomorientation. The
. phrase: “random orientation" neans having lateral projections 38 '' and

- profile views whingitedigalty faced pwajeFron dhenplanecef ithe substirateode ofhe he.
- near By prongs dertolqd pointVish Qs &%un%mhowa@-bwamp%é | Eeiiter bhegyy. 11

enperature di rPENgER AdER e oot Shen tha Skl 51068 b3t Fsbeeptinces
42 and -the_ trai the'grailihgcaiged4s of theeprungngs. and s refa'rfedstoelas nhesys% em 20
oo aiine & oISy il ST, 20" e U VBV SpTEP R
e peripheny of the shank 28 which longitudina11y faces towards the
' substrate 24 and is generally oppos1tg¥y disposed from the leading
edge 42. The straight line c0nnectfﬁ§ithese two points falls, of
"course, within the cutting plane 40-40 and is bisected to yield
the midpoint 47 of the imaginary cuttihg plane 40-40. A straight
line is. then drawn connecting the midpoint 47 of the imaginary
cutting plane 40-40 with the origin 36fof‘the shank 28 at the base
26. The included angle e this line defines relative to the plane
of the substrate 24 is the angle « of\the'shaﬁk 28.
. Alternatively stated, the angle « which the shank 28 makes
relative to the plane of the substrate 24 is the 90° complement of
that angle furthest from the perpendicuiar defined by the line,
found in any side view,. connecting the cutting plane midpoint 47
and the origin 36. Hence, the smé]1est angle relative to the
plane of the substrate 24 when th1s line is viewed in any
dIrection radially towards. the shank .28, and particulariy the
origin 36, which direction is generaIly parallel to the plane of
. the substrate 24 and orthogonal to the perpendicular is the angle
a of the shank 28. It is to be recognized that when a prong 22
having a maximum lateral projectith38 oriented in the machine
direction is viewed approximately in the machine direction, or
approximately 180° theréfrom, or wh E prong 22 having a maximum
‘lateral projection 38 oriented in the cross-machine direction is
viewed approximately in the cross- machine direction, the apparent
angle a of the shank 28 will be abotit '90°. However, as discussed
above, the angle o to be measured is’ that which deviates furthest
from the perpendicular and, theref }e, is generally that angle a
determined when the prong 22 is v1ewed in profile, typically from
about the cross-machine direction f‘ a prong 22 oriented in the
machine direction, and from about ‘the machine direction for a
prong 22 oriented in the cross-machine direction.
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I S al.so believed that as a result of attaining a tenperature
rent-kgk:-of the | eading surface 42'' or the profile ;surfaces relative

trailing surface 46 the engaging nmeans 30" wll
ally change or even reverse the orientation of |ateral
“on 38'", " providing a prong 22’ '~Wi€h is oriented in a direction

ot her' than that whi occ rred f

differential tenper gﬂﬁ gV\Qgﬂt 5‘[‘) h@g‘%;}?aﬁ%ﬁg&ﬁ%gg%&%wq

skilled in the ahe, pkanehoﬁsttm sshstratei 2&, @r rist preferablyhoriented pr‘éfénabl y
' n 84, hﬁf@%ﬁﬁﬁw@x&% He?B€ive2 Eheratd &aamﬁeoinmeyeodl g a

directed:-tenperature

) ferent] al he ,aster}é‘ﬁﬂ ai/ g i\’h
red-that tH&reNgtRcint p@éﬁ?fé‘f‘é’f irections oy res u?'l:e‘sdﬂf*%?ﬁa] ai r
current 't owar ds pahal Teaste thagnaximéne rhoRGi tuddna Ih iprio jesib bort 3Ber rHow8Gérgr the of

o Foctton.° po" il S ar HF RHE 2 Shoud K@Y Yeng i S vl for it
di rection" meandenpendiewiaren ntalwmgs‘a 3 stening sys 20 of ' more

SR directionally specific shear strength results. For the embodiment
described herein, a shank 28 haV1ng an angle « between about 45°
and about 80°, preferably about 65°, works well. If the angle of
the shank 28 is less than about 80°, the shank 28 is considered to
be nonperpendicularly oriented rg]aﬁive to the plane of the
substrate 24 (without regard to lateral orientation).

The imaginary cutting plane 40-40 and profile view can also
be utilized to determine the angles of the leading edge 42 and the
trailing edge 46 relative to the plane of the substrate 24. To
determine these angles, the 75% leading point 44 and 75% trailing
point 48 are found as described above. The base leading point 50
is found as follows. The line through the base 26 as viewed in
p§ofi]e is brought to intersect the leading edge 42 of the shank
28. This intersection is the "base leading point.® As noted

"above, minor discontinuities in the_shank 28 near the base 26,
incident to attachment to the substrate 24, are not considered
when determining the base leading point 50. The 75% leading point
44 is connected by a straight line to the base leading point 50.
This straight line forms an included angle B relative to the
plane of the substrate 24 and opening in the direction of the
origin 36 and center of the shank 28. "'The angle BL is referred to
as the angle of the leading edge 42 or s1mp1y the leading edge
angle.

The base trailing point 52 is generaﬂy disposed 180° from
the base leading point 50, through the center of the base 26, and
found as follows. The line through the footprint of the base 26

- as viewed in profile is brought to :i;ifti;i:f'ersect the trailing edge 46
of the shank 28. This intersection is the "base trailing point."
As' noted above, minor discontinuities in the shank 28 near the
base 26, incident to attachment to- the substrate 24, are not

m‘rﬁi@ﬁ : }%l “'\:_«".-. '&"‘ T
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vectorsconponent general ly perpendlcular to or generally counter to the

- of travel of the substrate 24" and is inclusiwe of the
eneraIIy opposite the first direction of travel. If the
tenperature differential .source 84 is disposed at an angle of
80[err] relative to the first di re®ton of travel of the substrate

'R T he source 84 .is directed,towards dl a 4 of, t he
prongs: 22' ' -of f%é’}ﬁ’%f'sef’erﬁhﬁﬁ Lernaeg - We geﬁ'gar’zw{/ é&f)"(}s st 1Y
; irecti dnscnib&dhebtpreocebs 1%straiddng am’dﬂtl 48 ﬁédcm#ﬁ’ with rthet i ng

fzaturemﬂé it P4 Ah| abouﬁf 5208 C# $tradl ﬁtECh'n! tomﬁrsd%ttmm eﬁﬁteng

i ng mmsronq ne ?ﬁ?]et #%&%ﬁé}et ﬁ% tg’tFl fﬂ"& Tr)Ptht g%@?éé eraI
‘on abou24 hﬁ&[oplening 1ﬁ>rttmgdn%2t‘iordn£pdmedr'eganeihandta:entue ofithe, i.e.
'SBJ E‘Sﬁmﬂl ONOR78L, . T cFR10ad shfife By 36 Beker PR BT BUSLREBEGE | )
instead engbhsi hyaildngedge’ 45rrﬂre51mﬂla)érth9 'ﬁf"@t‘&i'&jeé%ﬂﬂﬂﬁ)[ err]. Thus,
I-s' apparent thyfe 1eaeli:fgeeagéi 42t etwetrrawn@ edgé fagr enéiuded a@ués:ea 84
syst em_;;_?leol nothe %T°§§f1r£2‘3@he paraHeq ism O the' $idel" §¥' 8 shani %teryfn g

the angles B and ft of the leqding; a_t_gd-. trailing edges 42 and 46
are not supplementary to each other (do not add to an arithmetic
sum of about 180°) the sides of the shank 28 are said to be
nonparallel. If the sides of the shank 28 are nonpardliel, the
straight lines which define theianglegf-_ ﬂ|_ and Bt (connecting the
base leading and trailing points 50 and 52 with the 75% leading
and trailing points 44 and 48 respectwe‘ly) intersect, either
above or below the plane of the substrate 24. 1If the angles B
and B7 of the leading and trailing edges 42 and 46 are unequal and
the lines defining such angles mterseg:t above the plane of the
substrate 24 ('longitudinal]y ou-tward'l-_'_y_' of the base 26), the prong
22 will converge from the base 26 "_'it_iff'i')_wards the distal end and
engaging means 30. Only if the angles Bt and B1 of the leading
and trailing edges 42 and 46 have"'f_":"the same sense i.e., aré
oriented in the same direction, and e_,_sf'upp'tementary magnitudes are
the angles BL and B1 of the leading and trailing edges 42 and 46
determined to be equal and the 51des of the shank 28 to be
parallel. 3
A shank 28 having a leading edge 42 which forms a leading
edge angle B with the substrate of:about 45° + 30° is suitable.
A trailing edge 46 which forms a trailing edge angle By with the
substrate of about 65° + 30° is suitab] A shank 28 having these
angles B and BT of the leading and trailing edges 42 and 46 works
well with the aforementioned spect of included angles a of the
shank 28 to yield a tapered shan 8, advantageously oriented
relative to the substrate 24 'te_ provide high shear and peel
strengths without requiring exce‘ssi#éi}:.pr'ong material.

['ﬂ
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g ing prongs 22'" with various lateral orientations in the
mechine:direction according to the prong 22'' position:

“to the tenperature differential source 84. An air gun 84
harging air .at a tenperature of about @88[err]C at a distance of about
46 centimeters (18 inches) fromthe subStPdate 24'' is a suitable

differential temper ajy SRR nefhutderd® H8° iisy iedhadi Vs h Eg;e

anton El ectric Manuracturi a I NO ori'ented at
about :45[ err] rel@rp‘)ellt%gﬁmmﬁtﬁn@%* Yh%a“@uﬂ%ﬁtat "24"* ?@Hﬁl s

about .,g;ocentl Mefiew gef-gﬁ, [ n@hqgo),-efp,euﬂiwmarsomnpr sl desdred fasmﬂllnge
syster "' pattern.s tanti la o]
vviyl I appgrenfectognt%?g g '? 1i1{Eh t‘g #\a' ttg§{‘ Mem'nd:a't%m %fs t’hF

profile view, origin 36, cutt1ng plane 40-40, leading angle §i,
trailing angle gy, base points 50 nd 52, 75% points 44 and 48,
and the angle a of the shank 28 can advantageously performed by
making a photograph of “the prong 22. A model 1700 scanning
electron microscope - sold by Amray, Inc. of New Bedford,
Massachusetts has been found to'woék?we11 for this purpose. If
necessary, several photographs maiffbe taken to determine the
maximum lateral projection 38_and'hgg§e, either profile view.

The shank 28 should longitudinajiy project from the base 26 a
distance sufficient to .space theaﬁéngaging means 30 from the
substrate 24 at an elevation which aiiows.the_engaging means 30 to
readily intercept or engage the stragys of the reéeiving surface.
A relatively longer shank 28 provides the advantage that it can
penetrate deeper into the receivingfgurface and thereby allow the
engaging means 30 to~intercept orengage a greater number of
strands or fibers. ' Conversely, a;“}elatively shorter shank 28
length provides the advantage that a ‘relatively stronger prong 22
results, but also prov1des correspondrng]y less penetration into
the receiving surface and may _tgerefore be unsuitable for
receiving surfaces such as wool"or loosely stitched bonded
materials which have less densely packed strands or fibers.

As described above, the long1tudina1 length of the shank 28
determines the longitudinal spacingiof ‘the engaging means 30 from
the substrate 24. The "longitu Jnal spacing” is the 1least
perpendicular distance from the plane of the substrate 24 to the
periphery of the engaging means 30. For an engaging means 30 of
constant geometry, the longitudina spacing of the engaging means
30 from the substrate 24 becmﬂes greater with increasing
longitudinal shank 28 length. A long1tud1na1 spacing of at least
about twice the strand or fiber d1aggter of the intended receiving
surface, and preferably about 10 ﬁiﬁes as great as such fiber or
strand diameter provides good iﬁi@rception or engagement and
retention of such strands or fibefé;by the -engaging means 30 of

REPLACEMENT SHEET
02 SEP 1994




di sposed -above the prongs 22" and oriented in _the nmachine

dire \M.II' produce a fastening system 20'" having cross machine
dig ona 1y oriented engagi ng neans 30 in-a regular, sonewhat striped
pat t: L Wthout being bound by any theory , it is believed that the
chan ‘n orientation of the engagi ng nean¥ 30" occurs due to the cool I ng

of t-h'e profile gur gﬁ %ﬁb,?%r Lf&?g%'*eszG %rs '1'.55 a&ﬁoéﬁnentoaesk??bﬁf fA8fe

relatlvetoth terrperature
of the dischawged 20ihaving @miongjsud iman eéP@-‘d“ge?ﬁ)épa'mroews'bﬂr]d@e ers

di fferenti 'a:c  Xeasdut 8220 h$11 1B bérs weofm tmgzowﬁgmwrmmﬁ wdla. perl phery
- pro il e surface n surrace ur,
erenti.al resuI{qen ﬁ"I“F”ér’rpfhgl"e gﬁﬁ‘ﬁsn e&:&i% {)}ﬁt %ﬁﬂgoﬁh d]s tN9&
portion of theriptcaly Thbs' the shmldesmxlbetdrﬁe;_annrm'@satmcéim fdeeiead:,i al
source 84 is d'{cgs;ma I@‘&&Qlﬁ&#eﬁ@gtfaaewawaﬁéwﬁs ré'la%ﬁ@aﬂﬂ%é“crdl‘%

ori ent ation of

rojl.ecti on
00 the di {1 erciAackion g thebate dhe THONCHRSSSRERI" 5 the ANSGAR ares afne
trailing surfacm ﬁart off th@?roh@l 43| tahemmérbgndmuﬁrertothlwrs)x,anktze or

Pﬁ#lﬁéﬁieti‘ﬁé e Glosdind §BREh 30, ; By’ SR85ate; 1 ehthn f%%b?%ﬁ&“m e
tapered to decrease in cross section as the distal end of the
shank 28 and engaging means 30 of the prong 22 are longitudinally
and Tlaterally approximated. Th1s arrangement - provides a
corresponding decrease in the moment of inertia of the shank 28
and engaging means 30 resulting in a prong 22 of more nearly
constant stress when separation f ces are applied to the
"fastening' system 20, and thereby- "'df'i_jminishes the quantity of
superfluous materials inc,orporated iﬁhlg' the prong 22.
To maintain the desired geonge;;rfy-;g;;;gyer a wide range- of prong
22 sizes, a generally uﬁiform ratid' 0f cross sectional areas can
be utilized to scale the prongs 22  One ratio which generally
controls the overall taper of the prong 22 is the ratio of the
area of the cross section of the base 26 to-the area of the cross
section of the prong 22, at the h1ghest elevation of the prong 22.,
The phrase "highest elevation” refers to the that point or segment
of the shank 28 or the engaging’ means 30 having the greatest
perpendicular distance from the .p'I'ane of the substrate 24.
Typically, prongs 22 having a . bas ____"fcross sectional area to
highest elevation cross sectional ':d___, ratio in the range of about
2:1 to about 9:1 work well. | __ |
A gehera]'ly circular shank 28 ’h;i:ch tapers from a base 26
diameter, as discussed above, ranging from about 0.10 millimeters:
to about 0.30 millimeters (0004 bout 0.012 inches) to a
highest elevation diameter, .of abou .07 millimeters to about
0.25 millimeters (0.003 to 0.010-inches) has been found suitable
for the embodiment discussed he “"Specifically, a generally
circular shaped cross section of about 0.20 millimeters (0.008
inches) d'iameter at the h1ghest'" e]’evatwn provides a cross
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b_e further apparent to one skilled in the art that other variations

le.. For exanple, a prong 22 having an engagi ng:.Aeans- 30

g in nore than one direction nmay be produced. |f desired, only
cylinder 73 nmay be utilized _4g. in the manufacturi ng -

providing, the substrate 24 contacts the print cylinder 73 at the

poi nton the ﬁ@tﬂfﬁﬁﬁrmﬁe &f g’lf@getl rdle¢ationdedf 73bddtat o 0AOr esquanels vwf th
% hol ot ot alf et 1426000 e SRR, £ BB Pt a5 2o
fastening systasen 20 ofossheegtriosent aboudn0idth wiild fmetiees ntli0i2mincheskr al
projeection 38 4fides a base 26 cross sectional area of about 0.09 square
. millimeters (0.00014 square 1_nche_s_) . This structure results in a
ratio of base 26 cross sectional area -_t.'d:highest elevation cross
sectional area of about 2.25:1, which is within the aforementioned
range. '
~ The engaging means 30 is Jjoined to the shank 28, and
preferably is contiguous with the dista’lf'-‘je'tjd of the shank 28. The
engaging means 30 projects radially away and outwardly from the
periphery of shank 28, and may further: h;a_ve a vector component
which longitudinally projects, i.e. tb@rde or away from the
substrate 24. As used herein the term ??;engaging means” refers to
any protrusion lateral to the periphery '_o_f shank 28 (other than
minor asperities in the periphery of the shank 28), which
pro-tr_'usion resists separation or removal .__:fr'*om a receiving surface.
The term “periphery" means the outer surface of the prong 22. The
term "radially" means from or. towards the perpendicular to the -
substrate 24, which perpendicular passes through the origin 36
which is generally centered within ‘the fqiotprint of the base 26.
Particularly, the lateral -protrusi,o;r'l.-'has a vector component
parallel to and facing towards the p'lane':.__bif the substrate 24. It
is to be recognized that the engaging 'me;ans 30 and shank 28 may
have both lateral and longitudinal vectgf' components. It is not
important that a sharply defined ter-mitiin_'# of the shank 28 distal -
end be apparent, or that a demarcation between the shank 28 and '
engaging means 30 be discernible at al . It is only necessary
that a longitudinally oriented face of 'r';:the shank 28 periphery be
interrupted so that the engaging means 30:has a face with a vector
component parallel to and facing the p]a_ " of the substrate 24.
The engaging means 30 may have a greater lateral projection
38 than the shank 28, or vice-versa,.as desired. As illustrated
in the figures, the engaging means 30 is prei’erab'ly generally
arcuate and may have a reentrant curve-.}'-"_ If the engaging means 30
has a reentrant curve, the engaging means 30 includes a segment
which longitudinally approximates the sgj;ﬁfs_]trate 24 at the base 26
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the prongs 22 oriented in a direction other than the machine direction.

For . ex f'er:.when using the present invention as the fast®ning means of a
' e diaper, it is desirable that the maxi mum |l ateral projection 38

prongs 22 be-oriented in a directiop substantially perpendicular to

ection of travel of the di sposabl é‘& aper on the manufacturing Iine.

A dl"aper manuf act urj lin res. co and. e nsi
sréorient #d3 H?gr‘{"ng gﬁ i P4C€ trg'PnQ'% g?-s%(% nfégfnur%nfz d
0j ectzi on 38 Ofateiel 1prdivgst@P tawardsr thenskanki 281 ldthaughi the éeﬂm{cumd A
NG . systam, 3939.If§c}r}y3%ﬁ‘ef{)&ﬁigmrdsl{Héeaﬂgqﬂ gg.oduced with the

Iateral pr o] ec rongs 2.-0rien

d
achi ne di r cthei GNGagingapans 3 otPYPRg, #f °frg’%r{]aéﬁ9%’t'\90n
~being gy3pen i Qd - fdy datéhaﬂppséd‘xltendil aphstantﬁ]ﬂ_y i $n tther efamee

O Bt R 12, AT uyd1Y, TG AY B {TRF 300 FRAAR 20
nt edwlhn & desired) Ovrl‘jcltal!ebetmdomWe Onmﬂf-ieﬂet‘tl|Wé&!¢‘bg"b5taﬂtiﬂﬂé’re are
IOroces-sf:"esTheI gﬁ‘)@ gagra 1e>s§tg%tﬁgaﬂk . ParePRpnarredtia.o ¥R Lrdig {raltz 24
as discussed hé\‘eéf'ﬁt?@f By b eam%%ﬁaﬁweﬁg'%FE(f'%ﬂﬁ%‘e§“é§1ta£§?iﬂ g‘i“’mangl e’
(i nd| Cat ed by aorlecside of\the shank 28, defining a ‘generally convex outline, and |
penetrate the opemng of the recewing surface to intercept the
strands or fibers of the receiving surface at the inner radius of
curvature 54 of the engaging means 30 ~ The interference between
the engaging means 30 and strands 'qr fibers of the receiving
surface prevents release of the f@#t;’ening system 20 from the
receiving surface until the peel stréﬁgigth or shear strength of the
fastening system 20 is exceeded. The engaging means 30 should not
radially project too far in the ]atejfﬂ direction, otherwise the
engaging means 30 may not penetrate the opening of the receiving
surface. The cross section of the engaging means 30 should be
sized to penetrate the openings of the receiving surface.

The cross sectional area and g‘eéhlétry of the engaging means
30 are not critical, so long as the engaging means 30 has
structural integrity which provides sufficient shear and bendmg
strengths to accommodate the desired pee] and shear strengths of a
fastening system 20 having an array of prongs 22 of a given
density. For the embodiment described herein, a hook-shaped tine
engaging means 30 having a maximum Lk e_ra”l projection 38 from the
center of the base 26 to the rémot._
0.18 millimeters to about 0.34 millimeters (0.007 to 0.013 inches)
is suitable.

The array of prongs 22 may be of any pattern and density as
desired, to achieve the peel and sh_g " 'strengths required for the
particular application of the fastéﬁ _‘g_'??System 20. Generally as
the array density increases, pee]i:' trength and shear strength
proportionately “increase in a 'qug_‘ir fashion. The individual
prongs 22 should not be so closely sil_s__'"__",'t':_:'ed-as to interfere with and
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|-ative to the machine direction of the substrate 24. As used

€ tierm "azinuthal angle" refers to the angl e i€ -maxi rum | at er al
i 38 makes rel ative to the machine direction of the substrate when
om above. As used herein "viewed-ghrom above" refers to view ng

gs 22 from a di rection which is perpendicular to the plane of

P
t he substrate E@ﬁ!& rfft 0 di I N
generaJ 'y par azlf Iﬂe {'ﬂere p ple irgtiﬁgthoer GH;drSg%Snttorp:r s ﬁ%ciﬁﬁ@st rate

24 as: it passesint RF%E"Q rerands oy Fibgry ofs theqreceixip ﬁuﬁffcﬁrr
75 in:iFigure prongs TIE arezitosit dialselyargpaced scompactingdor matting suf the

detefrraqing they BT JuFede?! stpaRds Cdd OPit;)é&sofma&h%cafronQ:c%?uﬁﬁg the

- openings between the strands or fibers. ‘Conversely, the prongs 22
should not be so distantly spaced as t.grequire an excessive area
of substrate 24 to provide a fastening system 20 of adequate shear
and peel strengths. o

It is advantageous to dispose the prongs 22 in rows, so that

each prong 22 is generally equally spaced from the adjacent prong

"~ 22. The rows are generally oriented i_n the machine direction and
cross-machine direction according to the manufacturing process
described and claimed below. Generally, each machine direction
and cross-machine direction row of prongs 22 should be equally
spaced from the adjacent machine direction and cross-machine
direction rows of prongs 22, to brovide a generally uniform stress
field throughout the fastening system 20 and the receiving surface N
when separation forces are applied to the fastening system 20 and N
the receiving surface. '

As used herein the term "pitch" refers to the distance,
measured either in the machine direction or cross-machine
direction, between the centers of the footprints of the bases 26
of prongs 22 in adjacent rows. Typically a fastening system 20
having an array of prongs 22 with a pitch ranging from about 1.0
millimeters to about 2.0 millimeters (0.039 to 0.078 inches) in
both directions is suitable, with a pitch of about 1.3 millimeters
(0.051 inc'hes) being preferred. Adjacent cross-machine direction
rows are preferably offset approximately one-half pitch in the
cross-machine direction to double _t_he distance in the machine
direction between the adjacent cross-ii‘la't:hine direction rows.

The prongs 22 may be thought of _as disposed in a matrix on a
one square centimeter grid having an array of prongs 22 with about
2 to about 20 rows of prongs 22 per centimeter (5 to 50 rows per
inch) in both the machine and cross- l_:_lachme directions. However,
when a fastening system 20 having""'-p_rongs' 22 is used as the
fastening means for a disposable diaper or incontinence t;rief as
_descr1bed more fu]ly below or is used on a sanitary napkm as a

sew"




d| scl.osed herei nbefore As shown in Figure 7 the azinuthal angle, indicted
- 't’_ter ‘A, is the angle relative to the machine direction which is
.1line 60 drawn parallel to the maximum|ateral projection 38 when
om above. The azinuthal angle A_ggn be nmeasured relative to the
e’direction in either the clockw sé r counter-clockwi se direction,

but - t he azi nut halrga?ng_ %e%“nﬁn%e an'ﬂ: ?gtr?arpgﬁn‘at'd @@bﬁﬁfﬂ ofptﬁeaﬁéﬁ‘é'rng

system 20 sui t 8Bt use o er,abl y have

prongs 22 wit hikn iszidasinableants ehéYR:hat tfaSchﬁ'grra%%% Iq>'Qt"gr ds. B*Pection
38 will be ori ¢piéd1yn. aadi ugéd inereitavthegterm eskon friepdhentrefenspandacul ar

to the.machi ne di rect I on o t he, subst.r at t have
adzi-nut hal arﬁ@?@“@?%atsevts 'ﬁar‘i‘hbab Feegugséapﬁuérﬁlyagﬁuu"?ql g ersmdé%d
about; 180 degr aes-abyasivealtbyhunan ak"hrut A&l hamfreenfoundp hak et éFtQ’Haﬁ about

20 degrees (20kgsdn haviRgl 6f idrkay foeﬁ st PRItk Ciioud 8 CtoTaBRRE 665MoRs! ] -
180[err]), or g eater than rees 0 errlbPl 180[
e

] The
azi mut hal angPé @rosgdse Rﬂ"‘or&fgg ﬁﬁdé si*Rg e é,l’ mﬂ‘éru gefﬁgrei n
wi || -preferabl gipectionm aﬂdut produtegr aes fastertiogt syxtepegi@eswhiahr e is

pref er abl y {1 o, aliath iy R TFaRyAp Al rbipblads fes amnanv%nprefrﬁ&abl y

from:about 60 &€ rrgo i ent
shown i n Fi gur gr¥d wild aesuiﬁt el a fagkenipg sketes gﬂ\j 922 thl b&o 3R 90
degr:ees. 1600 prongs per square centtmeter (400 to 10,000 prongs per square

inch) of substrate 24. :

The method of the present invention can produce a fastening
system having a denser array of prongs,than can be produced by the
methods of the prior art. ThiS-is-ﬁecause the density of the
array of prongs of the present invention is limited only by the
number of meshes or apertures that can be produced in the

" depositing member. Currently, it ’is possible to produce a
depositing member having up to about 1600 meshes per square
centimeter (10,000 meshes per squaré inch). Therefore, it is
believed that a fastening system haviﬁg up to about 1600 prongs
per square centimeter (10,000 prongs -per square inch) can be
produced using the method of the present invention.

Preferably, the fastening system will have from about 64 to
1600 prongs per square centimeter (400 to 10,000 prongs per square
inch) of substrate.. More preferably, the fastenlng system 20 will
have from about 10 to about 30 rows pf,prongs per centimeter (25
to 75 rows per inch). This grid wiTl*}ésu]t in a fastening system
having from about 100 to about 900 prdngs per square centimeter
(625 to 5625 prongs per square inch) of substrate. Most
preferably, the fastening system Zofﬁill have from about 12 to
about 24 rows of prongs per centimeter (30 to 60.rows per inch).
This grid will result in a fastenlng system having from about 144
to about 576 prongs per square centimeter (900 to 3600 prongs per
square inch) of substrate. In a “preferred embodiment the
fastening system will have from about 16 rows of prongs per
centimeter (40 rows per inch) 1in eaéﬁfdirection. This grid will
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A nethod_for I nparting an azinmuthal angle to the fastening system?20 is to
hé:,prongs 22 of the fastening system 20 while the prengs 22 are

~or wholly in a liquid state. '‘As used herein the term "bias"

y ‘providing a force or influencing nmeans in a direction

' a vector conponent per pendi cul al2t-0 -t he machi ne dlrectlon of the

éi;.atea 24. h d d
have not yet (!"661' prongsf&ls%ﬂf‘f'ﬁeéyﬁﬁﬂ'a}sg 'g]e#f’ﬁ' §%@;2PEG\%% mgroﬁgs
22 may be bi asqdawd teentimeterhd 1600 oprtopds aper smuanefnw)bwfr ewéatratg t he

prongs 22 Sonett{aﬂé Cfghe'}’t ai%agfﬁlebé‘@@hﬁt aiPGl‘a‘MéHmé Wﬁt@ﬂﬂﬂvbﬁ@&ﬂdrow{rhﬁr e are

Zz?lrjfunitjhgl ang|pEonNgs P%¥a|¢é'kt1}m?%ﬂﬂ d hgé‘f’fﬁdpf’ cﬂi %‘32 %haﬁ‘ "W angl e,
i's t0 b| as t fprodicengsved $kyincariendly g’raat/emaglsansaem fapd oway be exen’ mpen t he
: preferred. This grid will result in: a fastening system having

about 576 prongs per square cent1meter (3600 prongs per square
inch) of substrate.
, The prongs 22 may be made of any thermal]y sensitive material
which is stable and shape retaining when ‘solid, but not so brittle
that failure occurs when the fasten1ng system 20 is subjected to
separation forces. As used herein, 'therma11y sensitive"” means a
- material which gradually changes from" ‘the solid state to the
liquid state upon the application of heat. Failure is considered
to have occurred when the prong 22 has.fractured or can no longer
sustain a reaction in the presence. ﬁf and when subjected to
separation forces. Preferably the maté?ia] has an elastic tensile
modulus, measured accord1ng to ASTM Standard D-638, of about
24,600,000 to about 31,600,000 k11ograms per square meter (35,00
to 45,000 pounds per square 1nch)

Further, the prong material shou1d have a melting point low
enough to provide for easy process1ng and a relatively high
viscosity to provide a tacky and tough ‘consistency at temperatures
near the material melting point, so that the shanks 28 may be
stretched and the engaging means 30 eas11y formed according to the
method of manufacture recited below. It is also important that
the prongs 22 be viscoelastic, to a]lowﬁfor more variation in the
parameters affecting prong struct 1 and particularly the
geometry of the engaging means 30. aterial having a complex

' viscosity ranging from about 20 to about 100 Pascal seconds at the
temperature'of application to the subst éte 24 is suitable.

The viscosity may be measured ith a Rheometrics Model 800
Mechanical Spectrometer using the dyna fg 6perating mode at a 10
Hertz sampling frequency and 10% m ;5&1 strain. A disk and
plate type geometry is preferred, pa ularly with a disk having
a radius of about 12.5 millimeters' and a gap of about 1.0
millimeter between the disk and plate.”
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prongs 22 while the prongs 22 are partially or wholly ima liquid
h.that the gravitational forces will pull the prongs—-22+=te the

‘azi mut hal  angl e. ‘This can be acconplished by tilting the

‘e 24 so that the plane of the subgtrate 24 when viewed in. the

~- direction, woul d not cut perpendicularly through a plum

e, bt B?Erfﬁo ongf 22, B, Bufreret t&g’arpﬁ"ds‘gre%ﬁe"“ﬁh“a“ghugy
the letter H matFrrigﬂlre Hheoftet\'ne hermoplastic] reafers,dto o“i‘ﬁ'é’sﬁb?ﬂkfént al
al | ows graVIt 6OTL LheFm1d g senROBi vieh Matdratadl wierths Fbdwst Inﬁdahamks 28

and - engaglng 0 an uII r ongs ,,2 si de
~of the subst reﬁPB e(aﬁe 'T "§F? i #ﬂgjqua%ﬁ‘gggﬁﬁ )’Rgﬁ?@'g#ﬁ

cylinder 73 aml-etﬁa'tbaﬂalrﬂlg wellll sTitedotetnaaufagtarei theacfaétemaese!istcm one
end-from the %rhe K ahr}% nt ﬂﬁ)@“thfbl Fbgi"lhﬁuf;arﬁo'lﬁh@éco@&aﬂd%ewﬁﬂp&%ate 24

passe€s, t hrought

I tudi nal ed
substrate 24 \ﬂ"‘PFeséed%C*HGH@cﬂM %quqduhgﬁ" 8st'ﬁ%¢d $§V?1‘g%?‘8naﬁ‘rals8rces
i ndi. Cat ed by t4ngt | méTteradhesiveri Gweethomthdrmeptasmponcamupﬂsangsrﬁﬂlyo gi ve

the . solid at room temperature, which become fluid at elevated
temperatures and which are app]ied in the molten state. Examples
of hot melt adhesives may be found in the "Handbook Of Adhesives"”, _
Second Edition by Irving Skeist, publisped in 1977 by Van Nostrand
Reinhold Company, 135 West 50th Street, New York, New York, 10020,
which 1is incorporated herein by reference. Polyester and
polyamide hot melt adhesives are particularly suitable and
preferred. As used herein, the terms “polyester" and “polyamide"
mean chains having repeating ester and amide units respectively.

' If a polyester hot me1t'adhesive is selected, an adhesive
having a complex v1scosity of about 23 + 2 Pascal seconds at about
194°C has been found to work well. If a polyamide hot meilt
adhesive is selected, an adhesive having a complex viscosity of
about 90 + 10 Pascal seconds at about 204°C has been found to work

~ well. A po]yester hot -melt adhesivef'marketed by the Bostik
Company of Middleton, Massachusetts as No. 7199 has been found to
work well. N

In a second embodiment of the fastening system 207,
illustrated by Figure 3, the engaging:means 30’ may be generally
semispherically (mushroom) shaped. The term “semispherical® means
a generally round shape, protrud1ng 1n mu1t1p1e directions and is
inclusive of hemispheres and spheres, - but not limited to regular
shapes. This geometry, part1cu1ar1yu the generally spherically
shaped engaging means 30’ structure,:provides the advantage that
less disturbance to the strands of the rece1v1ng surface typically
occurs when the engaging means 30’ is removed from the rece1v1ng'
surface. This causes less _v1$ib1ei eamage to the receiving
surface, allowing it to be reused a greater number of times. If
the semispherically shaped engaging ‘means 30’ is selected, the
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shank- 28 an angle a with the substrate 24 and an azi nut hal angle A (neither
angle-aier angle A are shown in Figure 8). The substrate 24-5houl d be
“ed.;$0 that the plane of the substrate 24 forns ‘an angle relative to the

t-al of at |east about 15 degrees. éﬁferably t he pl ane of the

ate 24 will be at an angle of at |e&st 30 degrees. Anot her

sui tabl.e met hod for jiJyparting an,azi nuthal bj.as S 22

by applying a MQMﬁ fWE?’é'ﬂB?%tlm%r’@gglf&gltg‘fdgﬁgi QP ttﬂe pi{}% pfq'{ﬂ'

whil e the prongsub2eratee 2p4; ttoalall Jovoreasher Ipengtratipn ginte theitopenings tol’liat the

prongs..are forcgg Glacdid ts%rﬂl% Al 1&f r&%b@vhhﬁge a0l the rbefvingy be
acconpli shed by f|OMAn

rps the subStrate
24 in‘a directioh H‘éﬁ/laﬁgthe Q)"r“gcﬂﬁﬁﬁnéﬁp Bu?‘éﬂm 85 e (TRCeRIOGi ne
direction. Thesyrfecs.ur & shahk €282nhadvdhg vn hng;'laeuaé dﬂtabqn‘toﬂg‘s t@2abioat t90°n or

reorient toward tg E%gg of the substrate having the | ower pressure.
Preferably, the g? 3 ufe differential across the substrate 24 is

achi eved by creatintp arpyige prareng 22’ f ot the ropey Prapontienss gpd thaxing 24
using:air jet Sqen@ki'l]'}egﬂ'h%ﬁhéﬁcﬁ'l @ga@ﬁgnﬁeaml‘toknew ehfadihg nahs 30’

Howeve-_r-._!- the prgss &rential mference of the shank 28 a

d ra 1a{1y protrude Fom Yhe ci

lateral . distance sufficient to 1ntercept the strands of the

receiving surface, but not protrude so far that the mass of the

engaging means 30’ is unable to be rt::dly supported by the shank
28’ or the shank 28’ is otherwtse dn table. As the angle a’ of
the shank 28’ decreases, i.e. dev1ates further from the
perpendicular, the mass of the engagtng ‘means 30/ relative to the
shank 28’ structural integrity and cross sectional area becomes
more critical. o

A tapered shank 28’, having the* base 26’ to highest elevation
cross sectional area and diameter ra' os described above, and an
angle a’ of the shank 28’ of about_T * works well. It is to be
recognized the highest elevation’hé#ﬁu?ements are to be taken from
the highest elevation of the shank 28’ and not from the engaging

"~ means 30’.

For an embodiment, as il]ustrated”in Figure 3, which does not
have a smooth transition from the shaﬁk,ZB' to the engaging means
30’, and for which the demarcatidh ﬁetween the shank 28’ and
engaging means 30’ is easily determined, the imaginary cutting
plane 40'-40’ is three-fourths of the perpendicular distance from
the plane of the substrate 24’ to. tﬁ éblane tangent to the point
of the engaging means 30’ which is. ]onﬁitudtna]ly closest to the
plane of the substrate 24’. The cutttng plane 40’-40’ is then
used to determine the angle a’ of th “shank 28’, the leading edge
angie B’ and trailing edge angle BT! ~a$ described above.

- The engaging means 30’ shou] dially project, in each

lateral direction, from the periphery:of the distal end 29’ of the
. shank 28’ at least about 25 percent :of the diaméter of the distal
end 29’ of the shank 28, and prefeﬁg y at least about 38 percent
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the substrate 24 may al so be achieved by producing a | ow pressure
yacuum or partial vacuun) fromone side of the substrate 24, or by
) ‘a high pressure fromone side of the substrate 24 and at the same
ccrgating a |l ow pressure fromthe otbeg.side of the substrate 24. The
side--of:'the substrate 24 which represents the high pressure or |ow pressure

Flows- s deperBEbicty kP, ABRERAly Sela iDLt pbeR WG L0

wi Il preferabl yimlaend Zﬂhmfgrshmmas g Barmah i2qd §0i 49> nthe él‘é'hetﬁé eked.
As used herei “thé‘eén Sémg mBarzh 307 eﬁ»%uw ‘ber @€ EYedist t D.5,aapd qreferab)yeat er

o oS Py S gl o e b st orbhe g

Iow pressure 28t of #Fusthermare, the d1ameter of the base 26’ should be about
2.0 times the diameter of the dlstal end 29’ of the shank 28°.
The shank 28’ height -should be about 1.5 to about 2 times the
diameter of the distal end 29’ of the shank 28‘, to properly
Jongitudinally space the engaging means 30’ from the substrate
24’. The longitudinal dimension of the engaging means 30’ may
‘range from about 0.5 to about 1.5 times the diameter of the distal
end 29’ of the shank 28’. _ .
| The fastening system 20’ of Figuré“ 3 is made by heating the
engaging means 30 and distal end of the fastening system 20 of
Figure 2 to at Teast the melting pomt This is accomplished by
bringing the engaging means 30 and distal ends of the prongs 22 to
a heat source longitudinally directe?i toward the plane of the
substrate so that the base 26’ and the proximal end of the shank
28’ are not heated to at least the melting point. A suitable
method is to bring the highest elevation of the prong to within
about 3.3 millimeters to about 101 millimeters (0.1 to 0.4
inches) of a heat source, such as a hot wire heated to about
440°C.

The leading edge angle gL’ and trailing edge angle BT’ of the
prong 22’ will be similar to that of the corresponding hook-shaped -
tine style engaging means prong 22, from which the semispherically
shaped engaging means style prong - 22”' was formed. This occurs
because the angle a’ of the shank 28’ and leading edge and
trailing edge angles A’ and S7’ do- not substantially change as
the engaging means 30 of Figure 2 is’ heated and me]ted to ﬂow
into the engaging means 30’ of Figure 3.

For the aforementioned Milliken 970026 receiving surface, the
engaging means 30’ of Figure 3 shou'l referably have a  lateral
and longitudinal dimension of about ).029 millimeters to about
0.032 millimeters (.001 1nches), and be disposed on a shank 28’
having a base 26’ diameter of about 0.30 millimeters to about
0.045 millimeters (.012 to .002 inehes) and ‘a diameter at the
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pressure | ess than the anbient pressure of the air or other fluid which
surroupds ‘the prongs 22 as they are being azinuthally angl ed. ot

shoul-d:
pressu
substirate 24.

be understood that it would al'so be suitable to have the high
e and/or | ow pressure originating fépﬂ]Other t han the sides of
0

That is, the high pressure urce and/ or Iom1pressure

may be positiongdiauchnd hays t hg piwdags R16r amifiPimadrandborabdutwd.opo

e e Tl 153 S B, B oghE 4 O e

t he si des of t
m ddl € " of
proj ection 38
t he m ddl e of

n
lshamki (28t r shau1d4 bandi spopetksmlweenscibpéta Qi-l“ép@éb‘dmﬁgﬁ‘ﬁ i

%Poﬁﬁb&tsbah‘%nﬁ.@terfue'b17 nest k8 .02 TRtNes) amwal the
ang, o e Subsraten 24( oaailthen eneaaing maans 1ap” el & ke 1)

t he

source

nore

ear

from

When a pressurg dh{-_é@uem-dﬁbtim 38t doft @bouwtp ;56 zani 13 imeterbato aboyt .70 the .

prongs 22, fre
sone of the pr
To mnimze th
mnimze the t
strean1|ne or

%Sgtméet ur gy Cet6 ng 558 cqgé aﬂ. £ |- t}g%fepﬁﬁyuqm{l 8y

or "acquire: esired a2|nuthal

anil hinederse of pr ongs 22 d8a0%%ring, it is desi AAEhes): o
f ORI

urbul ent fl ow of ph 1rum=_| and maintain . a nore
Ian1qgr flo '

igure ‘ﬂ is a side elevat1ona1,- schematic view of a
particulariy preferred apparatus usedsto_produce prongs according
to the method of the present inventiun-} Figure 4 shows a backing
roll 74 and print cylinder 73 which ;_%m a nip 70 through which
the substrate 24 passes. As the prlnt ‘cylinder 73 and backing
roll 74 rotate about their axes, the,molten prong material is
extruded through the apértures of theuhrint cylinder 73 onto the

~ moving substrate 24, is stretched in a direction having a vector

component paralle] to the plane of. the ‘substrate 24 and is severed
by the means for severing 78 to produca prongs having a distal end
29 and engaging means 30 thereou “As used herein the term
“extrude" refers to forcing a substance through an opening causing
the substance to be shaped, at least part1a11y, by the opening.

The print cylinder 73 is an ‘example of a particularly
preferred depositing member which may“be used with the method of
the present invention. The depos1t1ng member should be made of

metal or any other suitable mater1al7wh1ch can accommodate the

The depositing member may be a fla

temperatures of the molten prong m. ﬁial, provide substantlally
uniform pitch between the prongs 22 in both the machine direction
and cross-machine direction, and y1e1d the desired density of
prongs 22 within the array.

As used herein the phrase "dep051t1ng member-" refers to
anything through which liquid prong material is extruded in
dosages corresponding to individua frongs 22. The depositing
member will generally be a smooth d re]atiuely thin piece of
metal or other material having perforations or apertures through
‘which the molten prong material is :tfuded onto the substrate.
‘bed screen, a belt screen

se
angl e.
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There are a number of methods available to produce a substantially |am nar
flow & One nethod of producing a substantially lanminar flowis
t hr oughit he use of ohe or nore nozzles or flow anplifiers to inpart

control bed direction to a flow As a nopgpiniting exanple, two conmercial

air flow anplifiers 902 will be used in tandem The first air flow

amplifier 902 glsn@h Qataectohv"iubes Ibahd £bePt, on dongeyd) hbwingt Bgerduped)asge 1 ow

of its outlet kg?c%gt i\%ceﬁﬁ '%:Iﬂleéf't&z‘?t %f}egn%%sed?ﬁ ?ng,ge uﬁr{nl&ﬁ% of its

anplifier 902
inl et drawi ng fartm dbe mosmnsmbe!at bowever, Tiay¥ & sgch%mgetﬁa darmioftde

first ‘air flowpgpgilsi biedintBrdds reTEWaving b id’t%rnélmr@EeﬁfoiF heontempdy ai 1

flow " pressure fed with molten prong matena'l which is then extruded
through the pores of the roll onto the movmg substrate.. As used
herein the term “deposit” means to t,r_ans__fer prong material from
the bulk form and dose such material "dfl‘to ‘the substrate 24 in
units corresponding to individual prongs 22.

Preferably, the depositing member will be a rotary screen or
print. cylinder. A particularly preferred print cylinder 73 will
be a metal cylinder, preferab]y cons‘tructed of nickel, having
apertures 56 produced by any means we'H known in the art and
preferably produced by means of photoengravmg Preferably a
circular frame will be mounted on each ‘end of the cylinder, which
will provide the screen with structura] support, maintain the
screen’s cylindrical shape, and wﬂ] also provide a means of
holding the screen in position and rotéti‘ng the screen about its
axis without interfering with the heated pressure bar 81 or heated
hose (not shown). For convenience of descmptwn, the depositing
member of the present invention shall be described as a print
cylinder 73.- It is to be understood, however, that the present
invention applies to any method of extr‘gp‘_c_j-ing molten prong material
onto a substrate to produce a fastening system having free-formed
prongs. | '

The print cylinder 73 and backi'r’.i"g' roll 74 may be driven 'by
any means well known in the art such -as_= an external motive force
(not shown), or the backing roll 74 maybe driven by an external

~motive force and the print cylinde_r':'_ "_7_3 driven by frictional
engagement with the backing roll 74 ,oﬁf?vi_ce-versa.

Rotary screen printing apparatus ‘which can be modified for
use with the method of the presen_t' vention are commercially
available from Graco/LTI Corporation," : Box 1828, Monteray, CA
93940, such as the Graco/Ltl Micro Prmt hot melt adhesive
applicator.

The size, shape and pattern of the apertures in the print
cylinder 73 may vary according to the size and shape of the prongs

e
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rrpllfle_r Vcreatlng a substantially-linear air draft. The air flow

anpl i£i:6YSs™902 are oriented relative to the substrate 24" To . ‘produce a | ow
vel o /'linear. air draft in a cross-machine direction. The preferred.
| ocatii‘an of the -linear air draft is imediately dowm stream of the

cutting " hot wire 78 (not shown in Figure 9). Extraneous air current my
be elimnated laydtthe dessity eh proagosar ¢hé rmrtra;httm) i$ orenurirwrfdrthlee area

where the |1 neBeicly 8 BLednnd kSl aeSHAD! Prebhodd QULATRLT Bl o0 @

comercially a I"on of nc nnat |
mar ket ed as Tr &hweerwemﬁertamﬁgswe ﬁﬂ%"né“ﬁf@s Qf)GhSG’NF'Fa@ﬁﬁgder The

required air DVE,SSanGrﬂﬂg ¥errespdnids wiNUithd muadommesmpemtn% tke about
v,

10 pounds per uar of air gy €s e rk Anot er S table
met Eod f Ol‘pl rrpg? r‘@ gﬁ altole s ngiﬂéé t%ﬂ\a?ﬁegﬁfr\@ﬁ% Fsa?‘ﬁ' Hrés

prongs 22 by nsbouldi balappreximately equalhyeitdwl dqsmégmﬁong sdesion mfgthezz
whi | et hey arepped bgal ly or wholly in a liquid state. Anon-limting

exanpl e of th|5|sthe eof oscillagtin tating severing peans,
e.g. hot wire, (nof® sh €°d‘f“8ﬁ‘§:e % %PS@ Bﬁree‘“pr ofgs 9eNETally ¢t he

desi red azi nmut b,ahnﬂnyiailnssltabed mpemgﬁ'ezss atse adequate. Theugh WF| desilbed rany
ot hgrherrgtpods Phe APEPHIe' 56'w3Y bd'isomitat era¥itbbomiBaPRP RERAed! fh WGpe ki ! ! €d
having a larger cross section either at the outer surface of the
~cylindér 73 or inner surface of the cylinder 73. For the
embodiment described herein an aperturé 56 having a diameter of
about 0.30 millimeters to about_O.ZOj'mﬂlimeters {0.012 to 0.028
inches) produces a suitable prong 22. .

There are different methods and apparatus that are suitable
to supply molten prong material to the print cylinder 73 and which
are well known in the art. One suitable apparatus is disclosed is
U.S. Patent No. 4,876,982, issued October 31, 1989 to Claassen,
which is incorporated herein by reference. Another particularly
preferred apparatus is a heated pressure bar 81 shown in Figure
10. The heated pressure bar 81 'is_disposed within the print
cylinder 73 and is substantially parallel to the print cylinder
73. The heated pressure bar 81 has an internal reservoir (not
shown) which is fed with liquid prong material and one or more
discharge ports (not shown) from.which the liquid prong material
uniformly flows to the inside surfat;:_e: of the print cylinder 73.

. Attached to the heated pressure bar éf 1s a doctor blade assembly
83. As the print cylinder 73 rotates the doctor blade assembly 83
squeegees the molten prong material alé ng the inner surface of the
print cylinder 73 and forces the 11qu‘id prong material into the
apertures 56. The doctor blade assemb'ty 83 not only serves to
force the molten prong material through the apertures 56, but also
provides support to the print cyhnder 73 at the point of the nip
70 to prevent the print cylinder 73 from buckling or deforming as
it is pressed against the backing r'__oll_= 74. The backing roll 74
may be constructed of metal or any;.fqtfher suitable material. A
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A prong 22 having an azinmuthal angle can be produced using an aperture 56
¢ maj or axis and minor axis with the mnor axis of.the:aperture 56

1 in a direction other than the nmachine direction of the pri nt

cylinder-73. Wthout being bound by any particular theory it is believed

that an‘aperture 56 having a major axis and®a mnor axis wll produce a
_prong ' 22- havin

ndi
axi s and weak gﬁ&’“&nﬂ"ph% bavdng 3 Jabbey c(‘?Pgmgt ;‘715\5\' 13 SggYe 3\08H’$ e{')pgng
22 to:pull thehdidiess efcbdat 40 tengbmitn§OnwanAIS0 bF used. prineferably,

e o e g ek e8! 'b‘*’ﬂdé’f“*?@‘y?é’i‘%é{"ﬁz? egekat el & %*”L"‘?‘F‘%ﬁt’ﬁif’l y
angiea and will 78y with a force of about 80 pounds: per square 1inc
' substrate 24 passes through the n1p 70. A suitable heated
pressure bar 81 and doctor blade assemb]y 83 are commercially
available from Graco/LTI Corporatlon, P 0. Box 1828, Monteray, CA
93940.

_ The internal reservoir of the heated pressure bar 81 should
have a steady supply of thermally sens1tive material. This may be
provided by any means. well known in the screen. printing or hot

-melt adhesives art, but a partlculgr]y preferred method of
supplying the heated pressure bar comprises a heated hose assembly
(not shown), a heated tank (not shown), and a gear pump (not
shown). The gear pump may be driven by a variable speed DC motor
(not shown) and should provide censteht uniform output at the
discharge port of the heated pressurefhar 81 at all line speeds.
The heated tank, heated hose assembly, ‘and heated pressure bar 81
should keep the -molten prong materiai;at the desired operating
temperature. Typically,'a_temperatUre-;lightly above the melting
point of the material is desired. TheimateriaT is considered to
be at or above the "melting point" if fhé material is partially or
wholly in the liquid state. If the prpng material is kept at too
high a temperature, the prong material may not be viscous enough
and may produce engaging means_30'Whi¢h_laterally connect to the
prongs 22 adjacent in the machine'zdirection. If the prong
material temperature is very hot, th@yﬁrong'zz will flow into a
small, some-what semispherically sheﬁéd puddle and an engaging
means 30 will not be formed . Conveﬁ;e1y, if the temperature of
the prong material is too low, the pro$g material may not transfer
from the pressure bar to the doctor _
cylinder 73 or, subsequently, may not - prOperly transfer from the

print cylinder 73 to the substrate 24 in the desired array or
pattern. '

The print cylinder 73 is pré?érably heated to prevent
solidification of the prongs 22 durthg transfer from the heated
pressure bar 81 through the depos1t1on on the substrate 24.
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gener

ally in the direction of the weak axis w thout biasing, an aperture 56
“‘type does produce prongs 22 which are nore easikyraffect éd. by

: When the aspect ratio of the sectional area of an aperture 56

L. the surface of the print cylinder,_73 is greater than 1:1, the

il area of the aperture 56 at the=s@rface of the print cylinder 73

will: héve a | onger rrenS| on t d

per pendi cul ar fenarg -‘f &ngﬁ}“tdgﬁgﬁg%tﬁr ﬁgrr'f&gg&r‘fiﬁp#ﬂg?n@ri?et% 8IS axis"
will Tefer to mieriahgemperatansiicndediretie fepriningylindew 4¥ temperapwre ure 56
at t he: Su”acepgfab‘ol}f’ g+ € nasY bieh! Rbur o WK ARTISRILIN €RE 1 ybsrerehgp - i nor

axi sy .w || di-mension o e sect f th
aperture 56 at meHe adhesive @arkeledphyntthey 'l‘??&ép ﬁ?“‘panl-yo °% @é@ég ©
Sectlolnfl ar ean@isakg@se&mer%ym 5899 tBue, Sthef aperabing ftemmarhuretsofﬂ theer 73
generial | y correspgnds.to. t QQt pr. r 6
having. a naj or 5 s YA qﬁ Mp VI\WH' g‘t'CJYE%Ei qugt’%z ag'g ﬁﬁ% Ss'i'ﬁngs
footprint wit hmatempbrbeanﬂ susadd mheve a&ﬁl%aﬂwhﬂ%%"gér’!@r‘&hl‘iﬁ"cé? r‘é‘é’ﬂo?ﬂj Wi th
the ”BJ or axi s pand tﬂf NHin8XéyA iRder 178, AMIER WiT) e rei’dﬁﬂy\l\eﬁdﬁraﬁt to0bné he

o221 SR o e e e ST R e G T

and the bendi ngkﬁ i@
the print cy]mder 73 is by using an infrared heater 72.

It is to be recognized that a chill roll may be necessary if

" the substrate 24 is adversely affected by the heat transferred

from the prong material. If a chill roll is desired, it may be

incorporated into the backing roll 74 using means well known to

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

polypropylene, polyethylene or other polyolefinic substrate 24 is
used. R

After being deposited onto the substrate 24, the prongs 22
are severed from the the depositing'member by a severing means.
The prongs:22 are severed to form the engaging means 30 of the

- fastening system 20 and a moil. As used herein the term "moil"
refers to any material severed from the prong 22 and which does
not form part of the fastening system 20.

The severing means 78 should be adjustable to accommodate-
various sizes of prongs 22 and lateral projections 38 of engaging
means 30 and also provide uniformity throughout the -cross-machine
direction of the array.. The term. *severing means" refers to .
anything which longitudinaily sepaﬁétes the moil from the
fastening system 20. The term "sever" refers to the act of
dividing the moil from the fastening §j§tem 20 as described above.
The severing means 78 should also bgfclean and should not rust,
oxidize or impart corrodents and :Contaminates (such as moil
material) to the prongs 22. A suitable severing means is a wire
78 disposed generally parallel to the axis of the cylinder 73 and
roll 74 and spaced from the substrate 24 a distance which is
somewhat greater than the perpendicuiar distance from the highest
elevation of the solidified prong 22 to the substrate 24.
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maj or; axi s of the footprint. As a nonlimting exanple of an aperture
56 whi.¢ch- -will produce a prong having a weak axis, Figure-.12.shows an -
aperture 56 having a rectangul ar sectional area’at the surface of the print
cylinder 73. The direction of travel of the print cylinder 73 is
desi gnated by the arrow nunbered 75, and-ﬁﬂe najor and m nor axes of the
aperture 56 are designated mmand m-m, respectivel ateﬂ axis mm

-of the rectangul ar Paptanably te d‘f"‘eFV@uﬁé edectricgily, FP'%M y in
the machine di pg¢td-ap- of he MbTEeR Prdna Waterttalobn tthe isevdrdnguhemnsaPyture

gg l)fs ,? L: gnt ;g SUbStga?ttel %tl_ly yco'o?mtghgfC{hgsirmghiﬂ%lh%ﬁ el b&hﬂénaﬁ% 5322 a

prong. 22 havi n@mew&hﬂ( prong mateeialedleaves, dhecdeatad pressure bar and
severing eccurs and to promote 'lateraT‘j tretching of the engaging

means 30. The heating of - the seve ng means 78 should also

provide for uniform temperature dxstributzion in the cross-machine

direction, so that an array of prongs 22 having substantn‘l]y

uniform geometry is produced. '

Generally, as the prong materia] temperature increases a
relatively cooler hot wire 78 tempera____ ure severing means can be
accommodated. Also, as the speed of the substrate 24 is
decreased less frequent coohng of thef"‘h_ot wire 78 occurs as each
prong 22 and moil are severed, making - a__ relatively lower wattage
hot wire 78 more feasible at the same- "fjuperatlxres. It should be
recognized that as the temperature of thé hot wire 78 is increased.
a prong 22 having a generally shorter shank 28 length will result.
Converse'ly, the shank 28 length and: 'Iateral length of the engaging
means 30 will be increased in. mverse proportion as the
temperature of the hot wire 78 is decr sed. It is not necessary
that the severing means 78 actual]y ontact the prong 22 for
severing to occur. The prong 22 may ._be severed by the radiant
heat emitted from the severmg means 78

For the embodiment described herem a round cross section
nickel-chromium wire 78, - having a ~diameter of about 0.64
millimeters (0.025 inches) heated to a _temperature of about 343°C
to about 440°C has been found suit-ajpl" It will be apparent that
a knife, laser cutting or other se'\’/ering means 78 may be
substituted for the hot wire 78 desc _bed above.

It is important that the severui means 78 be d1sposed at a
position which allows stretching of the prong material to occur
prior to the prong 22 being severed from the moil.  If the
severing means 78 is disposed tob r from the plane of the
substrate 24, the prong material wii s underneath the severing
means 78 and not be intercepted: it, forming a very long
engaging means 30 which will not b proper'ly spaced from the
substrate 24 or adJacent prongs 22 : versely, if the severmg
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substsantially perpendicular to the machine direction of the
substrate.24; .and the. prong 22 will tend to orient substantially-in the
direction of the weak axis of the prong 22, i.e. the maxinumlateral
projection 38 of the prong 22 will tend to gient substantically in the
cross-machine direction of the substrate 24™ The maxi num | ateral projection

parall el fot hambeoraks digpeRedr tan & P FHE PIRESCToFhe cyBEFierfs,
lSJ: g: i ngoﬁ hg IrOrL ?ms@ s_%?err'irigemeafsn 78ewfidr cteni!'zqzame oktiee shanko @8 r mé apaPRgagingr
exanpl e of an aﬁ'@ﬁyuég '@gaﬁvéﬁéﬁqfvﬁrﬂ%&g?zducé ' ro'ral\S agohgsir nnogl :/v(ran k. ggi S
Fi gure 13 shows an- &pdiotumdrec SRYRNIAG BRIRY I?%t Bl:%ﬂ&g‘ic??pd‘r%ﬁlﬁleg\gt the
iz[facﬁr gf dte Qle g.lntreliténeewrﬁ rtdga.ﬁﬁ-nﬁgn'ens t.nesng od2anthchishr prréerablyt he
Che el 11 pti cal ADefs or b mia Tnelerg (0 RS RREHSsI Pl the HAEHTRY @ivebtidn Pl
crf)lss- machi ne cth;etjipii:wmﬂnt 70\c apprioximately ck.4 millipeteys tq %egé!‘llh ters
cel| is orientegee Sypsiagt ijathes),  Preférablyrabbure 4001 atlTimetersAn(.dperture
o o e e e, R P, " pOg TR, 70 S 1
the substrate 24pproximately 13.7 millimeters to approximately 18.6 millimeters
(.534 to .734 inches), preferably about 16.1 millimeters (0.634
inches) radially outwardly from the print. cylinder 73 s
adequately positioned for the process of manufacture disclosed
herein.

In operation, the substrate 24 is transported in a first
direction relative to the depositing member. More partiéu'la'ﬂy,
the substrate 24 is transported through the nip 70, breferentiaﬂy
drawn by a take-up roll (not shown). This provides a clean area
of substrate 24 for continuous deposition of prongs 22 and removes
the portions of the substrate 24 having prongs 22 deposited
thereon. The direction generally parallel to the principal
direction of transport of the substrate 24 as it passes through
the nip 70 is _referréd to as the "machine direction.” The machine
djrectibn, as indicated by the arrow 75 of Figure 4, is generally
orthogonal the centerline of the print cylinder 73 and backing
rol1 74. The direction generally orthogonal to the machine
direction and parallel tc the plane of the substrate 24 is
referred to as the "cross-machine direction.” .

The substrate 24 may be drawn through the nip 70 at a speed
approximately 0% to approximately 10% greater than the surface
speed of the cylinder 73 and roll 74. This is done to minimize
bunching or puckering of the substrate 24 near the means for
severing 78 the prongs 22 from the means for depositing the prong
material on the substrate 24. The substrate 24 is transported
through the nip 70 in the first direction at about 3 to about 31
meters per minute (10 to 100 feet per minute).
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and sthe prong 22 will tend to orient substantially in the
direction, of the weak axis of the prong 22, i.e. the maxi. mum | at eral
projection 38 will tend to be oriented in the machine direction of the
substrate 24. The maxinmum | ateral projection 38 of the prong 22 wll

generally be oriented in a direction opp@ite the direction of travel of
the substrate 24 as a result of the biases inherent in

manuf act uring pr obhes engleHofievhe shank 28 icantbe; ‘ipflugnegd by ";W*of'lbtse 9% as

di scussed her eiaRgiorte oft Iagé/ gﬁﬂtﬁﬁ% |24 tgﬁs{otﬁ;aadnipo 0.1 el prorigse 22
direction of trayel

d t 56
which will prdiyieg 2 ﬁpﬂﬂbaﬂ]a%gv'f‘rﬁ ggmgk%&egg ﬁ?—ﬁgure IBLS a@p‘% e
aperture 56 wh4cHshdesized,cat stower matea ofit transpentr pfictheofsubstaragei 2t iyl i nder

cau ateral (ORatiref et | & %??%ffé‘ﬁ a”%ﬁ'é“sa“y PoEnE dscton of
the print cyl |1’m§8$l’°73 i%e"@&ﬂ%@et‘héhﬁpm 8re ‘!fGtB? shan decreases and

an engaging means 30 have a greater lateral projection 38 will

result. :
O If desired, the substrate 24 may be inclined at an angle 7,
approximater 35* to approximately 55°, preferably about 45°, from
the plane of the nip 70 towards the backing roll 74 to utilize the
viscoelastic nature of the prong material and properly orient the
engaging means 30 in the lateraT"'direction, as well as
longitudinal direction. This arrangement also provides a greater
force to extract the prong material from” the apertures 56 and to
pull the prong 22 away from the print cylinder 73. The angle ¥
from the plane of the nip 70 should be 1ncreased as a lesser angle
a of the shank 28 is desired. Also, increasing the angle v of
deviation from the plane of the nip 70 has a weak, but positive
effect to produce engag1ng means 30 havxng a greater lateral
projection 38. :

After depositing prong material from the apertures 56 onto
the substrate 24, the cylinder 73 and roll 74 continue rotation,
.in the directions indicated by the arrows 75 of Figure 4. This
results in 2 period of relative displacement between the
transported substrate 24 and the apertures 56 during which period
(prior to severing) the prong materjaTﬂbridges the substrate 24
and print cylinder 73. As relative[ff jacement continues, the
prong material is stretched until severing occurs and the prong 22
separated from the aperture 56 .of the’print cylinder 73. As used
herein the term "stretch® means to ingféase in linear dimension,
at least a portion of which incneaée becomes substantially
permanent for the 1ife of the fastenin 'S

‘As discussed above, it is aisb”ﬁhecessary to sever the
1nd1v1dua1 prongs 22 from the print cy11nder 73 as part of the
process which forms the engaging means 30. When severed, a- prong
22 is longitudinally divided into twagarts, a distal end 29 and
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-45- ~Fi guré 10 is a three sided figure each of the three sides being equal

in length, the aperture 56 will have three maj or axes (roI* shown) and
three mnor axes (mM-m [err], m-m[err] m-mlerr]). The
aperture 56 will have a major axis generallg parallel to each side of the
equi | ateral triangle and a mnor axis generally perpendicular to

each side of the er St a t 56 of
this type will PIgIRL mgarbsr g‘h ‘g{fhhﬁ tﬁ@lﬁ?&ﬁ{eﬁg h%ﬁaggongﬁ‘gr axi s
and three ninor mmaeénajolshwr)ondmhg remimnetvtthrtlee prjey cykindenxn?B tand emayni nor
axis of the apeg %%@ycﬁ@d Thedpsfad. 2Afber thé HR6REORE HiRy sevdireBerrbRatheaxes,

and the maxi mum | gter tion 38 of_ the pe tend to |ent
toward one of t MA@ t’hrtgé \%éé*@'é?@s sygkem zqonﬂlshgﬁﬁﬁ‘g%{ﬁgp #r[ﬁ%ﬁgpﬁ? Tcad
pr oduced u3| ng eontaptrafutie péongs 2Rive thyqtbediahjestsd Mftertmwpﬁlcatmn
cyl i nder yﬁhthet ﬁ"&st Eg h@ogubﬁ’n‘?& Q4 n&y (bR Whundinth [ £ d’o]H for
’6 a :

m - n1[err]) of sectl ona rea are each oriente
direction ot herS'GQTéﬂetiﬁe esitBAne direction of the print cylinder 73, such

as in Figure 10. Reqanslamofighei1lustration of the method of the present
invention shows the prong material -tb_ be disposed in a heated
trough (not shown) and supplied to th‘_e._" heated pressure bar 81 by a
heated hose assembly (not shown). If a polyester resin hot melt
adhesive is selected, a material temperature of approximately
177-193 degrees Celsius, preferably about 186 degrees Celsius, has
been found suitable. If a polyamide resin is selected, a material
temperature of approximately 193-213 --degrees Celsius, preferably
about 200 degrees Celsius, has been found suitable. A polyester
film substrate 24 about 0.008 to about 0.15 millimeters (0.003 to
0.006 inches) in thickness works well with hot melt adhesive
prongs 22. -
_ For . the illustrated operation described herein, print
cylinder 73 having an array of about 15 apertures 56 per
centimeter (40 apertures 56 per inch) in both the machine
direction and cross machine direction, yielding a grid of about
237 apertures 56 per squaré centimeter (1600 apertures 56 per
square 1inch), is suitable. This grid density may be
advantageously used with a print cylinder 73 having a wall
thickness of about 0.16 millimeters _(.O_-._004 inches) and a diameter
of about 20.3 centimeters (8.0 inche’-s})j, ‘with apertures 56 having a
diameter of 0.30 millimeter (0.012 5§i;ﬁches). A backing roll 74
having a diameter of about 20.3 :dé}itimeters (8.0 inches) and
vertically registered has been f—ppi_ld to work well with the
aforementioned print cylinder 73. 'I_Tﬁ_"e‘ rate of transport of the
substrate 24 is about 10.7 meters per minute (35 feet per minute).
A nickel-chromium hot wire 78 h_f"aying a diameter of about 0.6
millimeters (0.025 inches) disposed '_approximately 5.7 millimeters
(0.225 inches) from the nip point' 70 in the machine direction,
approximately 16.1 millimeters (0 634 inches) radxa‘l]y outward
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bi ases inherent in the manufacturing process, a prong produced fromthe

aperture of Rigure 10 will tend to be riented toward the weak axis of t he
prong which generally corresponds with minor axis m-m[err] of the
aperture 56. Wt hout being bound by any particular theory, it is

bel i eved that the maxi mum |l ateral projecti®mr 38 of the prong 22 tends to
orient substantially in the direction of the weak aX| S ron

i.e. the direframrther amat neybindaxi 43 and hppPrsximatel ¥ogt'br F“M’Q"“Sgg"é resul t
of the shank 2@ph8knincHas) Fpbe the acRing el Di74sipheated tom ttanpdvaswrezes

Footprint. Of phavt il dfees cRTYiis, Pk rdstin (il Chasdh &0 Fifth

orren ed I n
any direction thist fopepation dyi shsdantiallnosinidar b8 Eh@cdi%@i"ﬁb%ﬂlebMen

~the ni nor axisg fﬂ urg 10f ﬁh‘iéﬁpeHﬂEﬁl@f’ 5Pt ezueﬁaynbbheamﬁtﬁgeeuﬂvyr ection
of the print c¥

be gener ally Qf‘qur']'g&‘% 11}1;0%%91'&535&;3%#!‘ 55?? c?% Teqrﬁ“tégeit?ﬁi& a}tMeI |
24, i.e., not azWithoadl beingaboyinddby 'Ehyrn‘rthnaﬂauzthmrhaliltylar@hdvqﬂ ongs
T s S L i R
direction e'lastic properties of the hot melt adhes e use to ma e the prong
22 and the difference in the temperature between the trailing edge
46 and the leading edge 42 of the prong 22. The trailing edge 46
of the prong 22 is shielded and. insulated from the heat
originating from the severing means 78. Conversely, the leading
edge 42 is directly exposed to the heat of the se\iering means 78,
which causes the leading edge 42 to solidify or freeze after the
trailing edge 46. This causes elongation of the leading edge 42
and contraction of the trailing edge 46, relative to each other.
As this temperature difference is mcreased, a relatively longer
engaging means 30 is formed.
. Referring to Figure 5, 1f a fastening system 20‘’ of more
nearly isotropic peel strength is desi‘f‘ed such a fastening system
20’’ may be formed by modifying the fastemng system 20 of Figure
1 through a second stage differential temperature process. As
illustrated in Figure 5, the fastening system 20 of Flgure 1 is
further processed to provide shanks 28“ with engaging means 30'’
which radfa]ly extend from the shanks 28°’ in various lateral
directions of a generally random ori'eti'tation The phrase "random
orientation" means having lateral proaectwns 38’ and profile
views whu:h s1gmf1cant1y deviate in d1rection from those of the
nearby prongs 22''. .
Without beihg bound by any particular theory, it is believed
that this structure is accomplished by estabhshmg a temperature
differential between the profile surfaces or leading surfaces 42
and the trailing surfaces 46 of the prongs- 22 of the fastening
system 20 of Fi‘gure 1, and that such"‘temperature differential may
be enhanced by radiation or preferably convection.
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-46 -» other than the machine direction of the print cylinder 73. To
produce azimithally angled prongs the mnor axis m-m of the aperture 56
sheul d be at an angle greater than about 1 degree relative to the machine
direction of the print cylinder 73, will pggef erably be at an angle greater
t han about 20 degrees relative to the machine direction of -the pri.nt

cyl inder 73, more pref g¢ alihyo IpeReded ! il 3aguta 4Peddndr aps aeiaasmwge o the
machi ne direction o

the p t C nost fer er t han
about 60 degree@@éT%F%ed?g]efﬁ%%ﬁgcmﬁne hei 1g3ding, § r 23fie 32 nt ﬁder _
73. I n a preferprofiterbsulifaeed sélative ntFi gheettiﬂihbe suifixge a4(6's mthem of

mchi ne.di rect i gagind peatf ?P‘n’f‘“ﬁ’ uiois 1oty CRAIGRCST el hoRrLe) thee

aperture 56 wi mrismtepebpg }i’éie!j% RrodecHign 387, Providing a prong 22
which is oriented in a direction _othe.r;;__.:than that which occurred
when initially cooled or frozen. The -of?ferential temperature may
be established by any source known to oﬁe'_skilled in the art, such
as a heated wire or meta'T element, and’ééz:breferab'ly an air gun 84,
disposed above the prongs 22’‘ and capab]e of providing a directed
temperature differential to the fastemng system 20/°. .

It 1is desired that the directed__,: temperature differential
source direct an air current -toward.-s_ff_%i;fti'e fastening system 20’
within about + 90° of the first direc'tion of subst_rate 24"’
travel, which_'is "the machine direct‘io_n'. As used herein, the
phrase “+ 90° of the first direction” .:oxeans a direction having a
vector component generally pe_rpendicul'-ér to or generally counter
to the first direction of travel of ‘i:h'e substrate 24’ and is
inclusive of the direction genera'l'ly opposite the first direction
of travel.

If the directed temperature d1fferent1a'| source 84 s
disposed at an angle of about 180° re'latwe to the first direction
of travel of the substrate 24/, the source 84 is directed towards
the leading surfaces 42’’ of the pr_oi_r"\gs 22'' of the fastening
system 20’‘, and generally opposite the machine direction of the
process described and claimed herein. Directing the temperature
differential of source 84 directly towards the leading surface
42'’ of a prong 22’ will result in the lateral projection 38‘’ of
the engaging means 30’’ rotating, to chdnge the orientation of the
lateral projection about 180°. Prongs:: 22’ disposed somewhat to
the side, i.e. in the cross-machine’ irection, of the directed
temperature differential source 84 will not have the engaging
means 30’'’ rotated about 180°, but stead engaging means 30'’
more nearly rotated about 90°. Thus, it is apparent that a
directed temperature differential source 84 oriented in the
cross-machine direction will prov1d_e:-: a fastening system 20’’
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about-1.5:1; nore preferably the aspect ratio of the aperture 56 will be at
| east aboyt 2:1; and nost preferably the aspect ratio wl-be-at |east
about 3:1. A prong 22 having an azinuthal angle may al so be produced
using an aperture 56 having a dom nant area on one side of the nmachine
direction centerline of the aperture 56 an¥l havi. ng an aspect ratio greater
than about. 15:1. Wthout being bound by any pariicular theory.it is

- bel i eved that bayingn@remsha?d’ig veitwedarm% ﬁ#‘ﬁ?"é ! peRtAntat ieess W dtheavi ng a

f(r)]ot pri gt w:c t hedos4Omachang  aiwetton | acdurding eto |- ltkel préomy 28°i‘enfositiosar d
the side o t ef.oot nt . having th Therefore an
aperture 56 ha et sﬂ? te 'szfﬁg‘ @iﬁgwﬁ &Bﬁé? Bf 5:1, having a
dom nant area, andAmellnggu]r Bérﬂmthorgmﬂeam ﬁhta ‘demperasure Bfsaboutt 8&IC ¢ he
maj or axis mmof ,tRgs Et e a%%ueeasr %Ehtﬁn@%fs%pwdﬁndweﬁh FRén MaEhi ne

direction centerllne 0 ce a ron 22 having an

azi mut hal ang| é“hfﬁri%l?ﬂ; 90‘%@9#8&5’9& %}fw\egeqtgafh SREERTUEE SWFLBLtibn.
The najor axi33-3ue eerassl hehhegunmw by the Gaytom Etectric Iﬂmf&ftucmg espond

147 CSEL Sencholld 4 BlbE, FIAN s et (6o mmE R

As used her ei npline oérthe suhstrate (Zﬁfe@:ﬂﬂoﬁi%’@ﬁ%@rq phk 46, eentigeters (18
inches) from the prongs produces a fastening system 20’’ pattern
substantially similar to that shown in Figure 5. It will be
apparent to one skilled in the art that a-one or more hot wires
disposed above the prongs 22'' and oriented in the machine
direction will produce a fasten1ng system 20’ having cross
machine direct1onal]y oriented engag1ng ‘means 30'’ in a regular,
somewhat striped pattern.

Without being bound by any theohy, it is believed that the
change in orientation of the engaging means 30’’ occurs due to the
cooling of the profile surfaces or the 1ead1ng surface 42’ of the
prong 22'’ relative to the trailing surface 46'', which may occur
if the temperaturé of the d1scharged air from the directed
temperature source differential source 84 is less than the
temperature of the periphery of such prof11e surfaces or leading
surface 42'’. The temperature differentia1 resulting from the
cooling causes contraction of the portion of the prong 22'’
towards which the temperature d1ffere"1a1 source 84 is directed.

This contraction may result in a chiﬁ “in the orientation of the
engaging means 30‘’ and lateral ptgjection 38°’, due to the
differential cooling of the leading s tface 42’' relative to the
trailing surface 46‘. Without beiﬁé' ound by further theory, it
is believed that relief of residual: ﬁresses which occur during
cooling may influence the change in’ rientation of the lateral
projection 38'’. e

It will be further apparent to: one sk111ed in the art that
other variations are feasible. For exemp]e, a prong 22 having an
engaging means 30 protruding in more jthen one direction may be
produced. If desired, only the print-cylinder 73 may be utilized
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to the'centerline of the aperture 56 in the machine direction. The nmachine
direction centerline of the aperture 56 can be determ-h&d=as foll ows.
First, aline is drawn, parallel to the ~~ machi ne direction,

passi ng through a point on the perinmeter of ke aperture 56 farthest out in
t he cross-nmachine direction on one side of the.aperture 56. A:second line

is drawn, parallg] the :&ah\ﬁfaf@e F'bde%@t Imwmgs'cm subsgragl 24 pentictgn the
.perineter of the aper ure in. the cross-nmachi di rfect on on
the other side othet RE §e PRintoon WroiteR mrdare o

~be referred to aqa'-mhecy'laurdme lﬁartdllatetm‘réﬁbmdel with theppeidntatt Mblﬁomhdarl es
cof the width of §jugoRRH", Eé’rfss'éﬁbfyalﬁgncd?ﬁﬁé’@sn%@“‘hﬁfer surface of the print
. cylinder 73.

It is frequently desirable to have a fastening system 20 of
the present invention with the maxim:iim"__; ‘lateral projection 38 of
the prongs 22 oriented in a direction other than the machine
direction. For example, when using the present invention as the
fastening means of a disposable diabéf; it is desirable that the
maximum lateral projection 38 of the prongs 22 be oriented in a
direction substantially perpendicular to the direction of travel
of the disposable diaper on the manufacturing line. A diaper
manufacturing Tine requires comp]ex’ and expensive machinery to
cut, reorient and apply the fastemng system 20 if the maximum
lateral projection 38 of the prongs 22 are oriented in the machine
direction. A fastening system 20 ‘of the present invention
produced with the maximum lateral p:fﬁd}.-j‘ection 38 of the prongs 22
oriented in the cross-machine direction, however, would not
‘require re-orientation before beir_‘ig_jj applied to a disposable
diaper. It is therefore very advantageous to be able to
manufacture the fastening system 20 of the present invention with
the maximum lateral projection 38 of ‘the prongs 22 oriented in a
direction other than the machine dir-:éi:‘tion.

There are two angles which are made by the shank 28 of prongs
22 produced by this process. The -.éh'ank 28 makes an angle a with
the plane of the substrate 24 as d;j§§ﬁ-ssed hereinbefore, and the
shank 28 also makes an azimuthal ang’le {(indicated by a letter A,
Fig. 7) relative to the machine dirééiﬁion of the substrate 24. As
used herein, the term "azimuthal ang]e refers to the angle the
maximum lateral projection 38 makes relative to the machine
direction of the substrate when v1ewed from above. As used herein
"viewed from above" refers to v1evnng the prongs 22 from a
direction which is perpendicular to f_c_he plane of the substrate 24.
The term “"machine direction” refé.’r§§ to the direction generally
parallel to the principle directiofﬁ*’-'?:fb'f transport of the substrate
24 as it passes through the nip 76,;-;- and is indicated by an arrow
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to the machine direction. As used herein the phrase "width of the aperture
56 taken perpendicular to the machine direction", refers_tao.the distance
betaeen the renpte parallels 66, i.e. the Iength of a line segnent drawn
bet ween and perpendicular to the renote parallels 66. The mdpoint of the
wi dth of the aperture 56 taken perpendicuk@-to the machine direction, is
. determned and a line is drawn, parallel to the machine direction, passing
" through the m @poiimt .Figlihe s 7L i nFhe cpzimubhat t@ahglemdhi meaﬁlméctb'yorﬁrst

centerline 65 g AT h ant
area” refers togf#&ﬁ f’rfbteltgﬁ @ﬁﬁ%e laterd¥ p‘r‘ﬁf&t%ﬁ 93on ﬂlet Prong QNhE

_ secbl ongl*_area of E@\éﬁure 56 on
one si de of thélﬁﬁlﬂﬁﬁﬁé‘eﬁﬁf@@ﬂ% chAs,sbewn 4B BHIURR; cﬁ € 3515 3% Ran the
portion of the jagidtie@nby thHecdedfert g apethiairangdé oelathee ctohedhe shakhiné t he

machi ne directi,on nt Ilne 6 t t e ure 56
C s symet rical déﬁ%‘ﬁ'ﬁ ﬁﬁ' i 'ﬁ%d H ec??’c')én%ge#\%g@ an'gﬁggi % éht;' ?ﬂaﬁg{%ert ure
56 will not haaberaldmanahtona3%ashgmmeugd ifiromi apoves The éﬁélm‘{l'@ﬂ mngle ed

~ herein the terg ¢csPehkl ﬂéh%'uré’d §212fiveh€o AME’ hathlne directdhein tedthdie the
: sectional area ;f;th erture ur f.ac print er 73

e cylin
. or other deposi eF°"“te""g‘R§§"&‘ﬁ’FoﬁT?‘iﬁ’PPhg’"éxg'}Fplaé"ﬂ*th'K Bture
56 having a domh‘hrmtabegreaﬂrhmnnysoi rmA(ﬁasbamsgnsmftgmri@ralﬂtyble for

- correspondi ng Wb Ny B€disposable diaper, will preferably have prongs 22 with an
azimuthal angle such that _the maximum lateral. projection 38 will
be oriented in a direction having a vector component perpendicular
to the machine direction of the substrate 24. Thus the prongs 22
may have an azimuthal angle gireater than O degi‘ees, between about
1 degrees and about 180 degrees, generally the azimuthal angle -
will be greater than about 20 degrees {20° - 180°), greater than
about 45 degrees (45° - 180°), or greater than 60 degrees (60° -
180°). The azimuthal angle of the prongs 22 made using the
process described herein will preferably be from about 20 degrees
to about 160 degrees, more preferably from about 45 degrees to
about 135 degrees and most preferably from about 60 degrees to
about 120 degrees. In a preferred embodiment shown in Figure 7,
the azimuthal angle of the prongs 22 will be abbu_t 90 degrees.

A method for imparting an azimufhal angle to the fastening
system 20 is to bias the prongs 22 of the fastening system 20
while the prongs 22 are partially or wholly in a 'Hq(rid state. As
used herein the term "bias® refers to providing a force or
influencing means in a direction having a vector component
perpendicular to the machine direction of the substrate 24. The
prongs 22 may be biased when they are newly formed and have not
yet cooled and solidified and are still malleable, or the prongs
22 may be biased after they have cooled and solidified by'
reheating the prongs 22 so that thejr are malleable and will turn
when biased. There are a number of methods available to bias the

_prongs 22 so as to iinbart an azimuthj_a’l angle.

A suitable method for imparting an azimuthal angle, is to

. bias the prongs 22 by causing gravitational forces to act upon the




machi ne direction centerline 65 of the aperture 56, Figure 11 shows an
aperture 56 which has a sectional area generally of an isosceles triangle.
wi th the base of the isosceles triangle bei ng general |y’ parallel to the
machi ne directi.on and being | onger than each of the other sides. The
machi ne direction centerline 65 of the aﬁ&tture 56 has Dbeen determ ned
by -the nethod described hereinabove, and the dom nant area 69 of the

aperture 56 i Spttdngsmwhﬂe the tﬂmngméitweepsﬁtﬁél:y|om'nuﬂl01615rem whilégquiids to .
the right of 1 1 e
ate sucé\Sthatr the %ravitatmna" folrces wi'l s tﬁé‘%r@'ﬁﬂ‘

direction center I ne par a

i
g 05|t|?§@oﬁeach .

side of the nathithe flesired oﬁi@@!ﬂlaérlaﬂﬂ}e&% Eﬁa [5&55 £ hRBERHR ! nts on

the perineter ﬂﬁt‘ﬁhge theesubstrabé daarsohenit othie :pnamheofcrtbessummtee 24

d"'eCt' on. Thﬁh 1 Q% eﬁid i Mthe machine direction, would not cut
perpendicularly through a plum line, 'B_Ut rather would form an
angle other than 90 degrees with a plum line. As the prongs 22
are printed and severed, the angle, indicated by the letter H in
Figure 8, of the substrate 24 relative to the horizontal allows
gravitational forces to act upon the distal ends of the shanks 28
and engaging means 30 and pull the prongs 22 toward the
longitudinal side of the substrate 24_having the lower altitude.
Preferably, the print cylinder 73 and the backing roll 74 together
are tilted or raised on one end from the horizontal, as shown in
Figure 8, so that as the substrate 24 passes through the nip 70 of
the rolls the longitudinal edges of the substrate 24 will be at
nonequal altitudes, and the gravitational forces, .indicated by the
letter G in Figure 8, will act upon'the prongs 22 to give the
shank 28 an angle a with the substrate_Z# and an azimuthal angle A
(neither angle ¢ or angle A are shown in:Figure 8). The substrate
24 should be tilted so that the plane of the substrate 24 forms an |
angle relative to the horizontal of,at least about 15 degrees.
Preferably the plane of tﬁé substrate 24 will be at an angle of at
least 30 degrees.
Another suitable method for 1mpart1ng an azimuthal angle is
' to bias the prongs 22 by applying a pressure differential across
~the plane of the substrate 24 while the”:rongs 22 are partially or
wholly in a liquid state such that t rongs are forced or drawn
to the desired azimuthal ang]e Tt ;. may be accomplished by
flowing a liquid or gas across the plane of the substrate 24 in a
direction having a vector component perpendlcular to the machine
direction. The pressure differential ]*11 cause the prongs 22 to
turn or reorient toward the side of theé-substrate having the lower
pressure. Preferably, the pressu differential across the
substrate 24 is achieved by creating a‘high pressure from one side
of the substrate 24 using air jets,~€ir needles or other means
well known in the art. However, thegﬁfessure differential across
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of the aperture. 56 generally corresponds wth the machine direction
centerline_65 of the aperture 56. A prong 22 produced from an aperture 56

of. this typewill tend to orient toward the side of the footprint having
the dominant area 69 and will be oriented generally in a direction having a
vect or conponent in the cross-nmachi ne di t1on of the substrate 24. The

aspect ratio of the aperture 56 of Figure 11 preferably-ranges from about
1.5:1 to about the lsubstvate % eapralsoybe tachievadeby Rradueingr a¢ oW APRSSUN® e 56

will be about 23lto0.280M of fartdd¥ vdtudmp'fromr ofsl sidboof neet substrapert ure
56 wi Il have ant aspect rat '

under st ood t hatt4s #7i H-’Clt-q’f&Fi;ﬁ'ggfﬁgﬁﬁmBﬁzﬁ‘fégellszq%‘i}'elt)éi%J:%gtg%%lsggs%gﬁ%g a
cog: 22{ : ggsogfznam;:d)la' It?e heai®. t;l\mmot;ﬂe'ah‘inq rag"l_;_QV(ameéutﬁ frea the opher
gliofferent I al aé?ﬁﬁf%@‘%?%@éﬁfﬁ@ s%grkgféel_dﬂ%?‘ﬁ ggﬁnsgirgf?iﬂnn?‘ggflrjr{)grt
an azi nut hal amgpeesents HbephighyPressurengr HLlow PERSTYNS sidR %@aﬁﬁ?’ Analey o -
ggrerb?];iat iggﬁvit gq?imq%'gﬁoggéﬁnuatcﬂm?h dii-rett)'tdtnt iaitg.whuivetliengf'luMaﬁbwsi s
non-limiting eﬁ&ﬁ%’%"?§'pPHeéﬂfsézﬁwtgfg%hgseu?g&ﬁ%p 1P ;f@gts ﬂa“% aa'gerdé)%"s‘é h{s%g pl ane
of the substrawd1R4referabipibeaninnthough otherogasesoanddiquigs way absq Pptical
footprint. MgeqOt NS dBf "RA8inOthe term “high pressure® refers to a
préssure -greater than the ambient pressure of the air or other
fluid which surrounds the prongs 22 as 'they are being azimuthally
angled. As used herein the term "low pressure® refers to a
pressure less than the ambient -pressulfg of the air or other fluid
which surrounds the prongs 22 as they are being azimuthally
angled. ' o

It should be understood that it would also be suitable to
have the high pressure and/or low pre"ésur—e originat'ing from other
than the sides of the substrate 24. That is, the high pressure
source and/or low pressure source may {'-be positiohed such that the
prongs 22 are forced and/or drawn in more than one direction,
giving the fastening system 20 a more isotropic peel strength. As
a nonlimiting example, a vacuum sour'fd:é may 'be _disposed near the
sides of the substrate 24 and a pres.{ure source diSposed'ne‘ar the
middle of the substrate 24, such that the maximum lateral
projection 38 of the prongs 22 will be influenced substantially
away from the middle of the substraté ‘24 and toward the sides of
‘the substrate 24. '

When a pressure differential is-__iised to impart an azimuthal
angle .to the prongs 22, frequently tgfh}ﬂence in the chosen fluid
medium will cause some of the prongs 22 to scatter, or acquire an
undesired azimuthal angle. To minimize the incidence of prongs 22

_ scattering, it is desirable to minimize the turbulent flow of the

" fluid medium and maintain a more §treamline or laminar filow.
There are a number of methods available to produce a substantially
laminar flow.
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| nparting an azinmuthal angle to the prongs 22 will be apparent to one

skilled in the art, as will the various conbinations of=netheds.

| LLUSTRATI VE ARTI CLE OF USE An illustrative and nonlinmting exanple
of the usage of the fastening system 120_gp .t he present invention in an
article of manufacture follows and is illustrated in Figure 6. Mechani cal
fastening syst errsoﬁhavf@etthssn o@d\aa&mgﬁ@usl xubm@imy Ohraﬁ.msabh%wa%or bent
articles as di closed I n Pat ent 42 46, gn Decenbe

o C1687°" { nAOUIN e use” SEcAPBST MO(R; SREA\ASe, Ok Sdow o) Elass: doed

her ei n by l'efermpacb dootrdledpdirpotiencto a flow. As a non- 11m1t1ng example,
two commercial air flow ampl1f1ers 902;w11] be used in tandem.
. The first air flow ampl:f1er 902 (Ind;:ated by the letter P ‘in
Fig. 9) has the discharge fiow of 1tsﬂﬂ tlet directed across the
substrate 24. The second air flow amp11f1er 902 (indicated by the
letter V in Fig. 9) has the suction ' “of its inlet drawing from
-across the substrate 24. The d1scharge flow of the first air flow
amplifier P is ‘drawn into the inlet of the second air flow
amplifier v creating a substantially ]inear air draft. The air
flow amplifiers 902 are oriented re]atqu_to the substrate 24 to
produce a low velocity linear air- drift in a cross-machine
direction. The preferred 1ocat10n of the linear air draft is
immediately down stream of the cutting hot wire 78 (not shown in
Figure 9). Extraneous air current may be eliminated by the use of
an enclosure (not shown) to surround the area where the linear air
draft is applied. Suitable air flow'amplifiers are c0mmercia11y
available from Vortec Corporat1on of CInc1nnat1, Ohio and marketed
as Transvector Model 912/952, having. a 25-100 SCFM rating. The
required air pressure may vary, but abgut 1 pound per square inch
to about 10 pounds per square inch of air pressure works well.

Another suitable method for-imparfing an azimuthal angle to
the prongs 22 is to bias the prongs 22 by mechanically turning or
physically dragging the prongs 22 while they are partially or.
wholly in a liguid state. A.non-limitjng example of this is the
use of an oscillating or rotating sevefing means, e.g. hot wire,
(not shown) to force or drag the prongs 22 to the desired
azimuthal angle as the prongs 22 are .cut. There will be many
other methods of accomplishing this whlch will be apparent to one
sk111ed in the art. )

A prong 22 havlng an azimuthal angje_Can be produced using an
aperture 56 having a major axis and minor ‘axis with the minor axis
of the aperture 56 oriented in a dwrect?on other than the machine
direction of the print cyllnder 73. ' Without being bound by any
particular theory it is believed thap;an aperture 56 having a
major axis and a minor axis will pro'uce a prong 22 having a
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showi.ng a di aper 110. structure and the advantageous utilization of
mechani cal . f-asteni ng systens 20 in such diaper. 120 structures: It is
known, for exanple, that mechanical fastening systens are |less easily
contan1nated by oils and powders than arqaadhe3|ve tape fastening systens
and, further, may be easily reused. of these features provide

advant ages plied to a, di sposa e t en (0N an
i nfant . %“d‘%gp ax Ly 200 HRag @“fsag?‘gﬁﬁﬁg t@g forch?roovgﬁ%tiﬁfeﬂg nt age
that the i nf auponnthe beonméaktnj publ dhe detQ&|¢ndn§9 oﬁ‘ﬂdt engagiing Means @Odl aper
has occurred girigag H?@ Vﬁafdéaﬂrm“ Q- the dnﬁ&&%ﬁlﬂg he Tegk' gxfs. there

IS shown a dlsposable 110 |nt nded to be he | pwer torso
by an i nf ant .AlTthughsdg PI'TE galzﬁ Produced, H5ng 290 8B r%bggrodeerﬁh Sr jf"(?l e"
refers to a ofjeenét gredr td |be bdasedotoi aztmithally anglenandewillpersents and

mltggdez ?ga&engféfﬁegggh% ltﬁgéctif ﬁsﬁfnﬁﬂ- %Qk‘ iwgew’i"ﬁioﬁi ?{asﬁgg arer and

ter sin
- restored. A apertyess 59| efdtlavertwe i %0% MPQ'!C@UI%?“% gﬁoﬁ‘&?ﬂ e a&?t'i"!!lee
~intended and gaahpdififectd BPbIabihgan | nfant. A preferred diaper 110

compr ses 2 01 LA SO R O S R e
116. The topstaken dtlthe surface of the print cylinder 73 is greater than 1:1,
the sectional area of the aperture 56 at the surface of the print
cylinder 73 will have a longer,dimensidn and a shorter dimension
generally perpendicular to the longer dimension. As used herein
the term "major axis" will refer to'the longer dimension of the
sectional area of the aperture 56 at the surface of the print
cylinder 73, and as used herein the term "minor axis" will refer
to the Shorter dimension of the sectional area of the aperture 56
at the surface of the print cylinder 73.

Because the sectional area of the aperture 56 at the surface
of the prlnt cylinder 73 genera11y corresponds to the footprint of
the prong 22, an aperture 56 havwng a major axis and minor axis
will produce a prong 22 having a footprint with a major axis and
minor axis which generally correspond with the major axis and

" minor axis of the aperture 56. The weak axis of the prong 22 will
generally correspond with the minor axis of the footprint, and the
bending axis of the prong 22 will genera]]y correspond with the
major axis of the footpr1nt o

As a non11m1t1ng example of an aperture 56 which will produce
a prong having a weak axis, Figure 12 shows an aperture 56 having
a rectangular sectional area at the surface of the print cylinder
73. The direction of travel of the'_print"cylinder 73 is
designated by the arrow numbered 75,-aﬁ§”€he major and minor axes
of the aperture 56 are desighated m-m and m’-m’, respectively.
The major axis m-m of the rectangular aperture 56 of Figure 12 is
oriented substantially in the machine d1rect1on The minor axis

‘-m’ of the rectangular aperture 56 is" orlented substantially in
the cross-machine direction. An aperture 56 of this type will




and backsheet 116 are at Ieast partially peripherally joined to ensure the
core 118 is™held in position. The diaper 110 el enents may be assenbled in
a variety of configurations well known to one skilled in the art, with
preferred configurations being generally degeribed in U S. Patent No.

3, 860, 003 i ssued January 14, 1975 to Buell, and U S. Patent No. 4,699, 622

i ssued Cct ober J-auucws?p{-a,gﬁmsa fg at weak . ax1smlr'¢éhteﬂaﬁenh8d1mmon

bar i bol arly pgﬁﬁe' Puistyr peFbaRAEVA A ot HRERA] ABELAR W he
backsheet 116 substriate c4apend the prosgg22evidi| F@oéﬂt%’ﬁﬂ?es%ﬂa'ﬁt‘aﬂbast
partially perigReqns | dideet i dfoahbnaak asxxsnfbtfetiheabm 22Joinkngthel  the

hhesi ve, such S ALeral 1asolectInh onh Cie, BFU B0 L 1ohg. trvens
Conpany of Vadmsabstaneigdiysin thenmrossanachinel @liredtiion 20fs shoesubsteate 248 has
length  and wi gl gl HGRSH Hkra1 IpRETeRtioh | 8P SwithNFanddl13! orfént !thiard
either of the sides of the prong 22 parallel to the major axis m-m
of the footprint, howeveb; by é]ight1y iasing the prongs 22, they
can be forced to orient toward a partlcu1ar side for a more
uniform array of prongs 22.

As another nonlimiting example of an aperture 56 which W111
produce a prong 22 having a weak axis, '1gure 13 shows an aperture
56 having an elliptical sectional area at the surface of the print

- cylinder 73. Again, the majdr and'ﬁﬁhor axes of the cell are
designated m-m and m = U réﬁpectiver © The major axis m-m of the

- elliptical aperture 56 of Figure 13 1s oriented substantially in
the cross-machine direction. The m1nor axes m'-m’ of the
elliptical cell s o%iented substant1a11y -in  the machine
direction. An aperture 56 of this tyge will produce a prong 22
hav1ng a weak axis or1ented in lg' direction substantially
perpendacular to the cross-machine d1rection of the substrate 24,
and the prong 22 will tend to or1ent substantially in the

“direction of the weak axis of the prong 22, -i.e. the maximum
lateral projection 38 will tend to be oriented in the machine
d1rect10n of the substrate 24. The. max1mum lateral projection 38
of the prong 22 will generally be or1ented in a direction opposite
the direction of travel of the subst”ate 24 as a result of the
biases inherent in. the manufactuh 9 process. However, by
slightly biasing the prongs 22 as disédéked hereinbefore, they can
easily be forced to orient in the d1rect10n of travel.

As a third non-limiting example :of an aperture 56 which will
produce -a prong 22 havung a weak axas ; gure 10 shows an aperture
56 which has a sectional area at the surface of the print cylinder
73 generally resembling an equilaters: "riangle with one side of
the equilateral triangle generallj arallel to the machine

. direction of the print cylinder 73.. Because the aperture 56 of




topsheet = 112 and backsheet 116. The core 118 s |nterposed

bet ween t he topsheet 112 and backsheet 116 in fixed rel ati onshi.p. - The
di aper 110 peri phery conprises oppositely disposed first and second ends
122 and 124. The diaper 110 has a first yggst portion 142 and a second
wai st portion 144 extending respectively fromthe first end 122 and second

end 124 of {he eyflaPss 190 RRELDNSHS ARIFESeachoot 8" Hired SIUE ey O

t he diaper 110 a ance of a % one-third th
of the di aper €94, inTlRngthe;the awtﬂr%rﬁ‘; "’1h‘2 hayg threg smajognaxess dnot hose
portions of thehshnapexndllfhywal ,noy\h@xey\or(n'-wqcl mcl-m’4, hem(/\al’gy of Thére

wh .
the vear or i o SRARAEE Jo i, nbyiE o Rl oS! SR BY, Bordiie) ERRL Hde 1101
i s that portionfofthehe equiladerdllo triispgleed andt vieerminpe faxist gemeradtond

wai st portlonsp&ﬂp’ena{'éin%fm god thhmwerhfwortnel Se@ﬁ%ﬁér‘iﬂedtPﬁ@y@” the

3ot ot e hEFare.o a0 apeROATa. S8 of s b LY Preduge <'praes k. "

general |y having a footprint with three major axis and three minor axes
corresponding to the three major axis and three minor axis of the
aperture 56. The prong 22 will therefore have three weak axes,
and the maximum lateral projection 38 of the prong 22 will tend to
orient toward one of the three weak axes. An azimuthally angled
prong 22 can be produced using an aperture 56 of this type
disposed on the print cylinder 73 such that the minor axes
(m-m’y, m'-m’2, m‘-m’3) of the aperture 56 sectional area are
each oriented in a direction other than the machine direction of
the print cylinder 73, such as in F1gure 10. Because of the
biases inherent in the manufacturmg process, a prong produced
from the aperture of Flgure 10 will tend to be wriented toward the
weak axis of the prong which generally corresponds with minor axis

‘-m’} of the aperture 56,

Without being bound by any particular theory, it is believed
that the maximum lateral projection'3:_8 of the prong 22 tends to
-orient substantially in the direction .of the weak axis of the
prong 22, i.e. the direction of the minor axis m’-m’- of the
footprint, as a result of the shank 28 being unstable from a lack
of support from the base 26 along the sides of the prong 22
parallel to the major axis m-m of the footprint.

The minor axis m’-m’ of an aperture 56 may be oriented in any
direction on the print cylinder 73, however, as discussed above
when the minor axis m’-m’ of an apgrﬁme ‘56 is oriented in the
machine direction of the print cylinderf-_73-, a prong produced using
that aperture 56 will .be generally. oriented in the machine
direction of the substrate 24, i.-e'.'f? not azimuthally angled.
Therefore, azimuthally angled p'rOngs 22 may be produced using an
aperture 56 having an aspect ratio gréater than about 1.1:1, with
the minor axis m’-m’ of the aperture ::56 oriented in a direction
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conpressi bl e, conformable, and nonirritating to the skin of the wearer. A
preferred core 118 has first .and second opposed faces ahd-nmay, i f “desired,
be.further encased by tissue |ayers. One opposed face of the core 118 is
oriented towards the topsheet 112 and the. g her opposed face is oriented
towards the backsheet 116. The absorbent core 118 is superinposed on

:Ee ba;:ksheﬁt E%é'ﬁ'tﬁarprﬁ)feehﬁé}h}iel @iﬁé@ﬂldrh%'tfetﬁl? tbé'l'aﬁﬂYt:ﬁ?ﬁdTé‘r ﬂle kﬂgown ![n
e art such as adhesiv artj.cul ar ef er, i men
the adhesi ve bBYRAUSE MVE‘%R?&-"ngnﬂfé’nc%P %‘ ‘Pﬁ‘y g’géké'he'g %nb

acconpl i shed bypmpkqlmg stolodd i bee dth ant Iaag'fa)rgreetera thphr apout 1hde@mksheet
116 is inper éﬁltsive enbé%ﬂcﬂ? e g?fecﬁbﬁvﬂ‘tt‘"he br"ﬁ‘ﬂ' €yl inlerrRgdyPy and

contained in t € absor core romwetting,u rgar nent s | ot hi ng,
bedding and Argferablyebe abja@cagglwrwesomaa'cg ?‘ﬁe%& eanees (g ]ag“’ﬁs used
hﬁrel n, tﬁst :gﬂlthgalgaltzhﬁ@tdwécﬁ‘ﬁﬁ soft oharpyﬂuarcyl fdedi Zomexk préfemabllyy ofd
e, ore, 118 aaeihisy AR Jught s, AedFUER ALY B0 Bsteine RREAGH, 4%?3' ’
film of about the. a8t cyinden3 and oBst mfe(rebbnsreawlzhan mbne%)
t hi ckness. eé}wa& hyeRitSvé [ 40Nthe Radthiih€ Udirebyian efretli@cbnmtéylsuuérabl e
films  being uf ac£ u;{r%ﬁlerre)é en-llt_mgm?e%rshéwrﬂd% t Ig&vse IQ the minor axis
m'-m’ of the aperture 56 will be oriented about 90 degrees
relative to the machine d1rect1on of. the print cylinder 73. The
aspect ratio of the aperture 56 will preferably be greater than
about 1.5:1; more preferably the aspect ratio of the aperture 56
will be at 1eas_t about 2:1; and most preferably the aspect ratio
will be at least about 3:1. _
~ A prong 22 having an azimuthal angle may also be produced
using an aperture 56 having a domina'n:t' area on one side of the
machine direction centerline of the aperture 56 and having an -
aspect ratio greater than about.1.5:1. Without being bound by any
particular theory it is believed that a prong 22 hav"ing a weak
axis and-a bending axis and having a footprint with a dominant
area will be more likely to orient toward the side of the
footprint having the dominant area. Therefore; an aperture 56
having an aspect ratio greater than about 1.5:1, having a dominant
area, and being oriented on the print cylinder 73 such that the
major axis m-m of the aperture 56 generally corresponds with the
machine direction centerline of the aper.ture 56, will produce: a
prong 22 having an azimuthal angle of about 90 degrees relative to
the machine direction. The major ax:s m-m and the machine
direction centerhne 65 correspond mth each other when they are
generally oriented in the same dn'ectwn, i.e. are generally
parallel to each other or generally over] ap each other.
As used herein the term "machine’ dxrectmn centerline" refers
to the centerline of the aperture 5_6___1n the machine direction.
The machine direction centerline of the aperture 56 can be
determined as follows. First, a line is drawn, parallel to the




Richmond, Virginia, 23225 and the Copay Corporation of C ncinnati,
Ohi o, 45202.-:1f desired, the backsheet 116 may be enbossed or -matte
finmished to provide a nore clothlike appearance or be provided with
passages to permt escape. of vapors. " The_ -topsheet 112 is conpliant,
tactilely pleasing and nonirritating to the wearer's skin. The topsheet

siin of -t he wape, el RS RELInFIGH &biAf bn LE'bERiatEr Serch 11 1 NE
permitting |iqapersure Stefarthestcout r in cthenarossnmyghine - digectionqonecere n, the
term "topsheet gidehbfrhet Spertive 969U 4l sRe6NG THhe fRCHPGMYNpARATITENIHACERe t he
skin of the wearer, whi le the di a€1er Jﬂl\rgoul?n g)el_bqﬁt\/\&rgheangﬁomre%\e/_ren‘;tfstﬁehe core
118 from cont BREYIAG 4"!‘?@‘%"@!\ R#SSIng | gh a poi p
aperture 56 farthest out in the cross-machine direction on the
other side of the apérture 56._ Thése:'.l_i'nes, shown in Figure 11,
will be referred to as the remote parﬂltﬂs 66 and will represent
the boundaries of the width of the ape}ﬁj;ure‘ 56 taken perpendicular
to the machine direction. As used herein the phrase “width of the
aperture 56 taken perpendicular to the‘_ﬁf‘ machine direction”, refers
to the distance between the remote pirdﬂefls 66, i.e. the length
of a line segment drawn between and perpendicular to the remote
parallels 66. The midpoint of the width of the aperture 56 taken
. perpendicular to the machine directi-o_x_l;,' is determined and a line
is drawn, parallel to the machine diré_ction, passing through the
midpoint. This line represents the mat:hine direction centerline
65 of the aperture 56. _ o '
As used herein the term "dominant area" refers to the portion
of the sectional area of the 'apertﬁré 56 on one side of the
machine direction centeriine 65 which "is greater than the portion
of the sectional area of the aperture 56 on the other side of the
machine direction centerline 65. If the sectional area of the
aperture 56 is synmjetrica] about the .qnachine direction centerline -
65, then the aperturé 56 will not have a dominant area such as in
Figures 12 and 13. As used herein the term "sectional area of the
aperture” will refer to the sectiona‘i{. area of the aperture 56 at
the surface of the print cylinder 73 or other depositing member. -
As a non-limiting example of an ia_ff'p_'_je:r-'ture 56 having a dominant
area and having a major axis m-m gené;:ifd11y corresponding with the
" machine direction centerline 65 of the aperture 56, Figure 11
shows an aperture 56 which has a se'éﬁon-a] area generally of an
isosceles triangle with the base ofthe isosceles triangle being
generally parallel to the machine directwn and being longer ‘than
each of the other sides. The machihég"di-rection centerline 65 of
the aperture 56 has been determiziéd by the method described
hereinabove, and the dominant area 69 of the aperture 56 is the
portion of the aperture 56 sectional féj_'y;ea which is to the right of
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the wearer. The topsheet 112 may be made of woven, nonwoven, spunbonded
or carded materials. A preferred topsheet 112 is a 100% pol ypr opyl ene
nonwoven, carded or spunbonded by neans to those skilled in the

nonwoven fabrics art. A particularly-#8ferred topsheet 112 has a .
‘wei ght of about 21 to about 24 grans per square neter, a mninmmdry

tensile strengipy Wacﬁﬁﬁ“&jﬂe%@x&f e@ﬁtman@eastl nmeerremetmarrm 66 are

direction and a wet tensi

ngt :
centimeter i nPPHdienesdsaen pach |§1§°0‘? r &he |"5‘ﬁﬁ'"e d"‘f%émblcﬁ‘b ]1'1?) sgs ovi ded
with a fasteni pgssytireagil2thearpbints coni the Sperfimeterl 58 fthe napienturienisty t he

first waist pog mﬁ]m%%%éaw £HEC ORoksURACHinB Ol IeRBidtd THe BRIO Ay 8rpiand

configuration i aper , L a
secured to theofiedher. aWﬁt}Q‘e e (9?&?)"@("!1(?""'595?H°P9%d"’t’ Rgev\é&c@?"eand a
side closure i gifeeti@s eeﬁemtihe a‘saaretnewgpsymme.zom prongc @2 eprotmcéche

Caparati on for (6@ BB aRersuee, St gF FS t98e M1 et 2o PgEhent Ry’
'separ ation fostdes"ofr d¢her foatprintr dwie@ttheg QOWHQMeaT%t@mWQ Wkt e 120
and receiving g ?'fefn%E@ g%ﬁérm%'% Eed‘ﬂ‘ekﬁ"ldiﬁl’lﬁﬁ@eﬂweéidﬂ@omﬁdhbﬁﬁﬁﬂ fHe
removal - of thecrt?ssst-r?lgt!.hine Saliregtr:]:ilo%lzgf {hoemsh stra e ?ﬁe Salsrpect ratio of
the aperture 56 of Figure 11 preferably ranges from about 1.5:1 to
-about S5:1. More preferably, the aspect ratio of the aperture 56
will be about 2:1 to about 4:1, and in a preferred embodiment the
‘aperture 56 will have an aspect ratio of about 2.3:1.
It should also be understood 'th;_t“ -a_iimutnally angled prongs
22 may be produced by using a combination of various methods. A
nonlimiting example of the use of coti__il_j;‘inations of methods is the
use of gravitational force and a pressnre ‘differential across the
plane of the substrate 24 in c0m_bin§_1_:fi_30n to impart an azimuthal
angle to the prongs 22. Another nonflim_iting example is the use
of gravitational forces and a r:ot'at_in_g severing means in
combination to impart an azimuthal en'g1e to the prongs 22. A
third non-limiting example is the use ‘of a pressure differential
across the plane of the substrate 24 in combination with a prong
22 having an elliptical footprmt -Many other methods of
imparting an azimuthal angle to the prongs 22 will be apparent to-

one skilled in the art, as will tn_e various combinations of
methods. "

USTRATIVE ART CLE_OF USE
An illustrative and nonhmtmg"f ample of the usage of the
fastening system 120 of the present mventwn in an article of
manufacture follows and is ﬂlustratedt 4n Figure 6. Mechanical
fastening systems have been advante ously used in disposable
" absorbent articles as disclosed in U.S. Patent No. 4,846,815,
"filed on December 18, 1987, in the .name of Scripps, which
reference is 1ncorporated herem by reference for the purpose of
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153. ~Separation forces include both shear and peel forces. The term
"shear force"-refers to distributive forces acting generally tangential to
the receiving surface 153 and which may be thought of as being generally
parallel to the plane of the substrate of _ 49 -, © the fastening system
120. The term "peel forces" refers to distributive forces acting

in the generalyoying aOffhiperdi 102kt ilict @ h@dhthar@vamg@ads Qthiizadtoos bg pl ane
of the receiving surra f ?aste
Shear forces arRec fe@sﬁﬁ"l@nﬂﬂtéms 3’& P‘? ﬁéc%f‘{nﬁﬂ%r #Zﬁt%ﬁ' g"'??st em 120
and receiving surftade kidwh, ffor exapplke,t thatdimechariioat fastenirid systamal | el
to the planes of.qt i §3R9G! Lortamtiithd ByS511s and powders than are adhesive
tape fastening systems and, further, moy be easily reused. All of
these features provide advantages wheﬁ?applied to a disposable
diaper intended for use on an iﬂiéﬁt; Also, a refastenable
fastening system provides the advantége that the infant may be
-checked to see if soiling of the disposab]e diaper has occurred
during the wearing period.
Referring to Figure 6, there is shown a disposable diaper 110
intended to be worn about the lower torso by an infant. As used
herein, the term "disposable absorbent article" refers to a
garment generally worn by "infants or 1ncont1nent persons and which
is drawn between the legs, fastened about the waist of the wearer
and intended to be discarded after a s1ngle use and not to be
laundered or restored. A “disposahle diaper" is a particular
disposable article intended and scalgd_;o be worn by an infant.
A preferred diaper'IIO'comprisesié 1iquid pervious topsheet
112, a liquid impervious backsheet llq, and an absorbent core 118
intermediate the topsheet 112 and backsheet 116. The topsheet 112
and backsheet 116 are at least partﬁii]y peripherally joined to
ensure the core 118 is held in positfon The diaper 110 elements
may be assembled in a variety of configurat1ons vwell known to one
skilled in the art, with preferred confxgurat1ons being generally
described in U.S.- Patent No. 3,860,003 issued January 14, 1975 to
Buell, and U.S. Patent No. 4,699,62? issued October 13, 1987 to
Toussant et al., which patents;iéfg_ incorporated herein by
reference for the purpose of diSC:;; hg particularly preferred
diaper configurations. E?E '
The topsheet 112 and backsheet 116 of the diaper 110 are
generally coextensive and at least:ﬁ. tia1ly peripherally joined
together as noted above. Joining of the: topsheet 112 and
backsheet 116 may be accomplished bjﬁa'hot melt adhesive, such as
Adhesive No. 1258 manufactured by the H.B. Fuller Company of
Vadnais Heights, Minnesota, 55110. The absorbent core 118 has
length and width dimensions gene ally less than that of " the




The nmethod used to deternine the resistance of a fastening system 120 and
recei ving surface 153 to shéar forces is nore fully set forth +n U. S.
Patent No. 4,699,622 issued Cctober 13, 1987, to Toussant et al., which
patent is.incorporated herein by referenceso- Peel forces are neasured
by tensile pulling of the fastening system 120 fromthe receiving surface

153 at an incl lté@ﬂmeagllez Ofanabeuékskaéi e1rd. Thee deeéhadsused inbergked ni ne

- the resistance o Y, oY) to peel
forces is norebf q @Et% q&fﬁ ﬂElf'glg%fsﬁg?{ X 6 IYPI gg’é"s“g%ﬁﬁ“’ﬁ‘z‘ PNovenber
18, 1987 in the naﬁheodiaaemnpspemhm rcemmrmeeonmsrtrmretﬁpasedj fiestei n by
~reference for GLhge QUGRPSEd' 1?2% HpRg ¥R EPasR rmnﬁasofa Ferdt waises.

Separation forces are erated b t he we by
the wearer trPPREiOnt b'{zy Gﬁaa%tséﬁg'icﬂé’a’%ﬁ QBE{W“lX@%&?@%IV”%" Vﬁi-’!amt |
shoul d not be fodn etheo firbtisemdh 122 rando\second]iémder]2410ft ke i dfapet 130

g 0 o DUy "o drBRCnd T Oa T, LB Rt il uipER CLRP £

ordi nary separ occur
~an adult shoul dw@nselefta@ouermeeftﬁte Enaaw %-tb‘ir@héh@e]metwm%@led -
or check to seeiaﬁersqllol ng Thas veswrbeehions Generahhy,uuheomﬁﬁ%ewnage system

_ 120 ana recel v| nghsbldg oafc%hewd%age]roqw wh S',Stwhgn 1%:%% fe%frec]gfth%t wais q:St 200
the wearer and are generally at the .h1gbest elevation of the
diaper 110 when the wearer is in the standing position. The
crotch 146 of the diaper 110 is thaﬁ-a;_bqrtion of the diaper 110
disposed between the first and 'second'*"";’aist portions 142 and 144
and which, when worn is positioned between the legs of the wearer.
The absorbent “core" is any means for absorbing and retaining
tiquid body exudates. The absorbent core 118 is generally
compressible, conformable, and nomrrytatmg to the skin of the
wearer. A preferred core 118 has first and second opposed faces
and may, if desired, be further encased by tissue layers. One
opposed face of the core 118 is omented towards the topsheet 112
and the other opposed face is oriented towards the backsheet 116.
The absorbent core 118 is supe”nj'niposed on the backsheet 116
and preferably joined thereto by any"?mea'ns well known in the art
such as adhesive bonding. In a particu]arly preferred embodiment,
the adhesive bonding which joins the' core 118 to the backsheet 116
is accomplished by applying adhesive ;_the form of a spiral. The
backsheet 116 is zmperkus to 1 qm__ds and prevents 1liquids
absorbed by and contained in the ab bent core 118 from wetting
undergarments, clothing, bedding and "any other objects which
contact the diaper 110. As used ~herein, the term "backsheet”
refers to any barrier disposed outﬁ_ 3y of the core 118 as the
diaper 110 is worn and which contai} bsorbed 1iquids within the
diaper 110. Preferably, the backsh 116 is a polyolefinic film
of about 0.025 to about 0_:.030-5 {0.001-0.0012 inches) in
thickness. A polyethylene film is:particularly preferred, with
suitable films being manufa‘cture& y Tredegar Industries of
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grans, preferably at |east about 500 'grans, and nore preferably, at |east
about 700 grams. Furthernore, the fastening system 120 *and recei ving
sur,face 153 should resist a shear force of at least 500 grans, preferably
at least about 750 grams, and nore pgﬁierably at | east about 1,000
grans. The receiving surface 153 may be disposed in a first position

e Tasteni ng RushisiEly [¥raidfa, 0228, [ T 2661 Llbag LoRRrdbiL B0 TS
in an over | appi Hgciwati guPhios 0A5202. FFf desivpde the,backsheel 116 ghay, eng
surface 153 nayendgssids BAIRIttONfinichadltoi prvid meroficlotid ikecappdarvaicet
B homtton D OB} 0.y EERoRL el ckBl ¥ o 192, or any
' The topsheet 112 is complia ‘tactilely pleasing and
.n_onirritating to the wearer'’s ‘skin. “The topsheet 112 prevents
contact of the absorbent core 118 i-iquids therein with the
skin of the wearer. The topshe 112 is 1liquid pervious,
permitting liquids to readily péne' (a'therethrough. As used
herein, the term “topsheet® .r*'efe'rs' ny liquid pervious facing
which contacts the skin of the wearer while the diaper 110 is
being worn and -prevents the core 1} om cantécting the skin of .
the wearer. The topsheet 11}__2 may -made of woven, nonwoven,
spunbonded or carded materials. A °p _____'ferred topsheet 112 is a
100% polypropylene nonwoven, cardeq'__';f-f?&r' spunbonded by means to
those skilled in the nonwoven fa_lf}f'_._i'cs art. A particularly
pref'erred topsheet 112 has a weight f ‘about 21 to about 24 grams
per square meter, a minimum dry t 1e strength of about 138
grams per centimeter in the machine:direction and a wet tensile
stﬁength of at least about 80 grams per centimeter in the
cross-machine direction. .
The diaper 110 is provided with a fastening system 120 and
receiving surface 153 for ma-int-ainirié"-‘:-the first waist portion 142
and second waist portion 144 in an 6§i§r1 apping configuration when
the diaper 110 is vorn, so that the..¢ iaper 110 is secured to the
wearer. Thus, the diaper 110 is fitted to the wearer and a side
closure is formed when the fastening__?-g.fs_‘ystem 120 is secured to the’
receiving surface 153. o
~ The fastening system 120 shoul
which occur -during the wearing -p
forces" refers to forces acting on
receiving surface 153 which tend to
removal of the fastening system 1
153. Separation forces include bot
term “shear force" refers to distri
- tangential to the receiving surface
of as being generally parallel to

resist the separation forces
d. The term “separation
 fastening system 120 and
use separation, release or
rom the receiving surface
hear and peel forces. The
itive forces acting generally
3 and which may be thought
plane of the substrate of
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which it is disposed so as to engage with the fastening system 120. The
receiving surface 153 may ~be integral, a discrete element joined to
the diaper 110, or a single piece of material that is neither divided or

di scontinuous wth an elenent of the diaggr 110, such as the topsheet 112
or backsheet 116. VWhil e the receiving surface 153 nay assune vari ous

Tore i ntegral Ok faREer1fg eyt me Foané teRd efﬂ%b'“'e?m”m’me oc

ned across, t he, .out'si
wai st ‘portion @S&"ﬂ&f-&'ﬁ ovf°|"6?s g £ 10 SHheusOsR e'faﬁi'{' aﬁi"g%uaﬂ .Isecond :
the wearer. di@ctionl Usidr pérfpdndianlaﬂtgutlee phane’ pfictheccedeiving Sﬂtfraﬁace 153

Is preferabl n g
the outer sur%l%\% a@ ??%?etngre:% sﬁgiéﬂ‘gﬁé asrug%’%fa'%%? 44' ntegral menber secured to

recei ving surfaceSheas3forces axe ma3§ By tensi %?puyt‘lnﬂc‘ﬁfb&ﬁﬁleg&sg?m&ﬁy ot her
type of fiber gistb@op20hnd &ecmhhg ksomfacen 168e iar tappodite rdirectiong

S _
fiber ol ament s slenesaﬁ‘iB‘ﬁé?@sb? §AELAaNEE BE VY o8 ?ﬂ’ﬁ%é?“é“éﬁ&?eﬁr na ¢
retained by th'élmengﬂg:dngsedwrﬁardgtermnet the aesh ¢ Afsa farteaing syst
28: %’:Elt :r POl y3y QRy! suffitli 153 | 19" Shed :P&?s isomewoifudly seﬁ
recel ¥¢I)rnt ?Hru. S. Pa?g’ntcwrl Sbeﬁ 32? ssued Ogctobgrernl OQB§7 pr %J ecting
Toussant et al., which patent is incorp r?ted herein by reference.
Peel forces are measured by tensf ulling of the fastening
system 120 from the receiving surface 153 at an included angle of
about 135°. The method used to de ne the resistance of a -
fastening system 120 and rece'iving su e 153 to peel forces is
more fully set forth in U.S. Patent No. 4,846,815, filed November
18, 1987 in the name of Scr1pps, wh1c reference is incorporated
herem by reference for the purpose of descnbmg the measurement
of peel forces. '
Separation forces are typicaﬂy'geﬁerated by movements of the
wearer or by the wearer trying to iinfasten the diaper 110.
Generally, an infant should not be al to unfastén or remove a
diaper 110 the infant is wearing, nor should the diaper 110 come
unfasteried in the presence of ordinafy separation forces which
occur during normal wearing. However, an adult should be able to
remove the dlaper 110 to change it wh ‘oﬂed or check to see if
soiling has occurred. Generally, th fastening system 120 and
receiving surface 153 should resist a peel force of at least 200
grams, preferab'lj at least about 50 ms, and more preferably,
at least about 700 grams. Furthermore,. the fastening system 120
and receiving surface 153 s:h'oul'ed resist.a shear force of at least
500 grams, preferably at least a ., 750 grams, and more
preferably at least about 1,000 grams.
The receiving surface 153 may b
anywhere on the diaper 110, so long'
engages the fastening means to main
portions 144 in an overlapping conf:

posed in a first position
he receiving surface 153
he first and second waist
2 or _example, the
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from.a woven and is comercially avail able as Scotchmate brand nyl on woven
| oop No. FJ3401, sold by the Mnnesota M ning.and Manufact uring: Conpany of
Sts Paul, Mnnesota. Another suitable receiving surface 153 conprises a
tricot having a plurality of nylon filanggut |oops projecting froma
nylon backing and is commercially available fromGI|ford MII| of

Greensboro, Neddibidgrsarfice 158Nkay ®eSduspvised onGﬂhéowltste surfJ;EéU{/}'en A
Pabri ¢ havi ngEhe IBERE wé?%tﬁiv%s?%bw 55 e, R0l HRPLLCHF BRIARTT
ounces per squaist partipnndd2, bor amy stlharalnoeitlzmnlrrgncg;hé ¢m§drn?lmro:{\bnmven
Foup ot the ﬁiﬁgﬁrgﬁ?ﬁﬁ:ﬁf *"ﬁﬁff@“@? @2" it TP 00081
_54 - g sur ace may m egra a 1screte

element joined to the diaper 110, or a: sing'le piece of material

that is neither divided or dzscontmuous ‘with an element of the

diaper 110, such as the topsheet 112 ori_% _f':cksheet 116.

While the receiving surface 153 ma: assume various sizes and
shapes, the receiving surface 153 pref__e_r_a__b'ly comprises one or more
integral patches positioned across the outside surface of the
second waist portion 144 to allow for ‘maximum fit adjustment at
the waist of the wearer. As 11'lustrated in Figure &6, the
receiving surface 153 is preferab]y an elongate rectangularly
shaped integral member secured to the outer surface of the second
waist portion 144. :

A suitable receiving surface 1'-5'3;_ is a nonwoven fabric,
stitchbonded or any other type of f’ilier- or loop material well
known in the art. The receiving surface 153 may be manufactured
from a variety of materials which prov:de fiber elements, and
preferably loops capable of bemg 'mtercepted ‘and retained by the
engaging means. Suitable materials mc]ude nylon, polyester,
polypropylene and combinations of thg foregoing. A suitable
receiving surface 153 comprises a number of fiber loops projecting
from a woven and is commercially avaﬂab]e as Scotchmate brand
nylon woven loop No. FJ3401, sold by ‘the Minnesota Mining and
Manufacturing Company of St. Pau],.mpngsota.- Another suitable
receiving surface 153 comprises a triéd.t having a plurality of
nylon filament 1loops projecting from nylon backing and is
commercially available from Gﬂford M ls of Greensboro, North
Carolina "and designated Gilford No. 5_;:16110. A particularly
preferred receiving surface is a po]yy; tipylene non-woven fabric
having a basis weight of about 17.1 gr 'f"fs per .square meter (0.5
ounces per square yard) made by any su1__ ble commercial carding or
spunbonding processes such as those; avaﬂab]e from Veratech
Nonwoven Group of the Internatmna] Paper Company..
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The .Jfastening system 120 is intended to engage
receiving surface 153 to provide a secure fit for the

t he conpl enentary
di aper 1160. The

fastening system 120 may conprise any of the well known configurations

utilized for achieving a side closure on adisposabl e
fastening system 120 substrate is joined to the diaper

di-aper 110. The
110 in spaced

rel ati onship from The rfasteningg sgsdes 129, is\s witendedon thi gengage, thee .
fastening systg %géﬁg,g?,{taﬁy ﬁgcear.@mgy gmeewés Oébelb%hﬂeh% iseédle #0€l Agecond

| ongi t udi nal

the fastening gygt Qmwhzeom@ui'dtﬁoﬁi(IthDi‘zeHhﬁ:wveelﬁEBVmg

r.red conJurat|? for the

f ast eni ng systéhﬁ diaper; 4104 zgge Wth‘Snﬂséchmt BRY G0EPEN2LA

p“!?ngs of
R pidd etosutte famst eni ng

t 120" di d
Gota n U b HabaRibig, el J260C b PEANIAT SRR 1200 STREYRES {5 |
An al ternati vehg'qusdetterthecﬂ'lﬁa@t 310 e spacednreladionship fremnthe Keced¥ing bed in
detail in US. efiSaNO A $h8wn G F1§ﬁi=@d5 Ocmb%sﬂe’inné%isteﬁ TszSﬁsant et

al ., both of V\FI enfs are |nc ed_her.éin
. purpose of il| PE} F&gl? ‘{?éPi’%ﬁgs °f9l %b% 13 stthea“paéf
the disposabl sidedi a;ferthelldiapeﬁ\ lma.rt iAc uprafleyredor edndii

&g 2B Befraizg o
gwaatfionst €t nthesyst em

120 di'sposi ti 0gydiining'sy9tém 1120 ni i fds aaﬁ?%'oéeﬁtu] contact between the

prongs of the fastening system 120 and the skin

of the wearer. A

preferred fastening system 120 dispokition is a Y-shaped tape '
arrangement, described in detail in U S. Patent No. 3,848,594
issued November 19, 1974 to Buell. An alternatively preferred
fasten1ng system 120 arrangement is descr1bed in detail in U.S.
Patent No. 4,699,622 issued October 13,_1987 to Toussant et al.,
both of which patents are incorporated'herein by reference for the
purpose of illustrating various p]acements of the fastening system
120 on the disposable "diaper 110. “A particularly preferred
fastening system 120 disposition is a single tape tab attached to
only one side of the diaper. this type of fastening system
arrengemeht is well known.in the digpqsable' diaper art and a
non-iimiting example of this type of fastening system arrangement
is described in U.S. Patent No. 4,846,315 issued July 11, 1989 to
Scripps, which is incorporated herein by reference.

The fastening system 120 of Figure7§ has a manufacturer’s end
156 and an oppositely disposed user’s end 158. The manufacturer’s
end 156 is joined to the diaper 110, '6referab1y in juxtaposition
with the first waist portion 142. The user s end 158 is the free
end and is secured to the rece1v1ng surface 153 when the diaper
110 is secured to the wearer. -

After the diaper 110 is fitted aﬁeﬁt the waist of the wearer,
the user’s end 158 of the fasten1ng system 120 is releasably
secured to the receiving surface 153, and preferably positioned on
the second waist portion 144, thereby causing the diaper 110 to
encircle the waist of the wearer. The dlaper 110 has now effected
a side closure. The prongs (not shown) extend from the fastemng
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only .one side of the diaper. this type of fastening system
arrangenent is$ well known in the disposable diaper art and a non-limting
exanple of this type of fastening system arrangenent is described in U S
Patent No. 4,846,815 issued July 11, 1989 gp_Scripps, which is incorporated
her ei n by reference. The fastening system 120 of Fi gure 6 has a

TR ACtUT OT S ikl PR BPCu0PASKE 18 4o RASE L SHond. ERAlgIP mead i

manuf acturer's ed to

‘1‘@11-16 u£5@ fera Iy in
j uxt aposi ti on Wnterceple tf'?r%tt"'am i %rm%vmzsu r's end 158 is the
free end and i s seaufgstendng hgslte;@elza rgnds dohpieneritady wheseivineg dsurfece 110 i s

seoured L0 Lo e Sin provigd) Sohel(SafLAN phdf fchi e beabior i el o

& fasten ng
rel easabl y secgramé @od thoresdstangentp ssheppctorees 1'hr¢é!¢‘$ﬁ$ef°€r apPQ0 [g¥ams i oned

on the second Way Yo PéHstiGetedids fofm&eﬁtof- 'ﬂ&l theespdicaPRY parddters :
encircle the warst, of _t he arers g Egrf lﬁ‘ has g}ﬁw eégr%t%ngoneél de .
closure. The PFofBe (ﬂ%ﬁe" B Y STER gﬁ f PRE £ UL+
- "Process of Manufacture. The comp'lementary receiving surface 153 '
used ‘in conjunction with the fastening system 120 is the
aforementioned polypropylene non-woven fabric. _
The fastening system 120 is at Jeast about 2.54 centimeters
(1 inch) in width and may be of any _1ength which provides a
convenient user’s end 158, with-a length of at least about 3.5
centimeters (1.4 inches) being preferred .The array of the prongs
of fastemng system 120 comprises a matrix having about 256 prongs
per square centimeter (1600 prongs per- square inch). The prongs
are preferentially oriented in substantially the same. direction
and are preferentially oriented toward the manufacturer’s end .156
of the fastening tape when the disposabie article is in use.
In use, the diaper 110 is applied to the wearer by
positioning the first waist portion 1_4-2 around the wearer’s back
and drawing the remainder of the diaper 110 between the legs of
the wearer so that the second waist pohtﬁqn 144 is disposed across
the front of the wearer. The user’s ends 158 of the fastening
system 120 are then secured to the receiving surface 153 on the
outside surface of the second waist portion 144 to form a -sid,e
closure. '
While particular embodments of the present invention have
been illustrated and described, it would be obvious to those
skilled in the art that various other changes and modifications
can be made without departing from the spirit and 'scepe of the
invention. It is therefore intended to cover in the appended
claims all such changes and modifications that are within the’
scope of this invention. '




syste 's end 158 so that the prong engagi ng neans i ntercept
t he SFH “lem "" Bﬂ]ﬂﬁ%l ving surface 153. A fastening system 120 and
corpl e ls surface 153 which provides a resistance to pee

forces in excess of 400 grans and a resistance to shear forces in excess of
1,000 grans nmay be constructed as foll according to the specific
paraneters of the fastening system 120%Se€t forth in the -aforenentioned
"Process of Manufacture." The conplenentary receiving surface 153 used in
conjunction with the fastening system 120 is the aforenentioned :
pol ypr opyl ene non-woven fabric. The fastening system 120 is at | east
about 2.54 centWhatt &y €l¢imednidy) in width and nay be of any |ength which
provi des a convenient user's end 158, with-a length of at |east about 3.5
centinmeters (1.4 inches ) being preferred. ﬂ%g array of the‘&rongs of
fastening syst eln 120 meshid ifopsmanufactyning 4 tagteaming: sysjempharigg one or
' - more free formed prongs, the met-_hqg{_fcomprising the steps of:
forcing a molten thermally sensitive material through
apertures of a depositing-memberfgﬂgpositing discrete amounts
of said molten thermally sensitive wmaterial from said
apertures onto a substrate; stretching a portion of said
discrete amount of molten thermally sensitive material in a
direction having a vector compoﬁg@t”paral]e] to the plane of
the substrate to form a prong; and solidifying said molten
thermally sensitive material of said prong, said prong having

a base, a shank, and an engaging means.

2. The method of Claim 1 whereiﬁ said depositing member
‘comprises a screen, preferably a pfint cylinder.

3. The method of Claim 2 wherein saih'print cylinder comprises
64 apertures per square qentimeier to 1600 apertures per
square centimeter, preferably 1@0 apertures per square
centimeter to 900 apertures péﬁ: square. centimeter, more
preferably 144 apertures per--§QUare -centimeter to 576
.apertures per square centimeter, most preferably 256
‘apertures per square centimeter.

4. The method of Claim 1 wherein said depositing member
comprises a porous roll havingf jb internal reservoir and
wherein said step of forcing saihiﬁolten thermally sensitive
material through said apertures ;bmprises supplying molten
thermally sensitive material unde ' ressure to said internal
reservoir.

5. The method of any of the pfecéﬁ ﬁé claims wherein at least
. one of said apertures of said @éﬁgSiting member has a major
axis and 4 minor axis, said minor axis being oriented in a
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uare meteraﬁlI ongs per square inch). The prongs are

pref eremllq‘mmul MI in subst antially the same direction and are
prefere
t

toward the manufacturer's end 156 of the fastening
t ape when e dlsposable article is inuse. . In use,. -.the diaper, 110 is .
applled to thée wearer by positioni ng .the first waist portlon 142 around the
wearer's back and drawi ng the renai nder®3t the di aper 110 between the | egs
of the wearer so that the second wai st portion:144 is di sposed across the

front of the wearer. The user"s ends 158 of the f ast eni ng ;s%/stem 120 are
then secured to thedl’ie%féﬂm'rﬂ}h%r‘?*‘é@éhﬁ'@cbﬁ"q dareckion ff 3aid deeositing he

second wai st porti ofmedlet,t préferibdy simlethe! esssse.machine Wirket joar if cghid
enbodi nents of the- %ngsﬁﬁag%né%ekonsn&ve%ﬂee hL:l |rlé ftaﬂ\fd p?' 'g? dﬁasscr ,ped

it would be obvious e ar tha vari ous her c anges
and nodi fications canilmé’-hﬂhowm{ hout departing fromthe spirit and scope
~of the invention. is therefore intended to-cover in the appended cl ai ns

all such changeg a“dmam.,?..itka&aé W5 P afhe 195N LR G0R S at! Fest
one of said apertures has a major axis, a minor axis and a
dominant area - on one side of the machine direction
centerline, with the dominant area preferably comprising at
least 75% of said aperture’s tota‘l sectional area.

7.. The method of any of the precédjfng claims wherein at least
one of said apertures has an aspggt ratio greater than 1.5:1,
preferably greater than 2:1, m,o"re preferably greater than
3:1. '

8. A fasf.ening system for attaching to a complimentary receiving
surface said fastening system being manufactured according to
the method of any of the preceding claims.

9. An absorbent article comprising:

an auter cover comprising a topsheet and a backsheet
Jjoined with said topsheet;

an absorbent core pbsitioi_iie'f@i’f between said topsheet and
said backsheet; and '

a fastening system manuf'ad’flii'red according to any of the
preceding claims joined to said outer cover, preferably
to said backsheet '

10. An absorbent article comprisin

an outer cover comprisi topsheet and a backsheet

Joined with said topsheet;_,;:
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What is clained is: 1. A nethod for manufacturing one

mecﬂgmmmmflmuunﬂm 32?;71( (232)) us;a];]gl ngtshgd conpri sing fﬁgponen'.c ot

steps of: ¢ t . - providing a depositing menber (73) having
apertures (56); -58-
an absorbent core pos1tioned between sa1d topsheet and
said backsheet, and S

at least one fastening tap: aving a user’s end and a
manufacturer’s end, said ma '_ci':urer’s end being joined
to said outer cover and the 'a‘s-@ien_ing system according
to any of the preceding claims’ being joined to said
user’s end. N :

SR R

\\l\\l\\\\\l\\\\\l\lfﬁ . - [[em

[t DRI




providing a nolten thermally sensitive material; - providing

a substrate (24);

mat-eri al

amount of said nolten thermally sensitiveggmterial from
aperture (56) onto said substrate (26); - stretching a
portion of said discrete anount of said nolten. thermally sensitive

mat eri al
t he

- solidifying said nolten thermally sensitive materi al
ron 22 haV|n a base (26 a shank 28) and an
engagi ng neans (SO)S ?‘Iﬁ’ THODFO; MA

sai d

i

substrate so as t m.a prong (22); and

REFASTENABLE MECHANICAL FASTENING SYSTEM AND
FASTENING SYSTEM PRODUCED THEREFROM

The invention is a refastenable mechamcal fastening system, made of free
formed prongs joined to a substrate. The prongs-f:ﬁgper and are nonperpendicularly
oriented relative to the plane of the substrate '-:The prongs may. also have an
azimuthal angle relative to the machine dn‘ectlon- of the substrate. Each prong has
an engaging means projecting laterally from the penphery of the prong. The free
formed prongs are manufactured by the proeess of extrudmg liquid material
through the meshes of a depositing member o:- '
base of the prong, stretching the liquid materiai in'a direction parallel to the plane
‘of the substrate, severing the stretched material to form the distal end and engaging

moving substrate to form the

means of the prong. The advantageous usage of the fastemng system in an article

of manufacture, such as a disposable absorbent

' dlsclosed

Figure 4

- forcing said nDIten thermally sensitive
through said aperture; - depositing a discrete

sai d

in a.direction having a vect ent parallel to the plane of
ABSTRACE .
of said prong (22),




2. -The method of Caim1l, wherein said depositing member conprises a
screen (73). 3. The method of C aim 2 wherein said depositing
mendber conprises a print cylinder (73). 4. The net hod
of Caiml1,2 or 3 wherein said step of forcing -said nolten thermally
sensitive material through said aperturé&géconprises using a doctor bl ade

(83). - 5.7 The nethod of daim3 wherein said print cylinder (73)
conpri ses 64 apertures : per square centineter to 1600 apertures
per square -centinmeter, preferably 100 .57 :

24

25

FlG. |




apertures per square centineter to 900 apertures per square centineter,
nor e preferably 144 apertures per square centineter to 576 apertures
per square . gentimeter, nost preferably 256 apertures per sguare
centineter. 6. The nethod of O aim1 wherein said deposi ting member
(73):; conpri ses a -porous’ roll having an internal reservoir and wherein
~sai*d step of forcing said nolten zﬂﬁernally sensitive material through
:'Sald apertures (56) conpriseg,supplying nolten thernmally sensitive
- mat erial under pres e to ¥'d internal reservoir. 7. The met hod of
“any. of the precedj & wherein at IeaSt one of said apertures

(58) of said depgsiting menger (73) has @r axis and a minor axis,
said® = - mno igeent ed in dlrectlon other than the nachine
di.rection of sai menber (73), preferably in the cross
machi-ne directio 05|t|ng menber (73), such that the
resul tant prong 42 .

40 FIG.' 3




8. The met hod of any of Clains 1,2,3,4,5,6 or 7 wherein at |east one of

said’ . apertures (56) has a major axis, a mnor axis and a dom nant

area on one side of t he machi ne dlrectlon centerline, wth-the

dom nant area preferably conprising at | east 75% of said aperture's

total “sectional area. 9. The net any of the preceding clains

:wherein at |east one of said aperture 4/ {56) has an- aspect ratio
ater than 1 5:1, prefgtpbly greater han 2: 1, nore preferably

fastg@’hg system for attaching to a

fastening syst conpri sing
gS o] the met hod of
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What is claimed is:

1. A method for manufaduriﬁ§ one or mdré free formed prongs (22) useful as a
component of mechanical fastening sy"stem: (20), the method comprising the
steps of: ' .
- providing a depositing member (73) ﬁéYi_ﬁg;apeﬂures (56);
- providing a molten thermally sensitive m'gi_e_rial;
- providing a substrate (24);

- forcing said molten thermally sensiﬁv_’_é m"a‘_‘_iﬁerial through said aperture;

- depositing a discrete amount of sald mo!ten thermally sensitive material from
said aperture (56) onto said substrat’é (26),

- stretching a portion of said discrete amount of said molten thermally sensitive
material in a direction having a vector

component parallel to the plane of the
substrate so as to free form a prong.;._(2___2_ __-_énd

- solidifying said molten thermally sensntlve material of said prong (22), said
prong (22) having a base (26), a shank (28). and an engaging means (30).

2. The method of Claim 1 wherein said de@oéi member comprises a screen (73).

3. The method of Claim 2 wherein satd d :osmng member comprises a print
cyfinder (73). o

4, The method of Claim 1,2 or 3 wherein fijséid tep of forcing said molten thermally

sensitive material through said apeﬂurés comprises using a doctor blade (83).

{'I:inder (73) comprises 64 apertures
rsquare centimeter, preferably 100..

REPLACEMENT SHEET
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per square cent|meter to 1600 apertuéé




10.

57

apertures per square centrmeter_ to 90@ apertures per square centimeter, more
preferably 144 apertures per square oentlmeter to 576 apertures per square
centimeter, most preferably 256 apertures p_er square centimeter.

The method of Claim 1 wherein said deposmng member (73) comprises a porous
roll having an internal reservoir and whe""rn _sard step of forcing said molten
thermally sensrtlve matenal through said apertures (56) comprises supplying
molten thermally sensnt_rye material under | pre___ssure to said internal reservoir.

The method of any of the preceding claims f_wh'_e’rein at least one of said apertures
(66) of said depositing member (73) has'i':'a" ht'ajor axis and a minor axis, said
minor axis being oriented in a direction other than the machine direction of said
depositing member (73) preferably in the cross machine direction of said
depositing member (73), such that the resu_ttant_ prong has an azimuthal angle.

The method of any of Claims 1,2,3,4,5,6 _o_rf___.:;'l wherein at least one of said

apertures (56) has a major axis, a minor axis and a dominant area on one side of

the machine direction centerline, with the domi?rjant area preferably comprising at
least 75% of said apert'_i:re’s total sectional-area.

The method of any of the preceding claims':'Wherein at least one of said apertures
(56) has an aspect ratlo greater than 1 51 preferably greater than 2:1, more
preferably greater than 3:1.

A fastening system for attaching to a: 'oomptimentary receiving surface said
fastening system oomprising free form r:o'ngs which are manufactured

according to the methojd:of any of th_e prece g claims.
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SCREEN PRINTING METHOD FO 'MANUFACTURING A
REFASTENABLE MECHANICAL FASTENING SYSTEM AND
FASTENING SYSTEM PRODUCED THEREFROM

The invention is a.refestenab'le mechameal fastening system, made of free

formed prongs joined to a substrate. The prdng's' per and are nonperpendicularly

oriented relative to the plane of the. substrat o The prongs may also have an
azimuthal angle relatlve to the machine dlrectxon of the substrate. Each prong has
an engaging means pro;ee_t_thg laterally from the__peglp,hery of the prong. The free
formed prongs are manﬁfactured'by the ptoceée of extruding liquid material
through the meshes of a deposxtmg méember ont a' movmg substrate to fonn the

base of the prong, stretchmg the liquid maten_:

_g direction parallel to the plane
of the substrate, severing the stretched matenal._ d fbrm the distal end and engaging
means of the prong The advantageous usage: of the fastening system in an article
of manufacture, such as a disposable absorbent; artlcle specifically a dlaper is also
disclosed.

Figure 4

REPLACEMENT SHEET
10 FEB 2000 -




