LS 3~
ENT PLASTI C VEB EXHI Bl TI NG REDUCED SKI N CONTACT AREA AND ENHANCED*™*
. TRANSFER PBQEERTIES FI ELD OF THE | NVENTI ON The present invention
sﬁg g ent, t hr ee- di mensi onal , fl ui d- pervi ous pl aRCEHURSRA1153
Iaf educed Skl n contact“area, a fiBer-like appearance and tactile
ssion, and nore partlcularly, to such webs havi ng enhanced fl uid
-ferbloropﬁrtl\es dﬁﬁﬁf ya s PI¢ WEBOEXHIBETINGTREBUCEDCSKEN, SONTARTHARRA
i rabl e skin‘conditions du ure absorbed
n the bandage. Gne vi abl ﬁ%gﬁwrﬂgﬁ&t I'on %ﬁtﬁﬁgp o%mntloned
emis 15 disclosed in commonly assigned U S. Patent 4,341, 314 issued
del et al. on "August 3, 1982 and hereby incorporated herein

EIELD OF THE INVENTION
The present inventfon relates to resilient, three-dimensional,
fluid-pervious plastic webs exhibiting reduced skin contact area, a
fiber-1ike appearance and tactile impression, and more }:articularl R
5 to such webs having enhanced fluid transfer properties.

A UND INFi 0
It has Tong been known in the disposable absorbent bandage art
that it is extremely desirable to construct absorptive devices, such
as disposable diapers, sanitary napkins, incontinent articles, and
10 the like, presenting a dry surface feel to the user to improve
wearing comfort and to minimize the development of undesirable skin
conditions due to prolonged exposure to moisture absorbed within the
bandage.
One viable prior art solution to the aforementioned probliem is
15 disclosed in commonly assigned U.S. Patent 4,342,314 issued to Radel
et al. on August 3, 1982 and hereby incorporated herein by
reference. Radel et al. discloses an absorbent bandage with a
wearer-contacting topsheet comprising a resilient macroscopically
expanded, three- dimensional p‘l astic web exhibiting a combination of
20 fiber-like and plastic properties. In a preferred embodiment, the
macroscopically expanded three-dimensional plastic web topsheet
disclosed in Radel et al. exhibits a fine scale three-dimensional
microstructure comprising a regulated continuum of capillary
networks, of steadily decreasing size, originating in and extending
25 from one surface of said web and terminating in the form of
apertures in the opposite surface thereof to promote rapid fluid
transport in the direction of decreasing capillary size. The web’s
fiber-1ike appearance 1is comprised of a continuum of fiber-like
elements, the opposed ends of each of said fiber-1ike elements being
30 interconnected to at least one other of said fiber-1ike elements.
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rence. Radel et al. discloses an absorbent bandage with a

r-centacti ng topsheet conprising a resillient nmacroscopical leS

‘ded, %@53 nsi onal plastic web exhibiting a conbinati B&TH 99411153
-I|ke {as Ic properties. In a preferred enbodi nent, the

scopl cally expanded three-dinensional plastic web topsheet

osed in Radel et al. exhibits a fine scale three-di nensional

structure conprising a regulated continuédm of capi |l ary

one surface of said Rebyminalt ERATARY Eptwprl 1 cBht, Fde T ex o ssgucture

e opposite surfacconphﬂfeeo&n tuppevmasttcapi Hary dpenin tfommbbytalmlthﬂicity of

L or gl SFoRoeS, B} el e e lhariuBtedd 16 GROSHEANES n u

of said fiber- ||k@mnpbmepﬁgthe web. The uppermost Opening may, if desired,

5 be further subdivided into smaller capillary openings by secondary

and terttary fiber-l1ike elements at planes 'located below the
wearer-contacting surface of the web.

Each of the fiber-l1ike elements exhibits a substantially

. uniform U-shaped cross-section along its length. In the case of a
10 primary fiber-Tike element, its cross-section comprises a base
portion located in the wearer-contacting plane and a sidewall
portion joined to each edge of the base portion, said sidewall
portions extending generally in the direction of the absorbent
pad-contacting surface of the web. The sidewall portions which
15 intersect one another are joined to one another intermediate the
wearer contacting surface and the absorbent pad contacting surface
of the web, thereby forming a capillary network interconnecting the
opposed surfaces of the web. The secondary and tertiary fiber-like
elements, when employed, are gemerally similar, but originate in

20 planes below the wearer-contacting surface of the web.

One drawback associated with the use of topsheets comprised of
plastic is that despite their superior fluid handling
characteristics some users are very reluctant to pltace a topsheet
which they readily perceive as plastic by virtue of fits glossy

25 appearance in contact with their skin.

To reduce the gloss on the web’s visible surface, i.e., that
portion of the web which is visible from directly overhead, it has
been Tearned that inclusion of a microscopic pattern of surface
aberrations which are not discernible when the perpendicular

30 distance between the viewer’s eye and the plane of the web is about
twelve inches is highly effective. Commonly assigned U.S. Pat. No.
4,463,045 issued to Ahr et al. on July 31, 1984 and hereby
incorporated herein by reference defines the relevant criteria which
must be satisfied so that the three-dimensionally expanded web will

35 exhibit a substantially non-glossy visible surface.

A topsheet of the type generally disclosed by Radel et al.,

_having surface aberratigns act;ording to Ahr et al., exhibits a
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3 _navoysm‘)'u!ary opening fornmed by a nultiplicity of pri m |ke
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| ary openi ngs by secondary and tertiary fg.ler-like elenments at planes
ed bel ow the wearer-contacting surface of the web. Each of the

-like el ementfibertliket sppeardnee taidl taciile impression as well as a non-glossy

visible surface. In addition it 1is highly effective in promoting
rapid fluid transfer from the first wearer contacting surface to the
second absorbent pad contacting surface of the topsheet. Topsheets

" of the latter type have enjoyed widespread commercial success on

catamenial pads due to their clean and dry appearance in use when
contrasted to conventional non-woven fibrous topsheets. .

Nonetheless, it will be readily appreciated that even further
improvements in cjean and dry appearance in use are highly desirable
in products of this type.

Accordingly, it is an object of the present invention to
provide, in a particularly preferred embodiment, a fluid pervious
plastic web which retains the foregoing benefits of Radel et al. and
Ahr et al., yet which exhibits an even cleaner and drier appearance
in use.

It is another object of the present invention to provide, in a
particularly preferred embodiment, a fiuid pervious plastic web
which retains the foregoing, but which also exhibits enhanced fluid
transfer properties in use.

It is stil] another object of the present invention to provide,
in a particularly preferred embodiment, a fluid pervious plastic web
exhibiting a fiber-l1ike appearance and tactile impression, i.e., an
overall impression of softness, said web further exhibiting a fine
scale three-dimensional wmicrostructure comprising a regulated
continuum of capillary networks, preferably of steadily decreasing
size originating in and extending from one surface of said film and
terminating in the form of apertures in the opposite surface thereof -
to promote rapid fluid transport in the direction of decreasing
capillary size. As utilized herein, the term “microstructure®
refers to a structure of such fine scale that its precise detail is

_ readily perceived by the human eye only upon magnification by a

microscope or means well known in the art. The term “fiber-like",
as utilized herein to descrihe the appearance of plastic webs of the

_ present invention, refers general'ly to any fine scale pattern of

embossments or apertures, random or nonrandom, reticulated or
nonreticulated, which connotes an overall appearance and impression

_of a-woven or nonwoven fibrgus web when viewed by the human eye. As
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rm U-shaped cross-section along its Iength. In the case of a 10
18Y +fi ber-1ike
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element, its cross-section conprises a base
e wearer-contacting plane and a sidewal | poPCTHJS92/11153
f the base portion, said sidewall portions extending

ally in the direction of the absorbent pad-contacting surface of the
portions which 15 intersect one another are Joined to
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surface of a three-dmensiona‘l forming structure so that both
surfaces thereof exhibit the three-dimensional pattern of said
forming structure, said pattern being readily visible to the naked
eye when the perpendicular distance between the viewWer’'s eye and the
plane of the web s about twelve inches. Such macroscopically
expanded webs, ribbons and films are typically caused to conform to
the surface of said forming structures by embossing, i.e., when the
forming structure exhibits a pattern comprised primarily of male
projections, by debossing, i.e., when the forming structure exhibits
a pattern comprised primarily of female capillary networks, or by
extrusion of a resinous melt directly onto the surface of a forming
structure of either type. By way of contrast, the term "planar®,
when utilized herein to describe plastic webs, ribbons and films,
refers to the overall condition of the web, ribbon or film when
viewed by the naked eye on a macroscopic scale.
SUMMARY OF THE INVENTION

The present invention pertains, in a preferred embodiment, to a
resilient three-dimensional web exhibiting reduced skin contact
area, as well as a fiber-l1ike appearance and tactile impression.
The web is comprised of a fluid-impervious plastic material. The
plastic web has a first and a second surface. The first surface of
the web has a multiplicity of apertures therein. Each of the
apertures is defined by a multiplicity of intersecting fiber-1ike
elements interconnected to one another in the plane of the first
surface., Each of the fiber-1ike elements exhibits a substantially
uniform generally upwardly concave shaped cross-section along its
length. The cross-section comprises at least one pair of convergent
substantially linear portions which intersect one another to form a
vertex in the first plane. The cross-section further comprises a
sidewall portion Joined to the free end of each of the
aforementioned Tlinear portions. The sidewall portfons extend
generally in the direction of the second surface of the web. The
fntersecting substantially linear portions and the intersecting
sidewall portfons are interconnected to one another, respectively,

Il



st C IS t hat despite their superi or fluid handl i ng
B@ acteristics sone users are very reluctant to place a topsheet which

: reé&j I?%ﬁgcei ve as plastic hy virtue of its glossy 29PCHEIS2/HA%® in
actVO eir skin. To reduce the gloss on the web's visible surface,
g ' that portion of the web which is visible fromdirectly overhead, it
4 been | earned that inclusion of a mcroscopic pattern of surface
aBgrati ons whick are not discernible when th® perpendicular 30 distance

iichiy ef fect i ve. REAREFIATES hEC BrRE° b UEokE” shPL@R Lof Thy C ye s "afpe °
et |l. on July 31 inteygannegtedier edidematbr popentdansier ctermipatef er subsdantdkihes
the rel evant cri t%&ﬁc%r)‘@ﬂtgp Withi ofeC ancthes inc the P1aRRLF £ie second surface.
thripe-dimensional I'y e)iﬁaannoggevy\%ge%rlred embodiment, the present invention provides
5 an 3bsaorbent bandage comprising a wearer-contacting topsheet and an
. absorbent element for absorbing bodily fluids. The topsheet
comprises a resilient three-dimensional web having a first surface
for contacting the wearer and a second surface having a multiplicity
of apertures therein contacting the absorbent element. The web is
10 comprised of a fluid-impervious plastic material. The web exhibits
reduced skin contact area, as well as a fiber-l1ike appearance and
tactile impression. The first surface of the web has a multiplicity
of apertures therein. Each of the apertures is defined by a
meltiplicity of intersecting fiber-like elements interconnected to
15 one another in the plane of the first surface. While it is not
necessary that all fiber-l1ike elements be identical, each of the
fiber-1ike elements in the web does exhibit a substantially uniform
generally upwardly concave shaped cross-section along {ts length.
The cross-section comprises at 1least one pair of convergent
20 substantially linear portions which intersect one another to form a
vertex in the first plane. The cross-section further comprises a
sidewall portion Jjoined to the free end of each of the
aforementioned linear portions. The sidewall portions extend
generally in the direction of the second surface of the web. The
25 intersecting substantially linear portions and the intersecting
sidewall portions are interconnected to one another, respectively,
intermediate the first and second surfaces of the web. The
interconnected sidewall portions terminate substantially
concurrently with one another in the plane of the second surface.

30 BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particularly
,J_ pointing out and distinctly claiming the. present invention, it is
h believed the present invention will be better understood from the
EH ' following description in conjunction with the accompanying drawings
* 35 in which:

Fig. 1 1is a simplified perspective representation of an
‘unfolded dispasable diaper with portions of {ts components cut away;
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(hi bit a substantially non-glossy visible surface. A topsheet of the
eperal ly disclosed by Radel et al., having surface aberrations

, exhibits a -3- fiber-1ike appearance RGA/US92/11153

e |rrpreSS|8n as well as a non-glossy visible surface. In addition it
hly effective in pronoting rapid fluid transfer fromthe first wearer
ting surface to the second absorbent pad cont&cti ng surface of the

of the latter type have enjoyed w despread

cial success on cat arrepi'ﬁl padg dyp tg,-gtapﬁ'dr, Cﬁﬁ%&ﬁgd ﬂgﬁemarﬁé}ﬁﬁectiw

fllustration of a prior art plastic web of the type generall;
disclosed in commoniy assigned U.S. Pat. No. 4,342,314, said wel
further exhibiting a microscopic pattern of surface aberrations of
the type generally disclosed in commonly assigned U.S. Paten
4,463,045 on its visible surface; :

Fig. 3 1is an enlarged, parttally segmented, perspectivs
illustration of a photoetched laminate structure of the type used t
-form plastic webs of the type generally {llustrated in Fig. 2;

Fig. 4 1is an. enlarged, partially segmented perspectiv
iTlustration of a preferred fiber-like plastic web of the presen
invention; .

Fig. S5A is an enlarged, cross-sectional illustration of a
alternative fiber-like element of a plastic web of the presen
invention;

Fig. 58 is an enlarged, cross-sectional illustration of anothe!
fiber-l1ike element of a plastic web of the present invention;

Fig. 5C is an eniarged, cross-sectional illustration of anothe
fiber-like element of a plastic web of the present invention;

Fig. 6 1is an enlarged, partially segmented perspectivi
AMusteation af an alkecnative £ihgrilile Alashils sk 0 G presum
invention;

Fig. 7 is an enhrged cross-sectfonal illustration of a web of
the type generally shown in Fig. 6 taken along section 1ine 7-7 in
Fig. 6; ’

Fig. 8 1is an enlarged, partially segmented perspective
illustration of a photoetched laminate structure of the type used tc
form plastic webs of the type generally illustrated in Fig. 4;

Fig. 9 is ‘a simplified, exploded perspective illustration of :
laminate structure similar to that {llustrated in Fig. 8;

Fig. 10 is a perspective view of a tubular member formed by
rolling a planar 1laminate structure of the type generally
illustrated in Fig. 9 to the desired radius of curvature and joining
the free ends thereof to one another;-and

Fig. 11 is a simplified schematic iTlustration of a preferre
method and apparatus for debossing and/or perforating a plastic filn

generally in accordance with the present invention.
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ontrasted to conventional non-woven fibrous topsheets. Nonethel ess, it
'l be readily appreciated that even further inprovenents in ¢ an‘fnd dry
pearance + use are highly desirable 10 in products oPGI{US 9?66
ﬁﬂ'§ Is an object of the present invention to provide, in a
rtrcularly preferred enbodi ment, a fluid pervious plastic web which
retains the foregoing benefits of Radel et al. and Ahr et al., yet which
ekhi bits an even cleaner and drier appearante 15 in use. It is another
ject of the present invention to provide, in a particularly preferred

o)
ephbodi nment, a fluid pervious pI astrc web whi ch ret ains the foregor ng, but
whi ch al so exhi bits enhanpg FSCR ' :

While the present 1nvention wi11 be described in the context of
providing a fluid pervious, resilient, three-dimensional plastic web
5 exhibiting veduced skin contact area, as well as a fiber-Tike
appearance and tactile impression and exhibiting enhanced fluid
transfer prop'erties when employed as a topsheet on an .absorbent
bandage such as a disposable'diaper, the present invention is in no
way limited to such application. To the contrary, the present
10 invention may be practiced to great advantage in many situations
where it is desired to produce a plastic film or web exhibiting
either a perforate or an imperforate three-dimensional structure
having properties, characteristic, aesthetics, fineness of detail,
etc., not previously disclosed in the prior art. The patterns
15 created may be of any desired shape, they may be regulated or
random, reticulated or non-reticulated, continuous or interrupted,
perforated or unperforated or any desired combination thereof. The
detailed description of a preferred structure and its use as a
topsheet in a disposable diaper will allow one skilled in the art to
20 readily adapt the invention to other devices. '
Fig. 1 is a perspective view of a disposable diaper in an
unfolded condition. Various layers have been cut away to more
clearly show the structural details of this embodiment. The
disposable diaper is referred to generally by the reference numeral
25 1. The fluid-pervious topsheet is shown at 2. The other two major
components of the disposable diaper 1 are the absorbent element or
pad 3 and the fluid-impervious backsheet 4. In general, the side
flaps 5 of the backsheet 4 are folded so as to cover the edges of
the absorbent pad 3 and topsheet 2. Topsheet 2 is generally folded
30 to completely enclose the ends of the absorbent pad 3. The drawing
' of diaper 1 in Fig. 1 is a simplified representation of a disposable
diaper. A more detailed description of a-preferred embodiment of a
disposable diaper is contained in commonly assigned U.S. Pat. No.
3,952,745 issued to Duncan on April 27, 1976, said patent being

35 hereby incorporated herein by reference.
Fig. 2 1is an enlarged, partially segmented, perspective
- $1lustration of a prior art three-dimensional, fiber-like, Fluid
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gstill anot her object of the present invention to provide, in a

ularly preferred enbodinent, a fluid pervious plastic web exhibiting
r-|1 i ke appearance and tactile inpression, i.e., ‘an overall j 6Se2r
ness, WOS3/RMI urther exhibiting a fine scale three-dine%g?%nal 53
tructure conprising a regulated 25 continuum of capillary

ks, preferably of steadily decreasing size originating in and

i ng fromone surface of said filmand term naijg.ng in the form of

es in the opposite surface thereof to pronote rapid fluid transport

. direction of decrpaaiiogs phgstit arep 105 which hds beetifound highly siitabldrfor use

" m t t "3 ] i t
o ¢ S S AN s g S, e o
i cati on by a mi crocatamenial padsns Ikanay,kibdasined, halsqrbé employed as a topsheet

rlike", 2 in disposable diaper 1 shown in Figure 1. The prior art web 10 is
! § generally in accordance with the teachings of commonTy assigned U.S.
Pat. No. 4,342,314 issued to Radel et al. on August 3, 1982 and
incorporated herein by reference. The fluid perﬁ?:us plastic web 10
iTlustrated- in Fig. 2 exhibits a multiplicity of apertures, e.g.,
apertures 11, which are formed by a multiplicity of intersecting
10 fiber-1ike elements, e.g., elements 12, 13, 14, 15 and 16,
interconnected to one another in the first surface 20.of the web.
Each fiber-1ike element comprises a base portion, e.g., base portion
21, located in plane 22. Each base portion has a sidewall portion,
e.g., sidewall portions 23, attached to each edge thereof. The
15 sidewall portions extend generally in the direction of the second
surface 25 of the web. The intersecting sidewall portions of the
fiber-Tike elements are interconnected to one another intermediate
the first and second surfaces of the web, and terminate
substantially concurrently with one another in the plane 26 of the
20 second surface.

In a particularly preferred embodiment, the base portion 21
includes a microscopic pattern of surface aberrations 28, generally
in accordance with the teachings of commonly assigned U.S. Pat. No.
4,463,045 issued to Ahr et al. on July 31, 1984 and incorporated

25 herein by reference. The microscopic pattern of surface aberrations
28 provide a substantially non-glossy visible surface when the web
is struck by incident light rays.

In a particularly preferred embodiment, the 1interconnected
sidewall portions terminate substantfally concurrently with one

30 another in the plane of the second surface to form apertures 19 in
the second surface 25 of the web. The capillary network 29 formed
by the interconnected sidewall portions allows for free transfer of
fluids from the first surface of the web directly to the second
suPe n® Bl wark wittiout dnrn’ dranmisyter or® die vilnte devween

35 adjacent capillary networks.

Despite the effective functioning of the prior art fluid
pervious web 10 in topsheet appiications for disposable absorbent
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| r8 which have been caused to.conformto the surface
bidan { it “has b

fized herein to describe the appearance of plastic webs of the

refers generally to any fine scale pattern of 35

sments _or apertures, random or nonrandom reticul PCIMUSS2/11153
i cWQP¥A274hi ch connotes an overal | appearance and inpression of a

or nonwoven fi-brous web when viewed by the human eye. As -4-

red herein, the term"nmacroscopically expanded”, when used to describe

pl astic webs, ribbons and fit%s, refers to webs, ribbons

of a
g% sueh, 3s; GAtamenial, padse has been observe_d that on
occasion fluid, particularly menses, deposited on the first surface

20 of the fiber-like elements tends to collect or pool on the base
portions 21 of the fiber-l1ike elements, thereby creating an
uncomfortable wet feeling for the user since the retained fluid is
in direct contact with the user’s skin. If the fluid in question is
colored, such as menses, the retained fluid also detracts from the
normally clean appearance of the topsheet.

Fig. 3 is an enlarged perspective {1lustration of a photoetched
laminate structure 30 which can be utilized to vacuum form an
initially impervious, substantially planar, heated plastic film to
produce a prior art fluid pervious fiber-like web 10 of the type
generally illustrated in Fig. 2. The Jaminate structure 30 is
preferably constructed generally in accordance with the teachings of
commonly assigned U.S. Patent 4,342,314, issued to Radel et al. on
August 3, 1982 and incorporated herein by reference and is comprised
of individual lamina 31, 32 and 33. The aperture patterns in the
lamina are identical to one another. A comparison of Fig. 3 with
the fiber-1ike plastic web 10 shown in Fig, 2 reveals the
correspondence of capillary opening 11 in the uppermost plane 22 of
the plastic web 10 to opening 41 in the uppermost plane 42 of the
photoetched laminate structure 30. Likewise, capillary opening 19
in Towermost plane 26 of plastic web 10 corresponds to opening 43 in
lowermost plane 44 of photoetched laminate structure 30.

The uppermost surface of photoetched laminate structure 30 -
located in uppermost plane 42 is provided with a microscopic pattern
of protuﬁerances 48. This is preferably accomplished by applying a
resist coating which corresponds to the desired microscopic pattern
of surface aberrations to the top side of a planar photoetched
lamina 31, and thereafter initiating a second photoetching process.
The second photoetching process produces a lamina 31 having a
microscopic pattern of protuberances 48 on the uppermost surface of
the interconnected fiber-like elements defining the pentagonally
shaped apertures, e.g., aperture 41. Construction of a laminate
structure employing such a pattern of protuberances 48 on its

uppermost layer is generally disclosed in commonly assigned U.S.
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o conformto 10 the surface of said formng

iTlustration of a preferred embodiment of a three-dimensional,
fiber-1ike, fluid pervious plastic web 50 of the present invention.
As can be seen in Fig. 4, the web’s fiber-iike appearance f{s
comprised of a continuum of fiber-like elements, the opposed ends of
each of said fiber-like elements being interconnected to at least
one other of said fiber-Tike elements. In the embodiment disclosed
in Fig. 4, the interconnected fiber-like elements farm a pattern of
pentagonally shaped capillary networks 128. The fiber-like plastic
web 50 is particularly well suited for use as a catamenial bandage
topsheet or as a diaper topsheet 2 in a disposable diaper 1 of the
type generally illustrated in Fig. 1. The web 50, which exhibits a
fiber-lTike appearance, embodies a three-dimensional microstructure
comprising a regulated continuum of capiilary networks 128 of
steadily decreasing size extending from the web’s uppermost or
wearer-contacting surface 51 in plane 122 to its lowermost or
absorbent pad-contacting surface 52 in plane 126 to prouiote rapid
fluid transport from the uppermost surface 51 to the lowermost
surface 52 of the web without lateral transmission of said fluid
between adjacent capillary networks 128.

Apertures 53 are formed by a multiplicity of intersecting
fiber-1ike elements, e.g., elements 54, 55, 56, 57, and 58,
interconnected to one another in the first surface 51 of the web.
Each fiber-1ike element comprises at least one pair of convergent
substantially linear portfons, e.g., linear portions 62 and 63,
which intersect one another to form a vertex 64 in the plane 122 of
the first surface 51. Each substantially linear portion has a
sidewall portion, e.g., sidewall portion 66, joined to its free end
intermediate the first and second surfaces of the web. The sidewall
portions 66 extend generally in the direction of the second surface
52 of the web. The. intersecting substantially linear portions and
the intersecting sidewall partfoné are 1{interconnected to one
another, respectively, intermediate the first and second surfaces of
the web. The int_ert_:onnected sidewall portions 66 terminate
substantially concurrently with one another in the plane 126 of the



.by the naked eye on a nacroscopic scale. SUMMARY OF THE | NVENTI O\It 20
sent invention pertains, in a preferred enbodi nent, _to en
' $2749al web exhibiting reduced skin contact ggéﬁséiﬁt\g‘?’l as

a fiber-1ike appearance and tactile inpression. The web is conprised of a
fluid-§ npervious plastic nmaterial. The plastic web has a first and a

second surface. The first surface of 25 the i/veb has a multiplicity of
apertyres therein. Each of the apertures rYefined by a nultipl ![CI tyI of
interdecting fibe hie t 51 Nt gr.copn e in e ane
ofg the fi rstg surf?dgthas?lﬁ?ea@t Eg'figé'r-Fi ﬁe eﬁl‘(:a&r}gﬁfy; @)?Ef%??é aemb"&'f'eﬁ)t'
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| ength. Ténsucrently seithiane anoghersts the planetofotRe Bacéndfsurface to
cenvergent form apertures 61 in the second surface 52 of the web. The
» 5 convergent substantially linear portions 62,63 together with the
sidewall portions 66 produce apertures 61 in the second surface 52
which are smaller than apertures 53 in the first surface. 122 of web
50.  Therefore, the capillary networks 128 formed by the
interconnected substantially 1linear portions and the associated
10  sidewall portions are of decreasing cross-section in the direction
of the second surface 52 of the web. This decreasing cross-section
aids in transporting fluid deposited on the first surface 51 of the
web directly to the second surface 52 of the web without lateral
transmission of the fluids between adjacent capillary networks 128.
15 Fig. 5A is a cross-sectional illustration of an alternattve
fiber-l1ike element which may be employed in a plastic web 150 of the
present invention. In the Figure 5A embodiment, the intercoanected
sidewall portions 166 of the fiber-like element shown in Figure 5A
are joined to the free ends of the interconnected subsfantia‘lly
20 linear portions 162,163 at substant{ally the same angle as linear
portions 162,163 with respect to the first surface 151 and second
surface 152 of the web 150. Substantially linear portions 162,163
intersect one another to form a vertex 164 in the plane 222 of the
first surface 151. The resultant cross-section of the fiber-like
25 element is that of an inverted "V". The capillary networks produced
in a web comprised of fiber-like elements exhibiting the
configuration shown in Figure 5A are of a generally decreasing
cross-section in the direction of the second surface 152 of the web.
This cross-section aids in rapidly transporting fluid deposited on
30 the first surface 151 of the web directly to the second surface 152
in plane 226 of the web without Yateral transmission of the fluid
between the adjacent capillary networks -which are formed in the
resultant web 150.
Fig. 5B is a cross-sectional illustration of still another
35 embodiment of a fiber-like element which may be employed in a
| plastic web 250 of the present invention. In this embodiment each
sidewall portion 266 1is preferably comprised of two linear

This Sheet Has Been Reﬂlaced
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ntially linear portions which intersect one another to forma vertex

first plane. The cross-section further conprises a sidewall portion

to the fRpag98nd74 each of the aforenentioned |inear porti & SEI/US/111853

dewal | portions extend 35 generally in the direction of the

surface of the web. The intersecting substantially linear portions
intersecting sidewal| portions are interconnect,ed to one another,

ively, internediate the first and second® surfaces of the

TheI : nt er connect e|d pordi 6yakh, 259, p%&l@ grmost {éHdy! m&ﬁe elements 258 are joi
F'a y concurrently % ttﬂeopreeagr? s cf {:he sﬂbstgnepﬁly hnear Sp%?tio?:s 262 and
The substantially linear portions 262,263 intersect one another
form a vertex 264 in the plane 223 of the first surface 251 of

5 web 250. (Upper sidewall elements 258 extend generally in
direction of the second surface 252 of the web. Lower side
elements 259, which are joined to the lowermost ends of v
sidewall elements 258, form the sidewall portions 266 of
fiber-1ike elements in web 250. Lower sidewall elements 259 .

10 extend generally in the direction of the second surface 252 of
web 250, but at a slightly different angle with respect to surf
251 and 252 of web 250. As with the web embodiments of Figs. 4
5A, the capillary network; which are formed in web 250 by
intersecting fiber-like elements are of a generally decrea

15 cross-section in the direction of the second surface 252 of the
thus aiding in the transport of fluids deposited on the f
surface 251 of the web directly to the second surface 252 in p
224 of the web without lateral transmission of the ftnids bet
adjacent capﬂlary networks.

20 Fig. 5C is a cross-sectional {llustration of still ano
embodiment of a fiber-like element which may be employed -
plastic web 350 of the present invention. In this embodiment
sidewall portion 270 is comprised of three elements 271, 272 and
which are joined to one another as generally shown in Figure

25 The uppermost ends of sidewall elements 271 are joined to the
ends of substantially linear portions 280 and 281. Substant:
linear portions 280 and 281 intersect one another to form a ve
964 in the plane 422 of the first surface 283. Uppermost sids
elements 271 extend generally in the direction of the second su

30 290 of the web. Intermediate sidewall elements 272 also e:
generally in the direction of the second surface 290 of the
Lowermost sidewall elements 273, which are joined to the lowe
ends of the intermediate elements 272, also extend generally i
direction of the second surface 290 of the web. Upper sid

35 elements 271, intermediate sidewall elements 272 and lower sid
elements 273 together form sidewall portions 270. As with th

- embodiments of Figs. 4 through 5B, the capillary networks whic
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ther preferred enbodi nent, the present invention provides 5 an

ent bandage conprising a wearer-contacting topsheet and an absorbent
orbing bodily fluids. The topsheet conmeTAmY2A11153

i mensi onal web having a first surface for contacting the
and a second surface having a multiplicity of apertures therein
dting the absorbent elenment. The web is 10 conprised of a

i npervious plastic material. The web edBrbits reduced skin contact

as a fiber-like appearance and tactile inpression. The first
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VWile it
each of ﬂnéds deposited on the first surface 283 of the web directly to the

second surface 290 of the web without lateral transmission of the
fluids between adjacent capillary networks.

As can be observed from an examination of the web embodiments
disclosed in Figs. 4 through 6, several themes remain constant.
First, the apertures formed in the second surface of the web are
smalier than the apertures formed in the first surface of the web.
Second, the substantially planar base portion 21 of the fiber-like
elements disclosed in the prior art web of Radel et al. shown in
Figure 2 have been replaced by at least one pair of convergent
substantially linear portions which intersect one another to form a
vertex in the first surface of the web.

Both of the foregoing modifications aid in the transport of
fluids deposited on the first surface of the web directly to the
second surface of the web. The vertex formed by the intersection of
the convergent substantially 1linear portions of the fiber-like
eleaents'emp}oyed in webs of the present invention is reduced to
such a small dimension that it sﬁbstantia11y prevents the pooling of
fluids deposited on the first surface of the web. By replacing the
substantially planar base portion 21 of the prior art web shown in
Figure 3 with substantially linear portions that form vertex in the
first surface of the web, fluid deposited on the network of
intersecting vertices is unable to pool. It 4is therefore
immediately transmitted directly to the second surface of the web
and ultimately to the underlying absorbent core. The substantial

"elimination of liquid pooling on the web’s first surfaces enhances

both the clean and dry characteristics of the topsheet. In
addition, the decreasing cross-section of the capiliary networks in

_ the direction of the web’s second surface.also helps to rapidly draw

the fluid in the direction of the web’s second surface, i.e., toward
the underlying absorbent core, so the surface of an absorbent

bandage employing a topsheet of the present invention will remain
clean and dry even during periods of heavy liquid flow.

This Sheet i
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at least one .pair of. convergent 20 PCI/US92/11153

ortions which intersect one another to forma vertex
The cross-section further conprises a sidewall portion
end of each of the aforenentioned |inear

portions extend general tM-in the direction of

intersect one another to orm a vertex in the first plane o
the web substantially reduces the glossy appearance of the web’:
visible surface, even when the mi croscopic pattern of surfac
aberrations 28 shown in Figure 3 is not present. While not wishin
to be bound, it is believed that this is due to the minimal amoun
of planar surface area that is actually present in the first surfac
of the web, i.e., the intersecting vertices of the fiber-1ik
elements.

While the web embodiment generally disclosed in Fig. -
represents a particularly preferred embodiment of the presen
invention employing only primary fiber-l1ike elements, any number o
fiber-1ike elements may be employed within web structures of th:

' present jnvention, e.g., secondary, tertiary, etc. An example o

such a structure employing secondary and tertiary fiber-1ik
elements is shown in Fig. 6. The capillary network shown in Fig.
comprises an uppermost capillary opening 301 formed by
multiplicity of primary fiber-like elements, e.g., primar
fiber-l1ike elements 302, 303, 304 and 305 interconnected to om
another in the uppermost plane 307 of the web 300, said openin
being further subdivided into smaller capfiTary openings 310 and 31
by secondary fiber-like element 313 at an intermediate plane 314
Capillary opening 310 is further subdivided by tertiary fiber-1ik
element 320 into even smaller capillary openings 321 and 322
respectively, at a still lower plane 325 within web 300.

As can be seen from Fig. 7, which is taken along section lin
7-T of Fig. 7, planes 314 and 325 are generally parallel to an
Tocated intermediate uppermost plane 307 and lowermost plane 330
The resilient three-dimensional web 300 shown in Fig. 7 has a firs
wearer-contacting surface 331 located in .uppermost plane 307 and
second absorbent pad-contacting surface 332 located in lowermos
plane 330. As pointed out earlier herein, a typical capillar
opening or aperture 301 located in uppermost plane 307 is defined b
a multiplicity of intersecting primary fiber-like elements, e.g.
elements 302, 303, 304 and 305, interconnected to one another i



30. BRI EF DESCRI PTI ON OF THE DRAW NGS Wil e the

specifgication concludes wth clains--particularly pointing out and153

di stigctly cl aim ng th&hissksant g tion, it is believed thpCpresSIil

i nvent§i dﬂﬁﬂmmﬂ% better pedl ‘B t he fol | owi ng description in
conjurjction with the ac E!ﬂHH ings 35 in which: Fig. 1is a

sinpl iffi ed perspective repr of an unfol ded di sposabl e di aper with
portidns of its conponents cut away; Fig. -2%-is an enlarged,

parti g ly segnented, perspective illustration of a prior art plastic web
QLEt hd type gener al uppermost plane 307. Each of the primary fiber-1ike elements, e.g.,

t primary fiber-like eiements 302, 303, 304 and 305, exhibits a
;ls ) substantially uniform generally upwardly concave shaped
of _ cross-section along its length. Its cross-section comprises at

rs ‘5§  least one pair of convergent primary linear portions, e.g., primary

- linear portions 340 and 341, which intersect one another to form a

- : vertex 334 in uppermost plane 307, and a primary sidewall portion,

it e.g., primary sidewall portion 336, joined to the free end of each'
primary linear portion and extending generally in the direction of

10  the absorbent pad-contacting surface 332 of the web 300 located in
plane 330.

As can be seen from Figs. 6 and 7, the intersecting primary
linear portions and the intersecting primary sidewall portions are
interconnected to one another intermediate the first surface 331 and

15 the second surface 332 of the web 300. The primary linear portions
and the primary sidewall portions are further connected to
intersecting secondary fiber-1ike elements, e.g., secondary element
313, which also exhibits a substantially uniform generally upwardly
concave shaped cross-section along its length. The cross-section of

20 each secondary element comprises at least one pair of secondary
linear portions, e.g., secondary linear portions 360 and 351 which
intersect one another to form a secondary vertex 362, located in
plane 314 intermediate the first surface 331 and the second surface
332 of the web 300. Each of the secondary linear portions have a

25 secondary sidewall portion, e.g., secondary sidewall portion 364,
joined to the free end thereof. The secondary sidewall portions
also extend generally in the direction of the second surface 332 of
the web located in plane 330.

As is also apparent in Figs. 6 and 7, the secondary linear

30 portions and the secondary sidewall portions are interconnected to
primary fiber-like elements 302 and 304 intermediate plane 314 and
the second surface 332 of web 300 located. in plane 330.

In the web embodiment illustrated in Figs. 6 and 7, the primary
and secondary fiber-like elements are further connected to

35  intersecting tertiary fiber-like elements, e.g., tertiary fiber-like
elements 320, which also exhibit a generally upwardly concave shaped
cross-section alorig their length. The cross-section of the tertiary
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| osed 1n commonly assigned U.S. Pat. No. 4,342,314, said web further
bi.ting a microscopic pattern of surface aberrations of s the type N
rally disclosed in coomonly assigned U S. Patent 4,463,045 qn | 5
ble sur a9 Bapispans g
stration of a photoetched |am nate structure of the type used to form
I c webs of the type generally illustrated in Fig. 2; 10 Fig. 4
n enlarged, partially segnented perspectlﬁg illustration of a

rred fiber-like plastic web of the present Ihve

ged, cross-secti Opfiments L&hggﬁeenapheae: Brle PR | H° ety 1#1RaF! foFeins, |

pl astic web of the present

3 is an enlarged,- partially segnented, per

ntion; Fig. BAis an

e.g., tertiary Wr}/e%gt ngr[]t;ions 350 and 351, which intersect ope -
another to form a tertiary vertex 352 located in plane 325. Plane
325 is located between plane 314 and the second surface 332 of the
web 300, which §s located in plane 330. Each of the tertiary linear
portions has a tertfary sidewall portion, e.g., tertiary sidewall
portion 354, joined to its free end. The tertiary sidewall portions
also extend generally in the direction of the second surface 332 of
the web 300. © As is also apparent in Figs. 6 and 7, the tertiary
linear portions and the tertiary sidewall portions are
interconnected to primary and secondary fiber-iike elements 303 and
313, respectively, between plane 325 and the second surface 332 of
the web 300, which is located in plane 330.

As can clearly be seen in Figs. 6 and 7, the intersecting
primary, secondary and tertiary fiber-like elements terminate
substantially concurrently with one another in the plane 330 of the
second surface 332 to form a multiplicity of openings in the web’s
second surface, e.g., apertures 370, 371 and 372.

Referring to Figs. 6 and 7, it is clear that the interconnected
primary, secondary and tertiary fiber-1ike elements located between
the first and second surfaces of the web 300 form a discrete
capillary network connecting each of the apertures, e.g., aperture
301 in the first surface 331 of thé web, with a multiplicity of
apertures, e.g., apertures 370, 371 and 372, in the second surface
332 of the web. As will be appreciated, the capillary networks thus
formed are of nonuniform cross-section along their length, i.e.,
intermediate planes 307 qnd 330, due to: (a) the presence of the
secondary and tertiary fiber-like elements; and (b) the upwardly
cancave V-shaped cross-section of at least the uppermost portion of
all of the fiber-like elements. Because the capillary networks
connecting each aperture in the first surface 331 of the web
exclusively with a multiplicity of apertures in the second surface
332 of the web are of decreasing cross-section in the direction of
the second surface, fluid deposited oh the uppermost surface 331 of
the web is rapidly transmitted from a single aperture, e.g.,
aperture 301, in the uppermost surface of the web to a multiplicity
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% 5B is an enl ar ged, cross sectional illustration of another ffber-Iike
nt .of a plastic webmgfg iresent invention; Fig. 5Cis an enlar ed

- i |1 ust ratl ladeif ber - | i ke el ement BLCTAURIZ311
e @h@gﬂﬁq)nwnt I on;

is an enlarged, partlally
nted perspective iII n alternatlve fiber-like platic
f the present invention; Flg 7 |s an enl arged cross-sectional
tration of a web of the type generally sHown in Fig. 6 taken al ong

(r)Itn elolI n;e)eZsZ)elc?nf vg &t&f&%’r & ab’n %ﬂ“ﬁ“‘fﬁ%?‘&& hZﬁgeg% %ﬁ{atilgtalt:!%t GREOnsk
.ype used to fsunfiapeasfi thecweb oﬁihbh&ttmrgbnérmsnyssﬂohusfr ahed Yiquid
between adjacent capillary networks.
As will be appreciated, the substantially uniform generally
5 upwardiy concave shaped fiber-like elements utilized in webs of the
present invention may be substantially straight along their entire
length. Alternatively, they may be curvilinear, they may comprise
two or more substantially straight segments or they may be otherwise
oriented in any desired direction along any portion of their length.
10 There is no requirement that the fiber-like elements be identical to
one another. Furthermore, the aforementioned shapes may be combined
in any desired fashion to produce whatever fiber-1ike pattern is
desired. Regardless of the shape ultimately selected, the
substantially uniform generally upwardly concave  shaped
: 15 cross-section which exists along the respective lengths of the
interconnected fiber-like &lements heips impart resilience to
fiber-1ike plastic webs of the present invention.
As should be readily apparent from the foregoing, the present
invention, in a particularly preferred embodiment, maintains the
20 desirable fiber-l1ike appearance and tactile impression provided by
the prior art plastic web 10 shown in Figure 2, but at the same time
decreases the amount of material that directly contacts the wearer’s
skin in use. In addition, the pattern of intersecting vertices on
the fiber-l1ike elements improves the transport of fluids from the
25 wearer contacting surface to the pad contacting surface of the web,
since the planar surfaces present in the uppermost surface of the
web have all but been eliminated. This reduction of planar area in
the uppermost surface of the web also reduces the amount of gloss
exhibited by the web’s visible surface when the visible surface is
30 struck by incident 1light rays. Thus, the need to include a
microscopic pattern of surface aberrations on the web’s visible
surface is less critical for webs of the present invention than for
prior art webs employing substantially planar base portions.
Fig. 8 1is an enlarged, partially segmented perspective
35 illustration of a photoetched laminate structure 400 utilized to
vacuum form an initially impervious, substantially planar, heated
plastic film to produce a fluid pervious fiber-1ike web 50 of the -
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expl oded perspective illustration of a 30 | am nate !

formed by rolling a planar |am nate strucpgraiss2/11153 -

e generﬂ?’fw3 IW strated in Fig. 9 to the desired radius of curvature
ning the free ends thereof to one another; and 35 Fig. 11 is a
I ed schematic illustration of a preferred nethod and apparatus for
ng and/or perforating a plastic film general +}8-in accordance with
sent invention.

-7-
type generally illustrated im Fig. 4. A comparison of Fig. 8 wig

the fiber-1ike plastic web 50 shown in Fig. 4 reveals ty;
correspondence of capillary opening §3 in the uppermost plane 51 ¢;
plastic web 50 to opening 460 in the uppermost plane 451 of tj,
photoetched laminate structure. Likewise, capillary opening 61 §,
the Towermost plane of plastic web 50 corresponds to the Towermos:
opening 461 in the lowermost plane of the photoetched Taminat
structure. .

Fig. 9 is a simplified, exploded, perspective illustration of ;
Taminate structure 500 generally similar to that of Fig. 8. Th
laminate structure 500 is comprised of a stack of individual lamin:
501, 502 and 503. Each lamina has a pattern of openings therein
Lamina 501, 502 and 503 have the identical pattern. In practice i
is typical to employ several lamina having the identical patter
superposed upon one another to provide sufficient depth of patter
to the plastic web. However, .lamina 501, the uppermost Tamina, ha
a photoetched pattern which differs from that of lamina 502 an
lamina 503 to provide a vertex in the uppermost plane. Thi
preferred method of achieving the cross-sectional profile of Tamin:
501 is by chemically etching the pattern primarily from one surface
For uppermost Tamina 501 the percentage of etching from th
uppermost surface is wusually about ninety percent (90%) fo
uppermost Tamina 50, although the range can be from abou
sixty-five to about ninety-five percent (65-95%). By way o
contrast, lamina 502 and lamina 503 are etched substantially equall.
from both surfaces. A comparison of Fig. 8 with the fiber-Tik
plastic web 50 shown in Fig. 4 reveals the correspondence of thi
vertex 64 in the uppermost plane 52 of plastic web 50 to the verte
500 in the uppermost plane of the photoetched l1amina 501.

Processes for constructing laminate structures of the typ
generally disclosed in Figure 3 are disclosed in U.S. Pat. No
4,342,314 issued to Radel et al. on August 3, 1982, said paten
being hereby incorporated herein by reference. The teachings o
Radel et al. are modified to produce an uppermost lamina including -
vertex, as generally described in the preceding paragraphs t
produce structures of the type disclosed in Figures 8 and 9. Th
photoatched laminate structures are then preferably rolled b
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DESCRI PTI ON OF THE PRESENT | NVENTI ON Wil e the present invention

b@ described in the context of oviding a fluid pervious, resili gﬂé,
@W 49 P! astT j t| ng reduced skin conPET{USH/L
.as 4a fl

tactile inpression and exhibiting
enpl oyed as a topsheet on an

nt bandage such as a dlsposable di aper, the present invention is in
limted to such application. To the C rary, the present 10

Ced "ty produpieReibedf, SheifnRey “Ta7cs, RuraY Sabuilll ORpErT R, cas
mper forat e t htlggteatedngenarally sin ukigur d0hand ntheiropppasieg, ends Jjoined
eristic, "aesjdpraty fn' rﬂ&ﬁ?&d&ﬁ WLRi the Ctdachinyd! oF REdEYSEY al. to

ed in the prior, art.

produce a seaﬁieEE tugu{kr forming member 520, as generaily shown in
Figure 10. ,

The outermost surface 524 of the tubular forming member 520 is
utilized to form the plastic web brought in contact therewith while
the innermost surface 522 of the tubular member generally does not
contact the plastic web during the forming operation. The tubular
member may, in a preferred embodiment of the present invention, be
employed as the forming surface on debossing/perforating cylinder
585 in a process of the'type'generally {1lustrated in Fig. 11 and
described in detail in commonly assigned U.S. Pat. No. 4,151,240
issued to Lucas et al. on April 24, 1979, said patent being hereby
incorporated herein by reference. A particularly preferred
apparatus 540 of the type disclosed in said patent is schematically
shown in Fig. 11. It includes constant tension film supply means
541, debossing and perforating means 543, and constant tension film
forwarding and winding means 545. The frame, bearing, supperts and
the Jike which must necessarily be provided with respect to the
functional members of apparatus 540 are not shown or described in
detail in order to simplify and more clearly depict and disclose the
present invention, it being understood that such detatls would be
obvious to persons of ordinary skill in the art of designing plastic
film converting nachinery'.

Briefly, apparatus 540, schematically shown in Fig. 11,
comprises means for continuously converting a ribbon of
thermoplastic film 550 into a debossed and perforated film 551 by
directing hot air Jets against one surface of the film while
applying vacuum adjacent the opposite surface of the film, and while
maintaining éuffi_cient control of the film 550 to substantially
obviate wrinkling and/or macroscopically distending the film. Thus,
as will be more fully dascribed hereinafter, apparatus 540 comprises
means for maintaining constant machine directfon tension in the film
both upstream and downstream of a zone where the temperature is
greater than the thermoplastic temperature of the film, but in which
_zone there is substantially zero machine direction and cross-machine
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] ow one skilled in the
pvices. Fig. 1 is a perspect of .a di sposable diaper in an

g conditi on. Various |ayers have been cut agey to nore clearly

details of this enbodinent. The disposable
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ated may be of any desired shape, they may be regul ated or random %
ated or non-reticulated, continuous or.interrupted, perforated or

rated or_a red cUnmmamm er eof The detail ed descrd:wssmnss
eferred %%&fiﬁg and i iWéheet in a disposabl e di aper

I 1y adapt the invention to

at’ fhggrzrgqr'}{j@ensiog -zone resul&s from the film §

the zone being at a sufficient‘ly high temperature to enab]
debossing and perforating the film through the use of heat aj
vacuum. :

As can be seen in Fig. 11, the debossing and perforating mean
543 includes a rotatably mounted debossing perforating cylinder S8
having closed ends 580, a nonrotating triplex vacuum manifol
assembly 556 and hot air jet means 559. The triplex vacuum manifo)
assembly 556 comprises three manifolds designated 561, 562, and 56:
Also shown in Fig. 11 is a freely rotatable lead-on idler roll 56%
a power rotated tead-off/chill roll 566 and a soft-face (e.g., 1

density neoprene) roll 567 which is driven with the chill roll
Briefly, by providing means (not shown) for independentl
controlling the degree of vacuum in the three vacuum manifolds,

thermoplastic ribbon of film running circumferentially about

portion of the debossing-perforating cylinder 555 is sequentiall
subjected to a first level of vacuum by manifold 561, a second Teve
of vacuum by manifold 562, and a third Tevel of vacuum by manifo
563. As will be described more fully hereinafter, the vacut
applied to the film by manffold 561 enables maintaining upstre:
tension in the film, wvacuum applied by manifold 562 enable
perforating the film when hot air js directed radially inward]
against the film, and vacuum applied by manifold 563 enables coolir
the film to below its thermoplastic temperature and enable
establishing downstream tension therein. If desired, the f{
contacting surface of the debossing-perforating cylinder 555 may 1
preheated pricr' to reaching vacuum manifold 562 by means well knos
in the art (and therefore not shown) to facilitate bette
conformance of plastic films comprised of flow-resistant polyme
during the dehossing operation. The nip 570 intermediate chill rof
566 and the soft-face roll 567 {is only nomi nally loaded because hic
pressure would iron-out the three-dimensional debossments which a
formed in the film in the aforementioned manner. However, evs
nominal pressure im nip 570 helps the vacuum appiied by manifold 5t
to tsolate downstream tension (i.e., roll winding tension) from ti

i fi'. g he th R&AtrbYC ahd %oﬁﬂ”ﬂo'i'ﬁﬁﬁﬁtg ribbon q



fl aps of the backsheet 4 are folded so as to cover the edges of the
absorb t pad 3 and topsheet 2. Topsheet 2 is generally folded 30 to

c@npl et fe 25 the ends of the absorbent pad 3. The dr an® /H$9¥!P&F@r
1 in Fijg. 'S a sinplified representati on of a di sposable diaper. A nore
detail gd description of a preferred embodi ment of a di sposable diaper is
contairfed in comonly assigned U S. Pat.. No. 3,952,745 issued to Duncan on
April 47, 1976, said patent being 35 hereby i rdor porat ed herein by

refererce. Fig. 2 is,an | ar ed artial | erspective
i lheust datj on of a pr‘i“'&"s p ORI NG RATE Y rgg -°F?1<'L9,’ enforating cylinder

of . 555, and enables the nip 570 to pee'l the debossed and perforated
in film from the debossing-perforating cylinder 555. Moreover, while
le vacuum drawn ambient air passing through the film into manifqold 563
d 5§ will normally cool the film to below its thermoplastic temperature,

the passage of coolant through the chill rol) as indicated by arrows

s 563, 574 in Fig. 11 will enable the apparatus to .handle thicker

5 fiims or be operated at higher speeds.

4 To summarize, the first vacuum manifold 561, and the third

i 10 vacuum wmanifold 563 located within the debossing-perforating
cylinder 555 enable maintaining substantially constant upstream and
downstream tension, respectively, in a rumnning ribbon of film while
the intermediate portion of the film adjacent the second vacuum
manifold 562 within the debossing-perforating cylinder 555 {s

15 subjected to tension vitiating heat and vacuum to effect debossing
and perforating of the film.

Referring again to Fig. 11, the constant tension film supply
means 541 and the constant tension film forwarding and winding means
545 may, if desired, be substantially identical to and function

20 substantially identically to the corresponding portions of the
apparatus shown and described in commonly assigned U.S. Pat. Na.
3,674,221 14issued to Riemersma on July 4, 1972 and hereby
incorporated herein by reference. The debossing and perforating

{ means 543 ‘comprises the rotatably mounted debossing-perforating

25 cylinder 555, means (not shown) for rotating the cylinder 8585 at a
controlled peripheral velocity, the non-rotating triplex vacuum
manifold assembly 556 inside the debossing-perforating cylinder 555,
means (not shown) for applying controlied levels of vacuum inside
the three vacuum manifolds 561, 562 and 563 comprising the triplex

30 manifold assembly 556, and hot air jet means 559.

The debossing-perforating cylinder 555 may be constructed by
generally following the teachings of U.S. Pat. No. 4,151,240 issued
to Lucas et al. on April 24, 1979 and incorporated herein by
reference, but substituting a tubular laminate forming surface of

35 the present invention for the perforated tubular forming surface
disclosed therein.
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jer vi ous pl astic web 10 whi ch has been found highly suitable for use as

sheet in disposabl e absorbent bandage structures, such as cataneni al

It may, if desired, also be enployed as a topsheet 21in dlp@ﬂ#ﬁﬂﬂmﬂJISS

r 1 shonWO®BMEWIre 1. The prior art web 10 is 5 generally in

dance with the teachings of comonly assigned U S. Pat. No. 4,342,314

~on August 3, 1982 and incorporated herein by

>nce. The fluid pervious plastic web 10 illuaﬁfated in Fig. 2.exhibits

iplicity of apertures, e.g., apertures 11

13 I Cli t1 Z of 1I5 nterzectl Ngh{e fpﬂaeérﬂeukeppﬁceaw Sof &hg- dis@lo88@NpRatoetched
, : an

e 20 of the web.

ich are forned by a

it SFARRREF 5, YR, LSl Fm D ealaid pbpation s
generally outlined in the afbrementioned commonly assigned U.S.
patent issued to Lucas et al., it is anticipated that photoetched
taminate forming structures of the present invention could be
employed with equal facility to directly form a three-dimensional
plastic structure of the present invention. Such a procedure would
involve applying a heated fluid plastic material, typically a
thermoplastic resin, directly to the forming surface, applying a
sufficiently great pneumatic differential pressure to the heated
fluid plastic material to cause said material to conform to the
image of the perforate laminate forming surface, allowing the fluid
material to solidify, and thereafter removing the three-dimensional
plastic structure from the forming surface.

Another preferred method for converting a ribbon of
thermoplastic film into a three-dimensionai structure of the type
herein disclosed is by applying a high pressure fluid jet comprised
of water or the 1like against one surface of the film, preferably
while applying a vacuum adjacent the opposite surface of the film.
Such methods are generally described in greater detail in commonly
assigned U.S. Pat. Nos. 4,609,518 issued to Curro et al. on
September 2, 1986; 4,629,643 issued to Curro et al. on December 16,
1986; 4,637,819 issued to Oueflette et al. on Janyary 20, 1987;
4,681,793 issued to Linman et al. on July 21, 1987; 4,695,422 issued
to Cyrro et al. on September 22, 1987; 4,778,644 issued to Curro et
al. on October 18, 1988; 4,839,216 issued to Curro et al. on June
13, 1989; and 4,846,821 issued to Lyons et al. on July 11, 1989,
each of said patents being hereby incorporated herein by reference.

In the event it is desired to produce webs of the present
invention wherein all or a predetermined portion of the web is
capable of preventing fluid transmission, e.g., for use as
backsheets on disposable absorbent bandages, 1t 1is feasible to
perform.the debossing operation without causing rupture of the web
in its second surface. Commonly assigned U.S. Patent 4,395,215
issued to Bishop on July 26, 1983 and commonly assigned U.S. Patent
4,747,991 issued to Bishop on May 31, 1988, each of which are hereby
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cat ed in plane 22. Each base portion has a sidewall portion, e.g
portions 23, attached to each edge thereof. The 15 si dewal |

port og,g) ? general ly in the direction of the second s®CTAUSIZIIES ¢ he
The Tnitersecting sidewall portions of the firber-like elenments are

I nt g@connected to one another internediate the first and second surfaces of
t he b, and term nate substantially concurrently with one another in the
pl a 26 of the 20 second surface. In a pa3ticularly preferred

enb

i ment, the base portion 21 includes a rricrosce&;c pattern of surface
ations 28, gimermlrateﬁ henetrorhyare€enence, tfudly cdisclosss how ctonmmsltyuct

ned tU g-_zgat uﬁ 4fﬂﬁﬁm%f5stﬁ?dtﬁﬂe§_r wiEh Clardl - capa uw Y otl, P ?’@
Qf ,r f;‘ni thrg . edlimens%ona ﬁr ggpca%ded fjﬁm "which are Iunip gr&]eb%ssesdlfrbut
apertured only in predetermined areas. Such films may also be
5 useful in product applications wherein the fluid target zone is very
well defined, and fluid-perviousness is desired anly in the fluid
target zone.
In the case of fluid impervious films of the prevent invention
it is anticipated that the present technology could, if desired, be
10 mcorporated in suitably reinforced film embossing rolls and the
1ike, provided only that the embossing pressures to which the rolls
will ultimately be subject are not so great as to destroy the:
particular three-dimensional pattern exhibited by the laminate.
embossing surface. A resilient back-up roll could, if desired, be
15 utilized in such an embossing operation to avoid damaging the
laminate embossing surface. It is even further anticipated that
Taminate forming surfaces of the present invention may find utility
in applications other than plastic film forming.
While particular embodiments of the present invention have been
20 {illustrated and described, it will be obvious to those skilled in
the art that various changes and modifications can be made without
departing from the spirit and scope of the invention, and it is
intended to cover in the appended claims all such modifications that
are within the scope of this invention. .
25
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by i ncident

lone 30

':‘vi de a substantially non-glossy visible surface when the web is !
light rays. In a particularly preferred enbodi ment, the k

onnect edwaﬁ?#%b portions term nate substantially concur rl’t'fl‘lUSWIlIss ‘
ano

er in the plane of the second surface to form apertures g

't he second surface 25 of the web. The capillary network 29 formed by

e o o e, (% EZCELmﬂIﬂﬂmmlﬂflﬂﬂmlllwb

16

15

20

30

it [err] transnCMSR of the fluid between 35 adj acent “cafli | fary
Ks. Despite the effective functioning of the prior-art fluid
us vveb 10 in topsheet appl i cati.ons for djsposable absorbent

1. A resilient three-dimensional web aving first and second
surfaces, said web exhibiting reduced planar area in its first
surface and a fiber-like appearance and tactile impression, said web
being comprised of a fluid-impervious plastic material, said web
having first and second surfaces, said Tirst surface having a
multiplicity of apertures therein, each of said apertures being
defined by a multiplicity of intersecting fiber-like elements
interconnected to one another in the plane of said first surface,
each of said fiber-Tike elements exhibiting a substantially uniform
generally upwardly concave shaped cross-section along its Tlength,
safd cross-section comprising at Teast one pair of convergent
substantially linear portions which intersect one another to form a
vertex in said first plane, said cross-section further comprising a
sidewall portion joined to the free end of each of said linear
portions, said sidewall portions extending generally in the direction
of said second surface of said web, said intersecting substantially
Tinear portions and said intersecting sidewall portions being
interconnected to one another, respectively, intermediate said first
and second surfaces of said web, said {interconnected sidewall
portions terminating substantially concurrently with one another in
the plane of said second surface.

2. The resilient three-dimensional web of Claim 1, wherein
said second surface of said web contains a multiplicity of apertures
and said interconnected sidewall portions of said fiber-Tike elements
terminate substantially concurrently with one another in said
apertures in the plane of said second surface.

3. The resilient three-dimensional web of Claim 2, wherein
said 1interconnected substantially T¥inear portions and said
interconnected sidewall portions form.a discrete capillary network
connecting each of said apertures formed by said multiplicity of
intersecting’ fiber-like elements in said first surface of said web
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such as cat arrenHm“gmgﬁ"mMﬂ ‘been observed that on occasion
articul arly mens the first surface 20
ké*’é%fé tends«t0c C acl s rﬂool on the base porti&%’ﬁ"ﬁe
'ke el enents, thereby creating an 5 unc@fAfortabl e wet feeling for
since the retained fluid is in direct contact with the user's

the fluid i esfion | cal ored, such.as nens th in
so detract ?ﬁ‘gﬁy?i\ye n‘b{r II%/ ﬁggﬁ@ﬂagﬁq antp&rgﬁ?ﬁ he&%@éﬁeeﬁg said
s an enl ar §etercensectedi sideiwal Liportionsninfsaidpsecondt surfdca ®f said web.

structure 30 which can be utilized to vacuumforman initially
substantially planar, heated plastic filmto
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4. The resilient three-dimensional web of Claim 2, wherein at
least a portion of said fiber-l1ike elements are substantially
straight along a portion of their length.

5. A resilient three-dimensional web having first and second
surfaces, said web exhibiting reduced planar area in its first
surface and a fiber-1ike appearance and tactile impreséion, said web
being comprised of a fluid-impervious plastic material, said web
having first and second surfaces, said first surface having a
multiplicity of apertures therein, each of said apertures being
defined by a multiplicity of primary intersecting fiber-like elements
interconnected to one another in the plane of said first surface,
each of said primary fiber-like elements exhibiting a substantially
uniform generally upwardly concave shaped cross-section along its
length, said cross-section comprising at least one pair of convergent
substantially linear port'iéns which intersect one another.to form a
primary vertex in said first plane, said cross-section further
comprising a primary sidewall portion joined to the free end of each
of said primary linear portions, said primary sidewall portions
extending generally in the direction of said second surface of said
web, said primary intersecting substantially linear portions and said
primary intersecting sidewall portions being interconnected to one

- another respectively intermediate said first and said second surfaces

of said web, said interconnected primary sidewall portions being
further connecte_d to at least one secondary intersecting fiber-1ike
element exhibiting a substantially uniform generally upwardly concave

. shaped cross-section along its length, said cross-section of said

secondary element comprising at 1least one pair of secondary
convergent substantially linear portions which intersect one another
to form a secondary -vertex in a 'p'lape intermedtate said first and

-second surfaces of said web, said cross-section further comprising a

secondary sidewall portion Jjoined to the free end of each said

" secondary linear portions, said secondary sidewall portions extending

generaﬂ;f in the direction of said second surface of said web, said

-}
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a prior art quid pervi ous fiber-like web 10 of the type generally
ated in Fig @m nate structure 30 is preferably constructed

73T Becortance ' IR o5 Somvons co | Sobphitagsnsss

14, 342, 3D 93331 to
by reference and is conpri sed "of i ndi vi dual~ 35am'na 31, 32 and 33.
erture patterns in the [am na are I dentical to one another.

A
ison of Fig. 3 w the fib keplatrc i n_ Fi
s the 20 corred g?rcfé’nﬂ EHaY a2 oﬁ%‘r’ﬂ\,}ﬁg"}ilﬂs‘ﬁ“\,\ﬁe ﬁ%siﬁmiﬂaﬁﬂ
22 of the plasti suhﬂtnnt@anq (tpncunrgnﬁ?l]y | wi thhenapprothest ipl a:he prane of sai

ot oet ched | am nalgg-sid ¥ Eltﬁ\b 30. Likewi se, capillary opening 19 in
st plane 26 of plastic 10 corresponds to opening 43 in | ower nost

44 of photoetched | am nate structure 30.
5 6. The resilient three-dimensional web of Claim 5, wherei

’ said apertures in said second surface of said web are defined by sai
' interconnected primary ‘and secondary sidewall portions of saf
fiber-1ike elements located- intermediate said first and said secon
surfaces of said web, said interconnected primary and secondar
10 sidewall portions thereby forming a discrete capillary networ
connecting each of said apertures defined by said multiplicity o
intersecting primary fiber-like elements in the plane of said firs
surface of said web excl'usivew with a multiplicity of said aperture
formed in said second surface of said web by said interconnecte
15 primary and secondary sidewall portions of said fiber-like elements.

==,

CTC——~"T -0 43T7gQ —0T

7. The resilient three-dimensional web of either €laim 3 o
Claim 6, wherein said capiliary networks are of non-unifor
cross-section atong their Tength.

20 ‘

8. An absorbent bandage comprising a wearer-contacting topsheet
and an absorbent element for absorbing bodily fluids, said topsheef
comprising a resilient three-dimensional web having a first surface
for contacting the wearer and a second surface having a multiplicity

25 of apertures therein contacting said absorbent element, said wetl

. being comprised of a fluid-impervious plastic material, said weh

exhibiting reduced skin contact area in its first surface and 2

fiber-l1ike appearance and tactile impression, said first surface of

said web having a multiplicity of apertures therein, each of said

30 apertures being defined by a multiplicity of intersecting fiber-1ike

elements intercommected to one another in the plane of said first

surface, each of said fiber-l1ike elements.exhibiting a substantially

uniform generally upwardly concave shaped cross-section along its

Tength, said cross-section comprising at least one pair of convergent

: 35 substantially Tinear portions which intersect one another to form a
i ST  vertex in said first plane, said cross-section further comprising a
et Has Been Replaced  gidewall portion joined to the free end of each of said linear
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25

The upperrmst SS“B toetched | aminate structure 30 |ocated
I n

erm)st ane h a mcroscopic pattern
pr o er ﬁ. er“erébl y acconpl i shed by applyi n@eywytlﬁ

co g which corresponds to the desired m crdkcopic pattern of surface
ab tions to the top side of a planar photoetched 30 | am na 31, and

th fter |n|t|at|n asec; nd, phot.oet chi ng pr.oc The.
ph tchi ng proPeek Focﬁ?d ‘é’%P’éH rP&"Q"l"Wﬁag’Ftr?@gi“Qng@PS&Sﬁ E“ dhe; dinection

plr er agcfes 48 ofnsditle seoeRy @Ffacéubfaﬁgimfwebh%aiﬂt Qnmetiﬁgﬂ s‘ubbﬁnﬂiaﬂ?y

e ts erinin pen na r , ,

Co uction of gﬂ?ﬂ% B?’Letqgg @ﬁr utd eiifﬁ?rsgﬁﬁ‘é gtfg%a;? 0&3 ﬁ" being

pr ber ances 48 interconseatgdetovene | another srespectinedly dhtalmdédte rsaidrrrfonsty

assifgned U $. and second surfaces of said web, said interconnected sidewall
portions terminating substantially concurrently with one another in
the plane of said second surface.

9. The absorbent bandage of Claim 8, including a backsheet

10 resistant to the passage of aqueous fluid therethrough secured in

superposed relation to said bandage adjacent the surface absorbent
element opposite said topsheet.

10. The structure of Claim 9, wherein said absorbent bandage
15 comprises either a disposable diaper or a disposable catamenial
appliance.
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corporated herein by reference. Fig. 4 is an enlarged, POy
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(54) Title: RESILIENT PLASTIC WEB EXHIBITING REDUCED SKIN CONTACT AREA AND ENHANCED FLUID
TRANSFER PROPERTIES

(57) Abstract

A resilient three-dimensional plastic web exhibiting reduced skin contact area and a fiber-like appearance and tactile im- |

pression. The web has a multiplicity of apertures therein, each being defined by a multiplicity of intersecting fiber-like elements

interconnected to one another in the plane of the first surface of the web. Bach of the fiber-like elements exhibits a substantially |

uniform generally npwardly concave shaped cross section along its Jength. The cross section comprises at least one pair of conver-
gent substantially lineas,portions which intersect one another to form a vertex in the plane of the first surface of the web. This ver-
tex reduces the skin contact area of the web providing a more comfortable feel for the user when the web is employed as a wearer
contacting topsheet in a disposable absorbent bandage. Furthermore, the web provides a substantially non-glossy visible surface
as there is almost no substantially planar portion in its uppermost surface to reflect incident light to the viewer’s eye. The pattern
of intersecting vertices in the first surface of the web substantially eliminates pooling of fiuids on the first surface of the web,
" since thers is almost no substantially planar portion on which the finids may pool. This further contributes to the webs clean and

dry appearance in use as well as more rapid fluid transport into the underlying absorbent core.




pentagonal |y shaped capillary networks 128. The fiber-like plastic web 50

IS partlcularl well suited for use as a cataneni al bandage t op,

a di aper t 4?| n a di sposable diaper 1 of the type genera éﬁ%ﬁﬁgﬁﬂjx§§

illustrated in Flg 1. The web 50, which exhibits a 15 flber-llke

appear ance, enbodies a three-dinmensional mcrostructure conprising a

gul ated conti nuum of capillary netmnrks'k?%!dl steadily decreasing size

extending fromthe web's uppernost or wear tacting surface 51 in plane

2 to its |lowernost or absorbent pad-contacting surface 52 in plane 126 to

prionote rapid 20 fluid transport from the uppernost surface 51 to the
rorost surface 52 of the web without lateral transm ssion of said fluid

bgtiween adj acent capillary networks 128. ures, 53 are fornmed by a

qtiplicity of intersecting ;Eﬁﬁé;
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ke elenents, e.g, elenents 54, 55, 56, 57, and 58, 25
nécted to one another the first surface 51 of the meb§5§@q§ /11153
kv I93/%249 conpri ses at | east one pair of convergent 3? Ff
ortions, e.g., linear portions 62 and 63, which intersect one

to forma vertex 64 in the plane 122 of the first surface 51. Each
lally Ilinear portion has a 30 nz&ﬂgwgl portion, e.g., sidewall
66, joined to its free end inter the first and second
surfacds of the web. The sidewall portions 66 extend generally in the
directijon of the second surface 52 of the web. The intersecting
substantially linear portions and the intersecting sidewall portions are

i nterconnected to one 35 anot her, respectively, internmediate the first

and segond surfaces of the web. The interconnected sidewall portions
66 termnate & ®

25

FIG. 2

23
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stantially concurrently with one another in the plane 126 of the

ond -surface 52. In a particularly preferred enbodinent,

r connect ggg 93/274Eval | portions - terminate subst ant i #CTyUS92/11153
uwrrently wth one another in the plane of the second surface to form
:tures 61 in the second surface 52 of the web. The 5  convergent
stantially linear portions 62,63 toget hea m the sidewall portions 66

uce apertures 61 in the second surface l ch are smaller than 3
tures 53 in the first surface 122 of web 50. Therefore, the

Ilary networks 128 forned by the interconnected substantially

ar portions and the associated '
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10 sidelal | portions are of decreasing cross-section in the direction of
t%ﬁi econd surface 52 of the web. This decreasing cross-sectionpgidfsori11s3
t r\%bort; n&éw}'ﬂ? posited on the first surface 51 of the web directly to

t he secon ace 52 of the web without lateral transm ssion of the fluids
bet ween adj acent capillary networks 128. 15 Fig. SAis a
cross-sectional illustration of an alternazlle! ber-1ike el ement which may
be enmpPkoyed in a plastic web 150 of the preSén nvention. In the Figure

SA enbodi nent, the interconnected sidewall portions 166 of the fiber-1like
el ement shown in Figure 5A are joined to the free ends of the
I nt erconnected substantially 20 | i near portions 162, 163 @t substantially

the same angle as 1inear portions 162,163 with respgct to ¥he first surface
151 and second surface 152 of the web 150. SubstantiNglly liRgar portions
162, 163

This Sheet Has Been Reﬁaced suBS'ﬂTUTE SHEET

T




Fsect one another to forma vertex 164 in the plane 222 of the first
ace 151. The r'esul tant cross-section of the fiber-like elenment is that

;iber-lik nents exhibiting the configuration shown in Figure SA
bf a generally decreasing cross-section in the direction of the second
ce 152 of the web. This cross-section g 1n rapidly transporting

Edeposited on 30 the first surface I f #the web directly to the

| surface 152 in plane 226 of the m?ﬁgﬁﬁéh | ateral transm ssion of
jruid bet ween the adj acent capillary r ich are forned in the
tant web 150. Fig. 5B is a cross-sectional iIIustrat%Qn of stil
€ enployed in a

er 85 enbodi nent of a fiber-1li kew‘GI\Q{ent Whi ch maf

163 / 150

162

166

152

»

S e——

N

i nvert (ﬁs/éz.m;he capi |l lary networks produced in a web RCHUSI2EH1ISI
e



2l 2 web 250 of the present invention. In this enbodi nent each sidewall
1266 is preferably conprised of two |inear -12- portiog .
3pe Upger Qgﬁwof the el ements 258 are joined to the free gﬁﬂ@uégﬁiﬁéa
suffstaffti a inear portions 262 and 263. The substantially |inear

223 of‘the first surface 251 of the 5 me@s g?g. Upper sidewall elenents
258 exflend generally - in the direction of L econd surfa 252 of the
ower sidewall elenents 259, m§ich are 'o;ljg t O the%fomernnst ends
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La
’FI el enments 258, forn1the sidewal | portions 266 of the fiber-1ike 4
ts.in vve 4:, sidewal | elenents 259 also 10 ext end gm:ﬁusbmuﬁ
}directlon the second surface 252 of the web 250, but at a -
jy dlfferent angle with respect to surfaces 251 and 252 of web 250.

t he web enbodi nents of Figs. 4 and 5A qe capi |l ary networks
re formed in web 250 by the |ntersect|&7} r-l1ike elements are of
'ially decreasi ng 15 cross-section in the direction of the second
' 252 of the web, thus aiding in the transport of fluids deposited on
st surface 251 of the web directly to the second surface 252 in
®24=0of the web without latergl transmission of the fluids between
it capillary networks. 20 8§ Fig. SCis a cross-sectional

{'ation of still another \
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enbodifmrent of a fiber-1ike elenent which may be enployed in a plastic web
the present invention. In this enbodi nent each sidewall portion 270
is cogprised o %ﬂ;’ee el ements 271, 272 and 273 which are joi npgrygserrei1s3
anot hdr as“@% i y shown in Figure 5C. 25 The uppernost ends of

Il elenments 271 are joined to the free ends of substantially |inear
ns 280 and 281. Substantially linear portions 280 and 281 intersect
one arfother to forma.vertex 964 in the pi;f 2'of the first surface 283.
st sidewal | elenents 271 extend generally in the direction of the
surface 30 290 of the web. Internediate sidewall elements 272

al so extend generally in the direction of the second surface 290 of the
web. Lowernost si-dewall elenents 273, which .are joined to the | owernost
ends of the internmediate el enents 272, also extend generally in the

451
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n of the second surface 290 of the web. Upper sidewall 35

. 271, internedi ate sidewall elenents 272 and | ower sidewall

-273 t ogavh93/12949n si dewal | portions 270. As with the web PCT/US92/1115
nts of Figs. 4 through 5B, the capillary networks which are - 13-

y the intersecting'fiber-like el ements in web 350 are of a

¢ decreasing cross-section in the di rectg)g o{‘ the second surface

l‘ane 426 of the web, thus aiding in the ﬂs ort of fluids

d on the first surface 283 of the web directly to the 5 second

_290 of the web without lateral transm ssion of the

¥
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&
ds between adjacent capillary networks. As can be observed from an
'nat4 on of the web enbodi nents disclosed in Figs. 4 thr%ﬁ g5 al
3s remain constant. First, the apertures fornmed in the urfac
he WO /12749 snuller than the apertures fornmed in the first surface

of ghe web. Second, the substantially planar base portion 21 of the
filger-1ike eIerrents di sclosed in the pri web of Radel et al. shown in
Fiqre 2 have been replaced by at Ieast %lgi) of convergent
sultantially |inear portions which intersect one another to forma 15

ex in the first surface of the web. Both of the foregoing nodifications
in the transport of fluids deposited on the first surface of the web
ctly to the second surface of the web. The vertex fornmed by the
rsection of

| FIG. I0
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el . . . : :
5hvergent substantially linear portions of the fiber-like 20
$llis enpl oyed in webs of the present invention is reduced to such a

Wed on the first surface of the web. By replacing the substantially
ibase portion 21 of the prior art web shown in figure 3 with .
itially l'inear portions that formvertea')'t?,i 25 first surface of
i, fluid deposited on the network of di Rtfebskcting vertices is
i-to pool . It is therefore inmmediately transmtted directly to
ond surface of the web and ultimately to the underlying absorbent
Ehe,substantial.elinination of liquid pooling on the web's first

3s enhances 30 both the clean and dry characteristics of the
gt . - In addition, the decreasing cross-iﬁfitfn 7f the capillary
1) . /
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the di rlggt i on-of "t He ‘web' s* secoildl suiface. al so helgps to rapidly .dr"ayv' thet .2,
fluid in-the direction of -the:wwdb!s-decond surfacegs i.e. |
under | yitfig “absor bent:copd,;. \eprhetbuif ace of an ahsorbent 35
enpl oyi ng ‘a:topsheet:»of . t-heo predent....i
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EIELD OF THE INVENTION
The present invention relates to resilient, three-dimensional,
fluid-pervious plastic webs exhibiting reduced skin contact area, a
fiber-1ike appearance and tactile impression, and more ;:articul arly,
to such webs having -enhanced fluid transfer properties.

BACKGROUND INFORMATION

It has long been known in the disposable absorbent bandage art
that it is extremely desirable to construct absorptive devices, such
as disposable diapers, sanitary napkins, incontinent articles, and
the like, presenting a dry surface feel to the user to improve
wearing comfort and to minimize the development of undesirable skin
conditions due to prolonged expasure to moisture absorbed within the
bandage. ' . |

One viable prior art solution to the aforementioned problem is
disclpsed in commonly assigned U.S. Patent 4,342,314 issued to Radel
et al. on August 3, 1982 and hereby incorporated herein by

reference. Radel et al. discloses an absorbent bandage with a

' “-whapar-contacting topsheet comprising a resilient macroscopically

25

expanded, three- dimensiona] plastic web exhibiting a combination of
fiber-11ke and plastic properties.  In a ‘preferred embodiment, the
macroscopically expanded three-dimensional plastic web topsheet
disclosed in Radel et al. exhibits a fine scale three-dimensiomal

- microstructure compri sii\g' a regu‘lat_ed continuum of = capillary
‘networks, of steadily decreasing size, originating in and extending

from one surface of said web and terminating in the form of
apertures in the opposite surface thereof to promote rapid fluid
transport in the direction of decreasing capillary size. The web’s
fiber-1ike appearance 1is comprised of a continuum of fiber-like
elements, the opposed ends of each of said fiber-1tke elements being

interconnected to at least one other of said fwm-
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5 the web substantially reduces the gl ossy appearance of the web's visible
surface, even when the m croscopic pattern of surface aberrations 28 shown
in Figure 3.is not present. Wile not wishing to be bound, it is believed
that this is due to the m nimal anmount of planar surface area that is
actually present in the first surface 10 of the web, i.e., the intersecting
vertices of the fiber-like elements. Wité the web enbodi ment generally

e O N T RbT G Pk shpHBSAF 38" Tkt L
15  fiber-| i tompelseseahsuppeyndst eapil banydopening nforeld shy acowitdplixfity rof
e Y b By Crfher- £ Wakits ! thtdrebinectid, +47 ofd 2ilthier 1P R 2
structure enpl oyl secondar an erti ar‘¥ I ber-1ike

uppermost plane of the web. The uppermost opening may, {f desired,

5 be further subdivided into smaller capillary openings by secondary
and tertfary fiber-like elements at planes Jocated below the
wearer-contacting surface of the web. -7 :

Each of the fiber-l1ike elements exhibits a substantially
uniform U-shaped cross-section along its length. 1In the case of a

10 primary fiber-Ttke element, its cross-section comprises a base
portion located in the wearer-contacting plane and a sidewall
portion joined to each edge of the base portion, said sidewall
portions extending generally in the direction of the absorbent
pad-contacting surface of the web. The si{dewall portions which

15 fintersect one another are 'j_oined to one another intermediate the
wearer contacting surface and the absorbent pad contacting surface
of the web, thereby forming a capillary network interconnecting the
opposed surfaces of ‘the web. The secondary and tertiary fiber-Tike
elements, when employed, -are gemerally similar, but originate #n

o0 planes below the wearer-contacting surface of the web. -

One drawback associated with the use of topsheets comprised of
plastic 1is that despite their superior fluid handling
characteristics some users are very reluctant to place a topsheet
which they feadily perceive as plastic by virtue of its glossy

' 25 ~ippearance Jn contact with thel¥ skxa. o :
. To veduce the gloss on the web’s visible surface, i.e., that
portion of the web which s visible from directly overhead, 1t has

been Tearned that inclusion of a microscopic pattern of surface
aberrations nll'i_cft are not discernible when " the perpendicular

30 distance between the viewer’s eye and the plane of the web is about
twelve inches ts highly effective. Commonly assigned U.S. Pat. No.
4,463,045 issued to Ahr et al. on July 31, 1984 and hereby
fncorporated herein by reference defines the relevant criteria which
must be satisfied so that the three-dimensionally expanded web will

35 exhibit a substantially non-glossy visible surface.

A topsheet of the type generally disclosed by Radel et al.,
having surface aberratipns according to Ahr et al., exhibits a-
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el enments is shown in Fig. 6. The capillary netwo
conpri ses an uppernost capillary opening 301 for
of primary fiber-like elenents, e.g., prinar reht s 302,
303, 304 and 305 interconnected to one another in{the uppermest—pl ape 307

of the web 300, said opening being further subd|V|ded |nto smal | er
capillary openings 310 and 311 by secondary fiber- ment 313 at an

t di at | b
Lorciary 11 bor 1Hper: 1ike Qipearyafs *?2*’532‘3‘"‘5& °“S?§ if“m‘ 53‘%%‘*331 ’
and 322, respesdsitdley surface. stin Iadﬂé)mn ﬁf % @ﬁn be
seen from Fig. vép w\mwm itPansTer Nfriomotiss smst mat'emecitictdpﬁg liugfaci tplthees

ot . o S bRl Eop T fPrach S8 EoBAEE st
- of the latter type have enjoyed widespread commercial success on
catamenial pads due to their clean and dry appearance in use when
contrasted to conventional non-woven fibrous topsheets. .
Nonetheless, it will be readily appreciated that even further
_ improvements in clean and dry appearance in use are highly desirable

10 in products of this type..

Accordingly, it is an object of the present invention to
provide, in a particularly preferred embodiment, a fluid pervious
plastic web which retains the foregoing benefits of Radel et al. and
Ahr et al., yet which exhibits an even cleaner and drier appearance

15 in use.

It is another object of the present invention to provide, in a
particularly preferred embodiment, a fluid pervious plastic web
which retains the foregoing, but which also exhibits enhanced fluid
transfer properties in use.

-20 It is still another object of the present invention to provide,
in a particularly preferred embodiment, a fluid pervious plastic web
exhibiting a fiber-like appearance and tactile impression, i.e., an
overall impression of softness, said web further exhibiting a fine
scale three-dimensional microstructure comprising a regulated

g Eontinuum of capilVary networks, preferably of steadily decreasing
size originating in and extending from one surface of .said film and
terminating in the form of apertures in the opposite surface thereof
to promote rapid fluid transport in the direction of decreasing
capillary size. As utilized herein, the term "microstructure®

3p refers to a structure of such fine scale that its precise detail is

readily perceived by the human eye only upon magnification by a

" microscope or means well known in the art. The term "fiber-like",
as utilized herein to describe the appearance of plastic webs of the

present invention, refers generally to any fine scale pattern of

35 embossments or apertures, random or nonrandom, reticulated or
nonreticulated, which connotes an overall appearance and impression

of a-woven or nonwoven fibrous web when viewed by the human eye. As




The resilient three-di nensional web 300 shown in Fig.
‘wear er-contacting surface 331 |ocated in uppernost plal
absor bent pad-contacting surface 332 |ocated in | ower

poi nt ed out

| ocated i n uppernost plane 307 is defined by a nultiplijcity of
primary fiber-like elements, e.g., elemdfits 302, 303,

1t er comnect i) e ReAll "Bk, thrm ~rbris PGV bbbl Ben 88 845"

i nt er connect

304 and 305,
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earlier herein, a typical capillary 35 ope

desenibe: theee-dimensional plastic webs, ribbons and films, refers
to webs, ribbons and films which have been caused to conform to the
surface of a three-dimensional forming structire so that both
surfaces thereof exhibit the three-dimensional pattern of said
forming structure, said pattern befng readily visible to the naked
eye when the perpendicular distance between the viewer’s eye and the
plane of the web is about twelve inches. Such macroscopically

expanded webs, ribbons and films are typically caused to conform to

the surface of said forming structures by embossing, i.e., when the
forming structure exhibits a pattern comhrised primarily of male
projections, by debossing, {.e., when the forming structure exhibits
a pattern comprised primarily of female capillary networks, or by
extrusion of a resinous melt directly onto the surface of a forming
structure of efther type. By way of contrast, the term “planar®,
when utilized herein to describe plastic webs, ribbons and films,
refers to the overall condition of the web, ribbon or film when
viewed by the naked eye on a macroscopic scale.
| SUMMARY OF THE INVENTION
The present invention pertains, in a preferred embodiment, to a
resilient three-dimensional web exhibiting reduced skin contact
area, as well as a fiber-like appearance and tactile impression.
The web is comprised of a fluid-impervious plastic material. The
plastic web has a first and a second surface. The first surface of

i nt ersec

apertures is defined by a multiplicity of intersecting fiber-like
elements interconnected to one another 4in the plane of the first

surface. Each of the fiber-like elements exhibits a substantially

uniforn generally upwardly concave shaped cross-section along fts
length. The cross-section comprises at least one pair of convergent
substantially linear portions which intersect one another to form a
vertex in the first plane. The cross-section further comprises a
sidewall portion Joined to the free end of each of the
aforementioned tinear portions. The sidewall portions extend
generally in the direction of the second surface of the web. The
intersecting substantially linear portions and the {intersecting
sidewall portions are interconnected to one another, respectively,




substantial ly
‘Cr 0ss-section

portions 340 and 341, which intersect one another to flor
uppernost plane 307, and a primary sidewall portion, € g——pft+rary Sidey

portion 336, |

‘ext endi ng gene

surface 332 of
6 and 7, .the i
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por the present invention provides
an absorbent bandage comprising a wearer-contacting topsheet and an
absorbent element for absorbing bodily fluids. The topsheet
comprises a resilient three-dimensional web having a first surface
for contacting the wearer and a second surface having a multiplicity
of apertures therein contacting the absorbent element. The web is
comprised of a fluid-impervious plastic material. The web exhibits
reduced skin contact area, as well as a fiber-like appearance and
tactile impression. The first surface of the web has a multiplicity
of apertures therein. Each of the apertures is defined by a
multiplicity of intersecting fiber-like elements interconnected to
one another in the plane of the first surface. While it s not
-necessary that all fiber-1ike elements be identical, each of the
fiber-1ike elements in the web does exhibit a substantially uniform
generally upwardly concave shaped cross-section along 1its iength.
The cross-section comprises at 1least one pair of convergent
substantia‘ny Hnear portions which intersect one another to form a
vertex in the first plane. The cross-section further comprises a
sidewall portfon Jjoined to the free end of each of the
aforementioned -1inear portfons. The sidewall portions extend
general Ty in the direction of .the second surface of the web. The
‘tﬁtﬂrsectiﬁg substantia‘l'ly 1inear portions and the intersecting
sidewall port'lons are interconnected to one another, . respectively,
intermedfate the first and second surfaces of the, web. The
interconnected - sidewall portions terminate substantially
concurrently with one another in the plane of the second surface.

While the specification concludes with claims particularly
pointing out and distinctly claiming the present invention, it is
believed the present invention will be better understood from the
following description in conjunction with the accompanying drawings
in which: .

Fig. 1 1is a simplified perspective representation of an
unfolded disposable diaper with porttons of its components cut away;

kel il ool Ffrah TR, dfbeod Jir FES8. TBET BRCwebr obe o
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and the primary sidewall portions are further connect to-TnTersect I |ng
secondary fiber-like elenents, e.g., secondary el enen 31\?23 g/n c@ ?I spo
exhibits a substantially uniformgenerally upwardly cénta 1 ﬁ'z?p 3
cross-section along its length. The crosszsection of 2[}___.ea.c-h—eeeeﬁha
el ement conprises at |east one pair of s’e%'ondary | i ngar portions, e.qg.

secondary linear p | 0gs 0 .and ﬂ}ﬁ}g | CRayl e orma
secondary vertex 32@ Igcaﬁgd aﬁn f) an “}14p|‘¢ﬁiéﬁﬁd%& e the firs sfullr ace
331 and the sefUygteatipncofsp ppiorpartcplastic E&'&h"%f the o tyra (9888rallyi near
DOVE ' 0n53gzve_ ﬁﬁos%die!hmmf pnly dsvigned PULS. Pat. eNg. . 4,342(B143 " ¥afd dﬁbal Il
portion o e 0 €. $E .
portions al so g'&#t%ggﬁ %@hgfgl"p gi E‘@&ﬁépﬁfﬁekﬁtggﬂo‘?ét%@o g*&iﬁ?&cé’%%
of the web §octheedtype pgenerako. disclosed in commonly assigned U.S. Patent
4,463,045 on its visible surface;
Fig. 3 1is an .enlarged, partially segmented, perspective
{1lustration of a photoetched laminate structure of the type used to

-form plastic webs of the type generally {llustrated in Fig. 2;

10 Fig. 4 1is an. enlarged, partially segmented perspective |
iTlustration of a preferred fiber-like plastic web of the present
jnvention;

Fig. 5A 1is an enlarged, cross-sectional {tlustration of an
alternative fiber-1ike element of a plastic web of the present
15 invention; .
Fig. 58 is an enlarged, cross-sectional fllustration of another
fiber-1ike element of a plastic web of the present invention;
Fig. 5C is an enlarged, cross-sectional iVlustration of another
fiber-1ike element of a plastic web of the present invention;

20 Fig. 6 1is an enlarged, partially segmented perspective
Allusteation af an Altawmakive £iharliks plashits dek 0 e presan
invention; .

Fig. 7 is an enlarged cross-sectional illustration of a web of
the type gemerally shown in Fig. 6 taken along section line 7-7 in
25 Fig. 6; - . ' : - e
o Fig. 8 s an enlarged, partially = segmented - perspective
fllustration of a photoetched laminate structure of the type used to
form plastic webs of the type generally fllustrated in Fig. 4;
" Fig. 9 is°a simplified, exploded perspective illustration of a
30 laminate structure simflar to that {llustrated in Fig. 8; |
Fig. 10 is a perspective view of a tubular member formed by
rolling a planar Tlaminate structure. of the type generally
fllustrated in Fig. 9 to the desired radius of curvature and joining
the free ends thereof to one another;-and
35 Fig. 11 is a simplified schematic {1lustration of a preferred
method and apparatus for debossing and/or perforating a plastic film
generally in accordance with the present inventfon.




As is also apparent in Figs. 6 and 7, the secondary Ii E&gﬁfréﬁﬁﬁﬁ?d
t he secondary sidewal|l portions are interconnected to ifmary fiber-T1Re
el enents 302 and 304 intermediate plane 314 and the seqorjd gurfEgag %?32 of
web 300 located in plane 330. In the web enbodinent illjugtrated in . |6
and 7, the primary and secondary fiber-likg el enents arje TUTTHETTOMect ¢d
to 35 I ntersecting tertiary fiber-like elenents, e.gl__tertiary

fiber-like elements 320, mhlch al so exhibit a generally upwar dl y concave
shaped cross-section alqg : the tertiary
-16-

While the present invention will be described in the context of
providing a fluid pervious, resiifent, three-dimensfonal plastic web
5 exhibiting reduced skin contact area, as well as a fiber-like
appearance and tactile impression and exhibiting enhanced fluid
transfer properties when employed as a topsheet on an .absorbent
bandage such as a disposable diaper, the present invention is in no
way limited to such application. To the contrary, the present
10 invention may be practiced to great advantage in many situations
where it is desired to produce a plastic film or web exhibiting
either a perforate or an imperforate three-dimensfonal structure
having properties, characteristic, aesthetics, fineness of detail,
etc., not previously disclosed in the prior art. The patterns
15 created may be of any desired shape, they may be regulated or
random, reticulated or non-reticulated, continuous or interrupted,
perforated or unperforated or any desired combination thereof. The
detailed description of a preferred structure and its use as a
topsheet in a disposable diaper will allow one skilled in the art to
20 readily adapt the invention to other devices.

Fig. 1 is .a perspective view of a disposable diaper in an
unfolded condition. Various 'la_vers have been cut away to more
clearly show the structural details of this embodiment. The
disposable diaper is referred to generally by the reference numeral

7287 1T The “fluid-pervious topsheét is shown at 2. The  other two major
components of the disposable diaper .1 are the absorbent element- or
pad 3 and the fluid-impérvious backsheet 4. In general, the side
flaps § of the backsheet 4 are folded so as to cover the edges of
the absorbent pad 3 and topsheet 2. Topsheet 2 is generally folded

30 to completely enclose the ends of the absorbent pad 3. The drawing

' of diaper 1 in Fig. 1 is a simplified representation of 2 disposable

diaper. A more detailed description of a.preferred embodiment of a

disposable diaper is contained in commonly assigned U.S. Pat. No.

3,952,745 issued to Duncan on April 27, 1976, said patent being

35 hereby incorporated herein by reference.

Fig. 2 s an enlarged, partially segmented, perspective
fllustratfon of a prior art three-dimensional, fiber-1ike, fluid
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el enents conprises at |east one pair of tertiary |inear pdrtfions,
tertiary linear portions 350 and 351, which intersect ong 4 o? 3&§§%%é
atertiary vertex 352 located in plane 325. Plane 325 is I? e et

pl ane 314 and the second surface 332 of the 5 web 300, hi
in plane 330. Each of the tertiary linear -gortions has aftertiary S|demall
portion, e.g., tertiary sidewall portion 354, joined to its Tree emd —Tire

tertiary sidevalperytausiphastis veb 39t whichhascheen found highly suisablenfor usec
second surface 332 aofoﬁshéet"ﬁﬁ 3Pposalte IabsartientaDaRiaget str'ilcﬁlr‘é§ Suchnds 7,

Lhe ertiary 10 vimea(al ousbS' 1805, 46 Sokarmil Saan 3 el 55 o SopNent <
303 and 313, reapemtdisws,zblbdﬂanmlmhm {2 bigure lheTheqwini* art wab 0382 of
the web 300, g Whigahadai 1§ An2h&dridhcl! #ith tnt teachings of commonly’assigned U.S.
Pat. No. 4,342,314 {ssued to Radel et al. on August 3, 1982 and
incorporated herein by reference. The fluid pervious plastic web 10
tTlustrated- in Fig. 2 exhibits a multiplicity of apertures, e.q.,
apertures I1, which are formed by a multiplicity of intersecting
10 fiber-like elements, e.g., elements 12, 13, 14, 15 and 16,
interconnected to one another in the first surface 20 .of the web.
Each fiber-l1ike element comprises a base pdi‘tion, e.g., base portion
21, located in plane 22. Each base portion has a sidewall portion,
e.g., sidewall portions 23, attached to each edge thereof. The
15 sidewall portions extend generally in the direction of the second
surface 25 of the web. The intersecting sidewall portions of the
fiber-1ike elements are {nterconnected to one another intermediate
the first and second surfaces of the web, and terminate
substantially coucurrent'ly with one another 1n the pl ane 26 of the
20 second surface.

In a particularly preferred embodiment, the base portion 21
includes a microscopic pattern of surface aberrations 28, generally
in accordance with the teachings of commonly assigned U.S. Pat. No.
4,463,045 issued to Ahr et al. on July 3], 1984 and incorporated

st——

- 25 herein by reference.—The microscopic-pattern of surface aberratfons - - - -

28 provide a substantially non-glassy visfb‘le surface when the web
is struck by incident 1ight rays.
In a particularly preferred embodiaent. the interconnected
sidewall portions terminate substantfally concurrently with one
30 another in the plane of the second surface to form apertures 19 in
the second surface ‘25 of the web. The capillary network 29 formed
by the interconnected sfdewall portions allows for free transfer of
fluids from the first surface of the web directly to the second
surSe n* dhe weth wittiae it dramsinater or® oife vitnt’ devween
35 adjacent capillary networks.
Despite the effective functioning of the prior art fluid
pervious web 10 fn topsheet applications for disposable absorbent



As can clearly be seen in Figs. 6 and 7
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apertures 370, 371 and 372. Referring to-8igs. 6 and 7
the i nterconnected 20 primary,
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and tertiary fiber-like elenents term'natésubstantl II
concurrently with one another in the plane 330 of the

forma nmultiplicity of openings in the web's second sujf @ace,

32

secondary and tertiary

| ocated bet wepmdages fsucht aandatamenial padsacdt bas tbren,obseryeds Shat on
di t Kk < t

301 in the T :#@%ﬁ?@ﬁé@“ 353”'?331"‘99"?@“ ?‘“mﬁa?}“ F.“?ef"?g‘ﬁf"'f%‘?‘toﬁiegre
e.g., aperturéd of7the Fiber k%'/‘j“‘?‘ﬁ'st @"‘\ge Bn"'dngu nthe Base o

web. Asvmll

pertapes el atofd, thére fiban-like yeleseats ks thtmbyf arestingr eamf

nonuni form cr oeSuFGitab?e wEtCPee14hg’ for’ TRPUler! sthee the retained fluid is

10

15

20

30

35

in direct contact with the user’s skin. If the flutd in question is
colored, such as menses, the retained fluid also detracts from the
normally clean appearance of the topsheet.

Fig. 3 is an enlarged perspective illustration of a photoetched
laminate structure 30 which can be utilized to vacuum form an
{nitially impervious, substantially planar, heated plastic film to
produce a prior art fluid pervious fiber-l1ike web 10 of the’ type
generally {illustrated in Fig. 2. The laminate structure 30 is
preferably constructed generaily in accordance with the teachings of
commonly assigned U.S. Patent 4,342,314, issued to Radel et al. on
August 3, 1982 and incorporated herein by reference and is comprised
of individual lamina 31, 32 and 33. The aperture patterns in the
lamina are identical to one another. A comparison of Fig. 3 with
the fiber-1ike plastic web 10 shown in Fig. 2 reveals the
correspondence of capillary opening 1l in the uppermost plane 22 of
the plastic web 10 to opening 41 in the uppermost plane 42 of the

photoetched laminate structure 30. Likewise, capillary opening 19

in Towermast plane 26 of plastic web 10 corresponds to opening 43 in
lowermost plane 44 of photoetched laminate structure 30.

located in uppermost plane 42 is provided with a microscopic pattern
of protuberances 48. This is preferably accomplished by applying a
resist coating which corresponds to the desired microscopic pattern
of surface aberrations to the top side of a planar photoetched
lamina 31, and thereafter initiating a second photoetching process.
The second photoetching process produces a lamina 31 having a
microscopic pattern of protuberances 48 on the uppermost surface of
the interconnected fiber-like elements defining the pentagomally
shaped apertures, e.g., aperture 41 . Construction of a laminate
structure employing such a pattern of protuberances 48 on {ts
uppermost layer is generally disclosed in commonly assigned U.S.

«~=The “yppermost ~surface of photoetched -laminate structure 30 °

it S clear t hat

to

nts



I nternmedi ate planes 307 and 330, due to: (a) the presence of the secondary
and tertiary fiber-like elenents; and (b) the upwardly concave V-shaped
cross-section of at |east the uppernost portion of 30 all of the
fiber-like elements. Because the capillary networks connecting each
aperture in the first surface 331 of the webl@excl usively with a
multiplicity of agertures i n_the secong surf ce 33 of the web are_ of

decr easi ng cross- S¥ct iN9n An4§3,043;; fsue oﬁ”o T het stlorfn Yo dds 1986 cand
deposited on the fypeporated heréhir by 3%ferdnc8> the web is rapidly

oo most“Sur ace . F"oKS 15SPEH argied PRy Soblkneak! blfspectiv
illustration of a pre ferred embodiment of a three-dimensional,

5 fiber-like, fluid pervious plastic web 50 of the present invention.
As can be seen in Fig. 4, the web’s fiber-like appearance is

comprised of a continuum of fiber-1ike elements, the opposed ends of

each of said fiber-l1ike elements being interconnected to at least

one other of said fiber-Tike elements. In the embodiment disclosed

10 1in Fig. 4, the interconnected fiber-like elements form a pattern of

pentagonally shaped capillary networks 128. The fiber-1ike plastic

web 50 is particularly well suited for use as a catamenial bandage

topsheet or as a diaper topsheet 2 in a disposable diaper 1 of the

type generally illustrated in Fig. 1. The web 50, which exhibits a

15 fiber-Tike appearance, embodies a three-dimensional microstructure

comprising a regulated continuum of capillary networks 128 of

steadily decreasing size extending from the web’s uppermost or

wearer-contacting surface 51 in plane 122 to its lowermost or

absorbent pad-contacting surface 52 in plane 126 to promote rapid

20 fluid transport from the uppermost surface 51 to the lowermost

surface 52 of the web without lateral transmission of said fluid

between adjacent capillary networks 128.

Apertures 53 are formed by a multiplicity of 1intersecting
fiber-1ike elements, e.g., elements 54, 55, 56, 57, and 58,

. 25 interconnected to _one another in_the first surface 51 of the web. .

Each fiber-l1ike element comprises at least ome pair of convergent
substantially Tinear portions, e.g., linear portions 62 and €3,
which intersect one another to form a vertex 64 in the plane 122 of

the first surface 51. Each substantially linear portion has a

30 sidewall portion, e.g., sidewall portion 66, joined to its free end
intermedfate the first and second surfaces of the web. The sidewall
portions 66 extend generaily in the direction of the second surface
52 of the web. The intersecting sqb;tantial‘ly 1inear portfons and
the intersecting sidewall portions are ' interconnected to one

35 another, respectively, intermediate the first and second surfaces of
the web. The interconnected sidewall portions 66 terminate
substantially concurrently with one another in the plame 126 of the

REPLACEMENT SHEET

2 1+EB 1997




-17- of apertures, e.g., apertures 370, 371 and 372, in the second surface
of the web without lateral transm ssion of the |iquid between adjacent
capillary networks. As will be appreciated, the substantially uniform
generally 5 upwar dly concave shaped fiber-like elenments utilized in webs
of the present invention may be substanthq[ly straight along their entire
| ength. Alternatively, they may be curvilinear, they may conprise two or

mor e substant isgbdng SkarFagl! SROMEIH S 01 phPAXTEM yDpRIFERFH SEnRlita 20 I 1
any desired direction algng-a tion of their | ength. 10 ere._Ls no
requi r enent tHafe'fq‘?E"?qtsgr-l FE‘{*‘&? menPrtians den?'?'@éﬁ“teo orfubstipt tadly
Furthernore, tdoscurrentiyewithoone anotiers inathebplanerbf nthe secondysurfsce ad
fashion to produge . d0RuFYE o1 | IRT the KSebild SidFfae 52 of the web. The
5 convergent substantially linear portions 62,63 together with the
sidewall'portions 66 produce apertures 61 in the second surface 52
which are smaller than apertures 53 in the first surface, 122 of web
50. Therefore, the capillary networks 128 formed by the
interconnected substantially 1linear portions and the associated

10 sidewall portions are of decreasing cross-section in the direction
of the second surface 52 of the web. This decreasing cross-section
aids in transporting fluid deposited on the first surface 51 of the
web directly to the second surface 52 of the web without lateral
transmission of the fluids between adjacent capillary networks 128.

15 Fig. SA is a cross-sectional {llustration of an alternative
fiber-1ike element which may be emplioyed in a plast{c web 150 of the
preseént invention. In the Figure 5A embodiment, the interconnected -
sidewall portions 166 of the fiber-1ike element shown in Figure S5A
are joined to the free ends of the interconnected subs'tantiaﬂy

20 linear portions 162,163 at substantially the same angle as linear
portions 162,163 with respect to the first surface 151 and second
surface 152 of the web 150. Substantially linear portions 162,163
intersect one another to form a vertex 164 in the plane 222 of the
first surface 151. The resultant cross-section of the fiber-l1ike

.. 25.-.. .¢lement -is-that of an inverted *V". The capitlary Wetworks produced
in a web comprised of fiber-l1ike elements exhibiting the
configuration shown in Figure S5A are of a generally decreasing
cross-section in the direction of the second surface 152 of the web.
This cross-section aids in rapidly transporting fluid deposited on

30 the first surface 151 of the web directly to the second surface 152
in plane 226 of the web without lateral transmission of the fluid
between the adjacent capillary networks -which are formed in the
resultant web 150.

) Fig. 5B is a cross-sectional illustration of still another

35 embodiment of a fiber-1ike element which may be employed in a
plastic web 250 of the present invention. In this embodiment each
sidewall portion 266 1is preferably comprised of two linear
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desired.  Regardless of the shape ultimtely REPEACEMEN}ESHEET
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another to
form a vertex 264 in the plane 223 of the first surface 251 of the

web 250. Upper sidewall elements 258 extend generally in the
direction of the second surface 252 of the web. ifower sidewall
elements 259, which are joined to the lowermost ends of upper
sidewall elements 258, form the sidewall portions 266 of the
fiber-1ike elements in web 250. Lower sidewall elements 259 also
extend generally in the direction of the second surface 252 of the
web 250, but at a slightly different angle with respect to surfaces
251 and 252 of web 250. As with the web embodiments of Figs. 4 and
SA, the capillary networks which are formed in web 250 by the
intersecting fiber-1ike elements are of a generally decreasing
cross-section in the direction of the second surface 252 of the web,
thus aiding in the transport of fluids deposited on the first
surface 251 of the web directly to the second surface 252 in plane
224 of the web without lateral transmission of the fluids between
adjacent capillary networks. '

Fig. 5C is a cross-sectional {illustration of still another
embodiment of a fiber 1ike element which may be employed in a
plastic web 350 of the present invention. In this embodiment each
sidewall portion 270 is comprised of three elements 271, 272 and 273

that directly cont acts

which are joined to one another as_generally-shown—in—Figure=SC.

The uppermost ends of sidewall elements 271 are joined to the free
ends of substantuny linear portions 280 and 281. Substantiaily
linear portions 280 and 281 intersect one another to form a vertex
964 in the plane 422 of the first surface 283. Uppermost sidewall
elements 271 extend generally in the direction of the second surface
290 of the web. Intermediate sidewall elements 272 also extend
generally in the direction of the second surface 290 of the web.
Lowermost sidewall elements 273, which are joined to the lowermost
ends of the intermediate elements 272, also extend gemerally in the
direction of the second surface 290 of the web. Upper sidewall
elements 271, intermediate sidewall elements 272 and lower sidewall
elements 273 together form sidewall portions 270. As with the web
embodiments of Figs. 4 through 5B, the capillary networks which are
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second surface 290 of the web without lateral transmission of the
fluids between adjacent capillary networks.

As can be observed from an examination of the web embodiments
disclosed in Figs. 4 through 6, several themes remain constant.
First, the apertures formed in the second surface of the web are
smaller than the apertures formed in the first surface of the web.
Second, the substantially planar base portion 21 of the fiber-like
elements disclosed in the prior art web of Radel et al. shown in
Figure 2 have been replaced by at least one pair of convergent
substantially Tinear portions which intersect one another to form a
vertex in the first surface of the web.

Both of the foregoing modifications aid in the tramsport of
fluids deposited on the first surface of the web directly to the
second surface of the web. The vertex formed by the intersection of
the convergent substantially 1inear portions of the fiber-like
elements employed in webs of the present invention s reduced to
such a small dimension that it substantially prevents the pooling of
fluids deposited on the first surface of the web. By replacing the
substantially planar base portion 21 of the prior art web shown in -
Figure 3 with substantially linear portions that form vertex in the

First surfice of the web, fluid deposited on the network of

intersecting vertices {is unable to pool. It 1{s therefore
fomedtately transmitted directly to the second surface of the web
and ultimately to the underlying absorbent core. The substantial

“elimination of ‘1iquid pooling on the web’s first surfaces enhances

both the clean and dry characteristics of the topsheet. In
addition, the decreasing cross-section of the capillary networks in

_ the direction of the web’s second surface.also helps to rapidly draw

)

the fluid in the direction of the web’s second surface, i.e., toward
the underlying absorbent core, so the surface of an absorbent
bandage employing a topsheet of the present invention will remain
clean and dry even during periods of heavy liquid flow.



-18- type generally illustrated in Fig. 4. A conpari SRE%AGEMENE Ef';[‘the
fiber-like plastic web 50 shown in Fig. 4 reveals the
correspondence of capillary opening 53 in the uppernogt plflqlgggl199? tic
web 50 to opening 460 in the uppernost plane 451 of the|5 phot oet chied

| ami nate structure. Likew se, capillary opening 61 ip the-towermosT pl pne
of plastic web 50 corresponds to the Iowel&mst open| ng 461 in the | owernost

pl ane of the photost hed | am na ?truct . 9is asinplified
expl oded, perspect R¥EE8 BREXREF Jn phag al o bﬁ‘&n"m&" Shat neglacing the
gener al | y si m phanarobdseaportiions @1 6f théhfiber-1ike elements of the prior art

web shown in Figure 3 with a pair of substantfally linear portions
which intersect one another to form a vertex in the first plane of
5 the web substantially reduces the glossy appearance of the web’s

visible surface, even when the nfcroscopic pattern of surface

aberrations 28 shown in Figure 3 is not present. While not wishing

to be bound, it is believed that this is due to the minimal amount

of planar surface area that is actually present in the first surface

10 of the web, {.e., the intersecting vertices of the fiber-l1ike

elements. |

While the web embodiment generally dtsclosed in Fig. 4

represents a particularly preferred embodiment of the present

invention employing only primary fiber-like elements, any number of

15 fiber-1ike elements may be employed within web structures of the

present invention, e.g., secondary, tertiary, etc. An example of

such a structure employing secondary and tertiary fiber-like

efements is shown in Fig. 6. The capillary network shown in Fig. 6

comprises an -uppermost capillary opening 301 formed by a

20 wmultiplicity of primary fiber-l1ike elements, e.g., primary

fiber-iike elements 302, 303, 304 and 305 interconnected to one

another in the uppermost plane 307 of the web 300, said opening

being further subdivided into smaller capillary openings 310 and 311

by secondary fiber-like element 313 at an intermediate plane 314.

" 28" ~Capi1Tary opening 310 is further subdivided by tertiary fiber-11ke

element 320 1into even smaller capillary openings 321 and 322,
‘respectively, at a still lower plane 325 within web 300.

As can be seen from Fig. 7, which is taken along section line .

7-7 of Fig. 7, planes 314 and 325 are generally parallel to and

30 located intermediate uppermost plane 307 and lowermost plane 330.

The resilient three-dimensfonal web 300 shown in Fig. 7 has a first

wearer-contacting surface 331 located in .uppermost plane 307 and a

second absorbent pad-contacting surface 332 located in lowermost

plane 330. As pointed out earlier herein, a typical capillary

35 opening or aperture 301 located in uppermost plane 307 is defined by

"~ a multiplicity of intersecting primary fiber-like elements, e.g.,

etements 302, 303, 304 and 305, interconnected to one another tn
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least ‘one pair of convergent primary linear portions, e.g., primary
linear portions 340 and 341, which intersect one another to form a
vertex 334 in uppermost plane 307, and a primary sidewall portion,
e.g., primary sidewall portion 336, joined to the free end of each
primary linear portion and extending generally in the direction of
the absorbent pad-contacting surface 332 of the web 300 located in
plane 330. '

As can be seen from Figs. 6 and 7, the intersecting primary
Tinear portions and the intersecting primary sidewall portions are
interconnected to one another intermediate the first surface 331 and
the second surface 332 of the web 300. The primary linear portions
and the primary sidewall portions are further connected to
intersecting secondary fiber-1ike elements, e.g., secondary element
313, which also exhibits a substantia’lly uniform generally upwardly
concave shaped cross-section along its Tength. The cross-section of
each secondary element comprises at least one pair of secondary
Tinear portions, e.g.,. secondary linear portions 360 and 361 which

intersect one another to form a secondary vertex 362, located in
plane 314 intermediate the first surface 331 and the second surface
332, of . the web 300. Each of the secondary linear portions have a
"secondary sideual‘l portion. e.g., secondary sidewall portion 364,

joined to the ‘free end thereof. The secondary sidewall portions
also extend general ly in the direction of the second surface 332 of
the web located in plane 330.

As is also apparent in Figs. 6 and 7, the secondary linear
portions and the secondary sidewall portions are interconnected to
primary fiber-l1ike elements 302 and 304 intermediate plane 314 and
the second surface 332 of web 300 Tocated. in plane 330.

In the web embodiment t1lustrated in Figs. 6 and 7, the primary
and secondary fiber-l1ike elements are further connected to
1ntersecting tertiary fiber-1tke elements, e.g., tertiary fiber-like
elebents 320, which also exhibit a general]y upwardly concave shaped
cross-section along their length. The cross-section of the tertiary



sixty-five to about ninety-five percent (65-95% REPIB&CEMENTO
¢ontrast, lamna 502 and | am na 503 are etched substapt farty=

both surfaces. A conparison of Fig. 8 with the fiber}l k? ?'-
shown in Fig. 4 reveals the correspondence of the verfek 64
uppernost plane 52 of plastic web 50 to the vertex 50
pl ane of the photoetched | am na 501. 30 Procesjses for constructifng
| am nate structures of the type generally ¢léscl osed i 0 Frgure—S—are
disclosed in U S. Pat. No. 4,342,314 issued to Radel et al. on August 3,
1982, said pat erklenentsy cauprises i 3fc Jepsh anedpab «fh teytiary cltnese. porthms,

_teaf:hij_ngs ofsg%aoe.lg-ei tevtiary elmedi-}‘ perd1oMs P3STILAE 1361} DRACHD $hter8dit ne
par agraphs o pﬁiﬁ%tﬁ‘gtffm?ﬁr“ﬁéﬁatﬁ ﬁgﬁfﬁégﬁiﬁaﬁgﬁ% AP S8 “erameg o
The 325 {s located between plane 314 and the second surface 332 of the
' 5 web 300, which fs located in plane 330. Each of the tertiary Yinear
portions has a tertiary sidewall portion, e.g., tertiary sidewall
portion 354, joined to its free end. The tertiary sidewall portions -
also extend generally in the direction of the second surface 332 of
the web 300. - As is also apparent inm Figs. 6 and 7, the tertiary
10 linear portfons and the tertiary sidewall portions are
interconnected to primary and secondary fiber-like elements 303 and
313, respectively, between pl ane 325 and the second surface 332 of
the web 300, which is located in plane 330.
As can clearly be seen in Figs. 6 and 7, the tintersecting
15 primary, secondary and tertiary fiber-like elements terminate
substantially concurrently wit_h one another in the ptane 330 of the
second surface 332 to form a multiplicity of openings in the web’s
second surface, e.g., apertures 370, 371 and 372.
Referring to Figs. 6 and 7, it is clear that the interconnected
20 primary, secondary and tertiary fiber-1ike elements located between
. the first and second surfaces of the web 300 form a discrete
capillary network connecting each of the apertures, e.g., aperture
301 in the first surface 331 of the web, with a multiplicity of

irom

b {50

25 332 of the web. As will be appreciated, the capillary networks thus
formed are of nonuniform cross-séction along their length, i.e.,
intermediate planes 307 and 330, due to: (a) the presence of the
secondary and tertiary fiber-like elements; and (b) the upwardly
concave V-shaped cross-section of at least the uppermost portion of

30 all of the fiber-like elements. Because the capillary networks
connecting each aperture in the first surface 331 of the web
exclusively with a multiplicity of apertures in the second surface
332 of the web are of decreasing cross-section in the direction of
the second surface, fluid deposited oh the uppermost surface 331 of

35 the web {is rapidly transmitted from a single aperture, e.g.,
aperture 301, in the uppermost surface of the web to a multiplfcity



phot oetched | aninate structures are then preferably r Iled )Y

- conventi onal

generally in Fig. 10 and their opposing ends joined g¢n

REFLACEMENT SHEET

techniques into a tubular form ng nenbgr

r o I)’nqlﬁéq "

r at ed

accordance with the teachings of Radel et al. to prod cL—a-—s-ea-m_ess_Lub | ar
form ng menber 520, as generally shown imyR Figure 1p. The outernost
surface 524 of the tubular form ng nenber 520 is utilized To formthe

plastic web brefugigertura3qnieags, tipertuvesh 370 | 871 hand N3, NGt tﬁHrfséétﬁ\d522 of

t he tubul ar

form ng. oper acjibace’y " hd Yoo SRt CPIYPET  EPGnsRt BohC ofSRa0U| 0l e

5

10

15

20

ce 25. X8

30

35

between adjacent capillary networks.

As will be appreciatéd, the substantially uniform generally
upwardly concave shaped fiber-like elements utilized in webs of the
present invention may be substantially straight along their entire

length. Alternatively, they may be curvilinear, they may comprise'

two or more substantially straight segments or they may be otherwise
oriented in any desired direction along any portion of their length.
There is no requirement that the fiber-l1ike elements be identical to
one another. Furthermore, the aforementioned shapes may be combined
in any desired fashion to produce whatever fiber-like pattern is
desired. Regardless of the shape ultimately selected, the
substantially . uniform generally upwardly concave shaped
cross-section which exists along the respective lengths of the
interconnected fiber-1ike dlements helps impart resilience to
fiber-1ike plastic webs of the present invention.

As should be readily apparent from the foregoing, the present
invention, in a particulaﬂy preferred embodiment, maintains the
desirable fiber-Tike appearance and tactile impression provided by
the prior art plastic web 10 shown in Figure 2, but at the same time
decreases the amount of material that directly contacts the wearer’s
skin in use.  In addition, :the pattern of {intersecting vertices on
the fiber-1ike elements improves the transport of fluids from the
wearer ‘contacting surface to the pad contacting surface of the web,
since the plaaar surfaces present in the uppemst surface of the
web have all but been eliminated. This reductinn 6f planar area in
the uppermost surface of the veb also reduces the amount of gloss
exhibited by the web’s visible surface when the visible surface {s
struck by incident light rays. Thus, the need to include a
microscopic pattern of surface aberrations on the web’s visible
surface is less critical for webs of the present invention than for
prior art webs employing substantially planar base portions.

Fig. 8 is an eniarged, partially segmented perspective
illustration of a photoetched laminate structure 400 utiiized to
vacuum form an initially impervious, substdntially planar, heated

plastic film to produce a fluid pervious fiber-1fke web 50 of the -
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10 nenber may, in a preferred enbodinent of the pregeft invention,

enpl oyed as the form ng surface on debossing/ perforati hg z_flIFiEBdaWSS
process of the type generally illustrated in Fig. 11}anfjd describ |
detail in commonly assigned U . S. Pat. NG6. 4,151, 240 Sued to Lucas el al.
on April 24, 1979, said patent being herdBy 15 indor : ' by

ref erence. A articularl eferred atus 540 of th e di scl osed
in said patent ty esﬂ?ﬂ%’r‘ﬂﬁ cﬁ‘l"&%ﬁf rﬁgil?gi‘ 1% comparison) ﬂgeésiggoqlsﬂmt
tension film sdppl yfibeesidké4 plaskiicosuebngShinshmen f dnatfigy neareveatds, tfd
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C st ne
to the functioARStienieh s;%:‘lg‘]’aﬁﬂ%f&ﬂu§5€4§' HeRermastPiane 468k ofbshe i n
detail in oBSdemphotoetched lapinate struetwrtecar Likediss,Cicapitiady Sepentsy 1€,

the Towermost plane of plastic web 50 corresponds to the lowermost

opening 461 in the Towermost plane of the photoetched Tamtnate

structure. . :
Fig. 9 is a simplified, exploded, perspective illustration of a

10 Taminate structure 500 generally similar to that of Fig. 8. The
laminate structyre 500 is comprised of a stack of individual lamina
501, 502 and 503. Each lamina has a pattern of openings therein.
Lamina 501, 502 and 503 have the identical pattern. In practice it
is typical to employ several lamina having the identical pattern

15 superposed upon one another to provide sufficient depth of pattern
to the plastic web. However, lamina 501, the uppermost Tamina, has
a photoetched pattern which differs from that of lamina 502 and
lamina 503 to provide a vertex in the uppermost plane. The
preferred mathod of achieving the cross-sectional profile of Tamina

20 501 is by chemically etching the pattern primarily from one surface.
For uppermast Tamina 501 the . percentage .of etching from the
uppermost surface is usually about ninety percent (90%) for
uppermost Tamina 501, although the ramge can be from about
sixty-five to about ninety-five percent (65-95%). By way of

25_contrast, lamina 502 and lamina 503 _are etched substantially-equally -
from both surfaces. A comparison of Fig. 8 with the fiber-Tike
plastic web 50 shown in Fig. 4 reveals the correspondence ‘of the
-vertex 64 in the uppermost plane 52 of plastic web 50 to the vertex
500 in the uppermost plane of the photoetched lamina 501.

30 Processes for constructing laminate structures of the type
generally disclosed in Figure 3 are disclosed in U.S. Pat. HNo.
4,342,314 issued to Radel et al. on August 3, 1982, said patent
being hereby {incorporated herein by reference. The teachings of
Radel et al. are modified to produce &n uppermost lamina including a

35 vertex, as generally described in the preceding paragraphs to
produce structures of the type disclosed in Figures 8 and 9. The
photoetched Tlaminate structures are then preferably rolled by
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to persons of ordinary skill in the art of designing pl st ?%EF.‘: {,gzllzm
converting machinery. Briefly, apparatus 540, schemafig¢ san n
Fig. 11, conprises neans for continuoudBy  convert|n ~bhan

of therrmpl astic film>550 into a debossed andbﬁﬁg orate
di recting hot alcﬂnY@ﬁWﬂdalmfmmssumﬁcé ot f Formi
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const ant rracP| nq:,ga lon tension in the film35 bot h upstream and
downstream o el’he ere the tenpera

outermost surface gﬁr of the tubular forming member 520 is
utilized to form the plastic web brought in contact therewith while
the innermost surface 522 of the tubular member generally does not
contact the plastic web during the forming operation. The tubular
10 member may, in a preferred embodiment of the present invention, be
" employed as the forming surface on debossing/perforating cylinder
5585 in a process of the type generally {llustrated in Fig. 11 and
described in detail in commonly assigned U.S. Pat. No. 4,151,240
issued to Lucas et al. on April 24, 1979, said patent being hereby
15 incorporated herein by veference. A particularly preferred
apparatus 540 of the type disclosed in said patent is schematically
shown in Fig. 11. It includes constant tension film supply wmeans
541, debossing and perforating means 543, and constant tension fiim
forwarding and winding means 545. The frame, bearing, supports and
20 the like which must necessarily be provided with respect to the
functional members of apparatus 540 are not shown or described in
detail in order to simplify and more clearly depict and disclose the
present invention, {t being understood that such dataﬂs would be
abvious to persons of ordinary skill in the art of designing plastic

25 fﬂu converting machinery.

T Briefly, apparatus ‘540, -schematically shown in Fig. 11,
comprises ~-means for continuously converting a ribbon of
thermoplastic -fiim 550 into a debossed and perforated film 551 by
directing hot air Jjets against one surface of the film while

30 applying vacuum adjacent the opposite surface of the film, and while
maintaining sufficient control of the film 550 to substantially
obviate wrinkling and/or macroscopically distending the film. Thus,
as will be more fully described hereinafter, apparatus 540 comprises
means for maintajning constant machine directfon tension in the film

35 both upstream and downstream of a zone where the temperature is

greater than the thermoplastic temperature of the film, but in which

zone there is substantial 1y zero machine direction and cross-machine

fllm551 by




greater than the thernoplastic tenperature of the film§i§gb—H%~whheh~eeﬂe
there is substantially zero machine direction and crog ACEMENT SHEET

direction tension tending to macroscopically distend tthg TTTH
is required to control and snooth a running ribbon of tr
the zero tensfon zone results fromthe filmin the zore
sufficiently high tenperature to enabl e 5.2gdebossing
filmthrough the use of heat and vacuum As can be see

debossi ng and pdifeotion rtenstonterdifg i tec mackescopical iy
perforating cyl tB&en°3 required to control and smooth 2 running ritbon of

" thermoplastic film; the zero tensfon -zone results from the fiim ip

the zone being at a sufficiently high temperature to enable

§ debossing and perforating the film through the use of heat and

vacuum.

As can be seen in Fig. 11, the debossjng and perforating means

543 includes a rotatably mounted debossfng perforating cylinder 558

having closed ends 580, a nonrotating triplex vacuum manifold

10 assembly 556 and hot air jet means 558. The triplex vacuum manifold

assembly 556 comprises three manifolds designated 561, 562, and 563.

Also shown in Fig. 11 is a freely rotatable lead-on idler roll 565,

a power rotated lead-off/chill roll 566 and a soft-face (e.g., low

density neoprene) roll 567 which is driven with the chill roll.

15 Briefly, by providing means (not shown) for independently
controlling the degree of vacuum in the three vacuum manifolds, a

thermoplastic ribbon of film running circumferentially about a

portion of the debossing-perforating cylinder 555 is sequentiaﬂy

_ subjected to a first level of vacuum by manifold 561, a second level

20 of vacuum by manifold 562, and a third Tevel of vacuum by manifold

§63. As will be described more fully hereinafter, the vacuum

applied to the film by manffold 561 enables maintaining upstream

tensfon in the film, vacuum applied by manifold 562 enables
o _perforattng the film when lmt air_is direct ally. iowardly .
25 against the fﬂu, and vacuu- app‘l fed by uanifo‘ld 553 enab‘les cooling
“the film to below fts thermop!astic tenperature and enables
estabiishing downstream tension therein. If desired, the film
contacting surface of the debossing-perforating cylinder 555 may be
preheated prior to reaching vacuum manifold 562 by means well known
30 in the art (and therefore not shown) to facflitate better
conformance of plastic films comprised of flow-resistant polymers
during the debossihg operation. The nip 570 intermedfate chill roll
566 and the soft-face roll 567 is onls" nominally loaded because high
pressure would iron-out the three-dimensional debossments which are
35 formed in the film in the aforementioned manner. However, even
nominal pressure in nip 570 helps the vacuum applied by manifold 563
to isolate downstream tension (i.e., roll winding tension) from the




havi ng cl osed ends 580, a nonrotating triplex vacuum manifold 10 assenbly
556 and hot air jet neans 559. The triplex vacuum mani fold assenbly 556
conprises three manifol ds designated 561, 562, and 563. Al so shown in Fig.
11 is a freely rotatable | ead-on idler roé 565, a power rotated

| ead-of f/chill roll 566 and a soft-face ( | ow density neoprene) roll

567 which TS daanessiag-pirroRfeiag! bdrengh loe Yhe dfisaihgiperfibat gt flold:
Cha 't hr s vac o and r Siables' TRB, iR 70526; Berl pish dehossed o, perfopated
ci rcunf er ent : ?fﬂw fbmutthe debossing- pérﬂnhltﬂtd)mﬁimrpsss.orﬁrmleéylﬂhwer 555
t
second Tevel %‘ﬁ“@’fmva&#“’%ﬁ aX, Hash E enPoudtE U AT IRB Ao Be3. 0 1y
mani fol d 543, Widd pprmalpe qse%&hpbﬁﬂmpebﬂem Jts dhermopiastic tempevaturem
the passage of coolant through the chill roll as indicated by arrows

8§63, 574 in Fig. 11 will enable the apparatus to handle thicker
films or be operated at higher speeds.

To sumarize, the first vacuum manifold 561, and the third

10 vacuum wmanifold 563 located within the debossing-perforating
cylinder 555 enable maintaining substantially constant upstream and
downstream tension, respectively, in a rumning ribbon of film while
the intermediate portion of the film adjacent the second vacuum
manifold 562 within the debossing-perforating cylinder 555 is

15 subjected to tension vitiating heat and vacuum to effect debossing
and perforating of the film.

Referring again to Fig. 11, the constant tension film supply
means 541 and the constant tension film forwarding and winding means
545 may, 1f desired, be substantially d{denttical to and function

20 substantially didentically to the corresponding portions of the
apparatus shown and described in commonly assigned U.S. Pat. Na.
3,674,221 issued to Riemersma on July 4, 1972 and hereby
incorporated herein by referénce. The debossing and perforating
means 543 cnnpﬂses the rotatably mounted debossing-perforating

.. .25....6¥Linder. 555, -means (not shown) for rotat'lng the cylinder 855 at a
controlied periphera‘l velocity, the non-rotating triplex vacuum
manifold assembly 556 inside the debossing-perforating cylinder 555,
means (not shown) for applying controlled levels of vacuum inside
the three vacuum manifolds 561, 562 and 563 comprising the triplex

30 manifold assembly 556, and hot air jet means 559.

The debossing-perforating cylinder 555 may be constructed by
generally following the teachings of U.S. Pat. Ne. 4, 151.240 jssued
to Lucas et al. on April 24, 1979 and incorporated herein by

v reference, but substituting a tubular laminate forming surface of

35 the present {invention for the 9erforatad tubular forming surface
disclosed therein.
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applied to the filmby manifold 561 enabl es nmai ntaining upstreamtension in
the film vacuum applied by manifold 562 enables perforating the fil mwhen
hot air is directed radially inwardly 25 against the film and vacuum
appl i ed by nmanifold 563 enables cooling the filmto belowits thernoplastic
tenperature and enabl es establishing domnz%rean1 tension therein. |If
desired, the filmcontacting surface of t debossi ng- perforatlng cylinder

S Y ﬁrehg:;:;*" ;‘%&Wﬁf‘“‘*@%ﬁ*‘" W“*'g. ¢ f"iﬁf‘ac. ki g{
conf or mance .of g # Fi S8 bf VAFHR- AFRing, | OpRYA ‘Hur?
t he debossi ng ogeneraityn. outldned pirb7the rﬂformtum!dch:mm!!l lasStyaednd. She
Pon bur b 1 PSS 168t MOTLIERE Ve Baict R RHER Bl RS Yofuitind

§ laminate forming structures of the present invention could be
employed with equal facility to directly form a three-dimensional
plastic structure of the present invention. Such a pruceduré would

involve applying a heated fluid plastic material, typically a

thermoplastic resin, directly to the forming surface, applying a

10 sufficiently great pneumatic differential pressure to the heated
fluid plastic material to cause said material to conform to the
image of the perforate laminate forming surface, allowing the fluid
material to solidify, and thereafter removing the three-dimensional
plastic structure from the forming surface.

15 Another preferred method for converting a ribbon of
thermoplastic film into a three-dimensional structure of the type
herein disclosed is by applying a high pressure fluid jet comprised
of water or. the like against one surface of the film, preferably
while applying 2 vacuum adjacent the opposite surface of the film.

20 Such metlmds are geuera‘l'ly described in greater detail in commonly
assigned U.S. Pat. Nos. 4,609 5§18 {ssued to Curro et al. on
September 2, 1986; 4,629,643 issued to Curro et al. on December 16,
1986; 4,637,819 issued to Ouellette et al. on Janyary 20, 1987;
4,681,793 issued to Linman et al. on July 21,:1987;. 4,695,422 issued

25 to Curro et al. on September 22,71587;74,778,644 -issued to Curro et - -

- al. on. October 18, 1988; 4,839,216 issued to Curro et al on June
13, 1989° and 4.346,821 issued to Lyons et al. on Ju‘ly 11, 1989,
each of said patents being hereby tncorporated herein by reference.

In the event it is desired to produce webs of the present

30 inventton wherein all or a predetermined portion of the web is
capable .of preventing fluid transmission, e.g., for use as
backsheets on disposable absorbent bandages, it 1s feasible to
perform. the debossing operation without causing rupture of the web
in {its second surface. Commonly assigned U.S. Patent 4,395,215

35 tissued to Bishop on July 26, 1983 and commonly assigned U.S. Patent
4,747,991 issued to Bishop on May 31, 1988, each of which are hereby
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35. forned in the film in the aforenentioned manner. However, even

nom nal pressure in nip 570 hel ps the vacuum applied by manifold 563 to

i sol ate downstreamtension (i.e., roll winding tension) fromthe

debossi ng-perforating portion of the debossing-perforating cylinder 555,
and enables the nip 570 to peel the debossed and perforated filmfromthe
debossi ng- perforati.ng cylinder 555. Moreov®=, while vacuum drawn anbi ent

FH 1 vt below | IRsbraratubinerels Bk adeeance RY piiciagh R dsoicamstrusk ough
the chill roll tebuladi Farmihgdy struchureS6whichi4 are Ficapable widf  @poduceng he
apparatus to hagdlg 4iRbfdiohatly expanded films which are uniformly debossed, but
apertured only 1in predetermined areas. Such films may also be
5 useful in product appiications wherein the fluid target zone is very
well defined, and fluid-perviousness is desired anly in the fluid
target zone. .
In the case of fluid impervious films of the prevent invention
it is anticipated that the present technology could, §f desired, be
10 incorporated in suitably reinforced film embossing rolls and the
1ike, provided only that the embossing pressures to which the ralls
will ultimately be subject are not so great as to destroy the
particular three-dimensional pattern exhibited by the laminate
embossing surface. A resilient back-up rell could, if desired, be
15 utilized in such an embossing operation to avoid damaging the
laminate embossing surface. It 1is even further anticipated that
Taminate forming surfaces of the present invention may find utility
in applications other than plastic fiim forming. )
While particular embodiments of the present invention have been
20 {llustrated and described, it will be obvious to those skilled in
the art that various changes and modifications can be made without
departing from the spirit and scope of the invention, and it is
intended to cover in the appended claims all such modifications that
s ATRMIthin the scope of this invention.
25

3

30
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filnms or be operated at higher speeds. To summarize, the first vacuum
mani fold 561, and the third 10 vacuum nanifold 563 |ocated wthin
the debossing-perforating cylinder 555 enabl e maintaining.substantially

const ant upstream and downstream tension, respectively, in g ri bbon
of filmwhile the internediate portion Qf oghe fil mﬁ @mﬂond
vacuum mani fol d 562 within the debossi ng-perforat HIE «s 15
subj ected to t GhBINSE vitiati ng heat and vacuumto effect debossing and

perforating of the film Referring again to Fig. 11, the constant tension
reans 545y 11 desi r obi resat{RREs tArRe-dfuesTonal, weh BaviRa kit aid Hetoed °
substantial |y isgpficesq! Isiidt webhexhiiviting poadiced plahawnaredf inhdts first
' surface and a fiber-l1ike appearance and tactile impression, said web

being comprised of a fluid-impervious plastic material, said web

5 having first and second surfaces, said first surface having a
multiplicity of apertures therein, each of said apertures being

defined by a multiplicity of dintersecting fiber-like elements

interconnected to one another in the plane of said first surface,

each of said fiber-Tike elements exhibiting a substantially uniform

10 generally upwardly concave shaped cross-section along its length,

said cross-section comprising at Teast one pair of convergent

substantiaIIy Tinear portions which intersect one another to form a

vertex in said first plane, said cross-section further comprising a

sidewall portion Jjoined to the free end of each of said linear

15 portions, said sidewall portions extending generally in the direction

of said second surface of said web, said intersecting 'kitbstantia'l',ly

Tinear portions and said intersecting sidewall portions being

interconnected to one another, respectively, intermediate said first

and second surfaces of said web, said interconnected sidewall

20 portions terminatfng substantially concurrently with one another in
‘the plane of said second surface. | :

2. The resilient three-dimensional web of Claim I, wherein
said second surface of said web contains a mul tipticity of apertures

25  and said interconnected sidewall portions of said fiber-Tike elements
terminate substantially concurrently with one another in said

apertures in the plane of said second surface.

3. The resilient three-dimensional web of Claim 2, wherein

30 safd 1interconnected substantially ‘¥inear portions and satd
interconnected sidewall portions form._a discrete capillary network
connecting each of said apertures formed by said multipiicity of
intersecting’ fiber-like elements in said first surface of said web

i it




appar atus shown and described in comonly assigned U.S. Pat. No. 3,674,22t
I ssued to Rienersma on July 4, 1972 and hereby incorporﬂjr] Ummmrm
reference. The debossing and perforating neans 543 co H#ﬂubly

nount ed debossing-perforating 25 cylinder 525, -neans (not schodvn)“’fo?

rotating the cylinder 555 at a controlled peripheral velocity, the
non-rotating triplex vacuum mani fol d assenbl é 556 i nside éhe

debossi ng- per f ceXelnsiyedy| i With 85 CORrasROndiRg SPRANYYTE ordefipedi nby said
control | ed | evejrtepéonnactednsidewald poreiony dn sxidusecomdnsdrface oFcdaidweband
563 conprising the triplex 30 mani f ol d assenbly 556, and hot air jet

means 559. The debossi ng-perforating cylinder 555 may be constructed by
general ly foll owi ng4t heTheaesi hignt othrdesdinensionud. web 01 CPailm 25 swhetrein at

Lucas et gl . omeRyl 13 28orthdh° P dsd U OFHAY ik NETcIeRtSY are substantially
straight along a portion of their Tength. . | :

5. A resilient three-dimensional web having first and second

surfaces, said web exhibiting reduced planar area in its first

10 surface and a fiber-1ike appearance and tactile {mpression, said web
being comprised of a fluid-impervious plastic material, said web
having first and second surfaces, said first surface having a
multiplicity of apertures therein, each of said apertures being
defined by a multiplicity of primary intersecting fiber-like elements

15 interconnected to one another in the plane of said first surface,
each of said primary fiber-like elements exhibiting a substantially
uniform generally ﬁpwdrdly concave shaped cross-section along its
length, said cross-section comprising at Teast one pair of convergent
substantially linear port'iims which intersect one another to form a

20 primary vertex in said first plane, said cross-section further
comprising a primary sidewall portion joined to the free end of each

of said primary linear portions, said primary sidewall portions
extending gemerally in the direction of said second surface of said

o Wb, said primary .inter"secting substantially linear portions and said
25  primary intersecting sidewall portions being interconnected to one
- another respectively intermediate said first and said second surfaces

of said.web, said interconnected primary sidewall portions being
further connected to at least one secondary intersecting fiber-1tke
element exhjbitihg a substantially uniform generally upwardly concave

30 . shaped cross-section along its length, said cross-section of said
secondary element comprising at least one patr of secondary
convergent substantially linear portions which intersect one another

-y Yo form a secondary -vertex in a plane intermedfate said first and
‘second surfaces of said web, said cross-section further comprising a

35 secondary sidewall portion Jjoined to the free end of each said
" secondary linear portions, said secondary sidewall portions extending

generally in the direction of said second surfW
T REPLACEMENT SHEET
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reference, but substituti ng a tubular lanminate fornming surface of.  35.._the
present invention for the perforated tubul ar fornming surface discl oseﬁ

t herei n. Wiile a preferred application Qfzgt he dlsc‘ ml

| am nate structure is in a vacuumfilm form ng operat \mmmﬂ lt
outlined in the aforenenti oned commonly assi gned U.S. patént i ssued to
Lucas et al., 'ht&cé!%é&b&abﬁhawahn@hﬁémiﬁi‘fdsﬁiewalﬁ poreions Of.émﬁﬂatin

o diroctly i or SBFEEREGAT, FERGIREY I ] ik T . R it

i nventi on. Suchsecopdosmrface. woul d

5 6. The resilient three-dimensional web of Claim 5, wherein
said apertures in said second surface of said web are defined by said
interconnected primary ‘and secondary sijdewall portions of said
fiber-1ike elements located- intermediate said fiist and said second
surfaces of said web, said interconmnected primary and secondary

10  sidewall portions thereby forming a discrete capillary network
connecting each of said apertures defined by said multiplicity of
intersecting primary fiber-like elements in the plane of said first
surface of safd web exclusively with a multipl icity of said apertures
formed in sajd second surface of said web by said interconnected

15 primary and secondary sidewall portions of said fiber-l1ike elements.

7. The resilient three-dimensional web of either €laim 3 or
Claim 6, wherein said capillary networks are of non-uniform
cross-section along their Iength.

8. An absorbent bandage comprising a wearér-t_:ontacting topsheet
and an absorbent element for absorbing bodily fluids, said topsheet
comprising a resilient three-dimensional web having a first surface
for contactiug the wearer and a second surface having a multiplicity
25  of apertures ﬂlerein contacting sald iﬁ's"“?ﬁ”“t’““iemé‘ﬁf;‘“sﬂfd"‘ﬁeb

. being comprised of a ' fluid-impervious plastic material, said web

exhibiting reduced ‘skin contact ared in its first surface and a
fiber-1ike appearance-and tactile impression, said first surface of

‘'said web having a multiplicity of apertures therein, each of said
30 apertures being defined by a multiplicity of intersecting fiber-like

elements interconnected to one another in the plane of said first
sturface, each of said fiber-like elements -exhtbiting a substantially
uniform generally upwardly concave shaped cross-section along its
length, said cross-section comprising at least one pair of convergent
35 substantfally Tinear portions which intersect one another to form a
vertex in said first plane, said cross-section further comprising a
sidewall portion Jjoined to the free end of each of safd 1inear
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i nvol ve applying a heated fluid plastic material, typically a thernoplastic

proumat e i fforential pressure Lo the honlg) P?u?dlﬁl (RO EAMERLOR

cause said material to conformto the imagé “f the perforatée | dni Aat
form ng surface, allowing the fluid material to solidify, and thereafter

1570V "9 Aot PRAFEIRRLT BRI € Tualiiohertiphé ‘asthding ERerATIy KRS dpeersh
t her mopl asti c fofl saidtsecand hsunfade nefhssaddawebst sadd uﬂ&me@mgt sihstaatially
di sclosed is bgﬁ.& #y' f’m{y 9?nd°r9s§?&reir\ftblﬂééi:ﬂiﬁ% CorgRwaTEd Bf‘tﬂﬁserbﬂn

the |Iike agakn one ace o] refera

vacuum adj acentiﬂtﬁﬁcmsﬁﬂ etos lﬁ“ﬁa@Bﬂﬁert SP?‘F%"QE% %ﬁg éégd afirs st
general | y sdescridyedsédpnd’ eirFacélet of satdcawebpnisaid interconnected sidewall

portions terminating substantially concurrently with one another in
the plane of said second surface.

9. The absorbent bandage of Claim 8, including a backsheet

10 resistant to the passage of aqueous fluid therethrough secured in

superposed rel ation to said bandage adjacent the surface absorbent
element opposite said topsheet.

10. The structure of Claim 9, wherein said absorbent bandage
15 comprises either a disposable diaper or a disposable catamenial
appliance.
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assigned U S. Pat. Nos. 4,609,518 issued to Curro et al. on Septenber 2,
1986; 4,629,643 issued to Curro et al. on December 16, 1986; 4,637,819
issued to Quellette et al. on January 20, 1987; 4,681, 793 issued to Linman
et al. on July 21,1987; 4,695,422 issued 25 to Curro et al. on Septenber
22, 1987; 4,778,644 issued to Curro et ak8-on COctober 18, 1988; 4, 839, 216

I ssued to Curro et al. on June 13, 1989; and 4, 846, 821 issued to Lyons et
al. on July 11, 1989, each of said patents be|n her eby i ncorporated herein

by ref er e RESIHIFENT PILATHIC | WEB SEXRIBITING (REPUCER cSKENSCONTART AREAAND30
i nvention wherein al |l orENHANGER  ELUID TRANS¥ER \PRPPERTIREL i s capable of

preventing fluid transmssion, e.g., for use as backsheets on
di sposabl e absorbent bandages, it is feasible to performthe debossing

operation w thout causing rupture of £§§TEEQT

A regilient three-dimensional plastic web exhibiting reduced skin
contact area and a fiber-like appearance and tactile impression.
The web has a multiplicity of apertures therein, each being
defined by a multiplicity of itersecting fiber-like elements
interconnected to one another in the plane of thé first surface
of the web. Each of the fiber-like elements exhibits a
substantially uniform generally upwardly concave shaped cross
gsection along its length. The cross section comprises at least
one pair of convergent substantially 1linear portions which
intersect one another to form a vertex in the plane of the first
surface of the web. This vertex reduces the skin contact area
of the web providing a more comfortable feel for the user when
the web is employed as a wearer contacting topsheet in a
disposable absorbent bandage. Furthermore, the web provides a
substantially non-glossy visible surface as there is almost no
substantially planar portion in its uppermost surface to reflect
incident light to the viewer’s eye. The pattern of intersecting

vertices in the first surface of the web substantially eliminates ~ "

pooling of fluids on the first surface of the web, since there
is aimost no substantially planar portion on which the fluids may
pool. This further contributes to the web’s clean and dry
appearance in use as well as more rapid fluid transport into the

underlying absorbent core.

Figure 4
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inits second surface. Commonly assigned U S. Patent 4,395,215 35 | ssued
to Bishop on July 26, 1983 and comonly assigned U S. Patent 4,747,991

i ssued to Bishop on May 31, 1988, each of which are hereby -23-

i ncorporated herein by reference, fully disclose howto construct tubul ar
form ng structures which are capable of producing three-di nmensionally
expanded filnms which are uniformy debossed, but apertured only in
predeterm ned areas. Such filns may al so be 5 useful in product
applications wherein the fluid target zope s very well defined, and
flui d-perviousness is desired only |n1qﬁa | ui d

FIG. [
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target zone. In the case of fluid inpervious filns of the prevent invention
't is anticipated that the present technol ogy could, if desired, be 10

i ncorporated in suitably reinforced filmenbossing rolls and the |ike,
provi ded only that the enbossing pressures to which the rolls wll
ultimately be subject are not so gjé] 'ils to destroy the particular

t hree-di nensional pattern exhibited by the | am nate enbossi ng surface. A
resilient back-up roll could, if desired, be 15 utilized in such an
enbossing operation to avoid damaging the |am nate enbossing surface. It
Is even further anticipated that |amnate form ng surfaces of the present
invention may find utility in applijcations other than plastic filmform ng.
Wil e particul ar enbodi nents of the present &nventio& have been

FIG. 2
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20 illustrated and described, it will be obvious to those skilled in the
art that various changes and nodifications can be nade w t hout departing
fromthe spirit and scope of the invention, and it is intended to cover in
t he appended clains all such nodifications that are within the scope of

this invention. 25 30 24 dainms: 1. ?«1esi | i ent three-di mensi onal web
(50) having first (51) and second (52) surf.aces,

\ N

? \
mE
S g
W g
L |
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said web (50) exhibiting reduced planar area in its first surface (51) and
a fiber- |ike appearance and tactile inpression, said web (50) being
conprised of a fluid- inpervious plgstikcematerial, said first surface (51)
having a nultiplicity of apertures &i 1herei n, each of said apertures
(53) being defined by a multiplicity of intersecting fiber-like elenents
(54, 55, 56, 57, 58) interconnected to one another in the plane of said
first surface (51), each of fiber-like elemrents (54, 55, 56, 56, 57, 58)
exhibiting a substantially uniformgenerallgupwar(ﬁy, (i.e. in the
direction of said first surface (51) concave® shapedscross-section along its
| ength, said cross-section conprising a sidews]| port\on (66) extending
generally in the direction of said second surfase (52) said web (50),
characterized in that said the cross-section fur &g i ses at | east one
pair of convergent substantially |inear pe+tiesr 62, 63Y which intersect
one another to forma vertex (64) in sai
portions (66) being joined to the free

%
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linear portions (62, 63), said intersecting substantially linear portions
.(62, 63) and said intersecting sidewall portions (66) being interconnected
to one anot her, respectively, internediate said first (51) and second (52)
surfaces of said web (50), said interconne ﬁe i dewal | portions (66)

term nating substantially concurrently w tgz not her in the plane of

sai d second surface (52). 2. The resilient three-dinensional web (50) of
claim1l1, wherein said second surface (51;'[@. s@Aweb (50) contains a
multiplicity of apertures (53) and said interconnected sidewall portions

(66) of said fiber-like elenments (54, Sg 51 58) ter ate
said apegtures (53) in the
(Lient #hree-di nmensional

substantially concurrently with one anoth
d substanti al | y.1sé near
S’rtiMGG) forma
i res (53) .

pl ane of said second surface (52). 3.
web (50) of claim2,wherein said intercgnn
portions (62, 63) and said intercond
di screte capillary network connecting

166

152
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formed by said multiplicity of intersecting fiber-like elenents in said
first surface (51) of said web (50) exclusively with a correspondi ng

aperture (61) defined by 25 said interconnected sidewall portions (66)
in said second surface (52) of said mg@mLaQﬁ. 4. The resilient
t hr ee- di nensi onal web (50) of claim 2, rdin at |l east a portion of aid

fiber-like elenents (54, 55, 56, §7, 58) are substantiag'y straight along a
portion of their length. 5. Thg resi+€pTNr ee-Ai mepsi onal web (300) of
claim1l, wherein each of said aperNIrelx~40TT\EEG-deffi ned by a

o

B 8

REPLACEMENT SHEET
2 1FEB =~




el ements (302, 303, 304, 305) interconnected to one another in the plane of
said first surface (331), each of said primary fiber-like elenents
exhi biting a substantially uniformgenerally upwardly concave shaped
cross-section along its length, said cr oss-se'ztr,' conprising a primary
sidewal | portion joined to the free end of ea afd linear portions (340,
341), said interconnected primary sidewall portions (313) being further
connected to at | east one secondary intersecting fiber-like el enent
exhibiting a substantially simlar formto said primary fiber |ike elenments
(302, 303, 304, 305) but form ng @ secondary vertex in a plane internedi ate
said first and second surfaces of &aid web, said interconnected prinmary and
secondary fiber like elenments term\nating substantially concurrently with
one another in the plane of said rs“e\&nd surface. 6. The resilient
t hr ee- di mensi onal web (300) of claimb5, wherein said agertures of said web
are-defined by said second surface of saig vvebgare def ged by said

2] -0 ‘
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I nterconnected primary and secondary sidewall portions of said fiber-1like
élements located internediate said first and said second surfaces of said
web, said interconnected prinmary and secondary sidewall portions thereby
formng a discrete capillary network connecting each of said apertures
defined by said nultiplicity of in%éﬁmng primary fiber-like elenents in
the plane of said first surface of i b exclusively with a multiplicity
of said apertures forned in said second surface of said web by said

i nterconnected primary and secondary sidewall portions of said fiber-1like
el ements. 7. The resilient three-dinensional web (50, 300) of either
claim3 or claim®6, wherein said capillary networks are of non-uniform

cross-section along their |ength. \\
/

451

461
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26, 8. An absor bent bandage conprising a wearer-contacting topsheet and
an absorbent el enent for absorbing bodily fluids, said topsheet conprising
a resilient three-dinmensional web according to any of the clains 1 to 7. 9.
The absorbent bandage of claim8, includin ?a ksheet resistant to the
passage of aqueous fluid therethrough secu%;?r ﬁisuperposed relation to
sai d bandaged adj acent the surface absorbent el enment opposite said
topsheet. 10. The structure of claim9, wherein said absorbent bandage
conprises either a disposable diaper or a disposable catanenial appliance.
- 27 -

8

o

—
<
wn

502
503

A At bt
o

REPLACENENT, SH TI;
| i
v 2 15‘-_-.':.' .“"!’?7 ' ﬁ

arra




portions, said sidewall portions extending generally in the direction of
said second surface of said web, said intersecting substantially |inear
portions and said intersecting sidewall portions being interconnected to
one anot her respectively inter rredt‘taﬁlj gqd first 5 and - second
surfaces of said web, said I cdnMected sidewall portions
termnating substantially concurrently with one another in the plane of
sai d second surface. 9. The absorbent bandage of Claim8, including a
backsheet 10 resistant to the passage of aqueous fluid therethrough
secured in superposed relation to said bandage adjacent the surface
absorbent el enent opposite said to t. . The structure of Caim9
wherein sai d absorbent bandage 15 ?fvzﬁbp, es either a disposabl e diaper
or a di sposabl e cat aneni al
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Claims: | DA OF RECEWPT.. M8

1. A resilient three-dimensional web (50) having first (61) and second (52) surfaces,
said web (50) exhibiting reduced planar area in its first surface (51) and a fiber-
like appearance and tactile impression, said web (50) being comprised of a fluid-
impervious plastic material, said first surface (51) having a mulfiplicity of
apertures (53) therein, each of said apertures (53) being defined by a multiplicity
of intersecting fiber-like elements (54, 55, 56, 57, 58) interconnected to one
another in the plane of said first surface (561), each of fiber-like elements (54, 55,
56, 56, 57, 58) exhibiting a substantially uniform generally upwardly, (i.e. in the
direction of said first surface (51) concave shaped cross-section along its length,
said cross-section comprising a sidewall portion (66) extending generally in the
direction of said second surface (52) of said web (50), characterized in that said
the cross-section further comprises at least one pair of convergent substantially
linear portions (62, 63) which intersect one another to form a vertex (64) in said
first plane, said sidewall portions (66) being joined to the free end of each of
tinear portions (62, 63), said intersecting substantially linear portions (62, 63) and
said interéecting sidewall portions (66) being interconnected to one another,
respectively, intermediate said first (51) and second (52) surfaces of said web
{50), said interconnected sidewall portions (66) terminating substantially
concurrently with one another in the plane of said second surface (562).

2. The resilient three-dimensional web (50) of claim 1, wherein said second surface
(52) of said web (50) contains a multiplicity of apertures (53) and said
interconnected sidewall portions (66) of said fiber-like elements (54, 55, 56, 57,
58) terminate substantially concurrently with one another in said apertures (53) in
the plane of said second surface (52).

3. The resilient three-dimensional web (50) of claim 2 wherein said interconnected
substantially linear portions (62, 63) and said interconnected sidewall portions
(68) form a discrete capillary network connecting each of said apertures (53)
formed by said multiplicity of intersecting fiber-like elements in said first surface
(51) of said web (50) exclusively with a corresponding aperture (61) defined by
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said interconnected sidewall portions (66) in said second surface (52) of said web
{50).

The resilient three-dimensional web (50) of claim 2, wherein at least a portion of
aid fiber-like elements (54, 55, 56, 57, 58) are substantially straight along a
portion of their length.

The resilient three-dimensional web (300) of claim 1, wherein each of said
apertures (301) being defined by a multiplicity of primary intersecting fiber-like
elements (302, 303, 304, 305) interconnected to one another in the plane of said
first surface (331), each of said primary fiber-like elements exhibiting a
substantially uniform generally upwardly concave shaped cross-section along its
length, said cross-section comprising a primary sidewall portion joined to the free
end of each said linear portions (340, 341), said interconnected primary sidewall
portions (313) being further connected to at least one secondary intersecting
fiber-like element exhibiting a substantially similar form to said primary fiber like
elements (302, 303, 304, 305) but forming a secondary vertex in a plane
intermediate said first and second surfaces of said web, said interconnected
primary and secondary fiber like elements terminating substantially concurrently
with one another in the plane of said second surface.

The resilient three-dimensional web (300) of claim 5, wherein said apertures of
said web are defined by said second surface of said web are defined by said
interconnected primary and secondary sidewall portions of said fiber-like
elements located intermediate said first and said second surfaces of said web,
said interconnected primary and secondary sidewall portions thereby forming a
discrete capillary network connecting each of said apertures defined by said
multiplicity of intersecting primary fiber-like elements in the plane of said first
surface of said web exclusively with a multiplicity of said apertures formed in said
second surface of said web by said interconnected primary and secondary
sidewall portions of said fiber-like elements.

The resilient three-dimensional web (50, 300) of either claim 3 or claim 6, wherein
said capillary networks are of non-uniform cross-section along their length.
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An absorbent bandage comprising a wearer-contacting topsheet and an

absorbent element for absorbing bodily fluids, said topsheet comprising a resilient
three-dimensional web according to any of the claims 1 to 7.

The absorbent bandage of claim 8, including a backsheet resistant to the
passage of aqueous fluid therethrough secured in superposed relation to said
bandaged adjacent the surface absorbent element opposite said topsheet.

The structure of claim 9, wherein said absorbent bandage comprises either a
disposable diaper or a disposable catamenial appliance.
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RESILIENT PLASTIC WEB EXHIBITING REDUCED SKIN CONTACT AREA AND
ENHANCED FLUID TRANSFER PROPERTIES

ABSTRACT

A resilient three-dimensional plastic web exhibiting reduced skin
contact area and a fiber-like appearance and tactile impression.
The web has a multiplicity of apertures therein, each being
defined by a multiplicity of itersecting fiber-like elements
interconnected to one another in the plane of the first surface
of the web. Each of the fiber-like elements exhibits a
substantially uniform generally upwardly concave shaped cross
section along its length. The cross section comprises at least
one pair of convergent substantially linear portions which
intersect one another to form a vertex in the plane of the first
surface of the web. This vertex reduces the skin contact area
of the web providing a more comfortable feel for the user when
the web is employed as a wearer contacting topsheet in a
disposable absorbent bandage.— Furthermore, the web provides a
substantiélly non-glossy visible surface as there is almost no
substantially planar portion in its uppermost surface to reflect
incident light to the viewer‘s eye. The pattern of intersecting
vertices in the first surface of the web substantially eliminates
pooling of fluids on the first surface of the web, since there
is almost no substantially planar portion on which the fluids may
pool. This further contributes to the web's clean and dry

appearance in usge as well as more rapid fluid transport into the
underlying absorbent core.

Figure 4 N




