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FIELD OF THE INVENTION
This application is a continuation-in-part of apphcatlon Senal No. 08/100,958

- filed August 3, 1993.

The present invention relates to web matenals, and more pamcularly, to such
web materials which exhibit an elastic-like behavior in response to an applied and
subsequently released (i.e., cycled) elongation along at least one axis.

The present invention has further relation to web materials wherein the mherent
properties of a given web material, e.g., the resistive force exerted by the web material
to an applied elongation can be modified. Additionally, staged resistive forces, lateral
contraction, and/or direction of elastic-like behavior of conventional web materials can
also be modified and/or provided as desired in web materials of the present invention.

‘Web materials of the present invention have a wide range of potential uses in

" both durable and disposable articles, but are particularly well suited for use in

disposable absorbent articles such as sanitai'j napkins, bandages, pantiliners, disposable
diapers, incontinent briefs, and the like. '

BAQKQROUND OF THE INVENTION

Absorbent articles such as sanitary napkins, pantthners disposable diapers,
incontinent briefs, _and bandages are designed to absorb and retain liquid and other
discharges from the human body and to prevent body and clothing soiling. Typically,
most dzsposable absorbent articles are made of materials that will not readily stretch
under the forces that the absorbent article is normally subjected to when worn. The
inability of the materials comprising the absorbent article to stretch when subjected to
normal wearing forces causes the absorbent article to have certain drawbacks. One
drawback is the lack of comfort for the wearer. The wearer should ideally be able to
notice a difference between an absorbent article that stretches to conform to the -
wearer's body with the wearer's movements and an absorbent article that fails to -
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stretch. For example, a conventional prior art sanitary napkin does not move with the

wearer's undergarments, thereby causing the sanitary napkin to shift which may cause a

~ degree of discomfort for the wearer. Enabling all or a portion of a sanitary napkin to

stretch under normal wearing conditions and forces will permit the sanitary napkin to -
better conform to the wearer's undergarment and stay in place even when the wearer
moves. - S _' )
Several attempts have been made to make one or more components of

absorbent articles stretchable in response to relatively low wearing forces. Typical

-prior art solutions rely on the addition of traditional elastics such as natural or synthetic

rubber. Fof example, traditional elastics have been secured to portions of the topsheet
and/or backsheet of absorbent articles, such as the waist poi‘tion of a disposable diaper,
to provide a better fit and overall comfort for the wearer. However, traditional elastics
are costly and rei;uiré' a certain degree of manipulation and handling during assembly.
While tra_diti_onal' elastics do_',provide a degree of stretch for the absorbent article, the
materials to which the traditional elastic is secured are typically not normally
considered elastic or stretchable. Therefore, the added traditional elastics must be
prestretched prior to being secured to the material or the material must be subjected to
mechanical processing, e.g., ring rolling, to permanently elongate the material to extend
beyond its initial untensioned length and allow the added traditional elastic to be
effective. Otherwise, the added traditional elastic is restrained by the material and is
rendered inoperable. An example of an absorbent article having a web inateﬁa_l which
has been subjected to additional processing'to allow the web material to more easily
extend with the added traditional elastic member is disclosed in U.S. Pat. No.
5,151,092 issued to Buell et al. on September 29, 1992 and hereby incorporated herein
by reference: The Buell patent describes an operation which pfestrains a backsheet so
that the backsheet will, upon mechanical stretching, be permanently elongated and not
fully return to its original undistorted configuration. ' Buell teaches that a traditional
elastic member must be added to the prestrained backsheet material for the invention to
be operable. Buell also discloses that a prestrained backsheet i improves the extension
and the heat-shrink contraction of the added traditional elastic member.

Accordingly, it is an object of the present invention to provide web materials
which exhibit an "elastic-like" behavior in the direction of applied elongation without
the use of added traditional elastic. As used herein, the term "elastic-like" describes the
behavior of web materials which when subjected to an applied elongation, the web
materials extend in the direction of applied elongation and when the applied elongation

" is released the web materials return, to a substantial degree, to their untensioned
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are particularly well suited for use as a topsheet, a backsheet, and/or an absorbent core”
in an absorbent article.
SUMMARY OF THE INVENTION |
The present invention pertams, in a preferred embodiment, to a web material
which exhxblts an elastlc-hke behavior in response to an applied and subsequently
released elongatlon ‘without the addition of traditional elastic materials such as natural
or synthet|c rubber.

Another elastic-like behavior that the web material of the present invention may
exhibit is an initial elongation and partial recovery which results in the web material not

_ returning to its untensioned length, i.e., the web material has undergone a degree of

pennanent set_or ‘deformation and has a new longer untensioned length. The web
material may exhibit an elastic-like behavior in response to subsequent elongations of
the web material beyond the new longer untensioned length.

Another elastic-like behavior that can be exhibited is an elongation and recovery
with a definite and sudden increase in _he force resisting elongation where this definite
and sudden increase in resistive force restricts further elongation against relatively small
elongation forces. The definite and sudden increase in the force resisting elongation is
referred to as a "force wall". As used herem, the term "force wall" refers to the
behavior of the resistive force of a web material during elongation wherein at some
pomt in the elongation, distinct from the untensioned or starting point, the force
resxstmg the applied elongation suddenly increases. After reaching the force wall,
additional elongation of the web material is only accomplished via an increase in the
elongation force to overcome the higher resistive force of the web material.

The web material of the present invention includes a strainable network having
at least two visually distinct and dissimilar regions comprised of the same material
composition. The first region is oriented substantially parallel to an axis of elongation
such that it will undergo a molecular- :vel deformation in response to an applied axial
elongation in a direction substantially parallel to the axis before a substantial portion of

the second region undergoes any substantial molecular-level deformation. As used

herein, the term substantially parallel" refers to an orientation between two axes
whereby the subtended angle formed by the two axes or an extension of the two axesis
less than 45°. In the case of 2 curvilinear element it may be more convenient to use a
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In a particularly preferred embodiment, the second region is comprised of a

5  plurality of raised rib-like elements. As used herein, the term "nb-hke element" refers

to an embossment, debossment or combination thereof which has a major axis and a

minor axis. Preferably, the major axis is at least as long as the minor axis. The major

axes of the rib-like elements are preferably oriented substantially perpendicular to the

‘axis of apphed elongation. The major axis and the minor axis of the ib-like elements

10 may each be linear, curvilinear or a combination of linear and curvilinear. As used

herein, the term "substantially perpendicular” refers to an orientation between two axes

whereby the subtended angle formed by the two axes or an extension of the two axes is
greater than 45°. In the case of a curvilinear element it may be more convenient to use

a lmear axis which represents an average of the curvilinear element. |

15 The rib-like elements allow the second region to undergo a substantxally

*geometric deformation” which resuits in sngmﬁcanﬂy less resistive forces to an applied

elongation than that exhibited by the "molecular-level deformation" of the first region.

As used herein, the term "molecular-level deformation® refers to deformation which

occurs on a molecular level and is not discernible to the normal naked eye. That is,

20  even though one may be able to discern the effect of molecular-level deformation, e.g.,

elongation of the web material, one is n_bt able to discern the deformation which allows

or causes it to happen. This is in contrast to the term "geometric deformation”. As

used herein the term "geometnc deformation® refers to deformations of the web

material which are discernible to the normal naked eye when the web material or

25  articles embodying the web material are subjected to an applied elongation. Types of
geometnc deformation include, but are not limited to bending, unfolding, and rotating.

_ Yet another elastic-like behavior that the web material of the present invention

~ may exhibit is an elongation and recovery with two or more significantly dlﬁ'ergnt force

walls. This type of elastic-like behavior would be experienced if for example, after

‘30 reaching a first force wall, sufficient elongation force was applied to overcome the first
force wall and continue to elongate the web until a second force wall was encountered.

When the web material of the present invention has multiple or staged force

walls, rib-like elements in one or more of the second regions reach their limit of

geometric deformation and become essentially coplanar with the material in the first

35 region, thereby causing the web material to exhibit a first force wall. Further

elongation of the web material molecularly deforms the rib-like elements which have
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reached their limit of geometric deformation, and simulta‘neouély geometrically deforms

the rib-like elements in the remaining second regions until they reach their limit of
'geomet'ric deformation thereby causing the web material to exhibit a second force wall.

_ In another preferred embodiment, the web material of the present .:vention
exhibits at least two significantly different stages of resistive force to an s~nlied
elongation along at least one axis when subjected to-an-applied elongationinac  .on
substantially paraliel to the axis. The web material includes a strainable network naving
at least two visually distinct regions. One of the regions is configured sué_h that it will
exhibit resistive forces in response to an applied axial elongation. in a direction

'substantiallsf parallel to the axis before a substantial portion of the other region

develops any significant resistive force to the applied elongation. At least one of the
regions has a surface-pathlength which is greater than that of the other region as

~measured substantially parallel to the axis while the material is in an untensioned

condition. The region exhtbttmg the longer surface-pathlength includes one or more
rib-like elements which extead beyond the plane of the other region. The web matenal
exhibits first resistive forces to the applied elongatton until the elongation of the web
material is sufficient to cause a substantial portion of the region having the longer
surface-pathlength to enter the plane of applied elongation, whereupon the ‘web of
material exhibits second resistive forces to further elongation. The total resistive force
to elongation is higher than the first resistive force to elongation provided by t*- first
region. : _ : - '
Preferably, the first region has a first surface-pathlength, L1, as measured
substantlally parallel to the axis of elongatxon while the web material is in an
untensioned condition. The second region has a second surface-path]ength, L2, as
measured substantlally parallel to the axis of elongation while the web is in an
untensioned condition. The first surface-pathlength, L1, is less than the second
surface-pathlength, L2. The first region preferably has an elastic modulus, El, and a
crqss—secttonal area, Al. The first region produces by itself a resistive force, P1, due to
molecular-level deformation in response to an applied axial elongation, D. The second
region preferably has an elastic modulus, E2, and a cross-sectional area, A2. “The
second region producés a resistive force, P2, due to geometric deformation in response
to the applied axial elongation, D. The resistive force, Pl,is signiﬁcantly greater than
the resistive force, P2, so long as (L1 + D) is less than L2.
. Preferably, when (L1 + D) is less than L2 the first region provides an mmal

- resistive force, P1, in response to the applied axial elongation, D, substantially
~ satisfying the equation P1 = (A1 x El x D)L1. When (L1 + D) is greater than L2 the
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5 | L1 . | L2

In another preferred émbodiment, the web material exhibits a Poisson lateral
contraction effect less than about 0.4 at 20% elongation as measured perpendicular to
the axis of elongation. As used herein, the term "Poisson lateral contraction effect”

10  describes the lateral contraction behavior of a material which is being subjected to an
applied elongation. Preferably, the web material exhibits a Poisson lateral contraction
effect less than about 0.4 at 60% elongatxon as measured perpend:cular to the axis of
elongation.

Preferably, the surface-pathlength of the second region is at least about 15%

15  greater than that of the first region as measured parallel to the axis of elongation while
the web material is in an untensioned condition. More preferably, the surface-
pathlength of the second region is at least about 30% greater than that of the first
region as measured parallel to the axis of elongation while the web is in an untensioned
condition.

20

BRIEF DESCRIPTION OF DRAWINGS

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

25  drawings, in which like reference numerals identify like elements and wherein:

Fig. lisa simpliﬁed plan view illustration of a prior art sanitary napkin with
portions cut-away to more clearly show the construction of the sanitary napkin;

Fig. 2 is a simplified plan view illustration of a prior art disposable diaper with
portions cut-away to more clearly show the construction of the disposable diaper;

30 Fig. 3 is a plan view photograph of a prior art deeply embossed polymeric web
with the embossments facing away from the viewer;

Fig. 4 is a graph of the resistive force versus percent elongation of the prior art
deeply embossed web of Fig. 3; ' ’

Fig. 5 is a plan view photograph of a preferred embodiment of a polymeric web

35  material having a first region and a second region of the present invention with the rib-
like elements of the second region facing toward the viewer,
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sub) e(.:_ ed to addit ll__ona; ia tensio edn g)ndmon correspon&mg tc? stage fon the I‘orceqaonga%on cuX'e
5 depicted in Fig. 6; _ :
' Fig. 5C is a segmented perspectlve 1llustratton of the polymenc web matenal of
Fig. 5 in a tensioned condition corresponding to stage II on the force-elongation curve .
depicted in Fig. 6; ' '
 Fig. 6 is a graph of the resistive force versus percent elongation comparing the
10 behavior of a web material of the present invention, as shown in Fig. 5, formed from

Clopay 1401, with a base web of similar material composition; :

Fig Tisa graph of the elastic hysteresis behavior of the web material of the

~ present invention which is graphleally represented by curve 720 in th 6 when the web
material is subjected to a hysteresis test at 60% elongation;.

15 Fig. 8 is a graph of the resistive force versus percent elongation comparing the
behavior of a web ‘material of the present invention formed from Tredegar sample
P-8863/X8323 witha base web of similar material composition;

Fig. 9 is a graph of the elastic hysteresis behavior of the web material of the
present invention which is graphically represented by curve 750 in Fig. 8 when the web

- 20  material is subjected to a hysteresis test at 60% elongation;

Fig. 10 is a graph of the resistive force versus percent elonganon comparing the
behavior of another web material of the present invention formed from, Tredegar
sample X-8998, with a base web of similar material composition;

Fig. 1lisa graph of the elastic hysteresis behavior of the web material of the

25 present invention which is graphlcally represented by curve 780 in Flg 10 when the

~ web matenal is subjected to a hysteresns test at 60% elongatton

Fig. 12 is a graph of the resistive force versus percent elongation comparing the
behavior of another web material of the present invention formed from, Volara 2A
foam sheet, with a base web of similar material composition;

30 Fig. 13 is a graph of the elastic hysteresis ‘behavior of the web material of the
present invention which is graphically represented by curve 810 in Fxg 12 when the
web material is subjected toa hysteresxs test at 60% elongation;

Fig. 14isa graph of the resistive force versus percent elongation comparing the:
behavior of another web material of the present invention formed from a laminate

35  comprised of layer of the Clopay 1401 film, Findley adhesive 2301, and a Veratec P-11
nonwoven layer, with a base web of similar material composition;
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As used herein, the r Men S behavi or of
web materials whi ch&vsﬁe&r;tgtesﬁ%?s srut’ﬁ%tk{m? ﬂﬁ?&&{é&%satfs el?n tl°“’t he web
— ' Figs. 16-29 are dlustratxons of other preferred embodiments of web materials of
5  the present invention;

Fig. 30 is a plan view illustration of a dieposable diaper backsheet of the present

invention; _
Fig. 31 is a plan view 1llustranon of a samtary napkin backsheet of the present
invention; .. _
10 th 32 is a simplified side elevanonal view of a preferred apparatus used to
form web materials of the present invention;
'Fig. 33 is a plan view of the opposed meshing plates of the apparatus of Flg 32
laid sxde-by-slde with their meshing surfaces exposed; :
Fig. 34 is a simplified side elevational view of a static press used to form web
15  materials of the present invention;
Fig. 35 is a simplified side elevational view of a contmuous, dynatmc press used
to form web materials of the present invention;
Fig. 36 is a simplified illustration of another apparatus used to form web
_ materials of the present invention;
20 Fig. 37isa simplified illustration of yet another apparatus used to form web
materials of the present invention; and |
Fig. 38 is a photomicrograph of an "edge on" view of the second reglon used to
determine the surface pathlength L2. ' ,
25 -DETAILED DESCRIPTION OF THE INVENTION
As used herein, the term “absorbent article" refers to devices which absorb and
contain body exudates, and, more speciﬁeally, refers to devices which are placed
agains't or in proximity to the body of the wearer to absorb and contain the various
exudates discharged from the body. The term "absorbent article” is intended to include
30 diapers, catamenial pads, sanitary napkins, pantiliners, incontinent briefs, bandages, and
the Iike. The term "disposable" is used herein to describe absorbent articles which are
not intended to be laundered or otherwise restored or reused as an absorbent article
(i.e., they are intended to be discarded after a single use, and, preferably, to be
recycled, composted or otherwise disposed of in an environmentally compatible
35 manner). Because of their single use nature, low cost materials and methods of
constructton are highly desirable in disposable absorbent articles.
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Fig. 1 is-a plan view of a prior art sanitary napkin 20 with portions of the
structure being cut-away to more clearly show the construction of the sanitary napkin
20 arid with the portion of the sanitary napkin 20 which faces away from the wearer,.
— N i.e., the outer surface, oriented towards the viewer. As used herein, the term "sanitary
5  napkin" refers to an absorbent article which is worn by females adjacent to the
pudendal region, generally external to the urogenital region, and which is intended to
. absorb and contain menstrual fluids and other vaginal discharges from the wearer’s
body (e.g., blood, menses, and urine). As shown in Fig. 1, the sanitary napkin 20
comprises a liquid pervious topsheet 24, a liquid impervious backsheet 26 joined with
10 the topShéét 24, and an absorbent core 28 positioned between the topsheet 24 and the
backsheet 26. _ ' '
While the topsheet, backsheet, and absorbent core méy' be assembled in a
variety of well known conﬂgurations (including so called "tube" products or side flap .
products), prefé_:rred sanitary napkin configurations are described generally in U.S. Pat.
15 No. 4,950,264, issued io Osborn on Aug. 21, 1990; U.S. Pat. No. 4,425,130, issued to
'DesMarais on Jan. 10, 1984; U.S. Pat. No. 4,321,924, issued to Ahr on Mar. 30, 1982;
and U.S. Pat. No. 4,589,876, issued to Van Tilburg on Aug. 18, 1987. Each of these
patents are hereby incorporated herein by reference. '
Fig. 2 is a plan view of a prior art disposable diaper 30 in its uncontracted state
20 (i.e., with elastic induced contraction pulled out except in the side panel wherein the
elastic is left in its relaxed condition) with portions of the structure being cut-away to
more clearly show the construction of the diaper 30 and with the portion of the diaper
30 which faces away from the wearer, i.e., the outer surface, oriented -towards the
viewer. As used herein, the term "diaper” refers to an absorbent article generally worn
25 by infants and incontinent persons that is worn about the lower torso of the wearer. As
shown in Fig. 2, the diaper 30 comprises a liquid pervious topsheet 34, -a liquid
impervious backsheet 36 joined with the topsheet 34, an absorbent core 38 positioned
between the topsheet 34 and the backsheet 36, elasticized side panels 40, elasticized
. leg cuffs 42, an elastic waist feature 44, and a fastening system generally multiply"
30 designated as 46. _ _

' While the diaper 30 may be assembled in 2 variety of well known
configurations, preferred diaper configurations are described generally in U.S. Pat. No.
3,860,003, issued to Kenneth B. Buell on Jan. 14, 1975; and U.S. Pat. No. 5,151,092
issued to Kenneth B. Buell et al. on Sept. 29, 1992. Each of these patents are hereby

35 incorporated herein by reference. ' :
While the preéent invention will be described in the context of providing a "web
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SUMVARY OF THE | NVENTI ON . The present invent JMM&I"B"H’[
preferred enbodinent, to a web material I ch exhi
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material" which exhibits elastib—like behavior to an applied and subsequeritly released
elongat:on which is pamcularly well suited for use as a backsheet, a topsheet and/or an
absorbent core or a pomon thereof on a disposable absorbent article such as a
disposable diaper, sanitary napkin, or bandage the present invention is in no way

5 limited to such application. It may- be employed in. tiearly any application where a

relatively low cost elastic-like web material is desired, e.g., durable articles of apparel,

such as exercise clothing, d:sposable articles of apparel, elastic bandages, upholstery or
wrapping material used to cover complex shaped articles, etc. ‘As used herein the term

"web material” refers to a sheet-like material, e.g., a topsheet, backsheet, or absorbent

10 coreona disposable'absorbent article, a composite or laminate of two or more sheet-
like materials and the like. The present invention may be practiced to great advantage

" in zﬁény situations where it is desirable to produce a web material which exhibits an
elastic-like behavior to an applied and subsequently released elongation along ‘at least

one axis. The detailed description of a preferred structure and its use as a backsheet

15 on a sanitary napkin or a disposable diaper will allow one skilled in the art to 'readily

| adapt the present invention to other applications. '

Fig. 3 is a plan view photograph of a prior art deeply embossed polymenc web

47 which has been used as a backsheet on prior art absorbent articles. Specifically, the
deeply embossed web 47 is available from Tredegar Film Products, Terra Haute,

20 Indiana under the designation ULAB X-5430. The deeply embossed web 47 compﬁses
a pattern of embossments 48. Fig. 4 is a resistive force-elongation curve 700 of the
deeply embossed polymeric web 47 of Fig.'3. The method for generating the resistive
force-elongation curve 700 can be found in the Test Methods section set forth in
subsequent portions of the piesent specification. As can be seen in Fig. 4, the deeply

25 embossed web 47 has a resistive force-elongation curve 700 which is substantially the
same shape as-the resistive force-elongation curve 710, shown in Fig. 6, of a typical
unembossed web of similar composition; that is, the resistive force-elongation curve
' 700 follows a substantially single stage, continuous curve in which the force increases -
steeply and at a substantially uniform rate until beginning to yield. Thus, it is clear that
30 this pattern of embossments 48 in web 47 do not significantly alter the resistive force-
elongation properties of the deeply embossed web 47 as compared to an unembossed

base web of similar material composition.

Despite widespread use of the prior art deeply embossed polymeric web 47 as a
backsheet on disposable absorbent articles, the deeply embossed polymeric web does
35 not offer any functionally enhanced propérties when compared to an unembossed base
web, i.e., improved conformance, stretch behavior and/or garment-like fit. This is
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5 : Refemng now to Fig. 5. there is shown a preferred embodiment of a polymenc
web material 52 of the present invention. The web material 52 is shown in Fig. S in its
substantially untensioned condition. The web material 52 is particularly well suited for
use as a backsheet on an absorbent article, such as the sanitary napkin 20 in Fig. 1 or
the dxsposable diaper 30 in Flg 2. The web material 52 has two centerlines, a

10 longxtudmal centerline, which is also referred to hereinafter as an a:ns, line, or direction
1" and a transverse or lateral centerline, which is also referred to hereinafter as an axis,
‘line, or direction "t". The transverse centerline "t" is generally perpendicular to the

longitudinal centerline "l". -
~ Referring now to Figs. 5 and 5A, web material 52 includes a "stmmahle _
15 network" of distinct regions. -As used herein, the term "strainable network" refers to
an interconnected and interrelated group of regions which are able to be extended to
some useful degree in a predetermined direction providing the web material with an
" elastic-like behavior in response to an applied and subsequently released elongation.
The strainable network includes at least a first region 64 and a second region 66. Web
20  material 52 includes a transitional region 65 which is at the interface between the first
region 64 and the second region 66. The transitional region 65 will exhibit.complex
combinations of the behavior of both the first region and the second region. It is
recognized that eQery embodiment of the 'present invention will have a transitipnal
region, however, the present invention is defined by the behavior of the web material in
25 the first region 64 and the second region 66. Therefore, the ensuing description of the
present invention will be concerned with the behavior of the web material in the first
- regions and the second regions only since it is not dependent upon the complex

" behavior of the web material in the transitional regions 65.

Web material 52 has a first surface 52a and an opposing second surface 5-. In
30 the preferred embodiment shown in Figs. 5 and 5A, the strainable network includes a
' plurality of first regions 64 and a plurality of second regions 66. The first regions 64
have a first axis 68 and a second axis 69, wherein the first axis 68 is preferably longer
than the second axis 69. The first axis 68 of the first region 64 is substantially parallel
_ to the longitudinal axis of the web material 52 while the second axis 69 is substantially
35 parallel to the transverse axis of the web material 52. Preferably, the second axis of the -
first region, the width of the first region, is from about 0.01 inches to about 0.5 inches,
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: Usgitallel to the transverse axis of the web material 52. Preferably, the second axis of the

5 seco_nd region, the width c_>f the second region, is from about 0.01 inches to about 2.0

inches, and more preferably from about O. 125 inches to about 1.0 inches. In the

preferred embodiment of Fig. 5, the first regions 64 and the second regions 66 are

substantially linear, extending continuously in a direction substantially parallel to the

longitudinal axis of the web material 52. _
10 The first region 64 has an elastic modulus E1 and a cross-sectional area Al.
The second region 66 has a moduhis E2 and a cross-sectional area A2.

In the illustrated embodiment, the web material 52 has been "formed" such that
the web material 52 exhibits a resistive force along an axis, which in the case of the
illustrated embodiment is substantially parallel to the longitudinal axis of the web, when

15 subjected to an applied axial elongation in a direction substantially parallel to the
longitudinal axis. As used herein, the term "formed" refers to the creation of a desired
structure or geometry upon a web material that will substantially retain the desired
structure or geometry when it is not subjected to any externally applied elongations or

_ forces. A web material of the present invention is comprised of at least a first region

26 and a second region, wherein the first region is visually distinct from the second region.
As used herein, the term "visually distinct" refers to features of the web material which
are readily discernible to the normal naked eye when the web material or objects
embodying the web material are subjected to normal use. As used herein the term
"surface-patlﬂen_gth" refers to a measurement along the topographic surface of the

25 region in question in a direction substantially parallel to an axis. The method for
determining the surface-pathlength of the respective regions can be found in the Test
Meﬁhods section set forth in subsequent'portions of the present specification.

Methods for forming web materials of the present invention include, but are not
limited to embossing by mating plates or rolls, thermdfonning, high pressure hydraulic

30 forming, or casting. While the entire portion of the web 52 has been subjected to a
forming opération, the present invention may also be practiced by subjecting to
formation only a portion thereof, e.g., a portion of a diaper backsheet, as will be

. described in detail below. - _ _ : .
) In the p’referred'embodiment shown in Figs. 5 and 5A, the first regions 64 are

35  substantially planar. That is, the material within the first region 64 is in substantially
the same condition before and after the formation step undergone by web 52. The



herein,.

the term"substantlally parallel" refers to an orrentatlon betweeri K

two axes =~ 35 ‘whereby the subtended angle forned by the two axes or an
extensi.on of the two axes is: | ess than 45[err]. In the case of a

curvilinear

4

-

10

15

20

30

35

el enent it_may bhe nmore convenient to use a

Th|s Sheet Has Been Replaced’

*(MEAR II

second regions 66 _inc'lude. a plurality of raised rib-like elements 74. The rib-like .
elements may be embossed, debossed or a combination thereof. The rib-like elements
74 have a first or major axis 76 which is substantially parallel to the transverse axis of

13

the web 52 and a second or minor axis 77 which is substantially parallel to the
longitudinal axis of the web 52. The first axis 76 of the rib-like elements 74 is at least
- equal to, and preferably longer than the second axis 77. Preferably, the ratio of the

first axis 76 to the second axis 77 is at least about 1:1 or greater, and more preferably
at Jeast about 2:1 or greater. o

The rib-like elements 74 in the second region 66 may be. separated from one
another by ‘unformed areas: Preferably, the rib-like elements 74 are adjacent one
another and are separated by an unformed area of less than 0.10 inches as measured
perpendicular to the major axis 76 of the rib-like elements 74, and more preferably, the
rib-like elements 74 are contiguous havmg no unformed areas between them.

The first reglon 64 and the second region 66 each have a "projected
pathlength”. As used herein the term "projected pathlength" refers to the length of a
shadow of a region that would be thrown by parallel light. The projected pathlength of
the first region 64 and the prOJected pathlength of the second region 66 are equal to
one another.

- The ﬁrst region 64 has a surface-pathlength, L1, less than the surface-
pathlength, L2, of the second region 66 as measured topographically in a direction
parallel to the longitudinal axis of the web 52 while the web is in an untensioned
condition. Preferably, the surface-pathlength of the second region 66 is at least about
15% greater than that of the first region 64, more preferably at least about 30% greater
than that of the first region, and mc-<t preferably at least about 70% greéter than that of
the first region. In general, the greater the surface-pathlength of the second region, the

- greater will be the elongation of the web before encountering the force wall.

Web material 52 exhibits 2 modified "Poisson lateral contraction effect”
substantially less than that of an otherwise identical base web of similar material
composition. The method for determining the Poisson lateral contraction effect of a-
material can be found in the Test Methods section set forth in subsequent portions of

 the present specification. 'Preferably, the Poisson lateral contraction effect of webs of

the present invention is less than about 0.4 when the web is subjected to about 20%
elongation. Preferably, the webs. exhibit a Poisson lateral contraction effect less than
about 0.4 when the web is subjected to about 40, 50 or even 60% elongation. More
preferably, the Poisson lateral contraction effect is less than about 0.3 when the web is

subjected to 20, 40, 50 or 60% elongation. The Poisson lat_eral contraction effect of
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- webs of the present invention is determined by the amount of the web material which is

occupied by the first and second regions, respectively. As the area of the web material

occupied by the first region increases the Poisson lateral contraction effect also
© increases. Conversely_, as the area of the web material occupied by the second region-

increases the Poisson lateral contraction effect decreases. Preferably, the percent area

‘ of the web mateﬁal occupied by the first area is from about 2% to about 90%, and

more preferably from about 5% to about 50%. :

Web materials of the prior art which have at least one. layer of an elastomeric
material wnlrl_l generally have a large Poisson lateral contraction effect, i.e., they will
"neck down" as they elongate in response to an applied force. Web materials of the
present invention can be designed to moderate if not substantially eliminate the Poissbn
lateral contraction effect. -

‘For web material 52, the direction of applied axial elongation, D, mdxcated by
arrows 80 in Fig. 5, is substantially perpendicular to the first axis 76 of the rib-like
elements 74. The rib-like elements 74 are able to unbend or geometrically deform in a
direction substantially perpendicular to their first axis 76 to allow extension in web 52.

In Fig. 6 there is shown a graph of the resistive force-elongation curve 720 of a
web material generally similar to web material 52 shown in Fig. 5 along with a curve
710 of a base_film material of similar compesition. -Specifically the samples are
polymeric web materials, comprised substantially of linear low density polyethylene,
approximately 0.001" thick, designated sample 1401 available from Clopay, Cincinnati
Ohio. The method for generating the resistive force-elongation curves can be found in
the Test Methods section set forth in subsequent portions of the present specification.
Referring now to the force-elongation curve 720 of the formed web, there is an initial
substantially linear, lower force versus elongation stage I designated 720a, a transition
zone designated 720b _Which' indicates the encounter of the force wall, and a
substantially linear stage II designated 720c which displays substantially higher force
versus elongation behavior. :

As seen in Fig. 6 the formed web exhibits different elongation behavior in the
two stages when subjected to an applied elongation in a direction parallel to the
longitudinal axis of the web. The resistive force exerted by the formed web to the
applied elongation is significantly less in the stage I region (720a) versus the stage II
region (720c) of curve 720. Furthermore, the resistive force exerted by the formed
web to the applied elongation as depicted in stage I (720a) of curve 720 is significantly
less than the resistive force exerted by the base web as depicted in curve 710 within the

- limits of elongation of stage 1. As the formed web is subjected to further applied



710 cray. eathbe LT ear feur vi | Tnear- or.4 soghination of | ineat aod S
earvidime a ~As used - hérein, the term™substantially perpendicul ar"
f =t AN orientation between two axes wher eby the subtended angle
ormed by the two axes or an extension of the two axes is greater than

45. In the case of .a curvilinear element it may be nore cdhisSheetiasBeeniReplaced

-a linear axis which represents an average of th ili
"'I'he rib-like elements allow the second grgegi onlﬁg ﬁﬁ(rj\e”rlgl)n:agumm Hmnlﬂll
fgeomstrlc deformation” which results in significantly |ess resl stive
forces to an applied el ongation than that exhibited by the

nol ecul a'r'-l evel deformation" of-the first region. ~ As used herei
E)qu'; grgnn ;n)l elcul ark-m:nev.el d%f or mat i on"II r_ff e{j'ﬁt o _.def té’ QR a/\/g Ghe | né b
geours ona mol eculelongationeandgnters stagedl §{<0CL} |'ﬁf‘§"vtegfr°{%e X5oF rra? naﬁoerglee%e

e V e n - o . . .. .
ol ecul ar -1 evel  de ]g%c?%gﬁqaﬁa%pmh&ethabéﬁstbe folice @gerted: byotherljase wehs The resistive

one is not able tofercedest n@géfeggfo&gﬁ%?nl £°§"§E?C b Q'refion {(7204)RIF thBtfermed! web is

| |
- provided by the molecular-level deformation o the%\{'vsst region of the formed web and ~

.5 the geometric deformation of the second region of the formed web. This is in contrast
to the resistive force to an applied elongation that is providéd by the base web,
depicted in curve 710 of Fig. 6, which results from molecular-level deformation of the
entire web. Web materials of the present invention can be designed to yield virtually
aﬁy resistive force in stage I which is less than that of the base web material by

10  adjusting the percentage of the web surface which is comprised of the first and second
regions, respectively. The force-elongation behavior of stage I can be controlled by -
adjusting the width, cross-sectional area, and spacing of the first region and the
composition of the base web. | | o

Referring now to Fig. 5B, as web 52 is subjected to an applied axial elongation,
15 D, indicated by arrows 80 in Fig. 5, the first region 64 having the shorter surface-
pathlength, L1, provides most of the initial resistive force, P1, as a result of molecular-
jevel deformation, to the applied elongation which corresponds to stage 1. While in
stage 1, the rib-like elements 74 in the second region 66 are 'expeﬁencing geometric
_ deformation, or unbending and offer minimal resistance to the applied elongation. -In
20 the transition zone (720b) between stages I and II, the rib-like elements 74 are
| becoming aligned with the applied elongation. That is, the second region is exhibiting
a change from geometric deformation to_ molecular-level deformation. This is the

onset of the force wall. In stage IL, as see;x in Fig. 5C, the rib-like elements 74 ig the .
~ second region 66 have become substantially aligned with the plane- of applied

25 elongation ( i.e. the second region has reached its limit of geometric deformation) and
begin to resist further elongation via molecular-level deformation. The second region .
66 now contributes, as a result of molecular-level deformation, a second resistive
force, P2, to further applied elongation. The resistive forces to elongation depicted in
stage II by both the molecular-level deformation of the first region 64 and the

30 molecular-level deformation of the second region 66 provide a total resistive force, PT, .
whi~h is greater than the resistive force depicted in stage I which is provided by the
n  Jlar-level deformation of the first region 64 and the geometric deformation of the
second-region 66. Accordingly, the slope of the force-elongation curve in stage II is

- significantly greater than the slope of the force-elongation curve in stage L.

35 The resistive force P1 is substantially greater than the resistive force P2 when

(L1 + D) is less than L2. When (L1 + D) is less than L2 the first region provides the
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™

The maxitiium elongation occurring while in stage I is the "available stretch” of
the formed web material. The available stretch correspond_s to the distance over which
the seco;xd region experiences geometric deformation. The available stretch can be

15 effectively detefm_ined by ins‘pébtion'ot_‘ the fprce-elpngation curve 720 as shown inFig.
6. The approximate point at which there is an inflection in the transition zone between
stage I and stage IT is the percent elongation point of "available stretch”. The range of
available stretch can be varied from about 10% to 100% or more; this_ range of
‘elongation is often found to be of interest in disposable absorbent articles, and can be

20 largely controlled by the extent to which the surface-pathlength L2 in the second

. regic.n'exceeds the surface-pathlength L1 in the first region and the compositipn of .fhe
base film. The term available stretch is not intended to imply a limit to the elongation
which the web of the present invention may be subjected to as there are applications
where elongation beyond the available stretch is desirable_.'

25 The curves 730 and 735 in Fig. 7 show the elastic hysteresis behavior exhibited
by a web material of the present invention which is generally similar to that used t.o
generate curve 720 in Fig. 6. The formed web was examined for elastic hystere'sls
behavior at an elongation of 60%. Curve 730 represents the response to an applied
and released elongation during the first cycle and curve 735 represent the response. to

30 an applied and released elongation during the second cycle. The force r?l'ax?txon
dur'mg-the first cycle 731 and the percent set or deformation 732 are depicted tn'Fxg. 7.
Note that .signiﬂcant recoverable elongation, or useful elasticity, is exhibited at

| 'relaﬁvely low forces over multiple cycles, i.e., the web material can easily expand an-d

. contract to a considerable degree. The method for generating the elastic hysteresis

35  behavior can be found in the Test Method section set forth in subsequent portion of the
present speqiﬂcation. | '
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Fig. 8 shows the force-elongation behavior for both a base web depicted in
curve 740 and a formed web of the present invention depicted in curve 750 where both
webs are comprised .of a linear ldw density polyethylene film, approximately 0.001"

. thick, avaxlable from Tredegar Inc, Terre Haute, Ind., and designated P-8863/X8323.
“This type of base film has been successfully commerclally utilized as a fluid impervious

backsheet on disposable diapers. Referring now to curve 750, there is an initial

 substantially linear, lower force-elongation stage 1 designated 750a, a transition zone
* designated 750b, and a substantially linear. stage II desngnated 750c. Note the

distinctive lower force two-stage behavior in the formed web provxded first in stage I
by the combmatlon of molecular-level deformation of the first region and geometric
deformation of the second region, and then in stage II by molecular-level deformation

~ of both the first region and the second region as depicted by curve 750 compared to

the molecular-level deformation of the base web. as depicted by curve 740. The curves
760 and 765 in Fig. 9 show the elastic hysteresis behavior of a formed web similar to
hat used to generate curve 750 in Fig. 8 when exammed at-60% elongatlon Curve
760 represents the response to an applied and released elongation during the first cycle .
and curve 765 represents the response to an applied and released elongation during the
second cycle. The force relaxation durmg the first cycle 761 and the percent set or
deformation 762 -are depicted in Fig. 9. Note that there is very significant elastic
recovery exhibited by the sample over this observed range of elongations over multiple
cycles. : . : ' o _
" Fig. 10 shows the force-elongation, behavior for both a base web depicted in
curve 770 and a formed web of the present invention depicted in curve 780 where both
webs are comprised of a thin polymeric film, approxxmately 0.001" thick, consisting
mostly of linear medium density polyethylene plus linear low density polyethylene,
available from Tredegar Inc, Terra Haute, Ind., and designated X-8998. Referring
now to curve 780, there is an initial substantially linear, lower force-elongation stage I -
designated 780a, a transition zone designated 780b, and a substantially linear higher
force-elongation stage II designated 780c. Note the distinctive lower force two-stage
behavior in the formed web provided first in stage I by the combination of molecular-
level deformation- of the first region and geometric deformation of the second region

‘and then in stage II by molecular-level deformation of both the first region and the
second region as deplcted in curve 780 compared to the molecular-level deformation

of the base web as depicted in curve 770. Curves 790 and 795 in Fig. 11 show the
elastic hysteresis behavior of a formed web material similar to that used to generate
curve 780 in Fig. 10 examined at 60% c_alongation. Curve 790 represents the response -
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the response to an applied and released elongation during the second cycle. The force
relaxation of the web during the first cycle is depicted by 791 and the degree of set or
deformanon of the ‘web material after the first cycle is depicted by 792. In this
example the web matenal was elongated to a point where the material in the first
region which was experiencing molecular-level deformation was permanently deformed
(i.e., experienced a permanent set) by the elongation. It should further be noted that
the 60% elongation that produced the permanent deformation of the web material in
the first regzon was insufficient to encounter the Iimits of the geometric deformation of
the second region, i.e., the force wall. That is, the limits of the geometric deformation
of the second region was greater than the elastic limits of the molecular-level
deformation of the first region. - However, this permanent deformation of the first

region did not efiminate useful elastic-like behavior of the web material, but rather

resulted effectively in merely a "shifting” of the untensioned point of elastic-like
behavior of the web material. This is illustrated by curve 795 which depicts the
behavior of the web material on the second cycle, after permanent deformation. A
useful amount of elastic-like behavior will remain, even at higher levels of permanent
deformation of the type illustrated by the example in Fig. 11. It is recognized that this
useful elastic-like behavior will diminish at extremely high levels of elongation of the
web material and subsequent high permanent deformation of the material in the first
regions of the web. |

Fig. 12 shows the force-elongation. behavior for both a base web depicted in
curve 800 and a formed web of the present invention depicted in curve 810 where both
webs are comprised of a foam polyethylene sheet, approximately 0.080" thick,
available as Volara 2a from Voltek Corp., Lawrence, Mass. Referring now to curve

810, there is an initial substantially linear, lower force-elongation stage I designated

810a, a transition zone designated 810b, and a substantially linear stage II designated
810c. Note the dlstmctlve Jower force two-stage behavior in the formed web provided .
first in stage I (810a) by the combination of molecular-level deformation of the first
region and geometric deformation of the second region and then in stage II (810c) by
molecular-level deformation of both the first region and the second region as depicted
in curve 810 compared to the molecular-level deformation of the base web as depicted
in curve 800. Note that the base foam sample undergoes failure at an elongation less
than about 150% and the formed. web undergoes failure at less than about 120%
elongation. The curves 820 and 825 in Fig. 13 show the elastic hysteresis behavior of
a formed web matena.l similar to that used to generate curve 810 in Fxg 12 examined
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over this observed range of elongation as evidenced by the small amount of permanent
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Fig. 14 shows the force-elongatlon behavnor for both a base web depxcted by

' _curve_ 830 and a formed web of the present invention depicted by curve 840 where

10  both webs ‘are comprised of a laminate of a layer of the Clopay 1401 polyethylene:

blend film adhered via a hot melt glue available from Findley Adhesives, Wauwatosa,

~ Wis., sample 2301, to a layer of nonwoven layer, made substantially of polypropylene,
available from Veratec, Wolpole, Mass., designated type P-11. Referring now to curve

" 840, there is an initial substantially linear, lower force-elongation stage I desxgnated

15  840a, a transition z. ne designated 840b, and a substantially linear stage II desngnated

840c. For the laminate formed web, note the distinctive lower force two-stage
~ behavior in the formed web provided first in stage I (840a) by the combination of
molecular-level deformation of the first region and geometric deformation of the
second region and then in stage II (840c) by molecular-level deformation of both the

20 first region and the second region as depicted in curve 840 compared to the molecular-
Jevel deformation of the base web as depicted in curve 830. The curves 850 and 855
in Flg 15 show the elastic hysteresxs behavior of a formed web material similar to that
used to generate curve 840 in ig. 14 examined at 60% elongatlon Curve 850
represents the response to an applied and released elongation during the first cycle and

25  curve 855 represents the response to an applied and released elongatlon during the
second cycle. - The force relaxation of the web during the first cycle 851 and the
percent set of the web after the first cycle 852 are shown in Fig. 15. Note that this
laminate web exhibits a very significant .elastic recovery over the observed range of

~ clongation over multiple cycles.

30 When the web material is subjected to an applied elongation, the web matenal
exhibits an elastlc-llke behavior as it extends in the direction of applied elongation and
returns to its substantially untensioned condition once the apphed elongation is
removed, unless the web material is extended beyond the point of yleldmg The web
material is able to undergo multiple cycles of applied elongation without losing its

35  ability to substantially recover. Accordingly, the web is able to return to its
substantially untensioned condition once the applied elongation is removed.
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(L1 + D) is less t mlk_ezelements the web material is not as easily extended in a direction substantxaﬂy .
— _ parallel to the first axis of the rib-like elements. The formation of the rib-like elements™
. 5 allows the rib-like elements to geometrically deform in a direction substantially
~perpendicular to the first or major axis of the rib-like elements, while requiring
subétantially molecular-level deformation to extend in a direction substantially parallel
to the first axis of the rib-like elements. | T _
| The.amount of applied force required to extend the web is dependent upon the
10 composition and cross-sectional area of the web material and the width and spacing of
the first regions, with narrower and more widely spaced first regions requiring lower
“applied extensional forces to achieve the desired elongation for a given composition -
and cross-sectional area. The first axis, (i.e., the length) of the first regions is
preferably greater than the second axis, (i.e., the width) of the first regions with,a
15 preferred length to width ratio of from about 5:1 or greater. '
The depth and frequency of rib-like elements can also be varied to control the
available stretch of a web of the present invention. The available stretch is increased if
fof'a-given' frequency of rib-like elements, the height or degree of formation imparted
. on the rib-like elements is increased. Similarly, the available stretch is increased if for a
20 given height or degree of formation, the frequency of the rib-like elements is increased.
" While the particular web material 52 of Fig. 5 is an example of an elastic-like
web of the present invention, the present-invention is not limited to the geometric
formation shown in web material 52. Figures 16-28 depict several alternative

embodiments of web materials of the present invention.

25 There are several functional properties that can be controlled through the
application of the present invention. The functional properties are the resistive force
exerted by the web material against an applied elongation and the available stretch of
‘the web material before the force wall is encountered. The resistive force that is
exerted by the web material against an applied elongation is a function of the material

30 . (e.g., composition, molecular structure and orientation, etc.) and cross-sectional area

-and the percent of the projected surface area of the web material that is occupied by
the first region. The higher the percent area coverage of the web material by the first
region, the higher the resistive force that the web will exert against an applied
élongetion for-a given material composition and cross-sectional area. The percent

35  coverage of the web material by the first region is determined in part if not wholly by
the widths of'the first regions and the spacing between adjacent first regions.
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The available stretch of the web material is determined by the surface-

pathlength of the second region. This is determined at least in part by the rib-like
element spacing, rib-like element frequency and depth of formation of the rib-like
elements as measured perpendicular to the plane of the web material. In general, the

greater the surface-pathlength of the second region the greater the available stretch of

the web material.
In Fig. 16 there is shown a formed web material 52a of the present invention in
an untensioned condition which contains first regions 64a and second regions 66a.

- Web material 52a also includes transitional regions 65a located intermediate first

regions 64a and second regions 66a. The web material 52a will exhibit an elastic-like
behavior in 'res'ponse to an applied cyclical elongation in a direction along an axis
indicated as "I".” Second regions 66a contain curvilinear rib-like elements 74a. The |
first or major axis 76a of the curvilinear rib-like elements 74a is a linear approximation
of the rib-like element 74a. The major axis 76a defines that portion of the rib-like
element 74a which ‘substantially responds to an. applied elongitio_n via geometric
deformation. In Fig. 17 there is shown the same web material of Fig. 16 in a tensioned
condition. - The-fension in the web material, as a result. of the apphed elongation
indicated by arrows 80a causes the geometric deformation of rib-like elements 74a in a
direction perpendlcular to the first axis 76a due to the unbendmg of the rib-like -
elements 74a. _

In Fig. 18 there is shown a formed web material 52b of the present invention in
an untensioned condition which contains first regions 64b and second regions 66b.
Web material 52b also includes transitional regions 65b located intermediate JHrst
regions 64b and second regions 66b. The web material 52b will exhibit an elastic-like
behavior in response to an applied cyclical elongatlon in a direction along an axis
indicated as "I". Second regions 66b contain complex shaped rib-like elements 74b.
The first or major axis 76b of the rib-like elements 74b are a linear approximation of
the rib-like elements 74b. The first or major axis 76b defines that portion of the rib-
Tike element 74b which substantially responds to an applied elongation via geometric
deformation. In Fig. 19 there is shown the same formed web material of Fig. 18 in a
tensioned condition. The tension in the web material shows the geometric deformation
of rib-like elements 74b perpendicular to the major axis 76b due to unbending of the -

' rib-like elements 74b as a result of the applied elongation indicated by arrows 80b.

In Fig. 20 there is shown another embodiment of a formed web material 52c of .
the present invention in the untensioned condition. Web material 52c contains first

regions 64c and second regions 66¢c. Web material 52c also includes transitional
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- regions 65c¢ located inter_media;e first regions 64c and second regions 66c. The web
material 52c will exhibit an elastic-like behavior in response to an applied cyclical
elongation in a direction along an axis indicated as "I". Second region 66¢ contains rib-
like elements 74c. The first regions 64c and the second regions 66c are curvilinear.

5  First regions will undergo a substantially molecular-level deformation while the second
regions will initially undergo a substantially geometric deformation when the formed
web material 52¢ is subjected to an applied elongation indicated by arrows 80c.

_ In Fig. 21 there is shown another embodiment of 2 formed web material 52d of
the present invention in an untensioned condition. Web material 52d contains first
10 regions 64d and second regions 66d. Web material 52d also includes transitional
regions 65d located intermediate first regions 64d and second regions 66d. Second
regions 66d contain curvilinear rib-like elements 74d. The major axis 76d of the
. curvilinear rib-like elements 74d is a linear approximation of the rib-like elements 74d.
The major axis 76d defines that portion of the rib-like elements 74d which substantially
15  responds to an applied elongation via geometric deformation. The web material 52d
' will exhibit an elastic-like behavior in response to an appiied cyclical elongation in a
direction along an axis indicated as "I". The first regions undergo a substantially
molecular-level deformation and the second regions initially undergo a substantially
geometric deformation when the formed web material 52d is subjected to an applied
20 elongation indicated by arrows 80d. ' | a

_ In Fig. 22 there is shown a web material 52e of the present invention in an
untensioned condition which contains first regions 64e and second regions 66e. Web
material 52e also ‘includes transitional regions 65¢e located intermediate first regions
64e and second regions 66e. Second regions 66e contain rib-like elements 74e. The
25  first regions 64e are discontinuous throughout the length of the web material. The web
material 52e will exhibit an elastic-like behavior in response to an applied cyclical

elongation indicated by arrows 80e in a direction substantially parallel to axis "I".

' In Fig. 23 there is showh a web material 52f of the present invention in an

untensioned condition which contains first regions 64f and second'regions 66f. Web
30  material 52f also includes transitional regions 65f located intermediate first regions 64f
and second regions 66f. Second regions 66f contain rib-like elements 74f. The first
~ regions 64f extend continuously throughout the length of the web material while the
second regions 66f are discontinuous or interrupted. The web material of 52f will
exhibit an elastic-like behavior in response to an applied cyclical elongation indicated

35 by arrows 80f in a direction substantially parallel to axis "1".
. " InFig 24 there is shown a formed web material 52g of the present invention in

‘ed’axial’ ; .z el ongat | on, 5Dy sati st ying the eglat fon: F P
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| contain rib-like elements 74g. The formed web material 52g exhibits an elastic-like
5 behavior along a plurahty of axes, "11", "12" and "I3". Axes 11, 12, and 13, extend in a
radial, fan-like array to allow the formed web material 52g to exhibit an elastic-like
behavior along a plurality of axes. While web material 52g has been shown as having
axes extending in a fan-like array, the present invention is in no way limited to such.
The multxple axes may be positioned at various angles to one another such as 45°; 90°,
10 135° etc. “In addition to the various angles of orientation, the regions themselves may
be straight, curvilinear, or combinations thereof. '
" In Fig. 25 there is shown a formed web material 52h of the present invention.
Web material 52h includes first regirns 64h and second regions 66h. Web material 52h
also includes transitional regions 6. .. located intermediate first regions 64h and second
15 regions 66h. Second region 66h includes a plurality of rib-like elements 74h. In Fig.
25A there is shown a cross-sectional view of the second region 66h taken along
section-line 25A-25A depicting the amplitudes x and x' of the tibJ_ike elements 74h.
The surface-pathlength of zone I in second region 66h will be substamially less than the
surface-pathlength of zone II in second region 66h at least due in part to a difference in
20 amplitudes x and x' of the rib-like elements 74h in the respective zones. As web
material 52h is subjected to an applied elongation indicated by arrows 80h in a
direction substantially parallel to axis "I", web material will have different zones of
available stretch corresponding to zones 1 and II in the second regnons 66h.
Specifically, the available stretch of web 52h corresponding to zone I will be less than
25  the available stretch of web material 52h corresponding to zone II. However, while
the available stretch for zones I and II are different from one another, web material 52h
will not encounter a force wall until the available stretch for both zones I and II has
" been reached.
In Fig. 26 there is shown a formed web material 52i of the present invention.
30 Web material 52i includes first regions 64i and second regions 66i. Web material 52i
also includes transitional regions 65i located intermediate first regions 64i and second
regions 66i. Second regions 66i include rib-like elements 74i. Fig. 26A is a cross-
sectional view of the second region 66i taken along section line 26A-26A depicting the
frequencies y and y' of the rib-like element 74i. Due to the difference in surface-
35 pathlengths in zones I and II the web material 52i of Figs. 26 and 26A will respond to
an applled and released elongatlon similar to web 52h depicted in Figs. 25 and 25A.
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elements-within a second region one could also vary the rib-like elements between

adjacent regions. The vaﬁatio'ns in rib-like elements in adjacent second regions
_ provides different available stretches in the 'adjacent second regions. By -having
5 different available stretches in adjacent second regions the web material will exhibit
~ multiple force walls in response to an applied elongation as each region reaches its limit
. of gedmetric deformation. T ,
| In Fig. 27 there is shown another embodiment of a formed web material 52j of
the present invention. Web material 52j includes first regions 64j and second regions
10 . 66j. Web'x'n_aterial 52j also includes transitional regions 65j located intermediate first
~ regions 64j and second regions 66j.' The widths of the first regions 64 varies across the
web in a direction substantially parallel to the axis "t". Second regions 66j include a
plurality of rib-like elements 74j. As the web material 52j is subjected to an applied
elongation indicated by arrows 80 in a direction substantially parallel to the axis "I",
15 - the narrower regions 64 will offer a lower resistive force to the applied' elongation as
compared to the higher resistive force offered by the wider first regions 64;.
_ In Fig. 28 there is shown another embodiment of a formed web material 52k of
~ the present invention. Web material 52k includes first regions 64k and second regions
66k. Web material 52k also includes transitional regions 65k located intermediate first
- 20 regions 64k and second regions 66k. Second regions 66k include rib-like elements
74k. The widths of the second regions 66k varies across the web in a direction
substantially parallel to axis "t". When subjected to an applied elongation indicated by
arrows 80k in a direction substantially parallel to axis "I" the portions of the web
material 52k having the wider second regions 66k will provide a lower resistive force
25  to the applied elongation as compared t0 the pbriion of web material 52k having the
narrower second regions 66k. It should be obvious to one skilled in the art that the
features of the web materials disclosed in Figs. 27 and 28 can be combined in a single
web to provide various resistive forces to applied elongations.
In Fig. 29 there is shown another embodiment of a web material 521 of the
30 present invention. Web material 521 includes first regions 641 and second regions 66l.
Web material 521 also includes  transitional regions 651 located intermediate first
regions 64l and second regions'66l. Second regions 661 include rib-like elements 74l. -
Second regions 661 extend in a direction substantially parallel to axis "*. The major
axis 761 of the. rib-like elements 74l extends at a slight angle to axis “I" but is still
35  substantially 'perpendicular to axis "I". As the web material 521 is subjected to an
applied elongation.indicated by arrows 80! in a direction substantially paraliel to axis
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| "" rib-like elements 741 will geometrically deform at least in part by pivoting in
respdnse to the applié.d elongation. The pivoting of rib-like elements 741 may cause the
rib-like elements 741 to becpme aligned substantiélly parallel with the axis "1".
While an entire web material of the present invention may include a strainable
5 network of first and second regions, the present invention may also be practiced by
) providing only specific portions'_ of the web with a strainable network comprised of first .
and second regions. Referring now to Fig. 30, there is shown a preferred embodiment
of a disposable diaper backsheet 200 of the present invention, wherein the backsheet
200 includes discrete, strainable networks 210 located in the waist region and the side
10  panels of the disposable diaper backsheet. It will be obvious to one skilled in the art -
that all or a portion of a backsheet on 2 disposable absorbent article may include a2
- strainable network(s) comprised of first and second regions to prpvide a backsheet
exhibiting an elastic-like behavior along an axis when subjected to an applied cyclical
elongation. - | . .,
.- Referring now to Fig. 31, there is shown an embodiment of a sanitary napkin
backsheet 220. The backsheet 220 includes a plurality of first regions 222 and a
plurality of second regions 224 each extending in several different directions.
A_ccordingl_y; ‘the backsheet 220 is able to exhibit elastic-like behavior in several
directions to applied cyclic elongations along a plurality of axes.
20 While the web material having a strainable network of the present invention has
been described as a backsheet or a portion thereof on an absorbent article, in some
embodiments it may be necessary to pi'ovidq_ the topsheet and the absorbent core witha

15

strainable network. For example, in the embodiment illustrated in Fig. 30, it is
necessary to provide the topsheet with a strainable network in regions adjacent

25  backsheet regions 210 to allow region 210 of the backsheet to extend without being
restrained by adjacent portions of the topsheet.

Method of Making ' ' :

Referring now to Fig. 32, there is shown an apparatus 400 used to form the
web 52 shown in Fig. 5. Apparatus 400, includes plates 401, 47~ Plates 401, 402

30 include a plurality of intermeshing teeth 403, 404, _fespectively. . lates 401, 402 are
brought together under pressure to form the base film 406.

Referring now to Fig. 33, it can be seen that plates 401 and 402 each have a
longitudinal axis "I" and 2 transverse axis "t" which is substantially perpendicular to the
longitudinal axis. Plate 401 includes toothed regions 407 and grooved regions 408

35 both which extend substantially parallel to the longitudinal axis of the plate 401.
Within toothed regions-407 of plate 401 there are a plurality of teeth 403. Plate 402
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~ includes teeth 404 which mesh with teeth 403 of plate 401. When the base film 406 is

formed between plates 401, 402 the portions of the base film 406 which are positioned
within ‘grooved regions 408 of plate 401 and teeth 404 on plate 402 remain
undeformed. These regions correspond with the first regions 64 of web 52 shown in |
Fig. 5. The portions of the _bas'e_'ﬁlm' 406 positioned between toothed regions 407 of -
plate 401 and teeth 404 of plate 402 are incrementally and plastically formed creating
rib-like elements 74 in the second regions 66 of web material 52.- - '

" The method of formation can be accomplished in a static mode, where one
discrete portion of a base film is deformed at a time. An example of such a method is
shown in Fig. 34. A static press indicated generally as 415 includes an axially

‘moveable plate or member 420 and a stationary plate 422. Plates 401 and 402 are

attached to members 420 and 422, respectively. While plates 401 and 402 are
separated, base film 406 is introduced between the plates, 401, 402. The plates are
then bro‘ugh_t together under a pressure indicated generally as *p*. The upper plate 401
is then lifted axially away from plate 402 allowing the formed web material to be
removed from between plates 401 and 402. _

Fig. 35 is an example of a continuous, dynamic press for intermittently
contacting the moving' web and forming the base material 406 into a formed web
material of the present invention. Polymeric film 406 is fed between plates 401 and
402 in a direction generally indicated by arrow 430. Plate 401 is secured to a pair of
rotatably mounted arms 432,' 434 which travel in a clockwise direction which move
plate 401 in a clockwise motion. Plate 402 is connected to a pair of rotary arms 436,
438 which travel in a counter clockwise direction moving plate 402 in a counter
clockwise motion. -Thus, as web 406 moves between plates 401-:and 402 in direction
indicated by arrow 430, a portion of the base film between the plates is formed and
then reledsed such that the plates 401 and 402 may come together and form another
section of base film 406. This method has the benefit of allowing virtually any pattern
of any complexity to be formed in a continuous process, €.g., uni-directional, bi-
directional, and multi-directional patterns. ,

. The dynamic press of Fig. 35 could be used on a completed absorbent article to
form strainable networks into the completed product. For example, the entire
completed absorbent article could be placed between plates 401 and 402 to create a
strainable network in all layers of the absorbent article.

Another method of forming the base material into & web material of the present
invention is vacuum fomﬁng. An example of a vacuum forming method is disclosed in
commorly assigned U.S. Pat. No. 4,342,314, issued to Radel et al. on August 3, 1982.
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of a web material of the present invention, as shown in Fig.

ad With a base web of S|mlar mat er i al
ﬁ. 7 is a graph gf7 the elastic hysteresis

of the . present invention which is
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4,609,518 issued to Curro et al. on September 2, 1986. Each of the above said patents
‘being incorporated herein by refercnce. '

In-Fig. 36 there is shown another apparatus generally indicated as 500 for
fonmng the base film into a formed web material of the present invention. Apparatus

- 500 includes a pair of rolls 502, 504. Roll 502 includes a plurality of toothed regions

506 and a plurality of grooved regions 508 that extend substantially parallel to a
longxtudmal .axis running through the center of the cylindrical roll 502. Toothed
regions 506 include a plurality of teeth 507. Roll 504 includes a pluralxty of teeth 510

~ which mesh with teeth 507 on roll 502. As a base film is passed between intermeshing

rolls 502 and 504, the grooved regions 508 will leave portions of the film unformed
producing the first regions of the web material of the present invention. The portions
of the film passmg between toothed regions 506 and teeth 510 will be formed by teeth
507 and 510, respectwely, producmg rib-like elemenits in the second reglons of the web
matenal. _

. Alternatively, roll S04 mﬁy consist of a soft rubber. As the base film is passed
between toothed roll 502 and rubber roll 504 the film is mechanically formed into the

_ pattern provided by the toothed roll 502. The film within the grooved regions 508 will

remain unformed, while the film within the toothed regions 506 will be formed
producing rib-like elements of the second regions

Referring now to Fig. 37, there is.shown an alternative abparatus generally
indicated as 550 for forming the base film into a formed web material in accordance
with the teachings of the present invention. Apparatus 550 includes a pair of rolls 552,

~ 554. - Rolls 552 and 554 each have a plurality of toothed regions 556 and grooved

regions 558 extending about the circumference of rolls 552, 554 respectively. As the
base film passes between rolls 552 and 554, the grooved regions 558 wil' leave

portions of the film unformed, while the portions of the film passing between 1 othed

regions 556 will be formed producing rib-like elements in second regions.

Web materials of the present invention may be comprised of polyolefins such as
polyethylenes, inéludirig‘ linear low density polyethylene’ (LLDPE), low density
polyethylene (LDPE), ultra low density polyethylene (ULDPE), high density

 polyethylene (HDPE), or polypropylene and blends thereof with the above and other
" materials. Examples of other suitable polymeric materials which may also be used

include, but are not limited to, polyester, polyurethanes, compostable or biodegradable
polymers, heat shrink polymers, thermoplastic elastomers, metallocene catalyst-based
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simlar material @mﬁab@ fromnExxon), and breathable polymers. The web matel\'lt\ﬁ may also be
comprised of a synthetic woven, synthetic knit, nonwoven, - apertured film,
macroscopically expanded three-dimensional formed film , absorbent or fibrous
5  absorbent material, foam, filled composition, or-laminates and/or combinations thereof.
The nonwovens may be made by but not limited to any of the following methods:
spunlace, spunbond, meltblown, carded and/or air-through or calendar bonded, with a
spunlace material with loosely bound fibers being the preferred embodiment.
While the present invention has been described as providing a web material
10 from a single layer of base film, the present invention may be practiceti equally well
with other materials. While the fluid impervious polymeric film exhibiting an elastic-
like behavior in the direction of applied elongation may be suitable for use a backsheet
on a disposable diaper or sanitary napkin; such 2 web material would not function well
as a topsheet on an absorbent article. Examples of other base materials from which the
15 web of the present invention can be made and will function effectively as a fluid
- pervious topsheet on an absorbent article include two-dimensional apertured films and
macroscopically Expanded, three-dimensional, apertured formed films. Examples of
macroscopically expanded, three-dimensional, apertured formed films are described in
U.S. Pat. No. 3,929,135, issued to Thompson on December 30, 1975; U.S. Pat. No.
20 4,324,246 issued to Mullane, et al. on April 13, 1982; U.S. Pat. No. 4,342,314 issued
' to Radel, et al. on August 3, 1982; U.S. Pat. No. 4,463,045 issued to Ahr, et al. on
July 31, 1984; and U.S. Pat. No. 5,006,394 issued to Baird on Apnl 9, 1991. Each of
these patents are incorporated herein by reference. ’
Web materials of the present invention may include laminates of the above
25  mentioned materials. Laminates may be combined by any number of bon'd'mg methods .
. known to those skilled in the art. Such bonding methods include but are not limited to
 thermal bonding, adhesive bonding (using any of a number of adhesives including but
not limited to spray adhesives, hot melt adhesives, latex based adhesives and the like),
sonic bonding and extrusion laminating whereby a polymeric film is cast directly onto a
30  substrate, and while still in a partially molten state, bonds to one side of the substrate,
“or by depositing meltblbwn fibers nonwoven directly onto a substrate.
" The following are examples of specific embodiments of the present invention.

.. EXAMPLE 1:
s Two rigid plates sxmxlar to those of Figs. 32 and 33 made by casting an
* aluminum filled epoxy material onto a machined metal mold were made. The outer
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dimensions of the plate are 5.0" x 12" x 0.75". On one surface of each plate are 2 N
series of "teeth” which are substantially triangular in cross section and measure 0.060"
at their bases and taper to a vertex with a radius of 0.008" at the top. The centerlines
of the teeth are spaced evenly and at 0.060" increments. The plates have matching
5 holes and pins through their thickness to ensure co_nsistent mating of the plates when
they are brought together. On the "toothed” side of one plate a series of grooves are
cut which are parallel to each other and perpendicular to the evenly spaced teeth.
These grooves measure 0.065" in width and are continuous over the entire length of
the plate, and are spaced at a distance of 0.50" on center. These grooves correspond
10 tothe undeformed regions of the deformed polymeric web. _ }
A single thickness (0.001") of a polymeric film substantially comprised of
LLDPE which was made via the melt casting method is placed between the two plates
~ (one with grooves, one with only teeth). The plates with the film between them are
" placedina hydraulib press with platens which are larger than the piates (to ensure—th.at
15  pressure is distributed evenly over the plates). At the edges of the plates are spacers
which can vary in thickness to control the amount of interpenetration or "engagement”
of the teeth. The plates are compressed between the platens of the press by a force of
at least 4000 pounds which causes the regions of the film between the mating teeth of
the plates to be formed. The film is left unformed in the regions corresponding to the
‘20 grooves cut in one of the plates. - The pre-sure is removed from the plates, and the
formed web material is removed. . '

. EXAMPLE2: - ,
. The plates described in Example 1 are used as described above. The material
25 to be deformed is made from one layer of a carded calendar bonded polypropylene
nonwoven which is laminated, using a spray adhesive such as 3M "Super 77 Spray
Adhesive" (any number of hot melt or pressure sensitive adhesives could also be used),
to a 1 mil thick cast polyethylene film. The nonwoven material is very easily formed in
the cross direction. The laminate is placed between the two deformation plates such -
30 that the cross direction of the nonwoven is parallel to the grooves cut in the patterned
'plat'e. The resultant material has an improved aesthetic due to the lack of puckering
upon release of the applied strain (such as that seen in the material of Example 1).

. Figs 13 s a4 ‘gr aph of the. el asti.c hysteresis bEhawOrofthe e
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~ Surface-Pathiength -
_ Pathlength measurements of formed material regions are to be determined by
5 selecting and preparing representative samples of each distinct region and analyzing
these samples by means of nﬁcroscb’pic image analysis methods.

Samples are to be selected so as to be representativé of each region's surface
| geometry. Generally, the transition regions should be avoided since they would
normally contain features of both the first and second regions. The sample to be

0. measured is cut and separated from the region of interest. The "measured edge" is to
be cut parallel to a specified axis of elongation. Usually this axis is parallel to the
formed primary-axis of either the first region or the second region. An unstrained

_ sample length of one-half inch is to be "oauge marked" perpendicular to the "measured
edge™: while attached to the web material, and then accurately cut and removed from

15 the web matenal. : .

Measurement samples are then mounted onto the long-edge of a microscopic
glass slide. The "measured edge” is to extend slightly (approximately 1 mm) outward
_ from the slide edge. A thin layer of pressure-sensitive adhesive is applied to the glass
face-edge to provide a suitable sample support means. - For highly formed sample

20 regions it has been found desirable to gently extend the sample in its axial direction
(without imposing significant force) simultaneous to facilitate contact and attachment
of the sample to the slide-edge. This allows improved edge identification during image
analysis and avoids possible "crumpled” edge portions that require additional
ihterpretation analysis. - _ .

25 . -Images of each sample are to be obtained as "measured edge" views taken with
the support slide "edge on" using suitable microscopic measuring means of sufficient -
quality and magnification. Fig. 38 shows a typical view of a portion of the second

_- region of a sample 900 having a first side edge 901 and a second side edge 902 used to

determine the surface-pathlength. Data herein _presented was obtained using the

30 following equipment; Keyence VH-6100 (20x Lens) video unit, with video-image

- prints made with a Sony Video printer Mavigraph unit. Video prints were image-

scanned with a Hewlett Packard ScanJet IIP scanner. Image analysis was on a
‘MaclIntosh IICi computer utilizing the software NIH MAC Image version 1.45.

Using this equipment, a calibration image initially taken of a grid scale length of

35 .500" with .005" increment-marks to be used for calibration setting of the computer
‘image analysis program. All samples to be measured are then video-imaged and video-
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image printed. Next, all video-prints are rmage-scanned at 100 dpi (256-1eve1 gray
scale) into a suitable Mac image-file format. Finally, each image-file (including |
calibration file) is analyzed utilizing Mac Image' 1.45 computer program. All samples
“are measured with freehand line-measurement tool selected. Samples are measured on
5 both side-edges and the lengths are recorded.. Simple film-like (thin & constant
* thickness) samples require only one side-edge to be measured. Laminate and thick
foam samples are measured on both side-edges. Length measurement tracings are 10
be made along the full gauge length of a cut sample. In cases of highly deformed
- samples, multxple (partially overlapping) images may be required to cover the entire cut
10  sample. In these cases, select charactenstlc features common to both overlapping-
images and utilize as markers to permrt image length readings to adjoin but not
overlap. |
) The final determination of surface-patlﬂength for each region is obtamed by
_averaging the lengths of five (5) separate 1/2" gauge-samples of each region. Each
15  gauge-sample surface—pathlength" is 10 be the average of both sxde-edge surface-
pathlengths. . :

While the test. method descnbed above is useful for many of the web materials
of the present invention it is recognized that the test method may have to be modified
to accommodate some of the more complex web materials within the scope of the

20  present invention.

Poisson's Lateral Contraction Effect
The Poisson's lateral contraction effect is measured on an Instron Model 1122,
as avmlable from Instron Corporation of Canton, Massachusetts; which is interfaced to
25 a Gateway 2000 486/33Hz computer available from Gateway 2000 of N. Sioux City,
South Dakota, using Test Works™ software which is available from Sintech, Inc. of
Research Triangle Park, North Carolina. All essential parameters needed for testing
are input in the TestWorks™ software for each test. Data collection is accomplished -
through a combination of manual sample width measurements, and elongation
30 measurements made within TestWorks™. '
The samples used for this test are 1" wide x 4" long with the long axis of the
- sample cut parallel to the direction of the first region of the sample. The sample should
be cut with a sharp knife or suitably sharp cutting device designed to cut a precise 1"
wide sample. It is important that a "representative sample” should be cut so that an
35  area representative of the symmetry of the overall pattern of the deformed regien is
represented. There will be cases (due to variations in either the size of the deformed
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pat hl ength L2. DETAI LED DESCRI PTI ON OF THE
| NVENTION - = As used herein, the term "absorbent article"
refers to devices which absorb and contai n body exudates, and, nore

specifically, refers to devices which are_pl aced
- portion or the relative geometries of regions 1 and 2) in which it will be necessary to

cut_either larger or smaller samples than is suggested herein. In this case, it is very
important to note (along with any data reported) the size of the sample, which area of
the deformed re'gien it was taken from and ‘preferably include a schematic of the"
5  representative area used for the sample. In general, an "aspect ratio” of (2:1) for the
a actual extended tensile portion (ll wl) is to be mamtamed if poss1ble Five samples are
tested. L | |
The grips of the Instron consist of air actuated grips designed to concentrate'
the- entire gnppmg force along a single line perpendicular to the direction of testing
10 elongation havmg one flat surface and an opposing face from which protrudes a half
round. No slippage should be penmtted between the sample and the grips. The
distance between the lines of gripping force should be 2" as measured by a steel rule
held beside the grips. This distance will be referred to from here on as the "gauge
length" o _
15 The sample is "mounted in the grips Wlth its long axis perpendicular to the
direction of applied elongation. An area representative of the overall pattern geometry
should be symmetrically centered between the grips. The crosshead speed is set to 10
in/min. The crosshead moves to the specified strain (measurements are made at both
20 and 60% elongation). The width of the sample at its narrowest point (w2) is
20 measured to the nearest 0.02" using a steel rule. The elongation in the direction of
applied extension is recorded to the nearest 0.02" on the TestWorks software. The
Poisson's Lateral Contraction Effect (PLCE) is calculated using the following formula:

_ PLCE= |w2-wl|
25 ' wl _
| | no
where w2 = The width of the sample under an applied longitudinal
elongation; |
30 '_ w1 = The original width of the sample
| 12 = The length of the sample under an applied longitudinal
| elongation; and .
11 =The original length of the sample (gauge length)

35 - Measuretnents are made at both 20 and 60% elongation using five different
samples for each _given-elongation. The PLCE at a given percent elongation is the
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While the test method described above is useful for many of the web materials
_ of the present invention it is recognized that the test m.sthod may have to be modified
_ to accommodate some.of the more complex web materials wnthm the scope of the

‘are - e

5 present mventlon :

. Hysteresis Test

The hysteresis test is used for measuring the percent set and percent force

relaxation of a material. The tests are performed on an Instron Model 1122, available
10 from Instron Corporatlon of Canton, Mass. which is interfaced to a’ Gateway 2000
486/33Hz computer available from _Gateway 2000 of N. Sioux City, South Dakota
57049, using TestWorks™ software which is available from Sintech, Inc. of Research
Triangle Park, North Carol*na 27709. All essential parameters needed for testing are
input in the TestWorks™ software for each test (i.e. Crosshead Speed, Maximum

15  percent elongation Point and Hold Times). Also, all data collection, data analysis and
~ graphing are done using the TestWorks™ software. |

' The samples used for this test are 1" wide x 4" long with the long axis of the
sample cut paralle] to the direction of maximum extensibility of the sample. The
sample should be cut with a sharp exacto knife or some suitably sharp cutting device

20  design to cut a precise 1" wide sample. (If there is mo.e than one direction of
| elongation of the material, samples should be taken parallel to representative
directions of elongation). The_'siample should be cut so that an area representative of

the symmetry of the overall pattern of the deformed region is represented. There will

be cases (due to variations in either the size of the deformed portion or the relative

25  geometries of the first and second regions) in which it will be necessary to cut either
larger or smaller samples than is suggested herein. In this case, it is very important to |

note (along with any data reported) the size of the sample, which area of the deformed
region it was taken from and preferably include a schematic of the representative area
‘used for the sample. Three separate tests at 20, 60 and 100% strain are typically

30 measured for each material. Three samples of a given material are tested at each

percent elongation. _

The grips of the Instron consist of air actuated grips designed to concentrate
the entire gripping force along a single line perpendicular.to the direction of testing
stress havmg one flat surface and an opposing face from which protrudes a half round

35  to minimize slippage of the sample. The distance between the lines of gripping force
should be 2" as measured by a steel rule held beside the grips. This distance will be
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. referred to from hereon as the "gauge length". The sample is mounted in the grips with
its long axis perpendicular to the direction of applied percent elongation. The
.crosshead speed is set to 10 in/min. The crosshead moves to the specified maximum

percent elongation and holds the sample at this percent elongation for 30 seconds.
After the thmy seconds the crosshead returns to its original position (0% elongation)
and remains in this posmon for 60 seconds. The crosshead then returns to the same
maximum percent elongation as was used in the first cycle, holds for thmy seconds and
then again returns to 2zero. =

A graph of two cycles is generated. A representative graph is shown in Fig. 7.
The percent force relaxation is determmed by the following calculation of the force
data from the first cycle: :

| Force at Max. % elongg' ion - Force after 30 sec. hold x 100 = % Force Relaxatmn

Force at Maximum % elongation (cycle 1)

The percent set is the percent elongation of the sample of the second cycle where the
sample starts to resist the elongation. The percent set and the percent force relaxation
are shown graphically also in Figs. 7, 9, 11, 13 and 15. The average percent force
relaxation and percent set for three samples is reported for each maximum percent
elongation value tested. | |

While the test method described above is useful for many of the web materials
of the present invention it is recognized that the test method may have to be modified
to accommodate some of the more complex web materials within the scope of the
present invention.

Tensile Test _
The tensile test is used for measuring force versus percent elongation properties

“and percent available stretch of a material. The tests are performed on an Instron

Model 1122, available from Instron Corporation of Canton, Mass. which is interfaced
to a Gateway 2000 486/33Hz'c'omputer available from Gateway 2000 of N. Sioux
City, South Dakota , using TestWorks™ software which is available from Sintech, Inc.
of Research Triangle Park, North Carolina. All essential parameters needed for testing
are input in the TestWorks™ software for each test. Also, all data collection, -data
analysis and graphing are done using the TestWorks™ software.

* The samples used for this test are 1" wide x 4" long with the long axis of the
sample cut parallel to the direction of maximum extensibility of the sample. The
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extensibility of the material, samples should be taken parallel to representatwe direction
of elongation). The sample should be cut s0 that  area representative of the

5 symmetry of the overall pattem of the deformed region is represented. There will be

; cases (due to variations : ‘ther the size of the deformed pc »n or the relative
geometries of regions 1.a: ) in which it will be necessary tc cut either larger or
smalier samples than is suggested herein. In this case, it is very important to note
(along uritg,any data reported) the size of the sample, which area of the deformed

10 region it was taken from and preferably include a schematic of the representative area
used for the sample. Three samples of a given material are tested. |

The grips of the Instron consist of air actuated grips designed to concentrate
the entire gripping force along a single line perpendicular to the direction of testiné

~ stress having one flat surface and an opposing face from which protrudes a half roupd

15  to minimize slippage of the sample. The distance between the lines of gripping. force

should be 2" as measured by a steel rule held beside the grips. This distance will be

referred to from hereon as the "gauge length”. The sample is mounted in the grips with

its long axis perpendicular to the direction of applied percent elongation. The

- crosshead speed is set to 10 in/min. The crosshead elongates the sample until the

20 sample breaks at which point the crosshead stops and returns to its original position (0
% elongation). ' ' '

Graphs of the tensile data are shown in Figs. 6, 8,10, 12 and 14. The percent
available stretch is the point at which there is an inflection in the force - elongation
curve, beyond which point there is a rapid increase in the amount of force required to

25  elongate the sample further. This point is shown graphically in Figs. 6, 8, 10, 12 and
_14. The average of the percent available stretch for three samples is recorded. -
While the test method described above is useful for many of the web materials
of the present invention it is recognized that the test method may have to be modified
to accommodate some of the more com..iex we* materials within the scope of the
30 present invention. ' .

While particular embodiments of the present invention have been illustrated and
described, it would be obvi.us to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the
invention. It is therefore intended to cover in the appended claims all such changes and

35  modifications that are within the scope of this invention.
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a plan VI ew of sposabl e diaper 30 in its uncontracted state
20 (i.e., !lﬂﬁ'“aﬂ““cuﬂjuﬂl:ed contraction pulled out except in the side
panel whereln icjis left g its relaxed condition) with
portions of the structure bei ng cut-away to nore clearly show the
.construction of the diaper 30 and wth the portion of the diaper 30
which faces away fromthe wearer, i.e., the outer surface, oriented towards
t he viewer. paTUse}LRBNED fis. the term "diaper” refers to an absorbent
article generally worn 25 by infants and incontinent persons that is worn

about the |ower tokso oA wehanaresial exhibitiag an elastic-likiabehavior afong. at Jeast ore aisapaid

30 conprises a | ' qU' d p@éﬁ’l‘n%ﬁaltcﬂﬂ%&%ﬁied% ai‘lehétqlﬂrﬁ region and a second region, said
first region and said second region being comprised of the same material -
composmon.and each having an untensioned projected pathlength, said first
region undergoing 2 substantially molecular-level deformation and said
second region initially undergoing a substaniially geometric deformation when
said web material is subjected to an applied elongation in a direction
substantially parallel to said axis, said first region and said second region
substantially returning to their untensxoned pro;ected pathlength when said
applied elongation is released.

2. The web material of Claim 1, wherein said first region and said second region
, ' : ' are visually distinct from one another.
3. The web material of Claim 1 or 2, wherem saxd second region includes a

plurality of raised nb-hke elements

4. . The web mateﬁa]_ of any one of the preceding Claims, wherein said web |
material includes two or more axes. |

5. The web material of any one of the preceding Claims, wherein said first
region and said second region are substantially linear. ’

6. The web material of ény' one of the preceding Claims, wherein said first
region and said second region are substantially curvilinear.

7. The web material of any one of the preceding Claims, wherein said web
material has an available stretch provided by said second region.

8. The web material of any one of the preceding Claims, wherein said second
region provides a plurality of limits to said available stretch.

LTI



“i fhppervi ous . backsheet 36 j0i-ned with. the topsheet 34, an absorbent .core 38. -
‘posi:tianed-. “..0 ;7 betweeni-t he 't opsheéet: 34 .and t-he backsheet -36,-el-asticized":"
Si dé panel's 40, elasticized |l eg cuffs 42, an elastic waist feature

44, aﬁﬂis@h&ﬁﬂaslﬁeaﬁe 8tedm general ly nultiply 30 designated as 46.

VWhile th be assenbled in a variety of well known
-confi gur

ed diaper configurations are described ‘generally in
U-S. Pat. , 860, 003, issued to Ken h B. Buell on Jan. 14,
1975; and U.S. Pat. No. 5,151, 092 i ssued to Kenneth B. Buell et al.
on Sept. 29, 1992. Each of these patents are hereby 35 incorporated

h in by ref . . ile th t i ti MWll be | -
dggglr ir]bég :’ ﬁ ? L:ngg;nt extTlB:fw?;’r ‘B%tieﬂ?lﬁ’g-h alay gwegfe thglb(?gc%&ngl la\,{r%g, \;v}?er}el\rllmsaid first region
' and said second region each have a surface-pathiength, said surface-pathlength

of said first region being less than that of said second region as measured
paraliel to said axis while said_ web material is in an untensioned condition, said
web material éxhibiting a Poisson lateral contraction effect less than about 0.4
at 20 percent elongation as measured perpendicular to said axis.

10.  The web material of any one of the preceding Claims, wherein said web
material exhibits at least two significantly different stages of resistive forces to
an gpplied axial elongation along at least one axis when subjected to the applied
elohgation in a direction’ parallel to said axis, said first region will exhibit a
resistive force in response to said applied axial elongation in a direction parallel
to said axis before a substantial portion of said second region develops a
significant resistive force to said applied axial elongation, said web material
exhibiting a first resistive force to the applied elongaiion until the elongation of
said web material is great enough to cause a substantial portion of said second
region having a longer surface-pathlength to enter the plane of the applied axial
elongation, whereupon said web material exhibits a second resistive force to

. further applied axial elongation, said web material exhibiting a total resistive
force higher than the resistive force of said first region.

11.  The web material of any one of the preceding Claims, wherein two or more of
said first regions have substantially similar widths.

3

12.  The web material of any one of the preceding Claims, wherein two or more of
said first regions have different widths.

13.  The web material o_t" any one of the preceding Claims, wherein said first region
and said second region are comprised of at least one layer o_f film material.

14,  The web material of Claim 13, wherein said film material is comprised of
polyethylene or blends thereof.

15. The web material of any one of the preceding Claims, wherein said web
material is a laminate of two or more materials.

A
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The web material of any one of the preceding Claims, wherein said web
material forms at least a portion of a backsheet on a disposable absorbent
article. '

The web material ‘of any one of the preceding Claims, wherein said web -
material forms at least a portion of a topsheet on a disposable absorbent article.

-
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material " which exhibits elastic-Iike behavior to an applied and

subsequently rel eased eIongatlon which is partlcularly well suited for
. .use asa backsheet—atepsheet—andtor—an absorbemnt—core or a portion
- thereof on a disposable absorbent articie such as a - di sposabl e di aper,
sanitary napkin, or bandage the present invention is in no way 5 limted

to such application. It may be enployed in nearly any application” where- a
~relatiwely low cost elastic-l1ike web material is désired, e.g., durable

articles of apparel, such as exercise clothing, dlsposable articles of
apparel, elastic bandages, uphol stery or - wrapping material used to
cover conplex shaped articles, etc. As used herein the term "web

material" refers to a sheet-like material, e.g., a topsheet, backsheet, or
absorbent 10 core on a disposable absorbent article, a conposite or

| am nate of two or nore sheet- =~ = Ilike materials and the |ike. The
present invention may be practiced to great advantage i n many
situations where it is desirable to produce a web material which exhibits
an -

1/38
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el astic-1ike behavior to an applied and subsequently rel eased el ongati on

al ong at | east one axis. The detailed description of a preferred
structure—and—its—use—as—abacksheet—it5—omr—a—santtary mapkimor a
- di sposabl e diaper will allow one skilled in the art to-readily adapt
the present invention.to other applications. Fig 3is a plan
V|em/photograph of -a prior art deeply enbossed polymeric web . .47 whi ch
- has been (Gs&d-as a backsheet on prior art absorbent articles. Specifically,
the deeply enbossed web 47 is available from Tredegar Film Products,
Terra Haute, 20 |Indiana under the designation ULAB X-5430. The deeply
enbossed web 47 conprises a_pattern of enbossnents 48. Fig. 4 is a

resi stive force-elongation curve 700 of deeply enbossed polynerlc
web 47 of Fig. 3. The nethod for generat 38e resistive o
force- elongatlon curve 700 can be found in the Test Methods section set

forth in subsequent portions of the present specification. As can be

seen in Fig. 4. the deeply
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n "

25 enbossed web 47 has a resistive force-elongation curve 700 which is

substantlally t he sane shape as the resistive force-elongation curve
710 ——shownr—mFg—6,of a typrcal unenbossed web of siml ar
“conposition; that is, the resistive force-elongation curve 700
follows a substantially single stage, continuous curve in which the force

I ncr eases steeply and at a substantially uniformrate until
"beginning to yield Thus, it is clear that 30 this pattern of enbossnents

48 in web 47 do Hot S|gn|f|cantly alter the resistive force-

el ongation properties of the deeply enbossed web 47 as conpared to an
unenbossed base web of simlar material conposition.

Despite w despread use of the prior art deeply enbossed polyneric web 47.as
a- backsheet on di sposabl e absorbent articles, the deeply enbossed
pol ynmeric web does 35 not offer any functionally- enhanced properties
when conpared to an unenbossed base web, i.e., inproved
conformance, stretch behavior and/or garnent-like fit. This is

3/38
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bel i eved due to the fact that the resistive force versus el ongation

characteristics of the deeply enbossed web are not significantly
dirfferent—tham those of —an otnerw se Tdenti cal planar, base web, i.e.,
“both webs exhibit a substantially single stage higher resistive force

versus elongation curve of the type generally shown in Fig. 4. 5

“Referring nowto Fig. 5 there is shown a preferred enbodi ment of a
polynerlc . web material 52 of the present invention. The.web materjal
52 is showi“n Fig. 5inits substantial ly untensioned condition. The.
web material 52 is particularly well suited for use as. a backsheet on
an absorbent article, such as the sanitary napkin 20 in Fig. 1 or the :
di sposabl e diaper 30 in Fig. 2. The web material 52 has two centerlines, a
10" longitudinal centerline, which is also referred to hereinafter as an
axis, line, or direction

5/38
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"1" and a transverse or lateral centerline, which is also referred to

herei nafter as an axis, line, or direction "t". The transverse
“Cehfé_r_hé*W7h‘7TTFﬂﬂﬂ?ﬂT7_ﬁETﬁEﬁﬁTCUfHFﬂRTT?ﬁT_""“_TDﬁg|tudlnal T
‘centerkline "I". Referring nowto Figs. 5 and 5A, web materi al

52 incltudes a "strainable 15 network" of distinct regions. As used herein,
_the tern1"s%%§inabLe network" refers to an interconnected and
‘interrel ated group of regions which are able to be extended to ' - Sone .
useful degree in a predetermned direction providing the weh material with ~
an el astic-1ike behavior in response to an applied and subsequentl

rel eased el ongation.: The stralnﬁgo; twor k includes dhis { placed
region 64 and a second region 66. Wb 3 terial 52 incl udeH Iﬁ m ﬂ

transitional region 65 which is at the interface between the f

~region 64 and the second region 66. The transitional region:65 w Il exhibit
conpl ex conbi nati ons of the behavi or of both the first region and the

'second region. It is

Fig. 5A
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recogni zed that every enbodi nent of the present invention will have a

transitional regi on, however, the present invention is defined by the
; THe T1Tot Tegron 64 and the second o

‘region, 66. Therefore, the ensuing description of the " present

invention wll be concerned with the behavior of the web material in the
first _.regions and the second regions only since it is not- dependent
“upon the conplex behavi or of the web material in the transitional

regi ons 65. i Wb material 52 has a first surface 52a and an
opposi ng second surface 52b. In 30  the preferred enbodi nent shown in _
Figs. 5 and 5A, the strainable network includes a - plurality of first

regions 64 and a plurality of second regions 66. The first regions 64

have a first axis 68 and a second axis 69, wherein the first axis 68 is
preferably | onger than the second axis 69. The first axis 68 of the
first region 64 is substantially parall el to the longitudinal axis
of the web material 52 while the second axis 69 is substantially:

7/38
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35 parallel to the transverse axis of the web material 52. Preferably, the
second axis of the first region, the width of the first region, is

fromabout—0—O0t—Tches—to—about 0. 5 ncnes
12

This Sheet Has Been Replaced’
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and nore preferably from about 0.03 inches to about 0.25 inches. The second

regi ons 66 have a first axis 70 and a second axis 71. The first axis
70 TSTSUbstantiarty paratftet—To the tongituadi nal axis of the Web
‘material 52, while the second axis 71 is substantially parallel to the
transverse axis of the web material 52. Preferably, the second axis of the"
5. second gggi on,..the width of the second region, is from about 0.01. .
i nches-to about 2.0 i nches, ‘and nore preferably from about 0.1257

- .. inches to about 1.0 inches. In the preferred enbodi nent of Fig. 5, the
first regions 64 and the second regions 66 are substantially |inear,

extendi ng continuously in a direction substantially parallel to the
| ongi tudi nal axis of the web material 52 :

9/38
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10 The first region 64 has an el astic nodulus El and a

cross-sectional area Al. The second region 66 has a nodulus E2 and a
=€t ossS=sectionat—area A2 fmthe r11ustrat ed enbodi ment, the
~web material 52 has been "forned" such that the web material 52
exhibits a resistive force along an axis, which in the case of the
illustrated enbo nt is substantially paraIIeI to the | ongitudinal, axis
*of the: web* whi 5 subjected to an applied axial elongation in a
direction substantially parallel ‘to the | ongi tudi nal axis. As used
herein, the term"formed" refers to the creation of a desired
structure or geonetry upon a web material that will substantially retain
" the desired . structure or geonetry when it is not subjected to any

externally applied el ongations or 2&3&; A web material of the
present invention is conprised of at 143 firs
region, wherein the first regionis visually dlstlnct fromthe secend

region 20 and a second

regi on. As used herein, the term“yisually distiinct” referg
features of the yeb material. which 1L
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are readily discernible to the normal naked eye when the web material or

obj ect s enbodying the web naterial are subjected to normal use. As
—used—hereta—the—ternr “surface-patthtength™ refers to a nmeasur enent

“along the topographic surface of the 25 region in question in a direction

substantially parallel to an axis. The met hod for determning the

-surface-pathlength.of the respectlve regions can be found in. the Test
“Met hods section set forth in subsequent portions of the present -
specification.. Met hods for form ng web materials of t he
present invention include, but are not limted to embossing by
mating plates or rolls, thernoforming, high pressure hydraulic 30
formng, or casting. Wiile the entire portion of the web 52 has been

subjected to a. - formi ng operation, the present invention may also be
practiced by subjecting to - formation only a portion thereof, e.g., a
portion of a diaper backsheet, as wll -be described in detail bel ow
11/38
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In the preferred enbodi ment shown in Figs. 5 and 5A, the first regions 64
are 35 substantlally pI anar. That is, the material within the first
——fegt-ofr 64 —t+s—Tmsubstantiatty the—sare (,OH(]I[IOH pefore and arter
‘the formation step undergone by web 52. The
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13 second regions 66 include a plurality of raised rib-1like

el ements 74. The rib-1ike el enents may be enbossed, debossed or a
coftbtAat+on—thereof—Thertb—t+rkeetements 74 have a first or maj or
“axis 76 which is substantially parallel to the transverse axis of t he

web 52 and a,second or minor axis 77 which is substantially parallel to the
.5 | ongi tudi nal axis of the web 52. The first axis 76 of the_rib-like-
“elements 74 is at |east equal to, and preferably |onger t han t he
second axis 77. Preferably, the ratio of the first axis 76 to the
second axis 77.is at |east about 1:1 or greater and nore preferably

at | east about 2: 1 or greater '
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The rib-like elements 74 in the second region 66 may be separated from one
10 another by unformed areas. Preferably, the rib-like elenents 74 are

adjacent—one another—amd—ar e separated oy —am unformed area of 1 ess
‘than 0,10 i nches as neasured perpendi cular to the major axis 76 of ‘the
rib-like elements 74, and nore preferably, the rib-like elements 74

are contiguous having no unforned areds between them .  The

‘first region 64 and the second region 66 each have a "projected 15

- pathlength". As used herein the term"projected pathlength" refers to the

| ength of a - shadow of a region that woul d be thrown by parallel -1ight.
The projected pathl ength of the first region 64 and the projected
pat hl ength of the second region 66 are equal to ~ one anot her. :

- The first region 64 has a.surfaCe-pal?%;gg?ﬂé | ess than the surface- 20 -
pat hl ength, L2, of the second region asured topographlcally in a

di rection -
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parallel to the longitudinal axis of the web 52 while the web is in an

unt ensi oned condition. Preferably, the surface-pathlength of the
secont—tregiron66Ts at teast—apour I5% greater than that of the first
“region 64, nore preferably at |east about- 30% greater - than that of

the first region, and nost preferably at |east about 70% . greater t han
that of 25 the first region. In general, the greater the - - S
“surface- pathlength of the second region, the greater will be the

el ongati on of the web before encountering the force wall. V&b
material 52 exhibits a nodified "Poisson |ateral contraction effect”
substantially less than that of an otherw se identical base web of sinilar

mat eri al conposition. The nethod for determining the Poisson |ateral
contraction effect of a 30 material can be found in the Test Methods
section set forth in subsequent portions of t he present
specification. Preferably, the Poisson |ateral contraction effect of webs
of - the present invention is le bout 0. 4 when t he meb is

subj ected to about 20% Sfﬁyg]sa
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el ongation. Preferably, the webs exhibit a Poisson |ateral contraction
effect | ess than about 0.4 when the web is subjected to about 40, 50
—or ever 60%etongation. Wore 35 preferably, the Polsson [ateral
“contraction effect is |less than about 0.3 when the web is subj ect ed
to 20, 40, 50 or 60% el ongati on. The Poi sson | ateral contraction effect of

.
o
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14 webs of the present invention is determ ned by the anount of the

web material which is occupi ed by the first and second regions,
—respectivety—As thearea of e WeD naterial occupi ed by the Tirst
‘region increases the Poisson |ateral contraction effect also I ncreases.

Convefsely, as the area of the web material occupied by the second region 5
i ncreases the-Poi'sson | ateral contraction effect decreases. Preferably;-the
‘percent area of the web material occupied by the first afea:is from
about 2% to about 90% and more preferably from about 5%to about 50%
VWb materials of the prior art which have at | east one |ayer. of an

el astoneric : -

76a
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material will generally have a | arge Poisson |lateral contraction effect,

i.e., they will 10 "neck down" as they elongate in response to an applled
f-oree—Web—ratertats—of —the present—Tiventt on can be designéd to
-moderate if not substantially elimninate the Poi sson | at er al .
contraction effect. : For- web material 52, the direction of
applied axial eIongatlon D, indicated by arrows 80 in Fig.-5, s

“substantialty perpendicular to the first axis 76 of the rib-Iike 15
elenents 74. The rib-like elenents 74 are able to unbend or geonetrically

" deformin a direction substantially perpendicular to their first axis
76 to all ow extension in web 52. In Fig. 6 there is shown a
graph of the resistive force-elongation curve 720 of ‘a web nmateri al

generally simlar to web material 52 shown in Fig. 5 along with a curve
710 of a base filmmaterial of simlar conmposition. Specifically the
sanpl es are 20 polynmeric web materials, conprised substantlally of | i near

| ow density pol yet hyl ene, ' 18/38
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approximately 0.001" thick, designated sanple 1401 avail able from C opay,

Ci nci nnat i Chio. The nethod for generating the resistive

—f-or ce—elongatron—curves canm e foumd T TheTest MethodS section set
“forth in subsequent portions of the present specification. Ref erring
now to the -force- elongatlon curve 720 of the fornmed web, there is an
initial .. substantially linear, |ower force versus el ongation stage-|
'de3|gnated 7203/* transition zone desi gnated 720b whi ch i ndi-cat es

t he encounter of the force wall, and a substantially |inear stage |
desi gnated 720c whi ch displ ays substantlally hi-gher force Versus

el ongati on behavi or. - As seen in Fig. 6 the fornmed web

exhibits different elongation behavior in the 30 two stages when - -
subjected to an applied elongation in a direction parallel to the

- longitudinal axis of the web. The resistive force exerted by the forned web
“to the applied elongation is S|gn|f|cantly Iess In the stage |
reglon (720a) versus the stage |

»—52b

>=76b

—74b

—— 65b
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region (720c) of curve 720. Furthernore, the resistive force exerted by the

f or med web to the applled el ongation as depicted in stage | (720a)

of —curve 720 TS STgnifrcantty 3 SIStLiVe force exerte

‘by the, base web as depicted in curve 710 within the limts of

elOngation of stage'l. As the formed web is subjected to further applied
L gt ST LR

20/38
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15 el ongation and enters stage Il (720c) the resistive force exerted

by the forned web I ncreases and approaches the resistive force exerted
by thebase web—The TesIStive Torce to the applted elongation for the
‘stage | region (720a) of the fornmed web is provi ded by the

mol ecul ar-1 evel deformation of the first region of the formed web and 5
the geonetric gdekormation of the second region of the fornmed. web. This.is
“in contrast -TO the resistive force to an applied eIongatlon that is
provi ded by the base web, depicted in curve 710 of F|g 6, mhlch
results from nol ecul ar-1evel deformation of the

~ 21/38
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entire web. Web materials of the present invention can be designed to yield
virtually any resistive force in stage | which is |ess than that of

the base web naterial by 10 adj usting the percentage of the web SuUrface
‘which is conprised of the first and second regi ons, respectively. The
force-el ongation behavior of stage | can be controlled by’ adj usting
the width, crg ctional area, and spacing of the first reglop and. t.he
conposition of the~base web. - - Referring now to Fig. 5B, Tas web
52 is subjected to an applied axial elongation, 15 D, indicated by arrows
80 in Fig. 5 the first region 64 having the shorter surface-
pat hl ength, L1, provides nost ofthe initial resistive force, Pl1, as a

result of nol ecul ar- ' | evel deformation, to the applied el ongation
whi ch corresponds to stage |. Wile in stage I, the rib-like elenents
74 in the second region 66 are experiencing geonetrlc def ormati on, or

unbending and offer mninmal resistance to the applied elongation. In

Sl | 22/38
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20 the transition zone (720b) between stages | and Il, the rib-Ilike

el ements 74 are becom ng aligned with the applied elongation. That
—f sy—the—secomd—TEygr o 75 exnrurring a change Trom geonetric
“deformation to nol ecul ar-1evel deformation. This is the onset of t he

force wall. In stage Il; as seen in Fig. 5C the rib-like elements 74 in

t he secoy uglon 66 have becone substantially aligned-wth the plane
"of applied 25*" €longation ( i.e. the second region has reached its limit
of geonetric deformation) and ' begin to resist further elongation via
nol ecul ar-1evel deformation. The second regi on © 66 now contributes, as
a result of nolecular-level deformation, a second resistive force,

P2, to further applied elongation. The resistive forces to elongation
depicted in - stage Il by both the nol ecul ar-1evel deformation of the
first region 64 and the 30 nmol ecul ar -1 evel deformation of the second
region 66 provide a total resistive force, PT, which is greater than

the resistive force depicted in stage | which is provided by t he

23/38
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[err] -level deformation of the first region 64 and the geonetric

deformation of the second region 66. Accordingly, the slope of the
force-efongation curve in stage IT 1S StgnitTicantiy greater than the -
slope of the force-elongation curve in stage I. 35 The

resistive force Pl is substantially greater than the resistive force P2
‘when S (L;'%w;-fls less than L2. VMen (L1.+ D) is less than L2 the.

first regi on. provi-ges t he
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16 initial resistive force P 1, generally satisfying the equation:
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Wien (L1 + D) is greater than L2 the first and second regions provide a

conbi ned total resistive force PT to the applied el ongation, D,
generatty sattstytng the equatton: ferr] The maximum '
“elongation occurring while in stage |- is the "available stretch" of

the formed web material. The available stretch corresponds to the distance '_
cover which . - gzakig second region expériences geonetric deformation. The
“avail abl e stretch Can be 15 effectively determ ned by i The®hbéttHasBeei Reéplaced

force-el ongati on curve 720. as shown in:Fig. 6. The ap t
at which there is an inflection in the transition zone bet
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stage | and stage Il is the percent elongation point of "available
stretch". The range of avai l abl e stretch can be varied from about 10%

TO0 100% or nore, this range of grongatton 15 olten found to be of
interest in disposable absorbent articles, and can be 20 largely
controlled by the extent to which the surface pat hl ength L2 in the second

- region exceed§s%ﬁ§£surface pathlength L1 in the first regi on and the"
conposrtion of 2™ base film The term avail abl e. stretéh is not’

i nt ended—to—inply—-atimt to the etongation whi ch the web of the
prese iavent i be subjected to as there are appllcatlons wher e
el ong s ohe iﬁﬁi%‘?‘r’gl | abl e stret chzdrzt/dgsar abl e. : The :

curves 7 Fig. 7 showthe e ystere5|s behavi or exhibited
by a web he present invention which is generally simlar to
that used to generate curve 720 in Fig. ;6. The fornmed we !

exam ned for elastic hysteresis - behavi J at an el ongati®n of 60%

Curve 730 represents the response Bw{ri appli ed r->26A
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and rel eased el ongation during the first cycle and curve 735 represent the
response to 30 an applied and rel eased el ongation during the second

Tycte—The force refaxation guring the tirst cycle 731 and the
"percent set or deformation 732 are depicted in Fig. 7. Not e t hat
significant recoverable elongation, or useful elasticity, is exhibited at
rel ativel y l.ow forces over multiple cycles, i.e., the web material can-.
“easily- expand e contract to a considerabl e degree. Thé& rethod- for
.generating the elastic hysteresis 35 behavior can be found in the Test
Met hod section set forth |n subsequent portlon of the pr esent

speC|f|cat|on
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17 Fig. 8 shows the force-elongation behavior for both a
base web depicted in curve 740 and a forned web of the present

—nventiondeprTtEd TIT CUTVE 750 WNEer € botn Webs are conprised of  a
“linear |ow density polyethylene film approximtely 0.001"
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thick, available from Tredegar Inc. Terre Haute, Ind., and designated

P-8863/X8323. 5 This type of base filmhas been successfully comercially

“utik :
‘Referring nowto curve 750, there is an initial substantially |inear,
| ower force-elongation stage | designated 750a, a transition zone

~designated 750 “-'§F a substantially I'inear stage Il designated 750c - Note

“the - di STHCEE 1l ower force two-stage behavior in the forred web
provided first in stage | 10 by the conbination of nolecul ar-| evel
deformation of the first region and geonetric deformati on of the
second region, and then in. stage |l by nol ecul ar-1level deformation of
both the first region and the second region as depicted by curve 750
conpared to t he nol ecul ar-1evel deformation of the base web as
depicted by curve 740. The curves 760 and 765 in Fig. 9 show the -

. elastic hysteresis behavior of a formed web simlar to 15 that used to
generate curve 750" in Fig. 8 when exanm ned at 60% el ongation. Curve
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760 represents the response to an applied and rel eased el ongation during
the first cycle and curve 765 represents the response to an applied

“during the first cycle 761 and the percent set or deformation 762 are
depicted in Fig. 9. Note that there is very significant elastic 20

recovery exh,b}: Dy the sanple over 'this observed range of . eLQngatlons
‘over nultlﬁTe B2 cycl es. . Fig. 10 shows the fo\te el ongdti on
behavi or for both a base web depicted in curve 770 and a fornmed web
of the present invention depicted in curve 780 where both webs are
conprised of a thin polymeric film approximately 0.001" thick, consisting
25 nostly of linear mediumdensity polyethylene plus linear |ow density
pol yet hyl ene, avai l abl e fron1Trede3?r Inc. Terra Haute, Ind., and
desi gnated X-8998. Referring now 3d £ 8 780,

substantially linear, |ower force-elongation stage I

there is an initial

umumumumumumumumumumumumumum
HEHEHERTEE R T
(TR
mumumumumumumumumumnmumumumu
LHIEEN T

mumumumumumumnmnmumumnmumum

refaxation

l |
i )
1 b
i !
A /
A LA
\ 7
A Y
: \ U
: \ !
_ \ !
. \ !
. \ 1
-\ !
o \ ]
‘ !
200 !
1 !
’ 1
! I
] !
J \
i \
[ \
- ! \
- ! A
4 )
4 \
U4 \
4 !
I i
! I
i )
| |
| 1 .
I LI
210 NI ] 2l
(i i
TR T

(N
WA
T
W o
IR
I
HITHI I
HHUEHINNR

NI

______________ ;-_Jumummumm

¢ I
numumumum
L

HIIRm
TR

IR
HEHNER

G

s Sheet Has Been Replaced

NI

At S SuEgny g e me g ¢

Fig. 30

e emumD s, ) EF W



designated 780a, a transition zone designated 780b, and a substantially
| i near higher force-el ongation stage I deslgnated 780c. Note the

di-stinctive tower—force twomstage 30— betravior T the formed web provi ded
“first in stage | by the conbination of nol ecul ar- | evel defornatlon
of the first reglon and geonetric deformation of the second region .

and then in stgﬁﬁ by nol ecul ar -1 evel def ormati on of both the f|rst

“regi on and thé¥. second region as depicted in curve 7
the nol ecul ar - | evel deformation of the base web as d‘ﬂ‘%‘%@@lq-lds%eghjﬁe%c

770. Curves 790 and 795 in Fig. 11 show the el astic hyst
behavior of a fornmed web nateri al gg\! o] that used to gen MHm "m',"’
curve 780 in Fig. 10 exam ned at 6 g“?atlon Curve 790 re

response

Fig. 31
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to an applied and rel eased el ongation during the first cycle and curve 795

represents the response to an applied and rel eased el ongati on during
t he—second—cycte—The force
l;';g‘a: _/—
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rel axation of the web during the first cycle is depicted by 791 and the
degree of set or deformation of the web material after the first cycle

- —Ts deprcted by 792 T THis 5 —exanpt®, the web naterial was elongated to
‘a point where the material in the first regi on whi ch was experiencing
nol ecul ar-1 evel deformation was pernanently deformed (i.e.
_experienced: a_per.,manent set) by the elongation. It should fuuther be . not ed
that - t“”’60@6elongat|on that produced the pernanent def or-nati on-of the
web material in the first region was insufficient to encounter the
limts of the geonetric deformation of 10 the second region, i.e., the
force wall. That is, the linmts of the geonetric defornation of the
second region was greater than the elastic limts of the nolecul ar-level
deformation of the first region. However, this permanent deformation of the
first - region did not elimnate useful elastic-Ilike behavior.of the web
. material, but rather resul ted effectlvely in nerely a "shifting" of
~the unten5|oned poi nt of elastic-like

34/38
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15 behavior of the web material. This is illustrated by curve 795 which
depicts the behavior of the web material on the second cycle, after

\4

permanertt deformarton. A Userut—anmount of el asti c-11 Ke behavi or W I1

“renaln even at hi gher |evels of pernanent deformation of the type

i 11 ustY at ed by the exanple in Fig. It is recognized that this -
useful el asti-c-1ike behavior will dlnlnlsh at extrenely highevels of..

'elongatlon ‘of the:20° web mat eri al and subsequent high pernanent

deformation of the material in the first - regi ons of the web.
Fig. 12 shows the fore-elongation behavior for both a base.web deplcted in
curve 800 and a forned web ofthe present invention deplcted in curve 810

where both webs are conprised of a foam pol yet hyl ene sheet,
approxi mately 0.080" thick, 25 available as Volara 2a fron1VbItek Cor p.
Lawr ence, Mass. Referring now.to curve 810, there is an initial

‘substantially linear, |ower force-elogfation stage | ‘desi gnated
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810a, a transition zone designated 810b, and a substantially |inear stage
I designated 810c Not e the distinctive | ower force two-stage

—behav-or—a—the—formed—neb—provi-ded st stage T (810a) by the
“combi nation of ol ecul ar-1evel .deformation of the first 30 region and
geonetYic deformation of the second region and then in stage Il (810c) by
nol ecul ar-1_evel deformation of both the first region and the ,second region
“as depicted in curve 810 conpared to the nol ecul ar - | evel™ def or mat i on
of the base web as depicted in curve 800. Note that the base foam
sanpl e undergoes failure at an el ongation |ess than about 150% and
the formed web undergoes failure at |ess than about 120% 35 el ongation.

" The curves 820 and 825 in Fig. 13 show the el astic hysteresis behavi or of
a formed web naterlal simlar to that used to generate curve 810.in Fig. 12
exam ned - :

' 36/38
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19 at 60% el ongation. Curve 820 represents the response to an
applied and rel eased
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el ongation during the first cycle and curve 825 represents the response to
an applied and rel eased elongatlon during the second cycle. The force

retaxattomof—tte-wet gdurTg T e f T rst—TyThe :

of the web after the first cycle 822 are 5 depicted in Fig. 13. Note that
.this sanple displays very significant elastlc recovery over .this
‘observed range of elongation as evidenced by the small anmount of permanent
“set 822. . Fig. 14 shows the force-elongation behayior for@poth a
“base web. dep?cted by curve 830 and a formed web of the présent .

i nventi on depicted by curve 840 where 10 both webs are conprised of a _
Jamnate of a |layer of the O opay- 1401 pol yet hyl ene bl end fil m adhered
via a hot nelt glue available from Findl ey Adhesives, Wuwatosa, . Ws.
sanpl e 2301. to a layer of nonwoven .| ayer, made substantlally of

‘pol ypropyl ene, avai l able from Veratec, Wl pole, Mss., de5|gnated type
P-11. Referring now to curve : N
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840, there is an initiall subStantCEEEINT STREEE , |Ster 'gforce-%nba‘tion st age
| desi.gnated 15 840a, iE?rfan'ss:i..*.;iﬁ.@n:p&gﬁé.!m'ﬂe;.gﬂ;gna?.edi 840b, and a
substantial ly |inear stagg [ihesi gnpdged ¥ o v84Qcx. For the | aminate forned
web, noteythe disti ncti\j/eii;ﬁfj-o-vm‘ 40y p@;&mﬁgs@agg;mﬂﬂ ehavior in the forned
web provi‘ded first in sfagé:.) QgﬁOa)i;g@édt“h.emcs@iﬂmqggipn of

mol ecu) ar -1 evel deformation of the flfst region and geonetric deformation
of the second regi ¢n_and 'rf,@{egﬁ,clgia 471 (840c)| by nol ecul ar-1| evel

def ormati on of both thel20Ziflrstregiibnanlithersecand regi on as depicted
In curve 840 conp the A HEHAVIORN of the base
web as depicted ﬂ“@%@’@‘ J.%%@GS BAgEEU%EIéE ) in Fig. 15 show
the elastic hysteresis behavior of a formed web material simlar to that

used to generate curve 840 in Fig. 14 exam ned at 60% el ongati on. Curve 850
represents the resptm’s*e"ﬂ“}%mgi?‘nv‘r‘ggea d el ongation during the
first cycle and 25 %Eyqer.p”%[&%re sen tgptlgét response to an applied and
rel easedsel ongation | itﬁ s‘)r : paged ..¥.... to paged ¥ '

..........

’ FIELD OF THE INVENTION
This application is a continuation-in-part of application Serial No. QSI 100,958
. filed August 3, 1993. -
Thé. present invention relates to web materials, and ‘more particularly, to such
1S web materals which exhibit an elastic-like behavior in response to an applied and
| subsequently released (i.e., cycled) elongation along at least one axis. .
The present invention has further relation to web materials wherein the mhere‘nt
properties of a given web material, e.g., the resistive force exerted by the web material
" toan applied elongation can be modified. Additionally, staged resistive forces: lateral
20  contraction, and/or direction of elastic-like behavior of conventional web materials can
also be modified and/or provided as desired in web materials of the present invention.
Web materials of the present invention have a wide range of potential uses in
both durable and disposable articles, but are particularly well suited for use in
disposable absorbent articles such as sanitary napkins, bandages, pantiliners, disposable
25  diapers, incontinent briefs, and the like. :

BA R

| Absorbent articles such as sanitary napkins, pantiliners, disposable diapers,
incontineﬁt briefs, and bandages are designed to absorb and retain l_iqpid and .o'ther

30 d'ischarges." from the human body and to prevent body and doﬂﬁng soiling. :l'yplcally,
most disposable absorbent articles are made of materials that will not readily stretch
under the forces that the absorbent article is normally subjected to when worn. The
inability of the materials comprising the absorbent article to stretch when subjected to
normal wearing forces causes the absorbent article to have certain drawbacks. One

35 drawback is the lack of comfort for the wearer. The wearer should ideally be able to-
notice a difference between an absorbent article that stretches to conform t? the
wearer's body with the wearer's movements and an absorbent article that fails to

This is the replacement sheet
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second cycle. The force relaxation of the web during the first cycle 851
and the - percent set of the web after the first cycle 852 are shown in
Fig. 15. Note that this | am nate web exhibits a very significant

el astic r&covery over the observed range of el ongation over nultiple-
cycles. 30 When the web material is subjected to an applied

el ongat.ion, the web materi al exhi b2ts an el astic-1ike behavior as it
extends in the direction of applied elongation and returns to its-
substantially untensi oned condition once the applied elongation is

renmoved, unless the web material is extended beyond the point of vyielding.
The web material is able to

el ongat i on wiSteebl ﬁ%ﬁ‘?f@plf"t%m@;’)“mé‘g\e?rﬁrf"t nfgﬁk%?gxﬁ @ oA vl the

r ecover .
Accordi ngly, westemainderganinins, therebytcausing the sanitary napkin tg Gb@t‘&'ﬂﬁh ey gause a

untensi oned cgr nggéet SR QRES £né Ridbief IERAUHRG afl l0P'd PottiérEBPY Sshitary napkin to
stretch under normal wearing conditions and forces will permit the sanitary napkin to |
5  better conform to the wearer's undergannent and stay in place even when the wearer
moves.

Several attempts have been made to make one or more components of
absorbent articles stretchable in response to relatively low wearing forces. Typical
prior art solutions rely on the addition of traditional elastics such as natural or synthetic

10  rubber.. For example, traditional elastics have been secured to portions of the topsheet
and/or backsheet of absorbent articles, such as the waist portion of a disposable diaper,
to provide a better fit and overall comfort for the wearer. However, traditional elastics
are costly and require a certain degree of manipulation and handling during assembly.
While traditional elastics do provide a degree of stretch for the absorbent article, the

15 materials to which the traditional elastic is secured are typically not normally
considered elastic or stretchable. Therefore, the added traditional 'elastics. must be
prestretched prior to being secured to the material or the material must be subjected to
mechanical processing, e.g., ring rolling, to permanently elongate the material to extend
beyond its initial untensioned length and allow the added traditional elastic to be

26 effective. Otherwise, the added traditional elastic is restrained by the material and is

" rendered inoperable. An example of an absorbent article having a web material which
has been subjected to additional processing to allow the web material to more easily
extend with the added traditional elastic member is disclosed in U.S. Pat. No.
5,151,092 issued to Buell et al. .on September 29, 1992 and hereby incorporated herein

25 by reference. The Buell patent describes an operation which prestrains a backsheet so
ﬂmtﬂwlnwkﬂuztwﬂLuponnummumnlanmﬂmu;bcpcnmuumﬂyekmgﬂedandnot
fully return to its original undistorted configuration. Buell teaches that a traditional
elastic member must be added to the prestrained backsheet material for the invention to
be operable. Buell also discloses that a prestrained backsheet improves the extension

30  and the heat-shrink contraction of the added traditional elastic member.

Accordingly, it is an object of the present invention to provide web materials
which exhibit an “elastic-like” behavior in the direction of applied elongation without
the use of added traditional elastic. As used herein, the term »elastic-like" describes the
bdhnMM'ofvnbtnmzﬁdsvﬂﬁdi“mcnswﬁanu!u:antumﬁqlekmgmkngthevwb

35  materials extend in the direction of applied elongation and when the applied elongation
is released the web materials return, to-a substantial degree, to thgir untensioned

This is the replacement sheet
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condition. While such web materials exhibiting an elastic-like behavior have a wide
range of utility, e.g. durable articles of apparel, disposable articles of apparel, covering
materials such as upholstery, wrapping materials for complex shapes and the like, they

are particularly well suited for use as a topsheet, a backsheet, and/or an absorbent core’
in an absorbent article.

SUMMARY OF THE INVENTION

The present invention pei'tains,- in a preferred embodiment, to a web material
which exhibits an elastic-like behavior in response to an applied and subsequently
released elongation without the addition of traditional elastic materials such as natural
or synthetic rubber. '

Another elastic-like behavior that the web material of the present invention may
exhibit is an initial elongation and partial recovery which results in the web material not -
returning to its untensioned length, i.e., the web material has undel:gone a degree of
permanent set or deformation and has a new longer untensioned length. The web
material may exhibit an elastic-like behavior in response to subsequent elongations of
the web material beyond the new longer untensioned length. :

Another elastic-like behavior that can be exhibited is an elongation and recovery

~ with a definite and sudden increase in _he force resisting elongation where this definite

and sudden increase in resistive force restricts further elongation against refatively small
elongation forces. The definite and sudden increase in the force resisting elongation is
referred to as a "force wall”. As used herein, the term “force wall" refers to the
behavior of the resistive force of a web material during elongation wherein at some
point in the elongation, distinct from the untensioned or starting point, the force
resisting the applied elongation suddénly increases. After reaching the force wall,
additional elongation of the web material is only accomplished via an increase in the
elongation force to overcome the higher resistive force of the web material.

The web material of the present invention includes a strainable network having
at least two visually distinct and dissimilar regions comprised of the same material
composition. The first region is oriented substantially paraliel to an axis of elongation
such that it will undergo a molecular- :vel deformation in response to an applied axial
elongation in a direction substantially paralle! to the axis before a substantial portion of
the second region undergoes any substantial molecular-level deformation. As used
herein, the term *substantially paralle]* refers to an orientation between two axes
whereby the subtended angle formed by the two axes or an extension of the two axes is
less than 45°. In the case of a curvilinear element it may be more convenient to use a

This is the replacement sheet
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VWhile the web material may be easily and reversibly extended in the
direction of applied axial elongation, in a direction substantially
perpendi cular to the first axis of the rib-like elenments, the web
material i not as easily extended in a direction substantially

~parallel to the first axis of the rib-likg elenents. The formation of the
rib-l1ike elenents 5 allows the rib-like elenents to geonetrically deform

in a direction substantially perpendi cular to the first or major axis
of the rib-like elements, while requiring substantially

nol ecul ar-1evel deformation to extend in a direction substantially parallel
to the first diesr axis whieh répbeskitk an averagenofithe curvilinear element. Thhe seeonthregims

conpost t1 on artitls, bbderkd £ Shixhiduhl)” obfiheinE SRRAEGH in 4BAnSS o WA woplied
spacing of elongation inrasdirection substantigllyparalieltg ih& adhd rore wi del y spaced
first regions requifidgarktielfly preferrsipethbstiment] drsseoomd régiorcisscomprisethof ve
the desired el NIRL Fraised bl HEMedS MRUsbd Rékein, the term “rib-like element" refers
to an embossment, debossment or combination thereof which has a major axis and a
minor axis. Preferably, the major axis is at least as long as the qﬁnor axis. The major
axes of the rib-like elements are preferably oriented substantially perpendicular to the
axis of applied elongation. The major axis and the minor axis of the rib-like‘elements
10 may each be linear, curvilinear or a combination of lincar and curvilinear. As used
herein, the term "substantially perpendicular® refers to an orientation between two axes
whereby the subtended angle formed by the two axes or an extension of the two axes is
greater than 45°. In the case of a curvilinear element it may be more convenient to use
a linear axis which represents an average of the curvilinear element.
15 " The rib-like elements allow the second region to undergo a substantiaily
"geometric deformation” which results in significantly less resistive forces to an applied
elongation than that exhibited by the "molecular-level deformation” of the first region.
As used herein, the term "molecular-level deformation” refers to deformation which
occurs on a molecular level and is not discernible to the normal naked eye. That is,
20 even though one may be able to discern the effect of molecular-level deformation, e.g.,
elongation of the web material, one is not able to discern the deformation which allows
or causes it to happen. This is in contrast to the term “geometric deformation”. As
used herein the term "géomettic deformation® refers to deformations of the web
material which are discernible to the normal naked eye when the web material or .
25  articles embodying the web material are subjected to an applied elongation. Types of
geometric deformation include, but are not limited to bending, unfolding, and rotating.
Yet another elastic-like behavior that the web material of the present invention
may exhibit is an elongation and recovery with two or more significantly different force
walls. This type of elastic-like behavior would be experienced if for example, after
30 reaching a first force wall, sufficient elongation force was applied to overcome the first
force wall and continue to elongate the web until a second force wall was encountered.
When the web miterial of the present invention has multiple or staged force
walls, rib-like elements in one or more of the second regions reach their limit of
geometric deformation and become essentially coplanar with the material in the first
35 region, thereby causing the web material to exhibit a first force wall. Further
elongation of the web material molecularly deforms the rib-like elements which have

This is the replacement sheet
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and cross-sectional area. The first axis, (i.e., the length) of the first
regions is preferably greater than the second axis, (i.e., the wdth)
of the first regions with a 15 preferred length to width ratio of from
.about 5:1 or greater. The depth and frequency of rib-1ike _
el ements can al so be varied to control tke avai |l abl e stretch of a web
of the*present invention. The available stretch is increased if for a
gi ven frequency of rib-like elenments, the height or degree of fornmation
i mpart ed on the rib-like elements is increased. Simlarly, the
avai l able stretch is increased if for a 20 .given height or degree of .
formation, treachedtheisrmit of geometnid deforimation)| andsinoultaneouslycgeometsically deforms

\e/\r;'stei tC hlei Eg&h& FHbLiiKe aag?mm@meaknﬁaﬁﬁ sécofid regibss @il thay péaRh Gheif limit of

o K apom oo s Ssfane b i o s o Pl
Fi gures 16-28 depilatanothee pabferred embodiment, the webcmimerlalnefhthe present Bnveatiarr i al s
of the pr %Senéxhibﬂgeaqtlk&?two significantly different stages of resistive force to an applied
elongation along at least one axis when subjected to an applied elongation in a direction
substantially parallel to the axis. The web material includes a strainable network naving
at least two visually distinct regions. One of the regions is configured such that it will
exhibit resistive forces in response to an applied axial elongation in a direction
10  substantially parallel to the axis before a substantial portion of the other region
develops any significant resistive force to the applied elongation. At least one of the
regions has a surface-pathlength which is greater than that of the other region as
measured Substantially'parallel to the axis while the material is in an untensioned
condition. The region exhibiting the longer surface-pathlength includes one or more
15  rib-like elements which extend beyond the plane of the other region. The web material
exhibits first resistive forces to the applied elongation until the elongation of the web
material is sufficient to cause a substantial portion of the region having the longer
surface-pathlength to enter the plane of applied elongation, whereupon the web of
material exhibits second resistive forces to further elongation. The total resistive force

20 to elongation is higher than the first resistive force to elongation provided by the first
region.

(7))

Preferably, the first region has a first surface-pathlength, L1, as measured
- substantially .paraliel to the axis of elongation while the web material is in an
untensioned condition. The second region has a second surface-pathlength, L2, as
25 measured substantially parallel to the axis of elongation while the web is in an
untensioned condition. The first surface-pathlength, L1, is less than the second
surface-pathlength, L2. The first region preferably has an elastic modulus, El, and a
cross-sectional area, Al. The first region produces by itself a resistive force, P1, due to
molecular-level deformation in response to an applied axial elongation, D. The second
30 region preferably has an elastic modulus, E2, and a cross-sectional area, A2. The
second 'région produces a resistive force, P2, due to geometric deformation in response
to the applied axial elongation, D. The resistive force, P1, is significantly greater than

the resistive force, P2, so long as (L1 + D) is less than L2.
Preferably, when (L1 + D) is less than L2 the first region provides an initial
35 resistive force, P1, in response to the applied axial elongation, D, substantially
satisfying the équaxion P1 =(Al x El x DYL1. When (L1 + D) is greater than L2 the
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25 There are several functional properties that can be controlled
t hrough the application of the present invention. The functional
properties are the resistive force ~ exerted by the web nateri al

agai nst .an® applied el ongation and the avail able stretch of t he web
material before the force wall is encountered. The resistive force that is
exerted by the web material against an applied elongation is a function of
the material 30 (e.g., conposition, nolecular structure and orientation,

etc.) and cross-sectional area and the percent of the projected
surface area of the web material that is occupied by the first

ion. The i i ther applied yxiah
region. The asggg% g&gﬁgﬁﬁggﬁe pRARR §Q¥AI d6ésint fofue, B wtherappliedwdishe

r'egi on .t the resistive force that the web will exert
agai nst an aplongatien, D, satistyingthe 898RN or a gi ven material conposition and

cross-sectional area. The percent 35 coverage of the web material by

the first regionis d _rp}' gg%]i{bgart 4f nof_,,%\gmw the w dths
of the first regions d e g between aja(‘]fi‘lt I rst regions.

5

In another preferred embodiment, the web material exhibits a Poisson lateral
contraction effect less than about 0.4 at 20% elongation as measured perpendicular to
the axis of elongation. As used herein, the term "Poisson lateral contraction effect”

10  describes the lateral contraction behavior of a material which is being subjected to an
applied elongation. Preferably, the web material exhibits a Poisson lgteral contractiqn
effect less than about 0.4 at 60% elongation as measured perpendicular to the axis of
elongation. '

Preferably, the surface-pathlength of the second region is at least about 15%

15  greater than that of the first region as measured parallel to the axis of elongation while
the web material is in an untensioned condition. More preferably, the surface-
pathlength of the second region is at least about 30% greater than that of the first

region as measured parallel to the axis of elongation while the web is in an untensioned
condition.

B F THE D! | |
While the specification concludes with claims particularly pointing out and
distinctly claiming the present invention, it is believed that the present invention will.bé
better understood from the following description in conjunction with the accompanying
25  drawings, in which like reference numerals identify like elements and wherein: o
| Fig. 1is a simplified plan view illustration of 2 prior art sanitary nz'iplqn with
portions cut-away to more clearly show the construction of the sanitary napk;f'n; .
Fig. 2 is a simplified plan view illustration of a prior art disposable .dlaper with
portibns cut-away to more clearly show the construction of the disposgble dmper;.
30 Fig. 3 is a plan view photograph of a prior art deeply embossed polymeric web
with the embossments facing away from the viewer; _ y _
Fig. 4 is a graph of the resistive force versus percent glongaﬁon of the prior art
'deeply embossed web of Fig. 3; ' -
Fig. § is a plan view photograph of a preferred embodiment of 2 poly.menc w.eb
35  material having a first region and a second region of the present invention with the rib-
like elements of the second region facing toward the viewer,
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Fig. 5A is a segmented, perspective illustration of the'po.lymeric web matenial of
Fig. 5 in an untensioned condition;

Fig. 5B is a segmented, perspective ﬂlustranon of a polymeric web matenal of
Fig. 5 in a tensioned condition corresponding to stage I on the force-elongation curve
depicted in Fig. 6;

Fig. 5C is a segmented perspective illustration of the polymeric web material of
Fig. 5 in a tensioned condition corresponding to stage II on the force-elongation curve
depicted in Fig. 6;

Fig. 6isa graph of the resistive force versus percent elongation comparing the
behavior of a web material of the present invention, as shown in Fig. S, formed from
Clopay 1401, with a base web of similar material composition;

Fig. 7 is a graph of the elastic hysteresis behavior of the web matenal of the
present invention which is graphically represented by curve 720 in Fig. 6 when the web
material is subjected to a hysteresis test at 60% elongation;

Fig. 8 is a graph of the resistive force versus percent elongation comparing the
behavior of a web material of the present invention formed from Tredegar sample
P-8863/X8323, with a base web of similar material composition; .

Fig. 9 is a graph of the elastic hysteresis behavior of the web material of the
present invention which is graphically represented by curve 750 in Fxg 8 when the web
material is subjected to a hysteresis test at 60% elongation;

Fig. 10 is a graph of the resistive force versus percent elongation comparing the
behavior of another web material of the present invention formed from, Tredegar
sample X-8998, with a base web of similar material composition;

Fig. 11 is a graph of the elastic hysteresis behavior of the web material of the
present invention which is graphically represented by curve 780 in Fig. 10 when the
web material is subjected to a hysteresis test at 60% elongation;

Fig. 12 is a graph of the resistive force versus percent elongation couipaﬁng the
behavior of another web material of the present invention formed from, Volara 2A
foam sheet, with a base web of similar material composition;

Fig. 13 is a graph of the elastic hysteresis behavior of the web material of the

.present invention which is graphically represented by curve 810 in Fig. 12 when the

web material is subjected to a hysteresis test at 60% elongation;

Fig. 14 is a graph of the resistive force versus percent elongation comparing the
behavior of another web material of the present invention formed from a laminate
comprised of layer of the Clopay 1401 film, Findley adhesive 2301, and a Veratec P-11
nonwoven layer, with a base web of similar material composition;
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The avail able stretch of the web material is determ ned by the sufface-
pat hl ength of the second region. This is determned at |least in part by the
rib-1ike el ement spacing, rib-like elenent frequency and depth of

formati on of the rib-Iike el enents as neasured perpendicular to the
pl ane of the web material. In general, t?e 5 greater the

surface-pathlength of the second region the greater the avail able stretch
of the web material.

In Fig. 16 there is shown a forned
web material 52a of the present

i nvention in an unt ensi oned condi‘'tion
whi ch contains first regions 64a and second regi ons 66a. Wb materi al

52a al so i ncludes gj asiy ¢ Bla b Wpteresis béiewtior f ehetweb aaterial efthe 10
ﬁg i(;?is d of &t A%
regi ons 64a and sectn _regﬁ? S 66a.. The web: ri 8 tiFid FxWhéti thean
el astic-like present BERBHARPTICH 13 G?BB'ﬁé& rtegreaﬁ\q%g!{ F%?C%)%CllWCé el ongation in
a direction ajeyaterialis subjected to a hysteresis test at 60% elongation, -
Figs. 16-29 are illustrations of other preferred embodiments of web materials pf
5 the present invention; .
Fig. 30 is a plan view illustration of a disposable diaper backsheet of the present
invention, . |
Fig. 31 is a plan view illustration of a sanitary napkin backsheet of the present
invention; : :
10 Fig. 32 is a simplified side elevational view of a preferred apparatus used to
form web materials of the present invention;
Fig. 33 isa plan view of the opposed meshing plates of the apparatus of Fig. 32
laid side-by-side with their meshing surfaces exposed,; .
Fig. 34 is a simplified side elevational view of a static press used to form web
15  materials of the present invention; . : .
Fig. 35 is a simplified side elevational view of a continuous, dynamic press used
to form web materials of the present invention; _ |
Fig. 36 is a simplified illustration of another apparatus used to form web
materials of the present invention; |
20 Fig. 37 is a simplified illustration of yet another apparatus used to form web
materials of the present invention; and ' .
| Fig. 38 is a photomicrograph of an vedge on" view of the second region used to
" determine the surface pathlength L2.

i ' As used herein, the term “absorbent article" refers to devices which absorb and
contain body exudates, and, more specifically, refers to devices whic':h are plzfced
against or in proximity to the body of the wearer to absorb and contain the \.ranous
exudates discharged from the body. The term “absorbent article” is i.ntended to include

30 diapers, catamenial pads, sanitary napkins, pantiliners, incontinent bnefs,.bandagt.:s. and
the like. The term “disposable” is used herein to describe absorbent articles which are
not intended to be laundered or otherwise restored or reused as an absorbent article
(i.e., they are intended to be discarded after a single use,. an@, preferably, tq.be
recycied, composted or otherwise disposed of in an env:ron.mentally compatlblef

35 manner). Because of their single use nature, low cost materials and methods o

construction are highly desirable in disposable absorbent articles.
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indicated as "l". Second regions 66a contain curvilinear rib-like elenments
74a. The first or major axis 76a of the curvilinear rib-like elenents
74a is a |linear approximation of the rib-1ike elenent 74a. The maj or
axis 76a defines that portion of the rib-like 15 elenent 74a which
substantially responds to an applied elongation via geonetric

deformation. In Fig. 17 there is shown the same web material of Fig. 16 in
a tensioned condition. The tension in the web material, as a result

of the applied el ongation i ndi cated by arrows 80a causes the
- geonetric deformation of rib-like elements 74a in a di rection
perpendi cular to the first axiis 76a dye to the unbendi

el enents 74a. Fig. 1 is a plapview pf ) pripr, agt saqutary, fapin ?gghé&%i#aé{kke 20

/ _ _ ( eri al
52b of the prggaite bemtealtiavayitd more cleasdy show eesionstasttion oflithe sanitagyingpkin

a1 501 ol udeaina-ei s parign.of SRGARERY FENEH 20 Sie faces g MlRhe bedter, 525
- i.e., the outer surface, oriented towards the viewer. As used herein, the term “sanitary
5 mnapkin" refers to an absorbent article which is worn by females adjacent to the
pudendal region, generally external to the urogenital region, and which is intended to
absorb and contain menstrual fluids and other vaginal discharges from the wearer's
body (e.g., blood, menses, and urine). As shown in Fig. 1, the sanitary napkin 20
comprises a liquid pervious topsheet 24, a liquid impervious backsheet 26 joined with
10 the topsheet 24, and an absorbent core 28 positioned between the topsheet 24 and the
backsheet 26.

While the topsheet, backsheet, and absorbent core may be assembled in a
variety of well known conﬁguratidns (including so called "tube" products or side flap
products), preferred sanitary napkin configurations are described generally in U.S. Pat.

15 No. 4,950,264, issued to Osborn on Aug. 21, 1990; U.S. Pat. No. 4,425,130, issued to
DesMarais on Jan. 10, 1984; U.S. Pat. No. 4,321,924, issued to Ahr on Mar. 30, 1982;
and U.S. Pat. No. 4,589,876, issued to Van Tilburg on Aug. 18, 1987. Each of these
patents are hereby incorporated herein by reference.

Fig. 2 is a plan view of a prior art disposable diaper 30 inits uncontracted state

20 (i.e., with elastic induced contraction pulled out except in the side panel wherein the
elastic is left in its relaxed condition) with portions of the structure being cut-away to-
more clearly show the construction of the diaper 30 and with the portion of the diaper
30 which faces away from the wearer, i.e., the outer surface, oriented towards the
viewer. As used herein, the term "diaper” refers to an absorbent article generally worn

25 by infants and incontinent persons that is worn about the lower torso of the wearer. As
shown in Fig. 2, the diaper 30 comprises a liquid pervious topsheet 34, a liquid
impervious backsheet 36 joined with the topsheet 34, an absorbent core 38 positioned
between the topsheet 34 and the backsheet 36, elasticized side panels 40, elasticized
leg cuffs 42, an elastic waist feature 44, and a fastening system generally multiply

30 designated as 46. '

' While the diaper 30 may be assembled in a variety of well known
configurations, preferred diaper configurations are described generally in U.S. Pat. No.
3,860,003, issued to Kenneth B. Buell on Jan. 14, 1975; and U.S. Pat. No. 5,151,092
issued to Kenneth B. Buell et al. on Sept. 29, 1992. Each of these patents are hereby

35 incorporated herein by reference.

While the present invention will be described in the context of providing a "web
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regions 64b and second regions 66b. The web material 52b will exhibit an

el astic-1ike 25 behavior in response to an applied cyclical elongation in
a direction along an axis indicated as "I". Second regions 66b
contai n conhpl ex shaped rib-1ike el ements 74b. The first or major axis
76b of the rib-like elements 74b are a |inear approximation of t he
rib-l1ike elements 74b. The first or majol0 axis 76b defines that portion of

the rib- ~like elenent 74b which substantially responds to an applied
el ongation via geonetric 30 deformation. In Fig. 19 there is shown the
sane fornmed web material of Fig 18 in a tensioned condition. The

1 bo1 1 Ke. ol orPBHeaa Mg e ks BERRGY g pPolef obf ehfquentty relefled |
of the elougitlbn kwhichliepaticariyiwelbsnited foruse as a backshees, afop ng@g anio ng
| ndi cated by g 42)13: or a omon ereof bfi J:HE ostblet Jnﬁbfbemsmhmv\sucanst Ber
enbodi nent of a or.me B terial. 52c of t he esen I V-
t he unt ensi ondispasableidiansr, sappary gapkin oF @2@&90%69 H?R{ i'“r"s? fon' 45 "Md %yl §
s limited to such application. It may be employed in nearly any application where a
relatively low cost elastic-like web material is desired, e.g., durable articles of apparel,
such as exercise clothing, disposable articles of apparel, elastic bandages, upholstery or .
wrapping material used to cover complex shaped articles, etc. As used herein the term
“web material® refers to a sheet-like material, e.g., a topsheet, backsheet, or absorbent
10 core on a disposable absorbent article, a composite or laminate of two or more sheet-
like materials and the like. The present invention may be practiced to great advantage
in many situations where it is desirable to produce a web material which exhibits an
elastic-like behavior to an applied and subsequently released elongation along at least
one axis. The detailed description of a preferred structure and its use as a backsheet
15 on a sanitary napkin or a disposable diaper will allow one skilled in the art to readily
adapt the present invention to other applications. '
_ Fig. 3 is a plan view photograph of a prior art deeply embossed polymeric web
47 which has been used as a backsheet on prior art absorbent articles. Specifically, the
deeply embossed web 47 is available from Tredegar Film Products, Terra Haute,
20 Indiana under the designation ULAB X-5430. The deeply embossed web 47 comprises
a pattern of embossments 48. Fig. 4 is a resistive force-elongation curve 700 of the
deeply embossed polymeric web 47 of Fig. 3. The method for generating the resistive
force-elongauon curve 700 can be found in the Test Methods section set forth in
subsequent portions of the present specification. As can be seen in F'g. 4, the deeply
25  embossed web 47 has a resistive force-elongation curve 700 which is substantially the
same shape as the resistive force-elongation curve 710, shown in Fig. 6, of a typical
unembossed web of similar composition; that is, the resistive force-elongation curve
700 follows a substantially single stage, continuous curve in which the force increases
steeply and at a substantially uniform rate until beginning to yield. Thus, it is clear that
30 this pattern of embossments 48 in web 47 do not significantly alter the resistive force-
elongation properties of the deeply embossed web 47 as compared to an unembossed
base web of similar material composition.
Despite widespread use of the prior art deeply embossed polymenc web47asa
backsheet on disposable absorbent articles, the deeply embossed polymeric web does
35  not offer any functionally enhanced properties when compared to an unembossed base
web, i.e., improved conformance, stretch behavior and/ot gam'_nent-like fit. This is
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regi ons 64c and second regions 66¢c. Wb material 52c al so includes
transitional 22

¥

11

believed due to the fact that the resistive force versus elongation characteristics of the

deeply embossed web are not significantly different than those of an otherwise identical

planar, base web, i.e., both webs exhibit a substantially single stage higher resistive
* force versus elongation curve of the type generally shown in Fig. 4.

5 Referring now to Fig. 5. there is shown a preferred embodiment of a polymeric
web material 52 of the present invention. The web material 52 is shown in Fig. S in its
substantially untensioned condition. The web material 52 is particularly well suited for
use as a backsheet on an absorbent article, such as the sanitary napkin 20 in Fig. 1 or
the disposable diaper 30 in Fig. 2. The web material 52 has two centerlines, a

10 longitudinal centerline, which is also referred to hereinafter as an axis, line, or direction
~ "I" and a transverse or lateral centerline, which is also referred to hereinafier as an axis,
line, or direction "t". The transverse centerline “t" is generally perpendicular to the
longitudinal centerline *I".
_ Referring now to Figs. 5 and 5A, web material 52 includes a "strainable
15 network" of distinct regions.  As used herein, the term “strainable network" refers to
an interconnected and interrelated group of regions which are able to be extended to
some useful degree in a predetermined direction providing the web material with an
elastic-like behavior in response to an applied and subsequently released elongation.
The strainable network includes at least a first region 64 and a second region 66. Web
20  material 52 includes a transitional region 65 which is at the interface between the first
region 64 and the second region 66. The transitional region 65 will exhibit complex
combinations of the behavior of both the first region and the second region. It'is
recognized that every embodiment of the present invention will have a transitional
region, however, the present invention is defined by the behavior of the web material in
25  the first region 64 and the second region 66. Therefore, the ensuing description of the
present invention will be concerned with the behavior of the web material in the first
regions and the second regions only since it is not dependent upon the complex
behavior of the web material in the transitional regions 65.
Web material 52 has a first surface 52a and an opposing second surface 52b. In
30 the preferred embodiment shown in Figs. 5§ and 5A, the strainable network includes 2
plurality of first régions 64 and a plurality of second regions 66. The first regions 64
have a first axis 68 and a second axis 69, wherein the first axis 68 is preferably longer
than the second axis 69. The first axis 63 of the first region 64 is substantially parallel
to the longitudinal axis of the web material 52 while the second axis 69 is substantially
35 parallel to the transverse axis of the web material 52. Preferably, the second axis of the
first region, the width of the first region, is from about 0.01 inches to about 0.5 inches,
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regi ons 65c located intermediate first regions 64c and second regions 66c.

The web material 52c will exhibit an elastic-like behavior in response
to an appl.ied cycli cal elongation in a direction along an axis

i ndicated "as "I". Second regi on 66¢c contains rib- i ke el ements 74c.
The first

regions 64c and the second regions 66¢c are curvilinear. 5 First
regions will undergo a substantially nol &&ul ar-1 evel deformation while the

second regions will initially undergo a substantially geometric
def ormati on when the forned web material 52c is.subjected to an
appl i ed el ongation indicated by arrows 80c. In Fig. 21 there

I S shown anot h I
present inven l}on {Eﬁﬂgf‘ﬁ&gﬁrtfr&;aﬁo\h condmgl?o Qﬁ&ﬁ‘ O'ﬁ na%g CI‘i\e secondfrégﬁ‘ons

enS|one tion. terial 5 i ns
first 66 have a first axis 70 and a second axis 71. The ﬁrst axls is substantially para'ﬁelat

the longitudinal axis of the web material 52, while the second axis 71 is substanually
parallel to the transverse axis of the web material 52. Preferably, the second axis of the

s  second region, the width of the second region, is from about 0.01 inches to about 2.0
inches, and more preferably from about 0.125 inches to about 1.0 inches. In the
preferred embodiment of Fig. 5, the first regions 64 and the second regions 66 are
substantially linear extending continuously in a direction substantially parallel to the
longitudinal axis of the web material 52.

10 . The first region 64 has an elastic modulus E1 and a- cross-secnonal area Al.

The second region 66 has a modulus E2 and a cross-sectional area A2.

In the illustrated embodiment, the web material 52 has been “formed” such that
the web material 52 exhibits a resistive force along an axis, which in the case of the
illustrated embodiment is substantially parallel to the longitudinal axis of the web, when

15 subjected to an apblied axial elongation in a direction substantially paraliel to the
longitudinal axis. As used herein, the term "formed" refers to the creation of a desired
structure or geometry upon a web material that will substantiaily retain the desired
structure of geometry when it is not subjected to any externally applied elopgations or
forces. A web material of the present invention is comprised of at least a first region

20 and a second region, wherein the first region is visually distinct from the second region.
As used herein, the term "visually distinct" refers to features of the web material which
are readily discemible to the normal naked eye when the web material or objects
‘embodying the web material are subjected to normal use. As used herein the term
*surface-pathlength” refers to a measurement along the topographic surface of the

25 region in question in a direction substantially parallel to an axis. The method for
determining the surface-pathlength of the respective regions can be found in the Test
Methods section set forth in subsequent portions of the present specification.

Methods for forming web materials of the present invention include, but are not
limited to embossing by mating plates or rolls, thermoforming, high pressure hydraulic

30 forming, or casting. While the entire portion of the web 52 has been subjected to a
forming operation, the present invention may also be practiced by subjecting to
formationi only a portion thereof, e.g., a portion of a diaper backsheet, as will be
described in detail below.

In the preferred embodiment shown in Figs. S and 5A, the first regions 64 are

35  substantially planar. That is, the material within the first region 64 is in substantlally
the same condition before and after the formation step undergone by web 52. The

This is the replacement sheet

. 19 FER nqt
Date: )



10 regions 64d and second regions 66d. Wb materi al 52d.also I ncl udes

transitional regions 65d | ocated internediate first regions 64d and
second regi ons 66d. Second regi ons 66d contain curvilinear rib-1ike
el ements 74d. The major axis 76d of the curvilinear rib-like elenents

. 74d is a linear approximation of the rib-like el ements 74d.
axis 76d defines that portion of the ribl}ike elenents 74d which
substantially 15 responds to an applied elongation via geonetric

The maj or

def ormati on. The web material 52d will exhibit an elastic-like
behavi or in response to an applied cycli cal elongation in a di rection
al ong an axt s_indicat.ed S T irs Q er su |1y
nol ecul ar - | ev&® F%%‘?r%?t?%r‘.“"i“"& ?R’ﬁ"%lg%oﬁcfaﬁ gﬁ %FT?@? ?73‘/‘ uﬁi’ 'ﬂ’ i'

subst anti al | yelements mgybeembossedcdebossed iopa Mmatwmthemqffea' hmlbolﬂ@teiemwts 52d.
i's subjected yppape a’iﬂn‘%{ b fhajeP ax:? b6 RetdH mussfm.sw R 16 EHeOseise axis of

In Fig. 22 th reewleb 53 anvgqaasewnd gl’a tnﬁlrul)raalxxls Zﬁ qucﬁ 1s sﬁ s%gn%{] y Ipr;}/a?lrélt It(? rgheI nan

5 . longitudinal axis of the web 52. The first axis 76 of the rib-like elements 74 is at least
equal to, and preferably longer than the second axis 77. Preferably, the ratio of the
first axis 76 to the second axis 77 is at least about 1:1 or greater, and more preferably
at least about 2:1 or greater.

' The rib-like elements 74 in the second region 66 may be separated from one

10 another by unformed areas. Preferably, the rib-like elements 74 are adjacent one

another and are separated by an unformed area of less than 0.10 inches as measured

perpendicular to the major axis 76 of the rib-like elements 74, and more preferably, the
rib-like elements 74 are contiguous having no unformed areas between them.

The first region 64 and the second region 66 each have a “projected

15 pathlength". As used herein the term "projected pathlength" refers to the length of a
shadow of a region that would be thrown by parallel light. The projected pathlength of
the first region 64 and the projected pathlength of the second region 66 are equal to
one another.

_ The first region 64 has a surface-pathlength, L1, less than the surface-

20 pathlength, L2, of the second region 66 as measured topographically in a direction
parallel to the longitudinal axis of the web- 52 while the web is in an untensioned
* condition. Preferably, the surface-pathlength of the second region 66 is at least about
15% greater than that of the first region 64, more preferably at least about 30% greater
than that of the first region, and mc-et'preferably at least about 70% greater than that of

25  the first region. In general, the greater the surface-pathlength of the second region, the
greater will be the elongation of the web before encountering the force wall.

Web material 52 exhibits a modified "Poisson lateral contraction effect"
substantially less than that of an otherwise identical base web of similar material
composition. The method for determining the Poisson lateral contraction effect of a

30  material can be found in the Test Methods section set forth in subsequent portions of
the present specification. Preferably, the Poisson lateral contraction effect of webs of
the present invention is less than about 0.4 when the web is subjected to about 20%
elongation. Preferably, the webs exhibit a Poisson lateral contraction effect less than
about 0.4 when the web is subjected to about 40, 50 or even 60% clongation. More

35  preferably, the Poisson lateral contraction effect is less than about 0.3 when the web is
subjected to 20, 40, S0 or 60% clongation. The Poisson lateral contractioneffect of
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unt ensi oned condition which contains first regi ons 64e and second regi ons
66e. Wb materi al 52e also includes transitional regions 65e |ocated

intermediate first regions 64e and second regi ons 66e. Second regions
66e contain rib-like elements 74e. The 25 first regions 64e are

di sconti nuous throughout the length of thg web material. The web
material 52e will exhibit an elastic-1ike behavior in response to an

applied cyclical el ongation indicated by arrows 80e in a direction
substantially parallel to axis "I"

: In Fig. 23 there is shown
a web material 52f of the present invention in an upt ensj oned_ .
condi tion whi eiebsofthaipreseritiinentionigidgtesminad by the amaughef the yep &a‘%r?”ﬁ\ﬁb}? 30
TS Lo S s i e apstnif s ol et
rib-1ike el emogeupietsby T'ﬁéaé}ﬁtr gggton incr seaweoﬁg's%’ﬁ‘f a&f@eﬁ%{g’l@g@fl nuous{iy
t hr oughout  t hendreases. NCorversely, uethermeacof the webirhaseridh occupied by the senend regidtns
66f are di gcont i DUOUR e Poidsh fatdriiVUofiflactibl erbbdedRasds! Frefefably2the Petdent area
of the web material occupied by the first area is from about 2% to about 90%, and
more preferably from about 5% to about 50%.
Web materials of the prior art which have at least one layer of an elastomeric
material will generally have a large Poisson lateral contraction effect, i.e., they will
10 “neck down" as they elongate in response to an applied force. Web materials of the
present invention can be designed to moderate if not substantially eliminate the Poisson
lateral contraction effect.
For web material 52, the direction of applied axial elongation, D, indicated by
arrows 80 in Fig. S, is substantially perpendicular to the first axis 76 of the rib-like
15  elements 74. The rib-like elements 74 are able to unbend or geometrically deform in a
direction substantially perpendicular to their first axis 76 to allow extension in web 52.
In Fig. 6 there is shown a graph of the resistive force-elongation curve 720 of 2
web material generally similar to web material 52 shown in Fig. 5 along with a curve
710 of a base film material of similar composition. Specifically the samples are
20 polymeric web materials, comprised substantially of finear low density polyethylene,
approximately 0.001" thick, des_i\gnated sample 1401 available from Clopay, Cincinnati
Ohio. The method for generating the resistive force-clongation curves can be found in
the Test Methods section set forth in subsequent portions of the present specification.
Referring now to the force-elongation curve 720 of the formed web, there is an initial
25  substantially linear, lower force versus elongation stage I designated 720a, a transition
' zone designated 720b which indicates the encounter of the force wall, and a
_ substantially linear stage TI designated 720c which displays substantially higher force
versus elongation behavior.
'As seen in Fig. 6 the formed web exhibits different elongation behavior in the
30 two stages when subjected to an applied elongation in a direction parallel to the
longitudihal axis of the web. . The resistive force exerted by the forméd web to the
applied elongation is significantly less in the stage I region (720a) versus the stage II
region (720c) of curve 720. Furthermore, the resistive force exerted by the formed
web to the applied elongation as depicted in stage I (720a) of curve 720 is significantly -
s less than the resistive force exerted by the base web as depicted in curve 710 within the
limits of elongation of stage I. As the formed web is subjected to further applied
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exhibit an elastic-1ike behavior in response to an applied cyclical
el ongation indicated 35 by arrows 80f in a direction substantially

parallel to axis "1". In Fig. 24 there is showmn a forned web
material 52g of the present invention in o

. 15

elongation and enters stage II (720c) the resistive force exerted by the formed web
increases and approaches the resistive force éxerted by the base web. The resistive
force to the applied elongation for the stage 1 region (720a) of the formed web is
provided by the molecular-level deformation of the first region of the formed web and -
s the geometric deformation of the second region of the formed web. This is in contrast
to the resistive force to an applied elongation that is provided by the base web,
depicted in curve 710 of Fig. 6, which resuits from molecular-leve! deformation of the
entire web. Web materials of the present invention can be designed to yield virtually
any resistive force in stage I which is less than that of the base web material by
10 adjusting the percentage of the web surface which is comprised of the first and second
regions, respectively. The force-elongation behavior of stage I can be controlled by
adjusting the width, cross-sectional area, and spacing of the first region and the
composition of the base web. '
Referring now to Fig. 5B, as web 52 is subjected to an applied axial elongation,
15 D, indicated by arrows 80 in Fig. 5, the first region 64 having the shorter surface-
pathlength, L1, provides most of the initial resistive force, P1, as a result of molecular-
level deformation, to the applied elongation which corresponds to stage 1. While in
. stage I, the rib-like elements 74 in the second region 66 are experiencing geometric
deformation, or unbending and offer minimal resistance to the applied elongation. In
20 the transition zone (720b) between stages I and II, the rib-like elements 74 are
becoming aligned with the applied clongation. That is, the second region is exhibiting
a change from geometric deformation to molecular-level deformation. This is the
onset of the force wall. In stage II, as seen in Fig. 5C, the rib-like elements 74 in the
second region 66 have become substantially aligned with the plane of applied
25  elongation ( i.e. the second region has reached its limit of geometric deformation) and
" begin to resist further elongation via molecular-level deformation. The second region
66 now contributes, as a result of molecular-level deformation, a second resistive
force, P2, to further applied elongation. The resistive forces to elongation depicted in
stage II by both the molecular-level deformation of the first region 64 and the
30  molecular-level deformation of the second region 66 provide a total resistive force, PT,
whih is greater than the resistive force depicted in stage I which is provided by the
n.  alar-level deformation of the first region 64 and the geometric deformation of the
second region 66. Accordingly, the slope of the force-elongation curve in stage Il is
significantly greater than the slope of the force-elongation curve in stage L.
35 The resistive force P1 is substantially greater than the resistive force P2 when
(L1 + D) is less than L2. When (L1 + D) is less than L2 the first region provides the
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23 an untensioned condition. Wb materi al
64g and second = regions 66g. Wb materi al
regions 659 located - internediate first
66g. The second regi ons 66g contain rib-like elements 74g. The forned
web material 52g exhibits an elastic-like 5 behavior along a plurality of
axes, ¥11", "12" and "13". Axes 11, 12, Hhd 13, extend in a radi al ,
fan-like array to allow the formed web material 52g to exhibit an

el astic-1ike behavior along a plurality of axes. Wile web materi al
529 has been shown as having axes extending in a fan-like array, the

present inve nx%itp relslgtlverforc% #’i’agedeﬂﬁb tsgt%f)tlﬁ)g the %Euatnon

52g contains first regions
529 al so includes transitional
regi ons 64g and second regions

Pl=(AlxElxD)
L1

When (L1 + D) is greater than L2 the first and second regions provide a combingd
total resistive force PT to the applied elongation, D, generally satisfying the equation:

=(ALxElxD) + (A2xE2x[L1+D-L2)
10 L1 ' L2

The maximum elongation occurring while in stage I is the “available stretch” of
the formed web material. The available stretch corresponds to the distance over which
the second region experiences geometnc deformation. The available stretch can be

15 eﬁ'ectlvely determined by inspection of the force-elongation curve 720.as shown inFig.
6. The approximate point at which there is an inflection in the transition zone between
stage I and stage II is the percent elongation point of "available stretch". The range of

N available stretch can be varied from about 10% to 100% or more; this range of
elongation is often found to be of interest in disposable absorbent articles, and can be

20 largely controlled by the extent to which the surface-pathlength L2 in the second

- region exceeds the surface-pathlength L1 in the first region and the composition of the
base film. . The term available stretch is not intended to imply a limit to the elongation
which the web of the present invention may be subjected to as there are apphcatlons
where elongation beyond the available stretch is desirable.

25 The curves 730 and 735 in Fig. 7 show the elastic hysteresis behavior exhibited
by a web material of the present invention which is generally similar to that used to
generate curve 720 in Fig. 6. The formed web was examined for elastic hysteresis
behavior at an elongation of 60%. Curve 730 represents the response to an applied

. and released elongation during the first cycle and curve 735 represent the response to

30 an applied and released elongation during the second cycle. ' The force relaxation
during the first cycle 731 and the percent set or deformation 732 are depicted in Fig. 7.
Note that significant recoverable elongation, or useful elasticity, is exhibited at
relatively low forces over multiple cycles, i.e., the web material can easily expand and
contract to a considerable degree. The method for generating the elastic hysteresis

35  behavior can be found in the Test Method section set forthin subsequent portion of the

| present specnﬁmmon
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The nultiple axes may be positioned at various angles to one another such
as 45, 90[err], 10 135, etc. In addition to the various angles of
orientation, the regions thensel ves nmay be straight, curvilinear, or

combi nati ons thereof. In Fig. 25 there is shown a forned web
material 52h of the present invention. Web nmaterial 52h includes first
regi ons 64h and second regions 66h. Wb Waterial 52h al so includes
transitional regions 65h |ocated internediate first regions 64h and second
15 regions 66h. Second region 66h includes a plurality of rib-like

el enments 74h. In Fig. 25A there is shown a cross-sectional view of .
the second regi on _66h taken

anpl i tudes x and ¥i&of Shoys Fhaelb‘%rr]?%kfé°'@a§ﬂ‘§§§‘t?'@3#9" %&h%?%;r%géeé’ Whifteh ¥ ¢
isg g fS atc ﬁ;ﬁat Eloeﬁ@t‘hoai\d adormed web ofthoprisent fiventicdicdepioted inlsurve 150 vehere bathy
| east due i n%’%’lﬁ el 88 Qﬁﬁ%ﬁ? %f%ﬁgéaa? ?ﬂ&r%ﬂ glgzn%fl %{%}gﬁ@ﬁlﬁgﬁgﬁfﬁﬂ:ﬁﬂu d.doh at
rib-like el erthigksavailble fropnEredegasdns. i LegreAdsite In apgh gesignated pbed/kEszs
5 This type of base film has been successfully commercially utilized as a fluid impervious
backsheet on disposable diapers. Referring now to curve 750, there is an initial
substantially linear, lower force-elongation stage I designated 750a, a transition zone
designated 750b, and a substantially linear stage II designated 750c. Note the
distinctive lower force two-stage behavior in the formed web provided first in stage I
10 by the combination of molecular-level deformation of the first region and geometric
deformation of the second region, and then in stage II by molecular-level deformation
of both the first region and the second region as depicted by curve 750 compared to
the molecular-level deformation of the base web as depicted by curve 740. The curves
760 and 765 in Fig. 9 show the elastic hysteresis behavior of a formed web similar to
15 that used to generate curve 750 in Fig. 8 when examined at 60% elongation. Curve
760 represents the response to an applied and released elongation during the first cycle
and curve 765 represents the response to an applied and released elongation during the
second cycle. The force relaxation during the first cycle 761 and the percent set or
deformation 762 are depicted in Fig. 9. Note that there is very significant elastic
20  recovery exhibited by the sample over this observed range of elongations over multiple
cycles. ' ' _ _

Fig. 10 shows the force-elongation behavior for both a base web depicted in
curve 770 and a formed web of the present invention depicted in curve 780 where both
webs are comprised of a thin polymeric. film, approximately 0.001* thick, consisting

25  mostly of linear medium density polyethylene plus linear low density polyethylene,
available from Tredegar Inc, Terra Haute, Ind., and designated X-8998. Referring
now to curve 780, there is an initial substantially linear, lower force-elongation stage I.-
designated 780a, a transition zone designated 780b, and a substantially linear higher
force-elongation stage II designated 780c. Note the distinctive lower force two-stage

30  behavior in the formed web provided first in stage I by the combination of molecular-
level deformation of the first region and geometric deformation of the second region
and then in stage II by molecular-level deformation of both the first ‘region and the
second region as depicted in curve 780 compared to the molecular-level deformation
of the base web as depicted in curve 770. Curves 790 and 795 in Fig. 11 show the

35 elastic hysteresis behavior of a formed web material similar to that used to generate
curve 780 in Fig. 10 examined at 60% elongation. Curve 790 represents the response
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material 52h is subjected to an applied elongation indicated by arrows 80h -
in a direction substantially parallel to axis "I", web material wll
have different zones of avail abl e stretch corresponding to zones |
and Il in*the second regi ons 66h. Specifically, the available stretch
of web 52h corresponding to zone | wl| g; | ess than 25 the available
stretch of web material 52h correspondingto zone |IIl. However, while

the available stretch for zones | and Il are different from one anot her,

. web material 52h wi Il not encounter a force wall until the avail able
stretch for both zones | and Il has been reached. I n

giog V‘ig t h;ar €d TQh W aﬂ<|i frfjléﬁ&!j eloR tlmtdbhhghiéﬁﬁtst @%Clé bed pires 995 represeatsi O{/]\éb
mat er | a i ncl ude regi pns 64i , an
mat eri al 52i theresponsg '§d“‘|*W 'F*e%sﬁa qngatign q 361%?%@'% 0C 0ﬁ§ 13Rde

at e
i nt er nedi at e felaxation egnhe rveebtdtiring it ﬂxst:cyclt is depicted bggﬂb and geidegediset or

regions 661 i geloHfifion' & {Hek\%et?lm Sféf the fits? cyglﬁﬁs'&pﬁtdar%ﬁﬂz In this

5  example, the web material was elongated to a point where the material in the first

region which was experiencing molecular-level deformation was permanently deformed

(i.e., experienced a permanent set) by the elongation. It should further be noted that

the 60% elongation that produced the permanent deformation of the web material in

the first region was insufficient to encounter the limits of the geometric deformation of

10  the second region, i.c., the force wall. That is, the limits of the geometric deformation

of the second region was greater than the elastic limits of the molecular-level

deformation of the first region. However, this permanent deformation of the first

region did not eliminate useful elastic-like behavior of the web material, but rather

resulted effectively in merely a "shifting" of the untensioned point of elastic-like

15 behavior of the web material. This is illustrated by curve 795 which depicts the

behavior of .the web material on the second cycle, after permanent deformation. A

useful amount of elastic-like behavior will remain, even at higher levels of permanent

deformation of the type illustrated by the example in Fig. 11. It is recognized that this

useful elastic-like behavior will diminish at extremely high levels of elongation of the

20  web material and subsequent high permanent deformation of the material in the first
regions of the web.

Fig. 12 shows the force-elongation behavior for both a base web depicted in
curve 800 and a formed web of the present invention depicted in curve 810 where both
webs are comprised of a foam polyethylene sheet, approximately 0.080" thick,

25  available as Volara 2a from Voltek Corp., Lawrence, Mass. Referring now to curve
810, there is an initial substantially linear, lower force-elongation stage I designated
810a, a transition zone designated 810b, and a substantially linear stage Ii designated
810c. Note the distinctive lower force two-stage behavior in the formed web provided
first in stage I (810a) by the combination of molecular-level deformation of the first

30 region and geometric deformation of the second region and then in stage II (810c) by
molecular-level deformation of both the first region and the second region as depicted
in curve 810 compared to the molecuar-level deformation of the base web as depicted
in curve 800. Note that the base foam sample undergoes failure at an elongation less
than about 150% and the formed web undergoes failure at less than about 120%

35 elongation. The curves 820 and 825 in Fig. 13 show the elastic hysteresis behavior of

_ a formed web material similar to that used to generate curve 810 in Fig. 12 examined
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sectional view of the second region 66i taken along section |ine 26A-26A

depicting the frequencies y and y' of the rib-like elenment 74i. Due
to the difference in surface- 35 pathlengths in zones | and Il the web
material 52i of Figs. 26 and 26A will respond to an applied and

rel eased el ongation sinmlar to web 52h dgpicted in Figs. 25 and 25A

at 60% elongation. Curve 820 répresents the response to an applied and released
elongation during the first cycle and curve 825 represents the response to an applied
and released elongation during the second cycle. The force relaxation of the web
during the first cycle 821 and the degree of set of the web after the first cycle 822 are
5 depicted in Fig. 13. Note that this sample displays very significant elastic recovery
over this observed range of elongation as evidenced by the small amount of permanent

set 822.
Fig. 14 shows the force-elongation behavior for both a base web depicted by
- curve 830 and a formed web of the present invention depicted by curve 840 where

10 both webs are comprised of a laminate of a layer of the Clopay 1401 polyethylene
blend film adhered via a hot melt glue available from Findley Adhesives, Wauwatosa,
Wis., sample 2301, to a layer of nonwoven layer, made substantially of polypropylene,
available from Veratec, Wolpole, Mass., designated type P-11. Referring now to curve
840, there is an initial substantially linear, lower force-elongation stage I designated

15  840a, a transition 2. ne designated 840b, and a substantially linear stage II designated
840c. For the laminate formed web, note the distinctive lower force two-stage
behavior in the formed web provided first in stage I (840a) by the combination of
molecular-level deformation of the first region and geometric deformation of the
second region and then in stage II (840c) by molecular-levél deformation of both the

20 first region and the second region as depicted in curve 840 compared to the molecular-
level deformation of the base web as depicted in curve 830. The curves 850 and 855
in Fig. 15 show the elastic hysteresis behavior of a formed web material similar to that
used to 'generate curve 840 in Fig. 14 examined at 60% elongaﬁon. Curve 850
represents the response to an applied and released elongation during the first cycle and

25 curve 855 represents the response to an applied and released elongation during the
second cycle. The force relaxation of the web during the first cycle 851 and the

~ percent set of the web after the first cycle 852 are shown in Fig. 15. Note that this
laminate web exhibits a very significant elastic recovery over the observed range of
elongation over multiple cycles.

30 When the web material is subjected to an applied elongation, the web material
exhibits an elastic-like behavior as it extends in the direction of applied elongation and
returns to its substantially untensioned condition once the applied elongation is
removed, unless the web material is extended beyond the point of yielding. The web
material is able to undergo multiple cycles of applied elongation without losing its

35 ability to substantially recover. Accordingly, the web is able to return to its
substantially untensioned condition once the applied elongation is removed.
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24 _ While the web materials in Figs. 25 and 26 illustrate
variations in the rib-like el ements within a second region one could
also vary the rib-like el ements between adj acent regions. The
variations in rib-like elements in adjacent second regions provi des
different available stretches in the adjacent second regions. By having 5
different available stretches in adjacen?0 second regions the web nateri al

wi |l exhibit multiple force walls in response to an appl
i ed el ongation
as each region reaches its limt of geonetric deformaﬂoon )

In Fig. 27 there is shown another enbodi nent of a fornmed web material 52]

_ of While the web material may be easily and reversibly extended in the direction of
applied axial elongation, in a direction substantially perpendicular to the first axis of the
rib-like elements, the web material is not as easily extended in 2 direction substantially
parallel to the first axis of the rib-like elements. The formation of the rib-like elements

s allows the rib-like elements to geometrically deform in a direction substantially
perpendicular to the first or major axis of the rib-like elements, while requiring
substantially molecular-level deformation to extend in a direction substantially parallel
to the first axis of the rib-like elements.

' The amount of applied force required to extend the web is dependent upon the

10 composition and cross-sectional area of the web material and the width and spacing of
the first regions, with narrower and more widely spaced first regions requiring lower
applied extensional forces to achieve the desired elongation for a given composition
and cross-sectional area. The first axis, (i.c., the length) of the first regions is
preferably greater than the second axis, (i.e., the width) of the first regions with a

15  preferred length to width ratio of from about 5:1 or greater.

| . The depth and t‘requency of rib-like elements can also be varied to control the
available stretch of a web of the present invention. The available stretch is increased if
for a given frequency of rib-like elements, the height or degree of formation imparted
on the rib-like elements is increased. Similarly, the available stretch is increased if for a

20 given height or degree of formation, the frequency of the rib-like elements is increased..

While the particular web material 52 of Fig. 5 is an example of an elastic-like
web of the present invention, the present invention is not limited to the geometric
formation shown in web material 52. Figures 16-28 depxct several alternative
embodlments of web materials of the present invention.

25 There are several functional properties that can be controlled through the
application of the present invention. The functional properties are the resistive force
exerted by the web material against an applied elongation and the available stretch of
the web material before the force wall is encountered. The resistive force that is
exerted by the web material against an applied elongation is a function of the material

30 (e.g., composition, molecular structure and orientation, etc.) and cross-sectional area
and the percent of the projected surface area of the web material that is occupied by
the first region. The higher the percent area coverage ‘of the web material by the first
region, the higher the resistive force that the web will exert against an applied
elongation for a given material composition and cross-sectional area. The percent

35  coverage of the web material by the first region is determined in part if not wholly by
the widths of the first regions and the spacing between adjacent first regions.
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the present invention. Wb material 52j includes first regions 64j and
second regions 10 66j. Wb material 52j also includes transitional regions
65] located intermediate first regi ons 64j and second regions 66j. The
wi dt hs of ‘the first regions 64 varies across the web in a direction
substantially parallel to the axis "t". Second regions 66 i ncl ude a
pluralrty of rib-like elements 74j. As t2e web material 52j is subjected to
an applied el ongation indicated by arrows 80 in a direction
substantially parallel to the axis "I, 15 the narrower regions 64 wl|
?ffte[] ah! O\r/]ver resistive force to the applied el ongation as conpar ed

o] e hi gher resi tlvef 0f f '

In Fig 28 there i bq%n’é’t': ergfeﬁ%’ &)’ nﬁtéﬂfap Je{é}ﬁxhaeﬁe@ we srﬁléh'lo\,e.SZk
of t he ppthiengtit of thecseconshregiany ¥his ds idaterraingd ah lqagigiospar P%t‘ frﬁg%ﬁs 64k

?ggl zﬁgoggkr ﬁgﬂggpgdpﬂ? err&ﬁgee gea &jued ueAty andk dep tﬁo%ﬂ {(ﬁﬁmﬁtﬁﬁof ke sibdlikenal
late firs r eqi.Qns s
561, Socond 1HEGHSHGBRIE SR %@* SRS web alfiel ¥ BBierdi BN
s greater the surface-pathlength of the second region the greater the available stretch of
the web material. '

In Fig. 16 there is shown a formed web material 52a of the present invention in
an untensioned condition which contains first regions 642 and second regions 66a.
Web material 52a also includes transitional regions 65a located intermediate first

10 regions 64a and second regions 66a. The web material 52a will exhibit an elastic-like
behavior in response to an applied cyclical elongation in a direction along an axis
indicated as "I". Second regions 66a contain curvilinear rib-like elements 74a. The
first or major axis 76a of the curvilinear rib-like elements 74a is a linear approximation
of the rib-like element 74a. The major axis 76a defines that portion of the rib-like

15 element 74a which substantially responds to an applied elongation via geometric
deformation. In Fig. 17 there is shown the same web material of Fig. 16 in a tensioned
condition. The tension in the web material, as a result of the applied elongation
indicated by arrows 80a causes the geometric deformation of rib-like elements 74a ina
direction perpendicular to the first axis 76a due to the unbending of the rib-like

20 elements 74a.

In Fig. 18 there is shown a formed web matenal 52b of the present invention in
an untensioned condition which contains first regions "64b and second regions 66b.
Web material 52b also includes transitional regions 65b located intermediate first
regions 64b and second regions 66b. The web material 52b will exhibit an elastic-like

25  behavior in response to an applied cyclical elongation in a direction along an axis
indicated as "I". Second regions 66b contain complex shaped rib-like elanents 74b.
The first or major axis 76b of the rib-like elements 74b are a linear approximation of -
the rib-like elements 74b. The first or major axis 76b defines that portion of the rib-

_ like element 74b which substantially responds to an applied elongation via geometric

30 deformation. In Fig. 19 there is shown the same formed web material of Fig. 18 ina
tensioned condition. The tension in the web material shows the geometric deformation
of rib-like elements 74b perpendicular to the major axis 76b due to unbending of the -
rib-like elements 74b as a result of the applied elongation indicated by arrows 80b.

In Fig. 20 there is shown another embodiment of 2 formed web material 52c of

35 . the present invention in the untensioned condition. Web material 52c contains first
regions 64c and second regions 66c. Web material 52¢ also includes transitional
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74k. The widths of the second regi ons 66k varies across the web in a

direction substantially parallel to axis "t". Wh '
( . st al en subjected to an
appl i ed el ongation indicated by arrows 80k in a direct{on

substantially parallel to axis "I" the portions of the we [
52k having the w der second regions 66kp ill provide a Ioaer resig?fsglal
force 25 to the applied elongation aszﬁgnpared to the portion of web
material 52k having the narrower second regions 66k. It should be
obvious to one skilled in the art that the features of the web
materials disclosed in Figs. 27 and 28 can be conbined in a single

web t 0 provi %g}o\ée{sgeﬁggegﬁgﬁﬁ?é i -Prg%iéﬁ&n?ﬁgdfdd?éﬁgw:g?ht 6c. Theweb
30 | r esont metsiahE7 Wl gKRbietncasip-is beriar Jh BRdnse 16 A8 peBlied il "¢
?ggioggs r gg '10882@??3 il‘il a di(;e;ctioﬁ‘_ﬁbngﬁh@ki’siﬂdi&&ﬁ al"Bo S@ecmidudsign QeRIainsiiR|

regi ons 661. hko'e@mamf z’af"oﬁ‘ggﬁgl‘e‘ﬁ%"é’f‘%ﬁ‘J an E‘T’i i‘gﬂf&iﬁgﬁfgégm A lifichr.

s  First regions will undergo a substantially molecular-level &e?onnatign wﬁlé the second
regions will initially undergo a substantially geometric deformation when the formed
web material 52¢ is subjected to an applied elongation indicated by arrows 80c.

In Fig. 21 there is shown another embodiment of a formed web material 52d of

_ the present invention in an untensioned condition. Web material 52d contains first
10 regions 64d and second regions 66d. Web material 52d also includes transitional
regions 65d located intermediate first regions 64d and second regions 66d. Second
regions 66d contain curvilinear rib-like elements 74d. The major axis 76d of the
. curvilinear rib-like elements 74d is a linear approximation of the rib-like elements 74d.
The major axis 76d defines that portion of the rib-like elements 74d which substantially
15 responds to an applied elongation via geometric deformation. The web material 52d
will exhibit an elastic-like behavior in response to an applied cyciical elongation in a
direction along an axis indicated as "I".. The first regions undergo a substantially
molecular-level deformation and the second regions initially undergo a substantially
geometric deformation when the formed web material 52d is subjected to an applied

20 elongation indicated by arrows 80d. _

In Fig. 22 there is shown a web material 52¢ of the present invention in an
untensioned condition which contains first regions 64e and second regions 66e. Web
material S2¢ also includes transitional regions 65e located intermediate first regions

 64e and second regions 66e. Second regions 66e contain rib-like elements 74e. The

25 first regions 64e are discontinuous throughout the length of the web material. The web

material 52e will exhibit an elastic-like behavior in response to an applied cyclical
elongation indicated by arrows 80e in a direction substanﬁally parallel to axis "1".

In Fig. 23 there is shown a web material 52f of the present invention in an

untensioned condition which contains first regions 64f and second regions 66f. Web
30  material 52f also includes transitional regions 65f located intermediate first regions 64f
and second regions 66f. Second regions 66f contain rib-like elements 74f. The first
regions 64f extend continuously throughout the length of the web material while the
second regions 66f are discontinuous or interrupted. The web material of 52f will
exhibit an elastic-like behavior in response to an applied cyclical elongation indicated

35 by arrows 80fin a direction substantially parallel to axis "I".
In Fig. 24 there is shown a formed web material 52g of the present invention in
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Second regions 661 extend in a direction substantially parallel to axis "I"
. The maj or axis 761 of the rib-like elenments 741 extends at a

sligh:[' ?ngle to axis "I" but is still 35 substantially perpendicular to
axis "I". As the web material 521 is subjected to an appl i ed

el ongation indicated by arrows 801 in agrectlon substantially parallel to
axis

an untensioned condition. Web material 52g contains first regions 64g and second
regions 66g. Web material 52g also includes transitional regions 65g located
intermediate first regions 64g and second regions 66g. The second regions 66g
contain rib-like elements 74g. The formed web material 52g exhibits an elastic-like
5 behavior along a plurality of axes, "11", “I2" and "I3". Axes {1, 12, and 13, extend in a
radial, fan-like array to allow the formed web material 52g to exhibit an elastic-like
behavior along a plurality of axes. While web material 52g has been shown as having
axes extending in a fan-like array, the present invention is in-no way limited to such.
The multiple axes may be positioned at various angles to one another such as 45°, 90°,
10 135° etc. In addition to the various angles of orientation, the regions themselves may
be straight, curvilinear, or combinations thereof.
In Fig. 25 there is shown a formed web material 52h of the present invention.
Web material 52h includes first regions 64h and second regions 66h. Web material 52h
also includes transitional regions 65h located intermediate first regions 64h and second
15 regions 66h. Second region 66h includes a plurality of rib-like elements 74h. In Fig.
25A there is shown a cross-sectional view of the second region 66h taken along
section-line 25A-25A depicting the amplitudes x and x' of the rib-like elements 74h.
The surface-pathlength of zone I in second region 66h will be substantially less than the
surface-pathiength of zone II in second region 66h at least due in part to a difference in
20 amplitudes x and x' of the rib-like elements 74h in the respective zones. As web
material 52h is subjected to an applied elongation indicated by arrows 80h in a
direction substantially parallel to axis "I", web material will have different zones of
available stretch corresponding to zones I and II in the second regions 66h.
Specifically, the available stretch of web 52h corresponding to zone I will be less than
25  the available stretch of web material 52h corresponding to zone IL. However, while
the available stretch for zones I and II are different from one another, web material 52h
will not encounter a force wall until the available stretch for both zones I and 1I has
been reached. _ '
In Fig. 26 there is shown a formed web material 52i of the present invention.
30 Web material 52i includes first regions 64i and second regions 66i. Web material 52i
also includes transitional regions 65i located intermediate first regions 64i and second
regions 66i. Second regions 66i include rib-like elements 74i. Fig. 26A is a Cross-
sectional view of the second region 66i taken along section line 26A-26A depicting the
frequencies y and y' of the rib-like element 74i. Due to the difference in surface-
35  pathlengths in zones I and II the web material 52i of Figs. 26 and 26A will respond to
an applled and released elongatton similar to web 52h depicted in ans 25 and 25A.
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25 1" rib-like elements 741 will geonetrically deformat least in
part by pivoting in response to the applied elongation. The pivoting of
rib-like el ements 741 may cause the rib-like elenments 741 to becone
aligned.substantially parallel with the axis "I" : VWi | e an

entire web material of the present inverg4 on may include a strainable 5
network of first and second regions, the present i nvention may al so be
practiced by providing only specific portions of the web with a
strainabl e network conprised of first and second regions. Referring
now to Fig. 30, there is shown a preferred enbodi ment

While the web materials in Figs. 25 and 26 illustrate variations in the rib-like
elements within a second region one could also vary the rib-like elements between
adjacent regions. The variations in rib-like elements in adjacent second regions
provides different available stretches in the adjacent second regions. By having

5 different available stretches in adjacent second regions the web material will exhibit
multiple force walls in response to an applied elongation as each region reaches its limit
of geometric deformation.

In Fig. 27 there is shown another embodiment of a formed web material 52j of
the present invention. Web material 52j includes first regions 64j and second regions

10 66j. Web material 52j also includes transitional regions 65j located intermediate first
regions 64j and second regions 66j. The widths of the first regions 64 varies across the
web in a direction substantially parallel to the axis "t". Second regions 66j include a
plurality of rib-like elements. 74j. As the web material 52j is subjected to an applied
elongation indicated by arrows 80j in a direction substantially parallel to the axis "1,

15 the narrower regions 64 will offer a fower resistive force to the applied elongation as
compared to the higher resistive force offered by the wider first regions.64j.

In Fig. 28 there is shown another embodiment of a formed web material 52k of
the present invention. Web material 52k includes first regions 64k and second regions
66k. Web material 52k also includes transitional regions 65k located intermediate first

20 regions 64k and second regions 66k. Second regions 66k include rib-like elements
74k. The widths of the second regions 66k varies across the web in a direction
substantially parallel to axis “t". When subjected to an applied elongation indicated by
arrows 80k in a direction substantially parallel to axis "I" the portions of the web .
material 52k having the wider second regions 66k will provide a lower resistive force

25  to the applied elongation as compared to the portion of web material 52k having the
narrower second regions 66k. It should be obvious to one skilled in the art that the
features of the web materials disclosed in Figs. 27 and 28 can be combined in a single
web to provide various resistive forces to applied elongations.

 In Fig. 29 there is shown another embodiment of a web material 521 of the

30 present invention. Web material 521 includes first regions 641 and second regions 66l.
Web material 521 also includes transitional regions 651 located intermediate first
regions 64l and second regions 661. Second regions 661 include rib-like elements 74l.
Second regions 66l extend in a direction substantially parallel to axis "I". The major
axis 761 of the rib-like elements 74l extends at a slight angle to axis "I" but is still

35  substantially perpendicular to axis "I'. As the web material 521 is subjected to an
applied elongation indicated by arrows 80l in a direction substantially parallel to axis
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of a di sposabl e di aper backsheet 200 of the present

backsheet - 200 includes discrete, strainable networks 210 located in
the waist region and the side 10 panels of the disposable diaper
backsheet.- It w || be obvious to one skilled in the art t hat al

portion of a backsheet on a disposable ﬁysorbent article may include a
strai nabl e network(s) conprised of first” and second regions to provide a
backsheet exhibiting an elastic-like behavior along an axis when

subj ected to an applied cyclical el ongation. 15 Ref erri ng now
to Fig. 31, there is shown an enbodi nent of a sanitary napkin

packsheet 22k nflike AGHaRe ol wAff geaflhkmé BefRiral fehs! iRfpati b tpivotgoins 222

econ

di ff erent dlfFWFQ)WstK"- applied elqnagian: rﬁwl""t‘ﬂ& Eﬂ@ﬁ 8‘3{""9‘2%41 ‘2“3;%\{‘3"[ ﬁ‘S
exhi bi t el asit-fikd éiisfertshairtb Gecdnie aligned substantially pdralielowitlothe axis "Bppl i ed cyclic

el ongations al ongw%ng laxlljren lillet%eboim%gl of the present invention may include a strainable
s network of first and second regions, the present invention may also be practiced by

providing only specific portions of the web with a strainable network comprised of first

and second regions. Referring now to Fig. 30, there is shown a preferred embodiment

of a disposable diaper backsheet 200 of the present invention, wherein the backsheet

200 includes discrete, strainable networks 210 located in the waist region and the side

10 panels of the disposable diaper backsheet. It will be obvious to one skilled in the art

that all or a portion of a backsheet on a disposable absorbent article may include a

strainable network(s) comprised of first and- second regions to provide a backsheet

exhibiting an elastic-like behavior along an axis when subjected to an apphed cychcal
elongation.

i nvention, wherein the

or a

15 Referring now to Fig. 31, there is shown an embodiment of a sanitary napkin
backsheet 220. The backsheet 220 includes a plurality of first regions 222 and 2
plurality of second regions 224 each extending in several different directions.
Accordingly,' the backsheet 220 is able to exhibit elastic-like behavior in several
directions to applied cyclic elongations along a plurality of axes.

20 . While the web material having a strainable network of the present invention has
been described as a backsheet or a portion thereof on an absorbent article, in some
embodiments it may be necessary to provide the topsheet and the absorbent core with a
strainable network. For example, in the embodiment illustrated in Fig. 30, it is
necessary to provide the topsheet with a strainable network in 'regiohs adjacent

25  backsheet regions 210 to allow region 210 of the backsheet to extend without being
restrained by adjacent portions of the topsheet.

Method of Making

Referring now to Fig. 32, there is shown an apparatus 400 used to form the
web 52 shown in Fig. 5. Apparatus 400, includes plates 401, 402, Plates 401, 402

30 include a plurality of intermeshing teeth 403, 404, respectively. Plates 401, 402 are
brought together under pressure to form the base film 406.

- Referring now to Fig. 33, it can be seen that: plates 401 and 402 each have a
longitudinal axis *1" and a transverse axis "t" which is substantially perpendicular to the
longitudinal axis. Plate 401 includes toothed regions 407 and grooved regions 408

35  both which extend substantially parallel to the longitudinal axis of the plate 401.
Within toothed regions 407 of plate 401 there are a plurality of teeth 403. Plate 402
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20 _ Vhile the web material having a strainable network of the
present invention has been described as a backsheet or a portion

t hereof on an absorbent article, in sone enbodi nents it may be
necessary ‘to provide the topsheet and the absorbent core with a

strai nabl e network. For exanple. in the enbodinent illustrated in Fig. 30,

it is necessary to provide the tofheet with a strai nable netwo '
. o rk in
regi ons adjacent 25 backsheet regions 210 to allow region 210 of the

backsheet to extend w thout being restrai ned by adjacent portions of

the topsheet. Met hod of Maki n R i
: _ ef e
Fig. 32, there is shown an apparatuys 40 o rring nowto

Shown I Fi g.ingudesgpth 404 ebawesh vEieas 407 af e "Yhetthebase BB ¥,

glo | ”Cl4ude oRthall Betivesh Slites 10 402 1hs priomsatfihelBi3e fili) 406 mhishace positigned

fi ?m620691’ A Qfmia" grooved regiOns° 408 Lof! PRR' 961 4HACEertP'404SUA Cplae AGY ffemdif base

undeformed. These regions correspond with the first regions 64 of web 52 shown in
s Fig. 5. The portions of the base film 406 positioned between toothed regions 407 of
plate 401 and teeth 404 of plate 402 are incrementally and plastically formed creating
rib-like elements 74 in the second regions 66 of web material 52.

The method of formation can be accomplished in a static mode, where one
discrete portion of a base film is deformed at a time. An example of such a method is

10 shown in Fig. 34. A static press indicated generally as 415 includes an axially
moveable plate or member 420 and a stationary plate 422. Plates 401 and 402 are
attached to members 420 and 422, respectively. While plates 401 and 402 are
separated, base film 406 is introduced between the plates, 401, 402. The plates are
then brought together under a pressure indicated generally as *pP*. The upper plate 401

15 is then lifted axially away from plate 402 allowing the formed web material to be
removed from between plates 401 and 402. ’

Fig. 35 is an example of a continuous, dynamic press for intermittently
contacting the moving web and forming the base material 406 into a formed web
material of the present invention. Polymeric film 406 is fed between plates 401 and

20 402 in a direction generally indicated by arrow 430. Plate 401 is secured to a pair of
rotatably mounted arms 432, 434 which travel in a clockwise direction which move
plate 401 in a clockwise motion. Plate 402 is connected to a pair of rotary arms 436,
438 which travel in a counter clockwise direction moving plate 402 in a counter
clockwise motion. Thus, as web 406 moves between plates 401 and 402 in direction

25 indicated by arrow 430, a portion of the base film between the plates is formed and
then released such that the plates 401 and 402 may come together and form another
section of base film 406. This method has the benefit of allowing virtually any pattern
of any complexity to be formed in a continuous process, e.g., uni-directional, bi-
directional, and multi-directional patterns.

30  The dynamic press of Fig. 35 could be used on a completed absorbent article to
form strainable networks into the completed product. For example, the entire
completed absorbent article could be placed between plates 401 and 402 to create a
strainable network in all layers of the absorbent article.

Another method of forming the base material into a web material of the present

35 invention is vacuum forming. An example of a vacuum forming method is disclosed in
commonly assigned U.S. Pat. No. 4,342,314, issued to Radel et al. on August 3, 1982.
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Referring nowto Fig. 33, it can be seen that plates 401 and 402 each have
a “longi tudi nal axis "1" and a transverse axis "t" which is
substantial ly perpendicular to the | ongi tudi nal axis. Plate 401

i ncl udes toothed regions 407 and grooved regi ons 408 35 both which

extend substantially parallel to the |longitudinal axis of the plate 401.

Wt hintoothed regions 407 of plate 402% here are a plurality of teeth 4083.
Pl ate 402 _ ' : '

Alternatively, the formed web material of the present invention may be hydraulically
formed in accordance with the teachings of commonly assigned U.S. Pat. No.
4,609,518 issued to Curro et al. on September 2, 1986. Each of the above said patents
being incorporated herein by refercnce.

5 In Fig. 36 there is shown another apparatus generally indicated as 500 for
forming the base film into a formed web material of the present invention. Apparatus
500 includes a pair of rolls 502, 504. Roll 502 includes a plurality of toothed regions
506 and a plurality of grooved regions 508 that extend substantially paraliel to a
longitudinal axis running through the center of the cylindrical roll 502. Toothed

10 regions S06 include a plurality of teeth 507. Roll 504 includes a plurality of teeth 510
which mesh with teeth 507 on roll 502. As a base film is passed between intermeshing
rolls 502 and 504, the grooved regions 508 will leave portions of the film unformed

~ producing the first regions of the web material of the present invention. The portions
of the film passing between toothed regions 506 and teeth 510 will be formed by teeth

15 507 and 510, respectively, producing rib-like elements in the second regions of the web
material.

Alternatively, roll 504 may consist of a soft rubber. As the base film is passed
between toothed roll 502 and rubber roll 504 the film is mechanically formed into the
pattern provided by the toothed roll 502. The film within the grooved regions 508 will

20 remain unformed, while the film within the toothed regions 506 will be formed
producing rib-like elements of the second regions

 Referring now to Fig. 37, there is shown an alternative apparatus generally
indicated as 550 for forming the base film into a formed web material in accordance
with the teachings of the present invention. Apparatus 550 includes a pair of rolls 552,

25 554. Rolls 552 and 554 each have a plurality of toothed regions 556 and grooved
regions 558 extending about the circumference of rolls 552, 554 respectively. As the
base film passes between rolls 552 and 554, the grooved regions 558 will leave
portions of the film unformed, while the portions of the film passing between toothed
regions 556 will be formed producing rib-like elements in second regions.

30 Web materials of the present invention may be comprised of polyolefins such as
polyethylenes, including linear low density polyethylene (LLDPE), low density
polyethylene' (LDPE), ultra low density polyethylene (ULDPE), high density
polyethylene (HDPE), or polyprbpylene and blends thereof with the above and other
materials. Examples of other suitable polymeric materials which may also be used

35 include, but are not limited to, polyester, polyurethanes, compostable or biodegradable
polymers, heat shrink polymers, thermoplastic elastomers, metallocene catalyst-based
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26 I ncl udes teeth 404 which nmesh with teeth 403 of plate 401. \Wen

the base film406 is formed between plates 401, 402 the portions of the
base fil m 406 which are positioned '

wi t hin grooved regions 408 of plate
401 and teeth 404 on plate 402 remain o g

undef ormed. These regions
correspond with the first regions 64 of web 52 shown in 5 Fig. 5. The

portions of the base film 406 positi onea8 bet ween toot hed regi ons 407 of

polymers (e.g., INSITE® available from Dow Chemical Company and Exxact®
available from Exxon), and breathable polymers. The web material may also be
comprised of a synthetic woven, synthetic knit, nonwoven, apertured film,
_ macroscopically expanded three-dimensional formed film , absorbent or fibrous
5  absorbent material, foam, filled composition, or laminates and/or combinations thereof.
The nonwovens may be made by but not limited to any of the following methods:
spunlace, spunbond, meltblown, carded and/or air-through or calendar bonded, with a
spunlace material with loosely bound fibers being the preferred embodiment. |
While the present invention has been described as providing a web material
10 from a single layer of base film, the present invention may be practiced equally well
with other materials. While the fluid impervious polymeric film exhibiting an elastic-
like behavior in the direction of apphed elongation may be suitable for use a backsheet
on a disposable diaper or sanitary napkin, such a web material would not function well
as a topsheet on an absorbent article. Examples of other base materials from which the
1s web of the present invention can be made and will function effectively as a fluid
pervious topsheet on an absorbent article include two-dimensional apertured films and
macroscopically expanded, three-dimensional, apertured formed films. Examples of
macroscopically expanded, three-dimensional, apertured formed films are described in
U.S. Pat. No. 3,929,135, issued to Thompson on December 30, 1975; U.S. Pat. No.
20 4,324,246 issued to Mullane, et al. on April 13, 1982; U.S. Pat. No. 4,342,314 issued
to Radel, et al. on August 3, 1982; U.S. Pat. No. 4,463,045 issued to Ahr, et al. on
July 31, 1984; and U.S. Pat. No. 5,006,394 issued to Baird on April 9, 1991. Each of
these patents are incorporated herein by reference.
_ ‘Web materials of the présent invention may include laminates of the above
25  mentioned materials. Laminates may be combined by any number of bonding methods
known to those skilled in the art. Such bonding methods include but are not limited to
thermal bonding, adhesive bonding (using any of a number of adhesives including but
not limited to spray adhesives, hot melt adhesives, latex based adhesives and the like),
sonic bonding and extrusion laminating whereby a polymeric film is cast directly onto a
30 substrate, and while still in a partially molten state, bonds to one.side of the substrate,
or by depositing meltblown fibers nonwoven directly onto a substrate.
The following are examples of specific embodiments of the present invention.

EXAMPLE 1:

35 Two rigid plates similar to those of Figs. 32 and 33 made by casting an
o aluminum filled epoxy material onto a machined metal mold were made. The outer
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plate 401 and teeth 404 of plate 402 are increnentally and plastically
formed creating rib-l1ike elenents 74 in the second regi ons 66 of web
mat eri al 52. The nethod of formation can be acconplished in a
static node, where one di screte portion of a base filmis deformed at
a tinme. An exanple of such a nmethod:is shown in Fig. 34. A static press
I ndi cated generally as 415 includes an axially noveabl e plate or

menber 420 and a stationary plate 422. Plates 401 and 402 are attached
to menbers 420 and 422, respectively. Wile plates 401 and 402 are

separated, base fil m 406 is introduced between the pl ates, 401, 402. The
plates are dimerisioas ob truplie dreG@"hel2"ux@t5"a Qu ese surfaceraf| cagh plateyanscy al | y
as "P'. The Jgpet s awn{eamaloaove 402
al l owi ng the e\%Ieth %héré sﬁ:ﬁs?anhgg\riahélhﬁgnm%\ﬁdgg %dgm bet

en %_lat es 401
and 402. at thenr bases ani dapes to p yeriex with asadiun,ef 0,008 At the,taps % bress
for internitisgRfd Yeeth are spaced evenly and at 0.060" increments. The plates have matching

5 holes and pins through their thickness to ensure consistent mating of the plates when
they are brought together. On the “toothed” side of one plate a series of grooves are
cut which are parallel to each other and perpendicular to the evenly spaced teeth.

These grooves measure 0.065" in width and are continuous over the entire length of
the plate, and are spaced at a distance of 0.50" on center. These grooves correspond

10 to the undeformed regions of the deformed polymeric web.
| A single thickness (0.001“) of a polymeric film substantially comprised of
LLDPE which was made via the melt casting method is placed between the two plates
(one with grooves, one with only teeth). The plates with the film between them are
placed in a hydraulic press with platens which are larger than the plates (to ensure ‘that
15 pressure is distributed evenly over the plates). At the edges of the plates are spacers
which can vary in thickness to control the amount of i interpenetration or "engagement”
of the teeth. The plates are compressed between the platens of the press by a force of
at least 4000 pounds which causes the regions of the film between the mating tecth of
the plates to be formed. The film is left unformed in the regions corresponding to the

20 grooves cut in one of the plates. The pressure is removed from the plates, and the
formed web material is removed. '

EXAMPLE 2:
- The plates described in Example 1 are used as described above. The material
25  to be deformed is made from one layer of a carded calendar bonded polypropylene
nonwoven which is laminated, using a spray adhesive such as 3M "Super 77 Spray
Adhesive" (any number of hot melt or pressure sensitive adhesives could also be used),
to a 1 mil thick cast polyethylene film. The nonwoven material is very easily formed in
the cross direction. The laminate is placed between the two deformation plates such
30 that the cross direction of the nonwoven is parallel to the grooves cut in the patterned
plate. The resultant material has an improved aesthetic due to the lack of puckemg
upon release of the applied strain (such as that seen in the material of Example 1).
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contacting the noving web and formng the base material 406 into a forned
web material of the present invention. Polyneric film406 is fed

bet ween plates 401 and 20 402 iin a direction generally indicated by arrow
430. Platé 401 is secured to a pair of rotatably nounted arns 432,
434 which travel in a clockw se directign which nove plate 401 in a
cl ockwi se motion. Plate 402 is connectetf to a pair of rotary arnms 436,

438 which travel in a counter clockw se direction noving plate 402 in a
count er cl ockwi se notion. Thus, as web 406 noves between plates 401
and 402 in direction 25 indicated by arrow 430, a portion of the base

film betweenpdspfpteficakes is forned and then rel eased such that .the

pl ates 401 and 402 may cone together and form anot her ~ section of base
film406. This nmethod has the benefit of allowing virtually any pattern

of any conplSutfacg-Pathléagtlf ormed in a continuous process, e.g.,

uni - directional g ﬂtﬁlength meagjr&%gt{t.é BP?clme&%:éWa'l Eég,*&lsrgs tt& %Qadetegﬂfx}es rbr)]'S'
: 5  selecting and preparing representative samples of each distinct region and analyzing
these samples by means of microscopic image analysis methods.

Samples are to be selected so as to be representative of each region's surface
geometry. Generally, the transition regions should be avoided since they would
normally contain features of both the first and second regions. The sample to be

10 measured is cut and separated from the region of interest. The “measured edge" is to
be cut parallel to a specified axis of elongation. Usually this axis is parallel to the
formed primary-axis of either the first region or the second region. An unstrained
sample length of one-half inch is to be “gauge marked" perpendicular to the "measured
edge": while attached to the web material, and then accurately cut and removed from

15  the web matenal.

Measurement samples are then mounted onto the long-edge of a microscopic
glass slide. The "measured edge” is to extend slightly (approximately 1 mm) outward
from the slide edge. A thin layer of pressure-sensitive adhesive is applied to the glass
face-edge to provide a suitable sample support means. For highly formed sample

20 regions it has been found desirable to gently extend the sample in its axial direction
(without imposing significant force) simultaneous to facilitate contact and attachment
of the sample to the slide-edge. This allows improved edgé identification during image
analysis and avoids possible "crumpled® edge portions that require additional
interpretation analysis.

25 Images of each sample are to be obtained as "measured edge" views taken with
the support slide “edge on" using suitable microscopic measuring means of sufficient
quality and magnification. Fig. 38 shows a typical view of a portion of the second

. region of a sample 900 having a first side edge 901 and a second side edge 902 used to
determine the surface-pathlength. Data herein presented was obtained using the

30 following equipment; Keyence VH-6100 (20x Lens) video unit, with video-image
prints made with a Sony Video printer Mavigraph unit. Video prints were image-
scanned with a Hewlett Packard ScanJet IIP scanner. Image analysis was on 2
Maclntosh IICi c_o:hputer utilizing the software NIH MAC Image version 1.45.

Using this equipment, a calibration image initially taken of a grid scale length of

35 .500" with .005" increment-marks to be used for calibration setting of the computer
image analysis program. All samples to be measured are then video-imaged and video-
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30 The dynamic press of Fig. 35 could be used on a conpleted

absorbent article to form strainabl e networks into the conpl eted
product. For exanple, the entire conpl et ed absorbent article could
be pl aced "bet ween pl ates 401 and 402 to create a strai nabl e network
in all layers of the absorbent article. Anot her net hod of

formnyg the base material into a web rral3ér|al of the present 35
i nvention is vacuum form ng. An exanple of a vacuumform ng nethod is

di sclosed in commonly assigned U S. Pat. No. 4,342,314, issued to
Radel et al. on August 3, 1982.

image printed. Next, all video-prints are lmage-scarmed at 100 dpi (256-level gray
scale) into a suitable Mac image-file format. Finally, each image-file (including
calibration file) is analyzed utilizing Mac Image 1.45 computer program. All samples
are measured with frechand line-measurement tool selected. Samples are measured on
5 both side-edges and the lengths are recorded. Simple film-like (thin & constant
-thickness) samples require only one side-edge to be measured. Laminate and thick
foam samples are measured on both side-edges. Length measurement tracings are to

be. made along the full gauge length of a cut sample. In cases of highly deformed
samples, multiple (partially overlapping) images may be required to cover the entire cut
10 sample.' In these cases, select characteristic features common to both overlapping-
images and utilize as "markers" to permit image length readings to adjoin but not
overlap. | |
The final determination of surface-pathlength for each region is obtained by
averaging the lengths of five (5) separate 1/2" gauge-samples of each region. Each
15  gauge-sample "surface-pathlength” is to be the average of both side-edge surface-

pathlengths. ' '

While the test method described above is useful for many of the web materials
of the present invention it is recognized that the test method may have to be modified

to accommodate some of the more complex web materials within the scope of the
20 . present invention.

Poisson's Lateral Contraction Effect
The Poisson's lateral contraction effect is measured on an Instron Model 1122,
as available from Instron Corporation of Canton, Massachusetts, which is interfaced to
25 2 Gateway 2000 486/33Hz computer available from Gateway 2000 of N. Sioux City,
South Dakota, using Test Works™ software which is available from Sintech, Inc. of
Research Triangle Park, North Carolina. All essential parameters needed for testing
are input in the TestWorks™ software for each test. Data collection is accomplished
through a combination of manual sample width measurements, and elongation
30  measurements made within TestWorks™. " :
The samples used for this test are 1" wide x 4" long with the long axis of the
sample cut parallel to the direction of the first region of the sample. The sample should
be cut with a sharp knife or suitably sharp cutting device designed to cut a precise 1"
wide sample. It is important that a "representative sample” should be cut so that an
35 area representative of the symmetry of the overall pattern of the deformed region is
represented. There will be cases (due to variations in either the size of the deformed
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27 Al ternatively, the formed web material of the present invention
may be hydraulically formed in accordance with the teachings of

comonly assigned U.S. Pat. No. 4,609,518 issued to Curro et al. on

Sept enber "2, 1986. Each of the above said patents bei ng i ncor por at ed
herei n by reference.

32

portion or the relative geometries of regions 1 and 2) in which it will be necessary to

cut either larger or smaller samples than is suggested herein. In this case, it is very

important to note (along with any data reported) the size of the sample, which area of

the deformed region it was taken from and preferably include a schematic of the

5  representative area used for the sample. In general, an "aspect ratio" of (2:1) for the

actual extended tensile portion (11:w1) is to be maintained if possible. Five samples are
tested.

The grips of the Instron consist of air actuated grips designed to concentrate

the entire gripping force along a single line perpendicular to the direction of testing

10 elongauon having one flat surface and an opposing face from which protrudes a half
round. No slippage should be permitted between the sample and the grips. The
distance between the lines of gripping force should be 2" as measured by a steel rule
held beside the grips. This distance will be referred to from here on as the "gauge
length®.

15 The sample is mounted in the grips with its long axis perpendicular to the
direction of applied elongation. An area representative of the overall pattern geometry
should be symmetncally centered between the grips. The crosshead speed is set to 10 .
in/min. The crosshead moves to the specified strain (measurements are made at both
20 and 60% elongation). The width of the sample at its narrowest point (wW2) is

20 measured to the nearest 0.02" using a steel rule. The elongation in the direction of
applied extension is recorded to the nearest 0.02" on the TestWorks software. The
Poisson's Lateral Contraction Effect (PLCE) is calculated using the following formula:

PLCE = -wl
s -
12 -11
1}
where w2 = The width of the sample under an applied longitudinal
elongation
30 wl = The original width of the sample;
12 = The length of the sample under an applied longltudmal
elongation; and
11 = The original length of the sample (gauge length);

s ' Measurements are made at both 20 and 60% elbngation using five different
samples for each given elongation. The PLCE at a given percent elongation is the

This is 1he splacement shest

Date: & 0 FFR el



5 In Fig. 36 there is shown another apparatus generally indicated
as 500 for formng the base filminto a forned web material of the
present invention. Apparatus 500 includes a pair of rolls 502, 504.
Rol | 502 i"'ncludes a plurality of toothed regions 506 and a plurality
of grooved regions 508 that extend substantially parallel to a

| ongi tudi nal axis running through the cddter of the cylindrical roll 502.
Toothed 10 regions 506 include a plurality of teeth 507.- Roll 504 incl udes
a plurality of teeth 510 whi ch mesh with teeth 507 on roll 502. As a
base filmis passed between interneshing rolls 502 and 504, the

grooved regi ortions of the filmunformned pr oduci ng
the first reg‘fm?)ré%ﬁ%h{eaéﬁﬁxﬁlaferl al of the p ent [ n\r/gtngl on, The

porti ons of. Whilethg Wp\astépﬁgessememvemm foromany-ef the weh materials 1 510
wi [1 be for npgfitheyprésemtifvention #0i€ révdgni2dd)that theest imeddd/may hovditoibegnodified | ke

elements In { NG htitited S5the 3F ulf mgxtlecgiﬁﬂex web mitehdl{ Within the scope of the

5  present invention.

Hysteresis Test

The hysteresis test is used for measuring the percent set and percent force
relaxation of a material. The tests are performed on an Instron Model 1122, available
10 from Instron Corporation of Canton, Mass. which is interfaced to a Gateway 2000
486/33Hz computer available from Gateway 2000 of N. Sioux City, South Dakota
57049, using TestWorks™ software which is available from Sintech, Inc. of Research
Triangle Park, North Carolina 27709. All essential parameters needed for testing are
input in the TestWorks™ software for each test (i.e. Crosshead Speed, Maximum
15  percent elongation Point and Hold Times). Also, all data collection, data analysis and
graphing are done using the TestWorks™ software. _
~ "The samples used for this test are 1" wide x 4" long with the long axis of the
sample cut parallel to the direction of maximum extensibility of the sample. The
'sample should be cut with a sharp exacto knife or some suitably sharp cutting device
20  design to cut a precise 1" wide sample. (If there is mo.e than one direction of
elongation of the material, samples should be taken parallel to representative
directions of elongation). The sample should be cut so that an area representative of
the symmetry of the overall pattern of the deformed region is represented. There will
be cases (due to variations in either the size of the deformed portion or the relative
25  geometries of the first and second regions) in which it will be necessary to cut either
larger or smaller samples than is suggested herein. In this case, it is very important to
note (along with any data reported) the size of the sample, which area of the deformed
region it was taken from and preferably include a schematic of the representative area
used for the sample. Three separate tests at 20, 60 and 100% strain are typically
30 measured for each material. Three samples of a given material are tested at each
percent elongation. '

The grips of the Instron consist of air actuated grips designed to concentrate
the entire gripping force along a single line perpendicular to the direction of testing
stress h-aving one flat surface and an opposing face from which protrudes a half round

35  to minimize slippage of the sample. The distance between the lines of gripping force
should be 2" as measured by a steel rule held beside the grips. This distance will be
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Alternatively, roll 504 may consist of a soft rubber. As the base filmis
passed bet ween toothed roll 502 and rubber roll 504 the filmis
mechanically formed into the pattern provided by the toothed rol

502. The filmw thin the grooved regions 508 will 20 remain unforned,
while the filmwthin the toothed regio 506 will be forned
producing.rib-1ike elenents of the secogg regi ons Referring
now to Fig. 37, there is shown an alternative apparatus generally

i ndicated as 550 for formng the base filminto a forned web material in

. accordance with the teachings of the present invention. Apparatus 550

i ncludes a paigtrddito g&'ﬂt ﬁeré&?as th€Sgaugefengdi®! ﬁ'ﬁe Srpléfincurfedin the gHpsé i
plurality of_ tqoth 556 558 d
Dbout the oi it PRE AR TR JosBs, eSO cfualied IgEThIgRaon. Theg

filmpasses brosshesd speet lissddt@ 10rin/mit4 The brosgiead vieves eytherspedifiti makimumeave
portions of hbRed:! dsgib oF foldéfthé SarhfIg o ik 'sRAnP blohfitioh' fo38°RebN.
5  After the thirty seconds the crosshead returns to its original position (0% elongation)
and remains in this position for 60 seconds. The crosshead then returns to the same
. maximum percent elongation as was used in the first cycle, holds for thirty seconds and
then again returns to zero. |
A graph of two cycles is generated. A representative graph is shown in Fig. 7.
10 The percent force relaxation is determined by the following calculation of the force

data from the first cycle:
Force at Max. % clongation - Force after 30 sec. hold x 100 = % Force Relaxation

Force at Maximum % elongation (cycle 1)
15 ' _ _
The percent set is the percent elongation of the sample of the second cycle where the
sample starts to resist the elongation. The percent set and the percent force relaxation
are shown graphically also in Figs. 7, 9, 11, 13 and 15. The average percent force
relaxation and percent set for three samples is reported for each maximum percent
20  elongation value tested.
While the test method described above is useful for many of the web matenials
of the present invention it is recognized that the test method may have to be modified

~ to accommodate some of the more complex web materials within the scope of the
present invention. '

Tensile Test

Thie tensile test is used for measuring force versus percent elongation properties
"and percent available stretch of a material. The tests are performed on an Instron
Model 1122, available from Instron Corporation of Canton, Mass. which is interfaced
30 to a Gateway 2000 486/33Hz computer available from Gateway 2000 of N. Sioux
City, South Dakota , using TestWorks™ software which is available from Sintech, Inc.
of Research Triangle Park, North Carolina. All essential parameters needed for testing
are input in the TestWorks™ software for each test. Also, all data collection, “data

analysis and graphing are done using the TestWorks™ software.
35 The samples used for this test are 1" wide x 4" long with the long axis of the
sample cut parallel to the direction of maximum extensibility of the sample. The
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regions 556 will be formed producing rib-like el ements in second regions.
30 . Web materials of the present invention may be conprised of

pol yol ef i ns such as pol yet hyl enes, including |linear |ow density

pol yet hyl éne (LLDPE), |ow density pol yet hyl ene (LDPE), ultra | ow
densi ty pol yet hyl ene (ULDPE), high densit pol yet hyl ene (HDPE). or
pol ypropyl ene and bl ends thereof with thé above and ot her materi al s

Exanpl es of other suitable polyneric materials which may al so be used 35

i nclude, but are not limted to, polyester, polyurethanes, conpostable
! : , : : or
bi odegr adabl e polyners, heat shrink polyners, thernnplggtic

el astorrers, ”E;[,ﬁ IleI i bé %"\Li\’ﬂ'sﬁﬁﬁ @acto knife or some suitably sharp cutting device

design to cut a precise 1" wide sample. (If there is more than one direction of

extensibility of the material, samples should be taken barallel to representative direction

of elongation). The sample should be cut so that an area representative of the

s symmetry of the overall pattern of the deformed region is represented. There will be

cases (due to variations in €ither the size of the deformed portion or the relative

geometries of regions 1 and 2) in whlch it will be necessary to cut either larger or

smaller samples than is suggested herein. In this case, it is very important to note

(along with any data reported) the size of the sample, which area of the deformed

10  region it was taken from and preferably include a schematic of the representative area
used for the sample. Three samples of a given material are tested.

The grips of the Instron consist of air actuated grips designed to concentrate
the entire gripping force along a single fine perpendicular to the direction of test'mé
stress having one flat surface and an opposing face from which protrudes a half roupd

15  to minimize slippage of the sample. The distance between the lines of gripping force
should be 2" ‘as measured by a steel rule held beside the grips. This distance will be
referred to from hereon as the "gauge length”. The sample is mounted in the grips with
its long axis perpendicular to the direction of applied percent elongation. The
crosshead speed is set to 10 in/min. The crosshead elongates the sample until the

20 sample breaks at which point the crosshead stops and returns to its original position (0
% elongation).

Graphs of the tensile data are shown in Figs. 6, 8, 10, 12 and 14. The percent

available stretch is the point at which there is an inflection in the force - elongation
curve, beyond which point there is a rapxd increase in the amount of force requu'ed to

25 elongate the sample further. This point is shown graphically in Figs. 6, 8, 10, 12 and
14. The average of the percent available stretch for three samples is recorded.

While the test method described above is useful for many of the web materials
of the present invention it is recognized that the test method may have to be modified
to accommodate some of the more complex web materials within the scope of the

30  present invention. :

While pamcular embodlments of the present invention have been illustrated and
described, it would be obvi us to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the
invention. It is therefore intended to cover in the appended claims all such changes and

35  modifications that are within the scope of this invention.
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28 polymers (e.g., INSITE avai | abl e from Dow Cheni cal Conpany and
Exxact avai |l abl e from Exxon), and breat habl e pol yners. The web materi al

may al so be conprised of a synthetic woven, synthetic knit, nonwoven
apertured film ' ’

This Sheet Has Been R

S [T/

1. A web material exhibiting an elastic-like behavior along at least one axis, said
web material characterized by: at least a first region and a second region, said
first fegion and said second region being comprised of the same material
composition and each having an untensioned projected pathlength, said first
region undergoing a substantially molecular-level deformation and said
second region initially undergoing a substantially geometric deformation when
said web material is subjected to an applied elongation in a direction
substantially parallel to said axis, said first region and said second region
substantially returning to their untensioned projected pathlength when said
applied elongation is released. '

WHAT IS CLAIMED IS:

2. The web material of Claim 1, wherein said first region and said second region
are visually distinct from one another.

3. The web material of Claim 1 or 2, wherein said second region includes a
plurality of raised rib-like elements.

4. The web material of any one of the preceding Claims, wherein said web
material includes two or more axes.

5. The web material of any one of the preceding Claims, wherein said first
region and said second region are substantially linear.

6.  The web material of any one of the preceding Claims, wherein said first
region and said second region are substantially curvilinear.

7. The web material of any one of the preceding Claims, wherein said web
material has an available stretch provided by said second region.

8. The web material of any one of the preceding Claims, wherein said second
region provides a plurality of limits to said available stretch.

I IMINOEO s s tho repiacement sheet
* c L M s * . .

Date: 19 FEB 1097



macr oscopi cal | y expanded t hree-di nensional fornmed fil m—absorbent—or——

fibrous 5 absorbent material, foam filled conpositi QR ' |
and/ or comnbi nati ons t her eof The nonwovens nmay bems%ﬁ;ﬁﬁ?ﬁilfﬁﬁiiawc

limted to any of the follow ng nmethods: spunl ace,
mel t bl own, carded and/or air-through olg cal endar bonded, ,
spunl ate material wth | oosely bound fi Bers being the preferred embodi nment.
Wiile the pregent ipygRbl %m%f ?ﬁfﬂn@@ﬁﬂelﬁ?@&dﬂ% AaRYE Uhafid 8 S ) al
10 froma single %@/et of base fi1m_ the present Invenhtion nmay be
practiced equally

said secongiregion eandy havaacsurfacespathlengid, s3id senfadecpathlength

i nper vi ous pol yner bf sdid | firsteidgidt beiRg lesd MhRthatCof said setdnderddfdiPid Peatited he
direction of applied lIl n aﬁgtﬁ')n gbe sui tabl e, for use a,{)ac sheet 2 ? on
a di sposabl e di apeParﬁﬁe g%g?'fiz?ﬂ? “ﬁﬁ%ﬁww mgtegial jsiin %PBW&P"?IJ(;?H"G“Wt said
function well web natériz eklibitinga Bﬂiss?hﬂatemwnwdctibﬁ |eﬁ'ectﬂ_¥%hﬁ§b%ft 04 ger
base materials fro ' . b_of the pregent jnventi.on can be nade
and will function é%%'d;%{rpﬁlné ?&"&%‘%‘V\% rn?aﬁureg pePpenﬁlcﬁ'lar 0 sa1d axis.

10.  The web material of any one of the preceding Claims, wherein said “web
material exhibits at least two significantly different stages of resistive forces to
an applied axial elongation along at least one axis when subjected to the applied
elongation in a direction parallel to said axis, said first region will exhibit a
resistive force in response to said applied axial elongation in a direction parallel
to said axis before a substantial portion of said second region develops a
significant resistive force to said applied axial elongation, said web material
exhibiting a first resistive force to the applied elongation until the elongation of
said web material is great enough to cause a substantial portion of said second
region having a longer surface-pathlength to enter the plane of the applied axial
elongation, whereupon said . web material exhibits a second resistive force to
further applied axial elongation, said web material exhibiting a total resistive
force higher than the resistive force of said first region.

11.  The web material of any one of the preceding Claims, wherein two or more of
said first regions have substantially similar widths.

12.  The web material of any one of the preceding Claims, wherein two or more of
said first regions have different widths.

13.  The web material of any one of the preceding Claims, wherein said first region
and said second region are comprised of at least one layer of film material.

14.  The web material of Claim 13, wherein said film material is comprised of
polyethylene or blends thereof. '

15.  The web material of any one of the preceding Claims, wherein said web
material is a laminate of two or more materials.
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pervi ous topsheet on an absorbent article include two-dinensional apertured

films and - macroscopi cal | y expanded, three-dinensional, apertured
formed filns. Exanpl es of macr oscopi ¢cal | y expanded, three-di nmensional,
apertured:fornmed filnms are described in - U S. Pat. No. 3,929, 135,

i ssued to Thonpsan on Decenber 30, 1975; U.S. Pat. No. 20 4,324,246 issued
to Mullane, et al. on April 13, 1982;3%. S Pat. No. 4,342,314 issued

to Radel, et |gl. mg%aér,allsﬁanv ums oPame' Needifig 46Rirf Swhérsine shid ovr ,
et al. on July 3 984: and to,Bajrd

... 5,006, 394. i ssyed
on April 9, 1991. 'E’éE‘Ha]Io@““s at leacshésgmb'ﬁf‘e?ﬁ% b&F‘éS?'F?fCB'? ﬁoé‘é?%sﬂgﬁ #hsprbepy,
ref erence. . articlee. Wb materials of the present invention may include
| am nates of the above 2S nentioned materials. Lam nates nay be conbi ned
by any nunber of bondi ng net hods known to those skilled in the art.
Such bondi ng Ifet hdEe webl materibuof any onet of ithe tpeeceding Claims,t wheneil s@idnwethg,

adhesi ve bondi ng (HAM BYs Rlleddt D P8R t'a BPLHRE IFF disPSdabili dBeorBEt article.

. *{This Sheet Has Been Rer
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not limted to spray adhesives, hot melt adhesives, |atex based adhesives

and the |ike), soni ¢ bondi ng and extrusion | am nating whereby a
polyneric filmis cast directly onto a 30 substrate, and while still in a
partially nolten state, bonds to one side of the substrate, or by

depositing neltbl own fibers nonwoven directly onto a substrate.

The following are exanpl es of specif3% enbodi ments of the present

i nventi on. EXAVPLE 1: 35 Two rigid plates simlar to
t hose of Figs. 32 and 33 nmde by casting an alumnum filled epoxy

mat eri al. ont 0wk MATHIA LS EHHIBIII NG EL.AFIde- LIKE BEHAVIOR

ABSTRACT OF THE DISCLOSURE

A web material which exhibits an elastic-like behavior along at least one axis
when subjected to an applied and subsequently released elongation. The web material
s includes a strainable network having at least two visually distinct regions of the same
material composition. The first region undergoes a molecular-level deformation and

the second region initially undergoes a substantially geometric deformation when the |
web material is subjected to an applied elongation in a direction substantially parallel to

the axis of elongation.
10

FIGURE 5A

_—
This Sheet Has Bee

I
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29 di mensions of the plate are 5.0" x 12" x 0.75". On one surface of
each plate are a series of "teeth" which are substantially triangul ar
in cross section and neasure 0.060"

1/38

24\.28 \'/26

/( _
N

FIG.1
( PRIOR ART)
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at their bases and taper to a vertex with a radius of 0.008" at the top.
The. centerlines of the teeth are spaced evenly and at 0. 060" .

i ncrements. The plates have matching 5 holes and pins through their

t hi ckness 'to ensure consi stent mating of the plates when they are
brought together. On the "toot hed" side of one plate a series of grooves
are “ cut which are parallel to each other and perpendicular to the
evenly spaced teeth. These grooves neasure 0.065" in width and are
continuous over the entire | ength of ¢} pl ate, and are spaced at a

di stance of 0.50" on center. These gr053 rrespond 10 to the undeforned
regi ons of the defornmed polyneric web. A singl e thickness
(0.001") of a polyneric filmsubstantially conprised of LLDPE whi ch
was nmade via the nelt casting nmethod is placed between the two pl ates

(one with grooves, one wiigg only teeth). The pl w thdgghe fil m between
them are placed in a Yydraulic press wt hch are | arger
than the plates (to ensure

ge2e2
.3.5- d

P T L T T % X g

r-----_"-"-"-"-s

| R X .=

Fig. 2
( PRIOR ART )
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15 pressure is distributed evenly over the plates). At the edges of the
pl ates are spacers whi ch can vary in thickness to control the anmount
of interpenetration or "engagenent” of the teeth. The plates are
conpressed between the -platens of the press by a force of at | east
4000 pounds which causes the regions of the filmbetween the mating teeth
of " the plates to be formed. The filmis left unfornmed in the regions
corresponding to the 20 grooves cut in one of the plates. The pressure is
renoved fromthe plates, and the formed web material is renoved.
EXAMPLE 2: The pl ates described in Exanple 1 are used as
descri bed above. The material 25 to be deforned is nade from one | ayer of
a carded cal endar bonded pol ypropyl ene nonwoven whi ch is | am nat ed,
usi ng a spray adhesive such as 3M "Super 77 Spray

3/38

Fig. 3
(PRIOR ART)
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Adhesi ve" (any nunber of hot nelt or pressure sensitive adhesives could

al so be used), toalml thick cast polyethylene film The nonwoven
material is very easily formed in - the cross direction. The | am nate
is placed’between the two deformation plates such 30 that the cross
direction of the nonwoven is parallel to the grooves cut in the patterned
plate.” The resultant material has an inproved aesthetic due to the | ack of

puckeri ng upon rel ease of the applied strain (such as that seen in
the material of Exanple 1).

4/38
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30 - Test Met hods Sur f ace- Pat hl engt h Pat hl engt h
measurenents of formed nmaterial regions are to be determ ned by 5

sel ecting and preparing representative sanples of each distinct region and
anal yzing”

0
&)
- pd
(=
2
X
N
N
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t hese sanpl es by neans of m croscopic i nage anal ysi s net hods.

Sanples are to be selected so as to be representative of each region's
surface _ geonetry. Generally, the transition regions should be avoi ded
since they woul d normal |y contain features of both the first and
second regions. The sanple to be 10 nmeasured i s cut and separated from
the region of interest. The "neasured edge" is to be cut parallel to a
specified axis of elongation. LBuallébzgi axis is parallel to the

formed primary-axis of either the fi ébion or the second region. An
unstrai ned sanple length of one-half inch is to be "gauge nmarked"
perpendi cul ar to the "neasured edge": while attached to the web
material, and then-accurately cut and renoved from15 the web material.
Measur enent sanples are then nounted ontggeghe | ong-edge of a mcroscopic

gl ass slide.
out war d
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fromthe slide edge. Athin |ayer of pressure-sensitive adhesive is applied
to the gl ass face-edge to provide a suitable sanple support neans. For
highly formed sanple 20 regions it has been found desirable to gently
extend thé sanple in its axial direction (w t hout inposing significant
force) sinmultaneous to facilitate contact and attachnent of the sample
to the slide-edge. This allows inproved edge identification during image
anal ysi s and avoi ds possi ble "crunpl ed" edge portions that require

addi ti onal interpretation analysis. 25 ‘1 mages of each sanple
are to be obtained as "neasured edge" views taken with t he support
slide "edge on" using suitable m croscopic neasuring neans of sufficient
quality and nmagnification. Fig. 38 shows a typical view of a portion of the

second region of a sanple 900 having a first side edge 901 and a
second side edge 902 used to detg&y@g¥§ t he surface-pathlength. Data.
herein presented was obtained using th
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30 follow ng equi pnent; Keyence VH 6100 (20x Lens) video unit, with

vi deo- i mage prints nmade with a Sony Video printer Mvigraph unit.

Vi deo prints were inage- scanned with a Hewl ett Packard ScanJet |IP

- scanner. I'mage anal ysis was on a Macl ntosh 11 G conmputer utilizing
the software NIH MAC | nage version 1.45. Usi ng this equi pnent,
a calibration image initially taken of a grid scale length of 35 .500"
with .005" increnment-marks to be used for calibration setting of the
conput er i mge analysis program All sanples to be neasured are then

vi deo-i maged and vi deo- 8/38
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31 i mage printed. Next, all video-prints are inage-scanned at 100

dpi (256-1evel gray scale) into a suitable Mac image-file format.
Finally, each image-file (including calibration file) is analyzed
utilizing 'Mac Image 1.45 conpute program All sanples are neasured

wi th freehand |ine-nmeasurenent tool selected. Sanples are neasured on -

9/38
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5 both side-edges and the lengths are recorded. Sinple filmlike (thin &

const ant t hi ckness) sanples require only one side-edge to be neasured.
Lam nate and thick f oam sanpl es are neasured on both side-edges.
Lengt h nedsurenent tracings are to be nmade along the full gauge |ength
of a cut sanple. In cases of highly deforned sanples, multiple

(partially overlapping) inages nay be required to cover the entire cut 10
sanple. In these cases, select characteristic features comon to both

over | appi ng- imges and utilize as "markers"” to permt inmage |ength
readings to adjoin but not overia)'. _ ~The final
determ nation of surface-pathlength /Eth region i s obtained by

averaging the lengths of five (5) separate 1/2" gauge-sanples of gach
region. Each 15 gauge-sanple "surface-pathlength’ ig to be the qorage of

bot h si de-edge |surface- pat hl engt hs. . =

} 76l
765

760
55.00
% Elongation

760

765

762

0.00

75.00
0.00

15000

(You}/Swo.1b) 8940
This is the replacement sheet

Date: 19 FEB 1997



Wil e the test nethod described above is useful for many of the web

materi al s of the present invention it is recognized that the test

met hod may. have to be nodified to acconmpdat e sonme of the nobre conpl ex
web materi'als within the scope of the 20 present invention.

Poi sson's Lateral Contraction Effect The Poi sson's | ateral
contraction effect is neasured on an Instron Mddel 1122, as avail abl e

frominstron Corporation of Canton, Massachusetts, which'is interfaced to
25 a Gateway 2000 486/ 33Hz conputer avail able from Gateway 2000 of N. Sioux

Cty, Sout h Dakota, using Test Wirks[err] software which is avail able
fromSintech, Inc. of Research Triangle Park, North Carolina. A"
essential paranmeters needed for testing are input in the
Test Wrks[err] software for each test. Data collection is acconplished
11/38
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t hrough a conbi nati on of manual sanple w dth nmeasurenents, and el ongation
30 measurenments made within TestWrks[err]. The sanpl es used
for this, test are 1" wide x 4" long with the long axis of the sanpl e
cut parallel to the direction of the first region of the sanple. The sanple
shoul d be cut with a sharp knife or suitably sharp cutting device
designed to cut a precise 1" W de sanple. It is inportant that a
"representative sanple" should be cut so that an 35 area representative of
the symmetry of the overall pattern of the defornmed region is

represented. There will be cases (d t riations in either the size of
thg def or med - ( i%B/Q3%§ .
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32 portiaon or the relative geonetries of regions 1 and 2) in which
it wll be necessary to cut either larger or snmaller sanples than is
suggested herein. In this case, it is very i nportant to note (al ong
with any data reported) the size of the sanple, whi.ch area of

13/38
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the defornmed region it was taken fromand preferably include a schematic of
the 5 representative area used for the sanple. In general, an "aspect
ratio" of (2:1) for the actual ‘extended tensile portion.(11:wW) is to
be mai htai‘ned i f possible. Five sanples are t est ed. The
grips of the Instron consist of air actuated grips designed to concentrate
the entire gripping force along a single |ine perpendicular to the
direction of testing 10 elongation having one flat surface and an opposi ng
face fromwhich protrudes a half round. No slippage should be
permtted between the sanple and t e4?'3)§ The di stance between the -
lines of gripping force should be S asured by a steel rule hel d
beside the grips. This distance will be referred to fromhere o@gas t he
"gauge’ |Eﬂg%h1———4é%—+———————¢he—Sﬁﬂﬁ+f?+€—+ﬁﬁﬁﬁﬁﬁiﬂﬂTﬂﬂﬂ?‘gkbpS W th
its long axis |perpendicular to the .

Fig. 13
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direction of applied elongation. An area representative of the overal

pattern geonetry shoul d be symetrically centered between the grips.
The crosshead speed is set to 10 in/mn. The crosshead noves to the
specified’strain (neasurenents are nmade at both 20 and 60%

el ongation). The width of the sanple at its narrowest point (w2) is 20
measured to the nearest 0.02" using a steel rule. The elongation in the
di rection of applied extension is recorded to the nearest 0.02" on
the Test Wrks software. The Poi sson's Lateral Contraction Effect
(PLCE) is calculated using the follow ng fornula: :
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[err] wher e ‘W2 = The width of the sanple under an applied
| ongi t udi nal ' _ el ongation;. 30
w = The.original wdth of the sanple; 12 = The

| ength of *the sanpl e under an applied | ongitudinal _
el ongati on; and 11 = The original length of the
sanpl e (gauge | ength); 35 Measurenents are nmade at both 20 and
60% elongation using five different - sanples for each given
el ongati on. The PLCE at a given percent elongation is the
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average of five measurenents. Wil e the test nethod descri bed
above is useful for many of the web materials of the present invention
it is recognized that the test nethod may have to be nodified to
accommpdate sone of the nore conplex web materials within the scope of the
5 present invention. Hysteresis Test The hysteresis test
‘is used for neasuring the percent set and percent force "~ rel axation of
a material. The tests are perforned on an Instron Mdel 1122, available 10
fromlInstron Corporation of Canton, Mass. which is interfaced to a Gateway
2000 486/ 33Hz conput er avallable from Gat eway 2000 of N Sioux City,
Sout h Dakot a :
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57049, using TestWirks[err] software which is available from Sintech, Inc.
of Research Triangle Park, North Carolina 27709. Al essenti al
paraneters needed for testing are - input in the TestWorks[err]
software for each test .(i.e. Crosshead Speed, Maxi mum 15 percent

el ongation Point and Hold Tines). Also, all data collection, data anal ysis
and =~ graphing are done using the TestWrks[err] software.

The sanples used for this test are 1" wide x 4" long with the |Iong axis of
t he sanple cut parallel to the direction of maxi numextensibility of
the sanple. The sanpl e should be cut with a sharp exacto knife or sone
suitably sharp cutting device 20 design to cut a precise 1" w de sanple.
(I'f there i.s npo.e than one direction of el ongation of the material,
sanpl es shoul d be taken parallel to representative di rections of

el ongation). The sanple should be t that an area representative of
the symmetry of the overall pattelzydﬂi e deformed region is represented.
There wi ||
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be cases (due to variations in either the size of the deformed portion or
the relative 25 geonetries of the-first and second regions) in which it
wi |l be necessary to cut either - larger or smaller sanples than is
suggested "herein. In this case, it is very inportant to note (al ong
with any data reported) the size of the sanple, which area of the deforned
region it was taken from and preferaﬁgﬁggaghude a schematic of the
representative area used for t e. Three separate tests at 20,
60 and 100% strain are typically 30 neasured for each material. Three
sanples of a given material are te§5&7 each percent el ongation
The grips of the Instron consiéthi airq%gbuaﬂbd grips designed to
concentrate the entire qriquNJfo ce along a.single lin

perpendi cular to the dir ' e TIg flat
surface and an opposi ng round 35 to
mnimze slippage of the . e betwean thp | i nes of gripping
force : : :

760 .

—74b -
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shoul d be 2" as neasured by a steel rule held beside the grips. This
di stance will be - 34

. -
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referred to fromhereon as the "gauge |l ength". The sanple is nounted in the

grips with Its long axis perpendicular to the direction of applied
percent el ongation. The crosshead speed is set to 10 in/mn. The
crosshead ‘'noves to the specified maxi num percent el ongation and hol ds

the sanple at this percent elongation for 30 seconds. 5. After the thirty
seconds the crosshead returns to its original position (0% el ongati on)

and remains in this position for 60 seconds. The crosshead then returns to
t he sane maxi num per cent el ongation as was used in the first cycle,
holds for thirty seconds and then again returns to zero. A
graph of two cycles is generated. A representative graph is shown in Fig.

7. 10 The percent force relaxation is determ ned by the foll ow ng

cal culation of the force -
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data fromthe first cycle: Force at Max. % el ongati-on - Force

after 30 sec. hold x 100 = % Force Rel axation Force at Maxi mum
% el ongation (cycle 1) 15 The- percent set is the percent elongation
of the sanple of the second cycle where the sanple starts to resist
the el ongation. " The percent set and the percent force relaxation are
shown graphically also in Figs. 7, 9, 11, 13 and 15. The average percent
force rel axati on and percent set for three sanples is reported for
each maxi mum percent 20 el ongati on val ue tested. Wil e the

test method descri bed above is useful for many of the web materials
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of the present invention it is recognized that the test nethod may have to
be nodified to accommpdat e sone of the nore conplex web naterials
within the scope of the present invention. 25 Tensil e Test

The tensile test is used for neasuring force versus percent _el'ongation
properties and percent available stretch of a material. The tests are
performed on an Instron Model 1122, available fromlInstron
Corporation of Canton, Mass. which is interfaced 30 to a Gateway 2000
486/ 33Hz conputer available from Gateway 2000 of N. Sioux Cty,
Sout h Dakota, using TestWorks[err] software which is available from

Si ntech, Inc. of Research Triangle Park, North Carolina. Al
essential paraneters needed for testing - are input in the

Test Wrks[err] software for each test. Also, all data collection, data
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anal ysis and graphing are done using the TestWrks[err] software. 35
The sanples used for this test are 1" wide x 4" long with the |ong.axis of
t he sanpl e cut parallel to the direction of nmaxi mum extensibility of

t he sanpl é&. The

This is the replacement sheet



e s *

35 sanpl e should be cut with a sharp exacto knife or sone suitably

sharp cutting device "design to cut a precise |I" wde sanple. (If there .
is nmore than one direction of extensibility of the material, sanples
shoul d be“taken parallel to representative direction

of el ongation).
The sanpl e should be cut so that an area representative of the 5

symetry
of the overall

pattern of the deforned region is represented. There will be
cases (due to variations in either

2I@/S of the deforned portion or the
rel ative geonetries of regions 1 and 2) i

in which it will be necessary
to cut either |arger or

smal | er sanpl es than I s suggested herein.
this case, it is very inportant to n
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(along with any data reported) the size of the sanple, which area of the
defornmed 10 region it was taken fromand preferably include a schenmatic of
the representative area used for the sanple. Three sanples of a given
material are tested. The grips of the Instron consist of air
actuated grips designed to concentrate the entire gripping force along a
single line perpendicular to the direction of testing stress havi ng
one flat surface and an opposi ng faca?ga&i ch protrudes a half round 15
to mnimze slippage of the sanple. ' nce between the |ines .of
gripping force shoul d be 2" as neasured by a steel rule held beside
the grips. This distance will be refejred to from her'e/on-531the
"gauge length". The sanple is nmounted ingt grips with its long axis
per pendi cular to the direction ?b,qkille perc Boygation. The
crosshead speed is set to 10 i nfm nThelcrosshead el'ongates the sanple

until the 20 sanple breaks at_which poii thm crosshead stops and returis
toits original position (O A
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% el pngation). . G aphs of the tensile data are shown in Figs.
6, 8 10, 12 and 14. The percent . avai l abl e stretch is the point at
which there is an i-nflection in the force - elongation curve, ‘beyond
whi ch point there is a rapid increase in the anount of force required to
25 elongate the sanple further. This point is shown graphically in Figs.

. 6, 8, 10, 12 and 14. The average of the percent available stretch
for three sanples is recorded. Wil e the test nethod
descri bed above is useful for many of the web materials of the
present invention it is recognized that the test nethod may have to be
nodi fi ed to acconmodate sone of the nore conplex web materials
wi thin the scope of the 30 present invention. VWi | e
particul ar enbodi nents of the present invention have been illustrated and

described, it would be obvious to those skilled in the art t hat vari ous
ot-her changes and
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nodi fications can be made w thout departing fromthe spirit and scope of
t he I nvention. It is therefore intended to cover in the appended
clainms al.l such changes and 35 nodi fications that are within the scope
of this invention.
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36 VWHAT IS CLAIMED | S: 1. A web material exhibiting an elastic-1ike

behavi or along at |east one axis, said web material, conprising at
| east a first region and a second region, said first region and said
second redion being conprised of the sane nateri al conposition and

each having an untensi oned projected pathlength, characterized in

that said first region undergoing a substantially nolecul ar-1evel
deformati on and said

Thig i tha raplacement sheet
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second region initially is undergoing a substantially geonetric deformation
"~ when said web material is subjected to an applied elongation in a

di rection substantially parallel to said axis, said first region and
sai d second regi on substantially returning to their untensioned

proj ected pathl engt h when said applied elongation is rel eased. 2.
The web material of Claim 1, wherein said first region and said second

regi on are visually distinct fromone another. 3. The web
material of Claim 1 or 2, wherein said second region includes a
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plurality of raised rib-like elenents. 4. The web material of any one

of the preceding Cains, wherein said web mat eri al exhibits.

el astic-like behavior along two or nore axes. 5. The web material of
any one of the preceding C ains, wherein said first region and said
second region are substantially |inear. 6. The web naterial of any

one of the preceding O ains, wherein said first

32/38
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region and.said second region are substantially curvilinear. 7. The
web material of any one of the preceding O ains, wherein said web

mat erial has an avail able stretch provided by said second region, in a
range from 10% - to 100% '
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37 8. The web material of any one of the preceding C ains, wherein said
first region and said second regi on each have a surface-pathl engt h,
sai d surface-pathlength of sai-d first region being | ess than that of
sai d secohd region as neasured parallel to said axis while said web
material is in an untensioned condition, said web material exhibiting
a Poisson lateral contraction effect |ess than about 0.4 at 20
percent el ongati on as neasured perpendi cular to said axis.
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9. _ The web material of any one of the preceding C ains, wherein said web
material exhibits at |least two significantly different stages of resistive
forces to an applied axial elongation along at |east one axis when
subj ected“to the applied el ongation in a direction parallel to said
axis, said first region wll exhibit a resistive force in response to
sai d applied axial elongation in a direction parallel ~ to said axis
before a substantial portion of said second region devel ops a

significant resistive force to said applied axial elongation, said web

mat eri al exhibiting a first -resistive force to the applied el ongat.ion
until -the el ongati on of said web material is great enough to cause a
substantial portion of said second regi on having a | onger

surface-pathlength to enter the pIaﬁﬁSg{ e applied axi al

el ongati on, whereupon said web material €xhibits a second resistive force
to further applied axial elongation, said web material exhibiting a
total resistive
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force higher than the resistive force of said first region. 10. The web
mat eri al of any one of the preceding Cains, wherein two or nore of
said first regions. have substantially simlar widths. 11. The web nmateri al

of any ont of the preceding Cains, wherein two or nore of sai d
first regions have different widths. - 12 . The web material of any one of
the preceding Clains, wherein said first region and said second

region are conprised of at |east one layer of filmmterial.
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13. The web material of Claim12, wherein said filmnmaterial
of pol yet hyl ene or bl ends thereof 14.
of the preceding Cains, wherein said web
two or nofe material s.

I's conprised
The web nmaterial of any one
material is a |am nate of
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38 15. The web material of any one of the preceding C ains, wherein said

web material forns at |east a portion of a backsheet on a di sposabl e
absor bent ~article. 16. The web material of any one of the preceding
Clainms, ywherein said web material forns at |east a portion of a

t opsheet on a di sposabl e absorbent article.

L]
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TEXT OF THE ABSTRACT .

. WEB MATERIALS EXHIBITING ELASTIC-LIKE BEHAVIOR

A web material (52) which exhibits an elastic-like behavior along at least one axis when
subjected to an applied and subsequently released elongation. The web material (52) includes a
strainable network having at least two visually distinct regions of the same material
composition. The first region (64) undergoes a molecular-level deformation and the second
region (66) initially undergoes a substantially geometric deformation when the web material
~ (52) is subjected to an applied elongation in a direction substantially parallel to the axis of
elongation. ' : , '

Figure 5A.
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36

WHAT IS CLAIMED IS:

1.

A web material exhibiting an elastic-like behavior along at least one axis, said
web material . comprising at least a first region and a second region, said
first region and said second region being comprised of the same material
composition and each having an untensioned projected pathlength, characterized in
that said first region undergoing a substantially molecular-leve! deformation and said
second region mutnally is undergomg a substantially geometric deformation when
said web material is subjected to an applied elongation in a direction
substantially parallel to said axis, said first region and said second region
substantially returning to their untensioned projected pathlength when said
applied elongation is released.

The web material of Claim 1, wherein said first region and said second region
are visually distinct from one another.

The web material of Claim 1 or 2, wherein said second region includes a
plurality of raised rib-like elements.

The web material of any one of the preceding Claims, wherein said web

material exhibits elastic-like behavior along two or more axes.

The web material of any one of the preceding Claims, wherein said first
region and said second region are substantially linear.

" The web material of any one of the preceding Claims, wherein said first

region and said second region are substantially curvilinear.

The web material of any one of the preceding Claims, wherein said web

material has an available stretch provided by said second region, in a range from 10%
to 100%.
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10.

11.

12.

13.

14.

37

The web material of any one of the preceding Claims, wherein said first region
and said second region each have a surface-pathlength, said surface-pathlength
of said first region being less than that of said second region as measured
parallel to said axis while said web material is in an untensioned condition, said
web material exhibiting a Poisson lateral contraction effect less than about 0.4
at 20 percent elongation as measured perpendicular to said axis.

The web material of any one of the preceding Claims, wherein said web

material exhibits at least two significantly different stages of resistive forces to

an applied axial elongation along at least one axis when subjected to the applied

elongation in a direction parallel to said axis, said first region will exhibit a

resistive force in response to said applied axial elongation in a direction parallel

to said axis before a substantial portion of said second region develops a

significant resistive force to said applied axial elongation, said web material

exhibiting a first resistive force to the ipplied elongation until the elongation of
said web material is great enough to cause a substantial portion of said second

region having a longer surface-pathlength to enter the plane of the applied axial

elongation, whereupon said web material exhibits a second resistive force to .
further applied axial elongation, said web material exhibiting a total resistive

force higher than the resistive force of said first region.

The web material of any one of the preceding Claims, wherein two or more of
said first regions have substantially similar widths.

The web material of any one of the preceding Claims, wherein two or more of
said first regions have different widths.

The web material of any one of the preceding Claims, wherein said first region
and said second region are comprised of at least one layer of film material.

The web material of Claim 12, wherein said film material is comprised of
polyethylene or blends thereof.

The web material of any one of the preceding Claims, wherein said web
material is a laminate of two or more materials.
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38
15. The web material of any one of the preceding Claims, wherein said web

material forms at least a portion of a backsheet on a disposable absorbent
article.

- 16. The web material of any one of the preceding Claims, wherein said web
material forms at least a portion of a topsheet on a disposable absorbent article.
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(54) Title: WEB MATERIALS EXHIBITING ELASTIC-LIKE BEHAVIOR

(57) Abstract .

_ A web material which exhibits an elastic-like behavior along at least one axis when subjected to an applied and subsequently released

clongation. The web material includes a strainable network having at least two visually distinct regions of the same material composition.
The first region undergoes a molecular-level deformation and the second region initially undergoes a substannally geometric deformation
when the web material is subjected 1o an applied elongation in a direction substantially parallel to the axis of elongation.
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