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Nonwoven fabrics have been used for a wide variety of
applications for at least fifty years. Nonwoven fabrics

"are textile-like materials produced directly from a web

of fibers so as to eliminate the many time consuming -
steps involved in converting staple length fibers into
woven or knitted goods. In one method of making a
nonwoven fabric, a web of fibers is produced, e.g. by
carding or air laying techniques, and the fibrous web is
then strengthened by the application thereto of a
polymeric binding agent. In another method of making a
nonwbven, the fibrous web is subjected to fluid forces
which serve to entangle the fibers, thus providing
strength to the finished material. Nonwoven fabrics are
inherently porous structures, i.e. they comprise pores
resulting from the overlapping and intersecting of their
constituent fibers. These pores allow for the passage
of fluids such as air and water or agqueous solutions.

In addition, nonwoven fabrics may be made so as to have

good softness, drapeability, and tactile impression.

Owing to their desirable characteristics, nonwovens have
been employed as facing materials for absorbent products
such as disposable diapers, sanitafy napkins,
incontinent devices, wound dressings and the like.

More recently, efforts have been made to produce porous
or liquid-permeable facing materials for absorbent
products by using plastic films as the starting
materials. For example, it is known to produce an:
apertured plastic film by placing a heated thermoplastic
sheet material on a patterned perforated surface and




whi ch serve to entangle the fibers, thus providing strength to the finished
mat erial . Nonwoven fabrics are inherently porous structures, i.e. they
conprise pores resulting fromthe overlapping and intersecting of—their 20
constituent fibers. These pores allow for the pasda8gé&heefHas BerinGkepissd®eh as

air and water or aqueous solutions. In addition, no may be
made so as to have good softness, drapeability, and si on
Owning to their desirable characteristics, nonwovens have n

enpl oyed as facing materials for absorbent préducts such as di sposable
di apers, sanitary napkins, incontinent devices, wound dressings and the

like. More recenPPPIYingop: Yacuum tberekar (The RERWR PRLls the

softened sheet material through the perforations,
thereby causing the film to rupture and form apertures.

5 U.S. 3,929,135 to Thompson et al. discloses perforated
topsheet materials for absorptive devices such as
sanitary napkins, incontinent pads, bandages and the
like. These topsheet materials are constructed from
liquid impervious materials such as low density

10 polyethylene and comprise a plurality of tapered
capillaries each of which has a base opening in the
plane of the top sheet and an apex opening which is
remote from the plane of the top sheet. The tapered
capillaries disclosed by Thompson et al. are preferably

15 provided in the form of a frustum of a conical surface
and have an angle of taper of from about 10° to 60°.

U.S. 4,324,276 to Mullane discloses an apertured formed
film having a caliper of less than about 0.030 inch
20 (0.075 cm), an open area of at least 35% and a plurality
of apertures at least 75% of which have an equivalent
- hydraulic diameter (EHD) of at least 0.025 inch (0.064
cm). The apertured formed film disclosed by Mullane is
useful as a topsheet for disposable absorbent products
25 of the type mentioned above.

U.S. 4,839,216 to Curro et al. discloses a debossed and
perforated plastic material produced by providing a
starting £ilm on a perforated forming surface and
30 applying an unconstrained liquid stream to the upper .

surface of the starting film. The liquid stream has

~ sufficient force and mass flux to cause the film to be

 deformed toward the forming surface, such' that the
material acquirés a substantial three-dimensional
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30 or |iquid-perneable facing materials for absorbent products by using
plastic filnms as the starting materials. -For exanple, it is known to
produce an apertured plastic filmby placing a heated thernoptastit sheet
material on a patterned perforated surface and - Phis SHe@[Hyis B@n Replaasd /UM
thereto. The vacuum pulls the softened sheet _materl ("u ﬁ,a

perforations, thereby causing the filmto rupture:an s. 5

U S 3,929,135 to Thonpson et al. discloses:Perforate

conformation, and to cause perforations to be created
therein.

European Patent Appliéation 0 304 617 in the name of Kao
5 Corporation discloses a covering sheet for a sanitary

article. The covering sheet comprises an opaque,
hydrophobic film having land portions and recesses, said
recesses being formed to have a bottom portion and side
walls. The side walls have a slanting part which is

10 provided with an opening such that the slanting part is
not covered by the land portion. This patent states
that the opening is always exposed to sight when it is
looked down at.

15 U.S. 4,690,679 discloses an apertured.film comprising a
first layer of a first polymeric film and a second layer
of a second polymeric film. Apertured films wherein the
apertures have average equivalent circular diameters

. ranging from about 0.010 inches (0.0254 cm) to about

20 0.030 inches (0.0762 cm) are disclosed as being useful

' as covering materials for absorbent products.

Other patents relating to apertured films and methods
and apparatus for making the same include U.S. 3,632,269,
25 to Doviak, et al. and U.S. 4,381,326 to Kelly.

Tricot knit fabrics are durable, soft and drapable. The
tricot fabric structure provides high quality
perceptioh, good aesthetics, and luxurious appeal.
30 .
No apertured film in the market today has an appearance
.and tactile impression similar.to tricot knit fabrics.
A tricot-like film would be'desirable as a covering
material for a variety of disposable absorbent products.
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topsheet materials for absorptive devices such as sanitary napkins,
incontinent pads, bandages and the |ike. These topsheet materials are
cénstructed fromliquid inpervious materials such as |ow density 10

pol yet hyl ene and conprise a plurality of tapered captrtHari-es_each of which

has a base opening in the plane of the top sheet andy openlng ‘whi ch
Is renote fromthe plane of the top sheet. The tapere’@g FX laced

di scl osed by Thonpson et al. are preferably pr o rn1of a
frustum of a coni cal surface and have an angle of tap

10[err] to 60[er b & ik NN | ane di scl oses an apertured f or med
filmbhaving a ca'lper ess than about 0.030 inch

The present invention is directed to an apertured
plastic film having a tricot-like texture. The
5 apertured film of the present invention comprises a

stretchable thermoplastic polymeric material having a
plurality of wales, a plurality of sloped side walls
extending from the wales and a plurality of clusters of
irregular micro-holes that are defined by a network of

10 fiber—~like elements. Each cluster of irregular micro-~
holes is connected between at least two of the sloped
side walls. The plurality of wales extends
longitudinally in a first direction which is transverse
to a plurality of rows of undulating ribs. The rows of

15 undulating ribs have a network of wales connected to
opposite sides of the ribs. The sloped side walls
extend at variable depths from the wales.

The apertured film of the present invention has an

20 appearance and tactile impression characteristics -
similar to those found in tricot knit fabrics. The film
is lint-free and has excellent softness. It permits
efficient transport of fluids and is suitable for use as
a cover material for disposable absorbent products.

25
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of a portion of the
apertured tricot-like plastic film of the present
30 invention.

Figure 2 is a photomicrograph plan view of the apertured
tricot-like plastic film of the present invention.
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20 (0.075 cm, an open area of at least 35% and a plurality of apertures
at |l east 75% of which have an equival ent hydraulic dianmeter (EHD) of at

| east 0.025 inch (0.064 cm. The apertured forned f||ﬁTH“SCfosed—b¥~Nhllane
Is useful as a topsheet for disposabl e absorbent prodﬂmﬁﬁw&@wswéﬁe

mentioned above. U S. 4,839,216 to Curro et al. dISC|O “ﬂ d
perforated plastic naterlal produced by providing a st

perforated form ng surface and 30 applyin? an uncons r

streamto the upper surface of the starting Prm The I|qU|d strean1has

suf 1 cient for co-papdqmosy § 140 RfEHEE LiEw bltalpadSed§ FoPbricHithd "

formng surface
apertured film of the present invention.

Figure 4 is an exploded perspective view of the starting

-] plastic film and a topographical support backing member
on which the starting film is positioned during
processing.

Figure 5 is a diagram of one pattern of apertures of the
10 backing member for producing the films of the present

i,

invention.

Figure 6 is a digitized image of a topographical support
_ member made with the aperture pattern of Figure S.
15 e
Figure 7 is a schematic view of the apparatus for making
the’topographiéal support member.

Figure 8 is a pixel by pixel diagram of an aperture
20 pattern for making a topographical support member.

Figure 9 is a block diagram of the process steps for
producing the £ilm of the present invention.

25  Pigure 10 is a diagrammatic view of one type of
apparatus for producing apertured film of the present
invention.

Figure 11 is a diagrammatic view of a preferred
30 apparatus for producing apertured film of the present
invention.

Figure 12 is a perspective view of a sanitary napkin
comprising the apertured film of the present invention.
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material acquires a substantial three-dinensional -3- conformation, and
to cause perforations to be created therein. European-Ratent Application O
304 617 in the name of Kao 5 Cor por ati on discloseﬁﬁ%;covering~§ﬁ§éﬁ for
E!MFTﬁ
I

a sanitary article. The covering sheet conprises an o hacddi .c

filmhaving land portions and recesses, said recessesr m 0 have

a bottomportion and side walls. The side walls have rt -which

'S ' : -
-G

Figure 13 is a partial sectional view taken along lines

13-13, Figure 12. '

S
Referring now to the drawings, Figure 1 is a perspective
view and Figure 2 is a photomicrograph of an apertured
plastic film having a tricot-~like texture in accordance
with the present invention.
10

The film 10 has a plurality of wales or ridges 12. The
ridges 12 have sloped side walls 14 extending from the
ridges to clusters 16 of irregular micro-holes 18
defined by a network of fiber-like elements or fibrils
1% 20. The clusters 16 of micro-holes 18 are connected by
the fibrils 20 between at least two of the sloped side
walls 12. The fibrils 20 are drawn or stretched
portions of the film that are formed during the
manufacturing process. Extending in a transverse
20 direction to the ridges 12 are a plurality of undulating
ribs 22 that are substantially free of holes. As can be
seen from Figures 1 and 2, the rows of undulating ribs
22 have a network of the wales 12 branching off from
opposite sides of the ribs 22. The sloped side walls 14
25 extend from the wales 12 at variable depths. 1In
addition, the side walls 14 are non—-uniform in shape.
The film 10 also includes a plurality of macro-holes 24
randomly dispersed throughout the film. The area of the
macro-holes 24 is substantially larger than the area of
30 the micro-holes 18. :

The apertured tricot-like plastic film 10 shown in
- Figures 1 and 2 essentially consists of four levels or
B planes. The first plane is comprised of the plurality
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10 provi ded with an opening such that the slanting part is not covered
by the | and portion. This patent states that the opening is al ways exposed
to sight when it is |ooked down at. 15 U.S. 4,690,679 discloses an
aperturedfil mconprising a first layer of a first po eqt Hasf BekmReplackda
second | ayer of a second polyneric film Apertured fil _
apertures have average equivalent circular dianeters out
0.010 inches (0.0254 cm to about 20 0.030 inches (0.0762 cm are

di scl osed as being useful as covering materi‘als for absorbent products.

O her patents relati to apertured fil and net hods and apparat us r

maki ng the same® n8?8§3 %?S.%§P6§2FQBQ Plane comprfLesr¥Le sfoped side
walls 14, the third plane comprises the cluster of
irregular holes 18 with fibrils 20 between them, and the
fourth plane comprises of apertured side walls 14 with

5 variable depths.

Figure 3 is a schematic view showing an apparatus for
making apertured plastic films of the preseht invention.
Apparatus 60 comprises a movable conveyor belt 62 and a

10 backing member 64, placed on top of the belt 62, to move
with the belt. The backing member 64 has a plurality of
openings (not shown in Figure 3) disposed therein, said
openings running through the thickness of the backing
member 64 from its upper surface 65a to its lower

15 surface 65b. The backing member 64 also has a
predetermined topographical design that in combination
with a pattern of apertures produces tricot-like
characteristics in the apertured film.

20  Placed on top of the backing member 64 is a thin,
continuous, uninterrupted starting film 67 of
thermoplastic polymeric material. This starting film
may be vapor permeable or vapor impermeable; it may be
.embossed or unembossed; it may, if desired, be corona-

28 discharge treated on one or both of its major surfaces
or it may be free of such corona discharge treatment.
The stretchable film may comprise any thermoplastic
polymeric material including, by way of example,
polyolefins, such as polyethylene (high, linear low or

30 low density) and polypropylene; copolymers of olefins
and vinyl monomers, such as copolymers of ethylene and
vinyl acetate or vinyl chloride; polyamides; polyesters;
polyvinyl alcohol and copolymers of olefins and acrylate
monomers such as copolymers of ethylene and ethyl
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25 to Doviak, et al. and U. S. 4,381,326 to Kelly. Tricot knit fabrics
are durable, soft and drapable. The tricot fabric structure provides high
gual ity perception, good aesthetics, and | uxurious appeal. 30 No apertured
filmin the market today has an appearance and t act iThieSheBiHaSBé&h RBplscedrl | ar

to tricot knit fabrics. Atricot-like filmwould be gmlﬂmlﬁum,“coverlng
material for a variety of disposable absorbent produ
acrylate and EMA (ethylenemethylacrylate). Starting
film comprising mixtures of two or more such polymeric
materials may also be used. The machine direction (MD)
and cross direction (CD) elongation of the starting film
5 to be apertured should be at least 100% as determined
according to ASTM Test No. D-882 as performed on a
Instron test machine run at a jaw speed of 50
inches/minute (127 cm/minute). The thickness of the
starting film (i.e. the film to be apertured) is
10 preferably uniform and may range from about 0.5 to 3
mils or about 0.0005 inch (0.0013 cm) to about 0.003
inch (0.076 cm). Co-extruded films can be‘used as can
films which have been modified, e.g. by treatment with a
~surface active agent. The starting film can be made by
15 any known technique such as casting, extrusion or
blowing. Preferably a 1 mil microembossed film

combrising a blend of linear low density polyethylene
(LLDPE) and low density polyethylene (LDPE) is used.

20 Situated above starting film 67 is a manifold 69 for
applying a fluid 63, preferably water, to the upper
surface 67a of the starting film as said film, supported
on backing member 64, is moved with conveyor belt 62.
The water may be applied at varying pressures. Disposed

25 beneath the conveyor belt is a vacuum manifold 70 for
removing water which is directed onto upper surface 67a
of starting film 67 as it passes under manifold 69.

In operation, starting film 67 is placed on backing

30 member 64 and the film and backing member are passed
back and forth under manifold 69 a number of times until
the desired apertured film is produced. |
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SUMVARY OF THE | NVENTI ON The present invention is directed to an apertured
plastic filmhaving a tricot-like texture. The 5 _ﬂﬂapELLULed—LLLn¥9i t he

present invention conprises a stretchable thernopl t| teria
having a plurality of wales, a plurality of slopedaﬂt i.ng
fromthe wales and a plurality of clusters of irregul I that
are defined by a network of 10 fiber-1like elenent r

irregular mcro- holes is connected betweesgat | east two of the slopeﬂ si de
wal l's. The plurality of wales extends longitudinally in a first direction
V\:hl ch is transMarsfold asg)lcnnpriges)fa rplaral itydofahiolgs whichTmayr ows of

range in number from about 30 per lineal inch to about
100 per lineal inch. Preferably, the number of holes in
the manifold ranges from about 35 per lineal inch to
S about 50 per lineal inch. The holes are preferably

circular in configuration and have diameters ranging
from about 0.003 inch (0.0076 cm) to about 0.01 inch
(0.0254 cm), preferably 0.005 inch (0.0127 cm) to 0.007
inch (0.018 cm). After the starting film and backing

10 member are passed under manifold 69 a number of times,
the application of the water is stopped and the
application of vacuum is continued to assist in
dewatering the resulting apertured film of the
invention. The apertured film is removed from the

15 backing member and dried by any convenient technique
such as the application thereto of a warm air flow or by
solvent extraction. |

'4

Figure 4 is an exploded perspective view of certain

20 parts, i.e. starting film 67 and to topographical
support or backing member 64, described earlier herein
in conjunction with Figure 3. As mentioned earlier,
starting film 67 comprises a thermoplastic polymeric
material or mixture of two or more such polymeric

25 materials and, as illustrated in Figure 4, the film may
be embossed or unembossed. A portion 75 of starting
film 67 comprising embossments 76, and a portion 77 of
unembossed film 67 are shown in the upper portion of
Figure 4. -

30
The backing or topographical support member 64 comprises
a body 65 having a top surface 66 and bottom surface 67.
Disposed in a predetermined pattern across top surface
66 is an array of peaks 68 separated by valleys 69. A
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15 undul ating ribs have a network of wal es connected to opposite sides
of the ribs. The sloped side walls extend at variabl'e depths fromthe

wal es. The apertured filmof the present inventi onrhha;heeaﬁasmenRe kggdear anc
and tactile inpression characteristics - simlar to n trlcot
knit. fabrics. The filmis lint-free and has excelle It pern1ts
efficient transport of fluids and is suitable for use as a cover mat er

for disposabl e absorbent products. 25 BRI EF~IESCRI PTI ON OF THE DRAW NGS

Figure 1.is a perspective view of a portion of the apertured tricot-Ilike
plastic filmof plarplitygnof drainage apertures 70 extending through the

support member are disposed in a pattern in the member

64. In this embodiment, each drainage aperture 70 is

surrounded by a cluster of six peaks 68 and six valleys
5 69.

The drainage apertures 70 are tapered, or "bell
mouthed", having a larger diameter at the top surface of
the support member than the bottom surface. Lines 71

10 are drawn tangent to opposed points on walls 72 one hole
radius below top surface 66. The angle 73 formed by
lines 71 must be controlled relative to the thickness 74
of the support member 64 to produce the intended result.
A suitable angle can be established without undue

15 experimentation. For example, if the anglg is too
great, the apertures 70 will be too small and
insufficient drainage will be provided. If the angle is
too small, there will be very few or no peaks and
valleys.

20
The center-to-center spacing of adjacent apertures in
‘the repeating pattern is of similar importance. The
peaks 68 and valleys 69 are created by the intersection
of the tapered somewhat conical apertures 70. If the

25 éenter-to-center spacing of the apertures were greater
than the major diameter of aperture 70 at the top
surface 66, no intersection would result, and the member
would be a smooth, flat top surface with conical
apertures disposed throughout. When the center-to-

30 center spacing of adjacent apertures is less than the
aperture diameters measured along that center-to-center
line, the conical surfaces intersect forming a valley.

P —
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30 I nvention. Figure 2 is a photom crograph plan view of the apertured
tricot-like plastic filmof the present invention———=5—Fgure—3+S a

schematic view of apparatus for produci ng apert ureghf §letHaf BdehiRe gpent
i nvention. Figure 4 is an expl oded perspective view
plastic filmand a topographical support backing nme mmmmnmiif
starting filmis positioned during prOCGSSU¥%-
Figure 5 is a diagram showing an example of one pattern
of drainage apertures 70 used for a topographical
support member. In this exehplary embodiment, there are
two sizes of openings that are used to make up pairs of
5 apertures in rows in the cross direction. The pairs are
staggered in the machine direction (MD). The pairs are
made up of a row of holes having a size A and a row of
holes having a size B, where A is larger than B. The
, spacing C between pairs of A, B rows is greater than the
10 spacing D between the A and B rows.

Figure 6 is a digitized image of the forming member 64
shown in Figure 4 that was fabricated using the hole
pattern of Figure 5. The holes of sizes A and B are

15 shown with their respective dimensions of peak to valley
heights and peak-to-peak spacing.

A preferred apparatus for producing the topographical
support member of Figure 4 is shown in Figure 7. The

20 starting material for the support member may be any
desired shape or composition. The topographical support
member preferably comprises acetal; acrylic will also
perform satisfactorily. 1In addition, the preferred
shape of the starting material is a thin wall,

25 cylindrical, preferably seamless, tube that has been
.relieved of residual internal stresses. As will be
described later, the cylindrical shape accommodates the
preferred apparatus for producing the apertured films of
the invention.

30 |
Tubes manufactured to date for use in forming support
menbers are 2 to 6 feet in diameter and have a length
ranging from 2 to 16 feet. The wall thickness is
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Frgure 5 is a diagramof one pattern of apertures of the 10 backi ng
menber for producing the filnms of the present invention. Figure 6 is a
digitized i mage of a topographical support nmenber made with the aperture

pattern of Figure 5. 15 Figure 7 is a schematic vi eWuof’fhthHes

maki ng the topographical support nenber. Figure 8 |s

di agram of an aperture 20 pattern for making a to port

nmenber. Figure 9 is a block diagramof the prpeess steps for produ0|ng t he

filmof the present invention. 25 Figure 10 is a diagrammatic view of

one type of ~ nominally % inch. These sizes are a matter of design
choice.

A starting blank tubular workpiece 80 is mounted on an
S appropriate arbor, or mandrel 81 that fixes it in a

‘cylindrical shape and allows rotation about its
longitudinal axis in bearings 82. A rotational drive 83
is provided to rotate mandrel 81 at a controlled rate.
Rotational pulse generator 84 is connected to and

10 monitors rotation of mandrel 81 so that its precise
radial position is known at all times.

Parallel to and mounted outside the swing of mandrel 81
is one or more guide ways 85 that allow carriage 86 to

15 traverse the entire length of mandrel 81 while
maintaining a constant clearance to the top surface 9 of
tube 80. Carriage drive 93 moves the carriage along
guide ways 85, while carriage pulse generator 94 notes
the lateral position of the carriage with respect to

20 support member 80. Mounted on the carriage is focusing
stage 87. Focusing stage 87 is mounted in focus guide
ways 88 and allows motion orthogonal to that of carriage
86 and provides a means of focusing lens 89 relative top
surface of tube 80. Focus drive 92 is provided to

25 position the focusing stagé 87 and provide the focusing
of lens 81.

Secured to focusing stage 87 is the lens 89, which is
secured in nozzle 90. Nozzle 90 has means 91 for

30 introducing a pressurized gas into nozzle 90 for cooling
and maintaining cleanliness of lens 89.
Also ‘mounted on the carriage 86 is final bending mirror
95, which directs the laser beam 96 to the focusing lens
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apparatus for producing apertured filmof the present invention. Figure 11

Is a diagrammatic view of a preferred 30 apparatus_LgL—pFeduerﬁg———
apertured filmof the present invention. Figure 12 is géggs(gebﬂlﬁeﬁbﬁw of

a sanitary napkin conprising the apertured film of the
Figure 13 is a partial sectional view taken along |i nesTmE“ |“Iﬂm
DETAI LED DESCRI PTI ON OF THE | NVENTI ON

89. Remotely located is the laser 97, with optional
beam bending mirrors 98 to direct the beam to final beam
bending mirror 95. While it would be possible to mount
the laser 97 directed on carriage 86 and eliminate the

5 beam bending mirrors, space limitations and utility
connections to the laser make remote mounting far
preferable.

When the laser 97 is powered, the beam 96 emitted is
10 reflected first off beam bending mirror 98, then final
beam bending mirror 95, which directs it to lens 89.
The path of laser beam 96 is configured such that, if
lens 89 were removed, the beam would pass through the
longitudinal center line of mandrel 81.
15 ¢
With lens 89 in position, the beam is focused below, but
near the top surface 9 of tube 80. Focusing the beam
- below the top of surface is identified as "defocusing"
the laser beam relative to the surface of the tube.
20
While this invention could be used with a variety of
lasers, the preferred laser is a fast flow CO, laser,
capable of producing a beam rated at up to 2500 watts.
This process is in no way dependent on such a high power
25 laser, as support surfaces have been'successfuily
drilled with a slow flow CO, laser limited to 50 watts. .

When focusing lens 89 passes beam 96, it concentrates
the energy near the center of the beam. The rays are
30 not bent through a single point, but rather a spot of
small diameter. The point of smallest diameter is said
. to be the focus or focal point. This occurs at a
- distance from the lens said to be the focal length. At
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S Referring nowto the drawings, Figure 1 is a perspective view and Figure

2 is a photom crograph of an apertured plastic fil mhavitag—a—t+iecot-like
texture in accordance with the present invention. 10

R&hdet 1
plurality of wales or ridges 12. The ridges 12 have sl SRS §aﬁ4
extending fromthe ridges to clusters 16 of irregular Hm ml
defined by a network of fiber-like elenents or fibrils : e

clusters 16 of micro-holes 18 are connected_?%bthe fibrils 20 between at
|

l east two of the sloped side walls 12. The fibrils 20 are drawn or
stretched lengths either shorter or greater than the focal length,

measured spot sizes will be greater than the minimum.

The sensitivity to focus position is inversely
5 proportional to focal length. Minimum spot size is
directly proportional to focal length. Therefore, a
short focal length lens can achieve a smaller spot size
but must be more accurately positioned and is affected
dramatically by surface run-out. Longer focal length
10 lenses are more forgiving of target positioning, but can
only achieve somewhat larger spot sizes. Thus, in
addition to the power distribution contributing to the
tapered top portion of the drilled aperture, the
defocusing of the beam below the surface also _
‘ 15 contributes to the angle and length of the taper, and
hence the shape and size of the peaks and valleys.

In order to fabricate a support member, an initial
focusing step must be performed. Once a blank tubular

20 workpiece 80 is positioned on the mandrel 81, the laser
is pulsed briefly and the mandrel rotated slightly
between pulses such that a series of small depressions
is produced. The focus stage 87 is then moved with
respect to the mandrel center line to change the focus

25 position and another series of depressions is produced.
Typically a matrix of 20 rows of 20 depressions each is
drilled. The depressions are examined microscopically,
and the column of smallest depressions identified. This
is established as the reference diameter for top surface

30 9 of the blank tubular workpiece 80 at which the beam
was focused.

A desired pattern is selected, such as the one shown in
Figure S. The pattern is examined to determine the
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portions of the filmthat are formed during the manufacturing process.

Extending in a transverse 20 direction to the ridges 12 are a plurality
of- undul ating ribs 22 that are substantially free of holes. As can*be~seen

wal | s 14 25 extend fromthe wales 12 at variable d t|on
the side walls 14 are non-uniformin shape. The film
plurality of macro-holes 24 randomy di sper s&b= hroughout the film The

area of the macro-holes 24 is substantlallx | arger than the area of 30
the micro-hol es umber of repeats that will be required to cover the

circumference of the workpiece and complete the surface
without an obvious seam. Similarly, the advance along
the longitudinal axis of the tubular workpiece per

S repeat and total number of repeats is established.
These data are entered into a computer control for
operatxng the laser drilling machine.

fromFigures 1 and 2, the rows of undulating ribs 22Thamemﬂhms&= t he
wal es 12 branching off from opposite sides of the r|b lm d si de
al's

In operation, the mandrel, with the tubular workpi;ce
10 mounted thereon, is rotated in front of the lens. The
carriage is motored so that the first aperture position
corresponds with the focal point of the lens 89. The
focus stage is motored inward, placing the focal point
inside the interior of the material to be drilled. The
15 laser is then pulsed, with some combination of pulse
power level and duration. Aas seen in Figure 4, the
diaﬁeter of aperture 70 at the top surface 66 is
considerably larger than the diameter of the aperture at
the lower surface 67. In order to achieve the desired
20 topographical configuration, two factors need to be
measured and controlled. First, the degree with which
the lens is focused into the interior of the workpiece
increasés-the cone angle 73, and second, increasing the
power level or pulse duration increases the depth and
25 diameter. Once an aperture of the proper diameter and
taper is achieved, the rotational drive and carriage
drive can be indexed to reposition the support member
such that the next intended hole position corresponds to
the focal point. The process is then repeated until the
30 entire pattern has been drilled. This technique is
known as "percussion" drilling.
If the laser selected is of sufficient power, the
mandrel and carriage do not need to be stopped during
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The apertured tricot-like plastic film210 shown in Figures 1 and 2
essentially consists of four levels or planes. The first plane is
conprised of the plurality -7- of wales 12, the second plane conprises
the sloped side walls 14, the third plane conpri ses'tﬂﬁsﬂhkmﬂtsds'eeml{eﬁlaced

irregular holes 18 with fibrils 20 between them and t
conprises of apertured side walls 14 with 5 vari abl ; e 3is

a schematic view show ng an apparatus for -16-
the laser pulse. The pulse can be of such short
duration that any movement of the workpiece during the
drilling process is inconsequential. This is known in
the trade as "fire-on-the-fly" drilling.

If the laser can recover rapidly enough, the workpiece
can be rotated at a fixed speed and the laser pulsed
once to create each hole. In a pattern such as the one
shown in Figure 5, the laser would normally be pulsed to

10 produce a complete column, the carriage indexed to the
next column position and the beam pulsed for the next
series of apertures.

One problem that may occur depending on the type of
15 material and density of the pattern of apertures, is the

introduction of a large amount of heat into a small area
of the forming surface. Gross distortion, and the loss
of pattern registration may result. Under some
conditions, major dimensional changes of the part

- 20 results, and the surface is neither cylindrical nor the
right size. In extreme cases, the tube may crack.

A preferred embodiment of the present invention, which
eliminates this problem, uses a process called defocused
25 raster scan drilling.

In this approach, the pattern is reduced to the smallest
rectangular repeat element 41 as depicted in Figure 8.
This repeat element contains all of the information
3o required to produce the pattern in Figure 5. When used
like a tile and placed both end-to-end and side-by-side,
- an overall pattern is the result.
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maki ng apertured plastic filns of the present invention. Apparatus 60
conpri ses a novabl e conveyor belt 62 and a 10 backi ng nenber 64, placed
on top of the belt 62, to nove with the belt. The backing menber 64 has—a-
plurality of openings (not shown in Figure 3) disposed ﬂ"hleSlwetrHasBébh@teplaced

openi ngs runni ng through the thickness of the backing ne
upper surface 65a to its | ower 15 surface 65b. The b
al so has a predeterm ned topographical design that in co |na |on

pattern of apertures produces tricot-like chd¥acteristics in the apertured

film 20 Pl aced,on top of the backln menber 64 |s a thin, continuous,

-smaller rectangular units or “pixels" 42. Though
typically square, for some purposes, it is more
convenient to employ pixels of unequal proportions.

Each column of pixels represents one pass of the
workpiece past the focal position of the laser. This
column is repeated as many times as is required to reach
completely around support member 80. Each pixel where

10 the laser is intended to create a hole is black. Those
pixels where the laser is turned off are white.

To begin drilling at the top of the first column of
pixels in Figure 8, while the mandrel is turning at a

15 fixed rate, the laser is turned on, maintained at a
constant power level for 11 pixels and then switched
off. These pixels are counted by the rotational pulse
generator 84 in Figure 7. The laser remains off for the
next 14 units. This laser off/on sequence is repeated

20 for the first revolution, at which point the mandrel is
back to starting position, carriage drive 93 has
repositioned the carriage one unit and the computer is
ready to do column 43a.

25 During column number 43a, the laser has a shorter “on
time" (now 9 units) and longer “off time" (now 16
units). The total number of on and off times is a
constant based on the pattern height.

30 This process is repeated until all of the columns have
been used over an entire revolution each; in the case of
- Pigure 8, there were 15 revolutions of the mandrel. At
this point, the process returns to the instructions in
column 43. =
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thernopl astic polyneric material. This starting filmmy be vapor perneable
or vapor inperneable; it nay be enbossed or unenbossed; it __may, I f desired,
be corona- 25 di scharge treated on one or both of itsS wajor Surfaces or
it may be free of such corona discharge treatment. The sﬂhesmhabkﬁahmk

conprise any thernoplastic polynmeric materi al |nclud|ng
pol yol ef ins, such as polyethylene (high, linear |ow or

suc
nyl chl ori de; polyan1des

and pol ypropyl ene; copolyners of olef ins ang vi nyl nnnoners

copol ynmers of ethyl ene and vi nyl acetate or o

P et <" S e, e I8, pRR SRR Pl Sdes PrBRdoRs ' Ridner
of narrow cuts in the material, rather than a large
hole. Because these cuts are precisely registered to
line up side-by-side and overlap somewhat, the

] cunulative effect is a hole. In the pattern of Figure

8, each hexagonal hole 44 actually requires 7 passes
separated by a complete revolution, distributing the

energy around the tube and minimizing local heating.

10 If, during this drilling operation, the lens was focused
at the top surface of the material, the result would be
hexagonal holes with reasonably parallel walls. The
combination of raster scan drilling with the defocused
lens approach, however, produces the forming surface of

15 Figure 4. ' ¢

In the present invention, the apertures 70 are quite
small and numerous. Typical patterns range from 800 to
1400 apertures per square inch.

20 |
Figure 9 is a block diagram showing the several steps in
the process for producing the novel apertured films of
the present invention. The tirst step in the process is
to position a piece of thin, stretchable film of

25 thermoplastic polymer materials on a support member (Box -
1). The support member with the stretchable film
thereon is passed under high pressure fluid ejecting
nozzles (Box 2). The preferred fluid is water. The
water is transported away from the support member,

30 preferably using a vacuum (Box 3). The film is de~
watered, suction being preferred for this purpose (Box
4). The de-watered apertured film is removed from the
support member (Box 5). Residual water is removed fronm
the apertured film, e.g. by applying a stream of air
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acrylate and EMA (et hyl enenethyl acrylate). Starting filmconprising
m xtures of two or nore such polyneric naterials may al so be used. The

machi ne direction (MD) and cross direction (CD) elongation of the starting
filmb to be apertured should be at |east 100% as dﬁg heet Has BeendReplnadil ng

to ASTM Test No. D-882 as perfornmed on a Instron test a jaw
speed of 50 inches/mnute (127 cm mnute). The thickne ting
film(i.e. the filmto be apertured) is 10 preferably uniformand nmay
range fromabout 0.5 to 3 ~19- : '

thereto (Box 6). The apertured film is then rolled up
to await use as is or as a structural component of
another product such as a sahitary napkin, disposable
diaper or wound dressing (Box 7).

Figure 10 is a diagrammatic view of an apparatus for
continuously producing the apertured films of the
pPresent invention. Apparatus 90 comprises a backing
member provided in the form of a conveyor belt 91.

10 Conveyor belt 91 is continuously moved in a
counterclockwise direction about a pair of spaced apart
rollers 92, 93 as is well-known. Disposed above
conveyor belt 91 is a fluid supply manifold 95
connecting a plurality of lines or groups 96 of |

15 orifices. Each group 96 of orifices includes at least
one row of very small diameter holes, there being thirty
or more of such holes per lineal inch in each row.
Manifold 95 is equipped with pressure gauges 97 and
control valves 98 for regulating the fluid pressure in

20 each line or group of orifices. Means (not illustrated
in the drawings) are provided for supplying water at an
elevated temperature to manifold 95. Disposed beneath
each orifice line or group is a suction member 99 for
removing excess water during processing and to keep the

25 aperturing zone from flooding. The starting film 67 to
be formed into the apertured film 68 of the invention is
fed to the conveyor belt comprising the backing member.
The starting film passes under the group 96 of orifices
where it is exposed to the columnar streams of water

30 being ejected from the orifices. The pressure of the
water columns being ejected from the individual groups
96 of orifices can be set by pressure control valves 98
to any desired pressure. The pressure of the water
supplied to the groups 96 of orifices should be at least
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mls or about O. 0005 inch (0.0013 cm to about O. 003 i nch (0.076 cm .
Co-extruded filnms can be used as can filns which have been—+edified,__e.q.
by treatnment with a surface active agent. The startlngrmggghgépBbe made by

15 any known techni que such as casting, extrusion. or cen Replaced
Preferably a 1 m| mcroenbossed filmconprising a blen mm

density pol yethylene (LLDPE) and | ow density pol yethyle ed.

20 Situated above starting filme67 is a manifold 69 for applylng a fluid

63, preferably water, to the upper surface =@@r of the starting filmas said

film supported on backlng menber 64, is noved with conveyqQr belt 62. The
water may be apfhaut $00, Reic AN Ay, E3Ngs YPotR{1500 psig or even

higher. In the process for making apertured films of
the present invention, it is preferred that the
individual groups 96 of orifices eject water at the same
s pressure. Though six fluid supplying groups of orifices
are shown in Figure 21, the number of groups 96 of
orifices is not critical, but will depend on the
thickness of the starting film, the speed of the
| conveyor belt, the pressures employed, the number of
10 rows of orifices in each group 96 of orifices, etc.
After passing between the columnar water jets and
suction manifold 99, the apertured film 68 passes over
an additional suction slot 99a to remove excess
processing water therefrom. The conveyor belt
15 comprising the backing member may be made from
relatively rigid material and may comprise a plurality
of slats. Each slat extends across the width of the
conveyor and has a lip on one side and a slat engages
the lip of an adjacent slat to allow for movement
20 between adjacent slats and to allow for these relatively
rigid slat members to be employed in the conveyor
configuration shown in Figure 21. Alternatively, the
backing member may be a woven screen having high points
which support the film and low points into which the
25 . film is moved during processing.

Referring to Figure 11, there is shown a preferred
apparatus for making apertured films of the present
invention. Apparatus 100 comprises a rotatable drum
30 101. The drum has a honey-comb structure to allow for
the passage of fluids therethrough, rotates in a
counterclockwise direction and carries a backing member:
in the form of an elongated cylinder or sleeve 103
placed over its outer surface. Disposed about a portion
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25

under

about
nunber

beneath the conveyor belt is a vacuum nmani fold 70 for renoving water
which is directed onto upper surface 67a of starting film®67 as it passes
mani fold 69. In operation, starting film®67 is placed on_backing_ 30
menber 64 and the film and backi ng nenber are passed b

%@ks nd forth under
mani fold 69 a nunber of tinmes until the desired apertur it ted.
Mani fold 69 conprises a plurality of holes which may ran & i rom

30 per lineal inch to about 100 per lineal inch.

e

of holes in =21~

10

15

20

25

30
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of the periphery of the drum is a manifold 105
connecting a plurality of orifice strips 106 for
applying water to a stretchable thermoplastic starting
film 107 carried on the outer surface of sleeve 103,
Each orifice strip comprises a row of very fine uniform
circular holes. The diameter of these holes should
range from approximately 0.005 inch (6.0127 cm) to 0.010
inch (0.0254 cm). There may be as many as 50 or 60
holes per lineal inch or more if desired. Water is
directed under pressure through the orifices, forming
columnar streams which impinge on the upper surface of
the starting film in a contact or aperturing zone below
the orifice strips. The distance from the orifice
strips to the upper surface of film 107 being processed
is about 0.75 inch (1.90 cm.). The pressure of the
water supplied to the orifice_strips is controlled by
pressure control valves 109, the pressure being
indicated by pressure gauges 110. The drum is connected
to a pump 112 to which a vacuum may be applied to aid in
removing water so as to keep the aperturing zone from
flooding. In operation, the starting film 107 is placed
on the backing member 103 and passed counter-clockwise
under the water ejecting orifice strips 106. 2aAs film
107 passes underneath the orifice strips, it is formed
into the apertured film of the invention.

The apertured tricot-like plastic film of the present
invention has a micro-hole size that is under 25 mils
equivalent hydraulic diameter (EHD) and equivalent
circular diameter (ECD). The ECD data are obtained from
an image analyzer and is calculated in accordance with

the following formula: ECD = 4A, where A is equal
: V w



the manifol d ranges from about 35 per lineal inch to 5 about So per
lineal inch. The holes are preferably circular in canfiguration and have
di.ameters rangi ng from about 0.003 inch (0.0076 cnm t abo_F‘ﬁ‘GI I nch—

(0.0254 cnj, preferably 0.005 inch (0.0127 cn) to 0.00#S adell) .
After the starting filmand backing 10 menber are pﬁ-~- nifold
69 a nunber of tines, the application of the water i s e

application of vacuumis continued to assist én dematerlng the resulting
apertured filmof the invention. The apertu? d filmis renoved fromthe 15

backi ng nenber apgd dgie y n Len echnlﬁwg C h
application t herggoqgtf g‘%r %r}ait?‘%f ﬁg\%"ﬁrw 1 gai‘éuia@ed from
the measured area and perimeter of each micro-hole
according to the formula: EHD = 43, where A equals
P

5 the mirco-hole area and P equals the micro-hole
perimeter. The average ECD ranges from about 2 to 7
mils with the preferred average being 5 mils. The ECD
coefficient of variation (COV) ranges from 50 to 70%.
The EHD COV is at least 40%. COV is determined from the

10 formula: COV = _SD x 100%, where SD is the

mean

standard deviation. The number of micro-holes per
square inch ranges from about 4,000 to 7,000 with the
preferred number being about 6,000 micro-holes per

15 square inch. The area of the micro-holes ranges from
about 4000 to 7000 square mils. The open area of the
film may be as low as 1%. The thickness of the film
ranges from about 10 to 20 mils with the preferred bulk
being 15 mils. The number of wales ranges from 500 to

20 6,000 per square inch. The width of the fiber-like
elements ranges from 1 to 10 mils with the preferred
range being'from 1 to 5 mils. The length of the fiber-
like elements ranges from about 10-500 mils.

25 EXAMPLE 1

An apertured film of the present invention was made by
processing a starting film on the apparatus of Figure
11. The starting film comprised a 40:60 (wt%) blend of
30 commercially available low density polyethylene and

linear low density polyethylene. The starting film had
a thickness of 0.8 mil and was embossed with a diamond
pattern having 165 lines per inch. Only 3 of the
orifice strips 106 in the apparatus of Figure 11 were
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sol vent extraction. Figure 4 is an expl oded perspective view of certain 20
parts, i.e. starting film®67 and to topographical suppert—er—backing nmenber

64, described earlier herein in conjunction wth Figure g ﬁ§ tloned
earlier, starting film 67 conprises a thernoplastic poly h@ﬂ
m xture of two or nore such polyneric 25 materi al s angﬂ"ﬂ ,Ied
in Figure 4, the filmnmay be enmbossed or unenbossed. A po

starting film 67 conprising enbossnents 76, Qd a portion 77 of unenbossed
f|In167 are shown in the upper portion of Flgure 4. 30 :

employed. Water at 160°F was supplied to the three
orifice strips at a pressure of 1350 psig. The line
speed of the apparatus was 50 yards/minute. The sleeve
103 had the topographical configuration shown in Figqure

L] 4. The resulting apertured film has an open area of
10%. The average ECD of the micro-holes in the final
film was S mils. The COV of the ECD of the micro-holes
was 58%. The Frazier air permeability of the apertured
film was 350 cubic feet/minute/sq. ft. of film.

10 '

EXAMPLE ¢

Example 1 was repeated except that the starting film had

a thickness of 0.95 mil and the pressure at which water
15 was supplied to the three orifice strips was 1200 psig.

The resulting apertured f£ilm had an open area of 58%.

The average ECD of the micro-holes in the film was 3

mils. The COV of the ECD of the micro-holes was 62%.

There were 6,300 micro-holes per square inch and all of
20 the micro-holes had an EHD under 25 mils.

The films produced in the above examples were lint free

£ilms suitable for use as a wiping cloth or pouch cover.

In addition, the film structure did not have interstices
25 = to entrap fluid which provides clean/dry properties.

The films had good aesthetics, fabric feel, efficient

fluid transport and softness.

The apertured films of the present invention may be used

30 as facing materials for absorbent products such as
disposable diapers, sanitary napkins, wound dressings,
incontinent devices and the like.
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The backi ng or topographical support nenber 64 conprises a body 65 having a
top surface 66 and bottom surface 67. Disposed in a predeterm ned pattern
across top surface 66 is an array of peaks 68 separatéﬂ“ﬁ?‘var1éys—69 _ﬁr
plurality of drainage apertures 70 extending through t HEhissShgpBistBetEEdRkdAl ©

di sposed in a pattern in the nenber 64. In this enbodl rrF’"J mﬂﬂﬂmm’nage
aperture 70 is surrounded by a cluster of six peaks 68 a
69. The drai nage apertures 70 are tapered, 954"b ell .
When used as covering materigls for sanitary napkins, it
is preferred that the micro-holes of the apertured
thermoplastic films of the present invention be
sufficient in number to provide an open area ranging
L from about 1 to 15%, with the number of larger-sized
holes preferably being minimized. It is preferred that
at least fifty percent (50%) of the micro-~holes
comprising the film have EHD’s ranging between 0.5 and
25 mils. The COV of EHD of the micro-holes is
10 preferably at least 50%. Preferably, at least seventy-
five percent (75%) of the micro-holes have areas less

than 400 square mils and the coefficient of variation of
micro-hole area should be at least 100%.

15 Referring to Figures 12 and 13, there is shown a P
sanitary napkin 200 comprising an absorbent core 202 of
wood pulp fibers, a thin, fiuid-impermeable barrier film
204 and a covering material 206 which may be any of the
apertured films of the invention. Preferably, the

20 covering material has the structure shown and described
herein with reference to Figures 1 and 2. Barrier film
204, which may comprise, e.g. a thin film of
polyethylene, contacts the lower surface of absorbent
core 202 and runs part way up the longitudinal sides of

25 the absorbent core. Covering material 206 has a length
somewhat longer than the length of the absorbent core
and is wrapped around the absorbent core and barrier
film as shown in Figure 13. The longitudinal edges of
the cover material are overlapped and sealed together on

30 the lower surface of the napkin in the usuval manner. In
the embodiment illustrated, the cover material is sealed
to itself at the ends 208, 210 of the sanitary napkin.
As illustrated in Figure 13, sanitary napkin 200 has a
layer of adhesive 212 for adhering the napkin- to the
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nout hed", having a larger dianeter at the top surface of the support nenber
than the bottom surface. Lines 71 10 are drawn tangenLhLQ_Qprigg_QOInts
on walls 72 one hol e radi us bel ow top surface 66. The e 73 forned by
lines 71 nmust be controlled relative to the thickness
menber 64 to produce the intended result. A SU|tabIe an
est abl i shed w t hout undue 15 experi nment ati on. angle
is too great, the apertures 70 will be too snall and |nsuff|C|ent dralnage
will be provided. If the angle is too smallT2%here will be very few or no
peaks and val |l eys. 20

undergarment of the user. Adhesive 212 is protected

prior to use by a removable release strip 214.

While several embodiments and variations of the present

5 invention are described in detail herein, it should be
apparent that the disclosure and teachings of the
present invention will suggest many alternative designs
to those skilled in the art.
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The center-to-center spacing of adjacent apertures in the repeating pattern
is of simlar inportance. The peaks 68 and valleys 69 are Created by the —
i.ntersection of the tapered somewhat conical apertures 7

center-to-center spacing of the apertures were greater t z“ll“l lmwgm””"l
di aneter of aperture 70 at the top surface 66, no intersecti en

result, and the nmenber would be a snooth, flat top surfa£QQMAth_con|ca
apertures disposed throughout. Wien the center-to- 30 enter s aci ng of
adj acent apertures is less than the apert er2é=di aneters | %\ ﬁi\m:ﬁlﬂtai

center-to-center line, the conical surfaces intersect for
i. An apértured plastic film having a tricot-like

WHAT I8 CLAIMED 18:
texture comprising:

5 a plurality of wales;
a plurality of sloped side walls extending from each

wale; and
a plurality of clusters of irregular micro-holes defined
by a network of fiber-like elements, each cluster of

10 irregular micro-holes being connected between at least
two of said sloped side walls, each of said wales, side
walls and fiber-like elements being integrally formed of
stretchable thermoplastic polymeric material.

15 2. The apertured film of‘Claim 1 wherein each of said
plurality of wales extends in a first direction and
wherein said film further include a plurality of rows of
undulating ribs extending in a second direction
transverse to said first direction.

20
3. The apertured film of Claim 2 wherein each of said
rows of undulating ribs has a network of said wales
connected to opposite sides of said ribs.

25 4. The apertured film of Claim 1 further comprising a
plurality of macro-holes randomly dispersed throughout
said film.

5. The apertured film of Claim 4 wherein said macro-
30 holes are located on said wales and on said sloped side
walls at variable depths.

6. The aperﬁﬁfed film according to Claim 1 wherein said
fiber-like elements have been drawn.
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-11 Figure 5 is a diagram show ng an exanple of one pattern.of drainage

apertures 70 used for a_topographical support member. Injthis exenplary
enbodi nent, there are tvvo's"l zes of openings that are used’ tﬂmgfm

of 5 apertures inr ShectHahBeeﬁR eddi rection. The pair ! mﬂﬂmﬂ"l
I n the machi ne drrectro rs:are made up of a row of Hol & s
having a size A and a r |ng a size B, where Ais larger than
B. The spaci ng C between palrs 0 rows is greater than the 10

spaci ng D between the A and B roms -27~-

7. The apertured film according to Claim 6 wherein said
fiber-like elements have been drawn at least 100% as
compared to adjacent regions of said film which do not
contain holes. '

8. The apertured film according to Claim 1 wherein said
micro-holes have an area ranging from about 1 square mil
to about 100 square mils.

10 9. The apertured film according to Claim 1 wherein the
micro~holes have an EHD of less than 25 mils.

10. The apertured film according to Claim 1 having an
open area of from about 5% to about 12%, said open area
15 - being provided by said micro-holes.

11.- The apertured film according to Claim 1 wherein the

fiber-like elements have lengths ranging from about 3

mils to about 15 mils with a preferred range from about
20 5 mils to 7 mils.

12. The apertured film according to Claim 1 wherein the
fiber-like elements have widths ranging from about 1 mil

to 10 mils.

25 :
13. An apertured film according to Claim 1 wherein the
fiber~like elements have thicknesses ranging from about
2 mils to 10 mils with a preferred range from about 4
mils to 8 mils.

30

14. The apertured film of Claim 1 wherein the micro-
~.hole has an ECD of less than 25 mils,
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Flgure 6 is a digitized image of the form ng nmenber 64 shown—Tn—Figure 4 .
that was fabricated using the hole pattern of Figure 5. The h si zes
"A-and B are 15 shown~ with—thei T Tespective di nensions of pg ma‘gm’uﬂ,’,”’m

hei ghts and peak-t o- ThRKhé BeG.Replaged ef erred apparat us for
[ re 4 is shown in Figure 7 The 20

t opogr aphi cal support

starting material for nber nmay be any desired shape or

conposition. The topog i pport menber preferably conprises acetal;

acrylic will also performsatisfactorily. Im<tdition, the preferred shape

of ihe starting mLeri ghol Sparblida"Plin 27 croiW ' UhSAin PESL HERLY-
holes have an average ECD ranging from about 2 to 7

mils.

S 16. The apertured film of Claim 1 wherein the number of
micro-holes range from about 4,000 to 7,000 per square

inch.

17. The apertured film of Claim 1 wherein the number of
10 wales range from about 2,000 to 6,000 per square inch.

18. The apertured film of Claim 1 wherein the micro-

holes have a coefficient of variation of ECD greater

than 40% with a preferred range from about 50 to 70%.

15¢ o . |

19. A method for forming an apertured f£ilm having a
tricot-like texture ofﬁcompriSing the steps of:

(a) providing a starting film comprising stretchable
thermoplastic polymeric material and having an upper

20 surface and a lowver surface;

(b) providing a backing member comprising a pattern of
a plurality of peaks and valleys and a plurality of
apertures, each of said apertures having a conical top
portion surrounded by a cluster of said peaks and

25 valleys;

' (c) supporting said starting film on said backing
member with the lower surface of said film being in
contact with the peaks of said backing member and with-
the upper surface of said film facing away from said

30 backing member;

(d) directing a fluid force against the upper surface

of said starting film in a zone of contact and at a

pressure sufficient to cause the formation an apertured
- film having a plurality of wales, a plurality of micro-
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relieved of residual internal stresses. As will be described. later, the
cylindrical shape accommobdates the preferred apparatus for producfﬁﬁﬁ?ﬁé T
apertured filnms of the invention.. 30 Tubes manufactured to dagﬁmﬂ

form ng support menbers are 2 to 6 feet in dianeter, and have wmm,, "'l””"l
ranging from2 to 16 feet. The wall thickness is -12- nonminal Iy [term
i nch. These sizes are a matter of design

holes and a plurality of sloped side walls extending
between said wales and micro~holes at variable depths;
(e) moving said film from said contact zone; and
(f£) removing said apertured film from said backing

] member.

20. A method according to Claim 21 wherein said fluid
is directed at the upper surface of said film in the
form of columnar streams.

10
21. A method according to Claim 21 wherein said fluid
is under pressure ranging from about 500 psig to about
1,600 psig.

15 22. A method according to Claim 21 wherein said fluid
is water which is directed at the upper surface of said
film at a temperature of at least about 90°F,

o 23. A method according to Claim 24 wherein said water
20 is under pressure ranging from about 500 psig to about
1,600 psig.

24. An absorbent product comprising an absorbent core
covered with an apertured film, said apertured film

25 comprising a tricot-like film having a plurality of
wales, a plurality of micro-holes and a plurality of
sloped side walls extending between said wales and
micro-holes at variable depths.

30 25. An absorbent product according to Claim 26 which is
-a wound dressing. R

e t Has Been Reilaced

Hll\l\l T
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choice. A starting blank t ubul ar workpiece 80 is nounted on an 5

appropriate arbor, mandrel 81 that fixes it in a cylindrical shape and
allows rotation about |ts Iongltud“hal axis in bearings 82

drive 83 is providd8is med el 81 at a controlled H"I“I muu“mu“l
pul se generator 84 i and 10 noni tors rotatrontoft memdrsel *
81 so that its preci tionis known at all tines. Parallel to

and nmount ed outside the smnng of mandrel 81 is one or nore guide ways 85
that allow carriage 86 to 15 traverse the3®xire length of mandrel 81

whi |l e mai ntaining a constant clearance to the top surface 9 of
26. An absorbent product according to Claim 26 wherein

both major surfaces to said absorbent core are covered
with said apertured film.

5 27. An absorbent product according to Claim 26 which is
a disposable diaper. =

28. An absorbent product according to Claim 26 which is
a sanitary napkin.

10 '
29. An absorbent product according to Claim 26 further
comprising a liquid impervious backing layer located
adjacent one major surface of ‘said absorbent core.

15 30. an apparatus for producing an apertured film having
a tricot-like texture comprising: :
a rotatable hollow drum having a top surface comprising
a pattern of a plurality ofﬂpeaks and valleys and a
plurality of apertures, each of said aperturdgghav1ng a

20 conical top portion surrounded by a cluster of said
peaks and valleys; T Re
means for positioning a Bt étchable theriioplastic
polymer “£ifm. on the apice3§0f~the peaks on the top
surface of the drum; :

25 means located outside the drum for projecting adjacent
fluid streams simultaneously against said £ilm and then
against the peaks and then through the openings and into

the drum;
means for rotating said drum while said fluid is being
30 projected against said top surface;

means disposed inside the drum to remove the fluid from
- the surface of the drum; and

means for removing said apertured film having a tricot-

like texture from the surface of the drum.

CHI-820



tube 80. Carriage drive 93 noves the carriage al ong guide ways 85, while
carriage pul se generator 94 notes the lateral position of~the carriage wtir
respect to 20 support nenber 80. Mounted on the carH
stage 87. Focusing stage 87 is nounted in focus guide ways jﬁi’lﬁwﬂm [H”I'
notion orthogonal to that of carriage 86 and provides a ne
l ens 89 relative top surface of tube 80. Focus drive 92 is provided to 25

"~ position the focusing stage 87 and provide the focusing of |lens 81. Secured
to focusing stage 87 is the lens 89, which-3%-secured in nozzle 90. Nozzle

90 has neans 91 for 30 i ntroducing a pressurlzed gas {nto ;{e 90 for
cooling 31. The apertured film of Claim 1 wherein sai:

side walls extend at variable depths below said wales.

32. The aperture film of Cclaim 1 wherein said side
] walls are non uniform in shape.

eet Has Been Reﬁaced
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and mai ntaining cleanliness of lens 89. Also nounted on the carriage 86 is
final bending mrror 95, which directs the | aser beam 96 to the focusing

| ens -13- 89. Renotely located is the laser 97, with optlonal beam
bending mrrors 98 to direct the beamto final beanlbendl n1rror 95.
VWiile it would be possible to nount the Iasahsait carriage 86
and elimnate the 5 beam bending mrrors, mi\ |ons and utility
connections to the | aser nmake renote nDuntin




preferable. Wen the |laser 97 is powered, the beam 96 emtted is 10
reflected first off beam bending mrror 98, then final beam bending mrror
95, which directs it to lens 89. The path of |aser beam 96 is configured
such that, if lens 89 were renoved, the beam would pass through the
| ongi tudi nal center line of mandrel 81. ,15 Wth lens 89 in position, the
beamis focused bel ow, but near the“top’ rface 9 gf t ube 80 Focusi ng the
' , heg | aser beam
relative to the surface of t ,)
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i

/’9 l“"’
P>
\ >

P
v
| This Sheet Has Been Replaced FlG 2




VWhile this invention could be used with a variety of lasers, the preferred
| aser is*a fast flow [err] |aser, capable of producing a beamrated at up

to 2500 watts. This process is in no way dependent on such a high power 25
| aser, as support surfa § sHAVBaseERepEGEessful |y drilled with a sl ow flow
[err] laser limted to ocusing | ens 89 passes beam 96, it

concentrates the energy nH“mum”H‘!mgl of the beam The rays are 30 not
bent through a single poi a spot of small dianeter. The point

of smallest dianeter is said to be the focus or focal point. This occurs at
a distance fromthe lens said to be the focal |ength. f%

67




-14- lengths either shorter or greater than the focal |ength, neasured spot
sizes will be greater than the mni ﬁ$mmhkssenaqu&lty to focus position
is inversely 5 proportional to foc I mum spot size is
directly proportional to focal |engt short focal |length |ens
can achieve a smaller spot size but nust e nDr curately positioned and
Is affected dramatically by surface run-out. Longer focal |length 10

| enses are nore forgiving o target p05|t|on|ng, but can only achieve
somewhat | arpsimse@d. .
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addition to the power distribution contributing to the tapered top portion

of the drilled aperture,

t he defocusing of the beam bel ow the surface al so

and hence the shape

15 contributes to the angl t-hg he-tahsh;.
and size of the peaks and va faa e a support nenber,
an initial focusing step nustHp P nk tubul ar 20
wor kpi ece 80 is positioned of r is P®sed briefly
and the mandrel rotatedgslight e hat a ries of snal
depressions is produce Thepi-pEH$ ved w respect to
the mandrel center line~to cfn ST QgL Ad3dT}i on aMk anot her
series of depressions i§\€iz P
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Typically a matrix of 20 rows of 20 depressions each is drilled. The
depressions are exam ned m croscopically, and the colum of smallest
depressions identified. This is established as the reference dianmeter for
top surface 30 9 of the blank tubular workpi ece 80 at which the beam was
focused. A'desired pattern is selected, such as the one shown in Figure 5.
The pattern is exam ned to determ ne the © -15- nunber of repeats that
will be required to cover the

| POSITION FiLM
BOX 1~ ONTO SUPPORT
- | MEMBER

J | BOX 3

PASS SUPPORT SUCTION WATER
BOX2—1 MEMBERUNDER L. AWAY UNDER

H!%ii ?2&%2%’25 ‘ SUPPORT MEMBER

'

DE-WATER
BOX 4~ | APERTURED FILM
VIA SUCTION

'

REMOVE APERTURED
BOX5— FILM FROM SUPPORT
MEMBER

: REMOVE
BOX 6~ RESIDUAL ROLL UP l - BOX7
WATER | '
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ci rcunference of the workpiece and conplete the surface w thout an obvi ous
seam Si.milarly, the advance along the | ongitudinal axis of the tubular
wor kpi ece per 5 repeat and total number of repeats is established. These
data are entered into a conputer control for operating the laser drilling
machi ne. In operation, the mandrel, with the tubul ar workpiece 10 °

nmounted thereon, is rotated in front of the lens. The carriage is notored
so that the first aperture position corresponds with the focal point of the
| ens 89. The focus stage is notored inﬁgrd, pl aci ng the focal point inside
the interior of the material to be drillgd. The 15 | aser is then pul sed,

with sonme conbi nation of pul se ‘y——\\\
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power |evel and duration. As seen in Figure 4, the dianeter of aperture 70
at the top surface 66 is considerably |arger than the dianeter of the
aperture at the | ower surface 67. In order to achieve the desired 20

t opographi cal configuration, tw factors need to be neasured and
controlled. First, the degree with which the lens is focused into the

I nterior of the workpiece increases the cone angle 73, and second,

i ncreaSing the power |evel or pulse duration increases the depth'and 25
dianeter. Once an aperture of the proper dianeter and taper is achieved,
the rotational drive and carriage drive can be indexed to reposition the
support nenber such that the next intended hole position corresponds to

109 | 105

109
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the focal point. The process is then repeated until the 30 entire
pattern has been drilled. This technique is known as "percussion”

drilling. If the |laser selected is of sufficient power, the nmandrel and
carriage do not need to be stopped during - -16- the laser pulse.
The pulse, can be of such short duration that any novenent of the workpiece
durlng the drilling process is inconsequential. This is known in the trade
as "fire-pn-the-fly" drllllng
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5 1f the laser can recover rapidly enough, the workpiece-can be rotated at
a fixed speed and the |aser pulsed once to create gach hole. In a pattern
such as the one shown in Figure 5, the |laser would nornally be pul sed to 10
produce a conplete colum, the carriage indexed to the next columm position
and the beam pul sed for the next series of. apertures. One problemthat may
occur depending on the type of 15 mat eri al and density of the pattern of
apertures, is the introduction of a | arge anount of heat into a snmall area
of the formng surface. Gross distortion, and the |loss of pattern
‘registration may result. Under sone

APERTURED PLASTIC FILM
ARSTRACT OF THE DISCLOSURE

S An apertured plastic film having a plurality of wales, a
plurality of sloped side walls extending from the wales
and a plurality of clusters of irregular micro-holes
defined by a network of fiber-like elements, each
cluster of irregqular micro-holes being connected between

10 at least two of the sloped side walls. The film also
has a plurality of rows of undulating ribs having the
network of wales connected to opposite sides of the ribs
and extending in a transverse direction from the ribs.
The films of the invention are useful as covering

15 materials for absorbent products such as diépers, wound
dressings and sanitary napkins.

This Sheet Has Been Replaced




condit(ons,

maj or di mensi onal changes of the pari_20 results. and the
surface is neither cylindrical nor the right sizge. J
t ube may crack. A preferred enbodi nent of the prie

EPRACEMBNT SHEETSt heSG
Besdripsient paged uhicc paged 22

elimnates this problem uses a process called deCusmds) 25 : pamﬁh%éarpagﬂm3’.
drifll'ing. In this approach, the pattern is reduge gépal iR u;np@kﬁsl to paged 7.
B

rect angul ar
cont ai ns al

Figure 5. Wien used like a tile and placed b
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- This is the replacan"@nt sheat

bate: | ;8]3/%

_Nonﬁcven fabrics have been used for a wide variety of

applications'for at least fifty years. Nonwoven fabrics
are textile-like materials produced directly from a web
of fibers so as to eliminate the many time consuming

steps involved in,converting staple length fibers into

woven or knitted goods. In one method of making a
nonwoven fabric, a web of fibers is produced, e.g. by
carding'or air laying techniques, and the fibrous web is
then strengthened by the application thereto of a
polymeric binding agent. In another method of making a
nonwoven, the fibrous web is subjected to fluid forces
which serve to entangle the fibers, thus providing

strength to the finished material. Nonwoven fabrics are

inherently porous structures, i.e. they comprise pores
resulting from the overlapping and intersecting of their
constituent fibers. These pores allow for the passage
of fluids such as air and water or aqueous solutions.
In.addition, nonwoven fabrics may be made so as to have

good softness, drapeability, and tactile impression.

owing to their. desirable characteristics, nonwovens have
been employed as facing materials for absorbent products
such as disposable diapers, sanitary napkins,
incontinent devices, wound dressings and the like.

More recently, efforts have been made to produce porous
or liquid-permeable facing materials for absorbent
products by using plastic films as the starting
materials. For example, it is known to produce an
apertured plastic £film by placing a heated thermoplastic
sheet material on a patterned perforated surface and



This is the repl acenent sheet Date: -17- This repeat elenent Is further
divided into a grid of smaller rectangular units or "pixels" h% tsheet
typically square, for some purposes, it is nore conven|EW$‘§5 oy plxels
of unequal proportions. 5 Each colum of pixels represents one pass of the
wor kpi ece past the focal position of the Iaser 'This.cghﬂgm mfsmﬂpeated as
many tinmes as is required to reach :
-2-
applying a vacuum thereto. The vacuum phlls the
softened sheet material through the perforations,

thereby causing the film to rupture and form apertures.

5  U.S. 3,929,135 to Thompson et al. discloses perforated
' topsheet materials for absorptive devices such as
sanitary napkihs,'incontineht pads, bandages and the
like. These topsheet materials are constructed from
liquid impervious materials such as low density
10  polyethylene and comprise a plurality of tapered
capillaries each of which'has:e base opening in the
plane of the top sheet and an apex opening which is
remote from the plane of the top sheet. The tapered
capillaries disclosed by Thompson et al. are preferably
- 15 provided in the form of a frustum of a conical surface
and have an angle of taper of from about 10° to 60°.. |

U.S. 4,324,276 to Mullane discloses an apertured fgrmed
- £ilm having a caliper of less than about 0.030 inch '
20  (0.075 cm), an open area of at least 35% and a plurality
of apertures at least 75% of which have an equivalent
hydraulic'diameter (EHD) of at least 0.025 inch (0.064
_ cmn). The apertured formed film disclosed by Mullane is
- useful as a topsheet for disposable absorbent products
- 25 of the type mentioned above.

U.S. 4,839,216 to Curro et al. discloses a debossed and
perforated plastic material produced by providihg a
starting film on a perforated forming surface and

30 applying an unconstrained liquid stream to the upper '
surface_of the starting f£ilm. The liquid stream has

- sufficient force and mass flux to cause the film to be

deformed toward the forming surface, such that the
material acquires a substantial three-~dimensional



conpl etely around support member 80. Each pi xel where 10 the laser is

i ntended to create a hole is black.- Those pixels where tThs g

‘off are white. To begin drilling at- the top of the first colunﬁﬁg?*¥§%§HFH&Sheet
in Figure 8, while the mandrel is turning at a 15 fIXiP rate, | aser
I's turned on, maintained at a constant power |evel for aB-xdﬁ$3% t hen
swi tched off. These pixels are counted by the rotational pul se generator 84
in Figure 7. The laser remains off for the R« 14 units. This laser off/on
.sequence is repeated 20 for the first revolution, at which point the
-mandrel is back tonfogmatdonpoandi to, camsaan;rﬁbramidﬁsrto hepsaeitgmed

the carriage one HQfEiﬁnd t he conputer S

European Patent Application 0 304 617 in the name of Kao
5 Corporation discloses a covering sheet for a sanitary

article. The covering sheet comprises an opaque,
hydrophobic film having land portions and recesses, said
recesses being formed to have a bottom portion and side
walls. The side walls have a slanting part which is

10 provided with an opening such that the slanting part is

' not covered by the land portion. This patent states
that the opening is always exposed to sight when it is
looked down at.

15 u.s. 4 690,679 discloses an apertured.film comprising a
first layer of a first polymeric film and a second layer
of a second polymeric film.,_Apertured films wherein the
apertures have average equivalent circular diameters
ranging from about 0.010 inches (0.0254 cm) to about

20 0.030 inches (0.0762 cm) are disclosed as being useful
as covering materials for absorbent products.

Other patents relating to apertured films and methods
and apparatus fot'makinq_the same include U.s. 3,632,269
25 to Doviak, et al. and U.S. 4,381,326 to Kelly.

Tricot knit fabrics are durable, soft and drapable. The
tricot fabric structure provides high quality |
perception, qood aesthetics, and luxurious appeal.
30
" apertured film in the market today has an appearance
..and tactile impression similar to tricot knit fabrics.
A tricot-like film would be-desirable as a covering
material for a variety of disposable absorbent products.



ready to do colum 43a. 25 During col um nunber 43a, the |aser has a
shorter "on tine" (now 9 units) and |onger "off tine" (now. 16, units). The

total nunmber of on and off times is a constant based on t ﬁﬁiﬁﬁ?ﬂﬁphﬁbghntsheei

30 © This process is repeated until all of the colums have been ysed over

an entire revolution ‘each; in the case of Figure 8, thereuuﬁpe[g? 7?@

revolutions of the mandrel. At this:-point, the process returns t he

instructions in colum 43. L -4~ :
SUMMARY OF THE INVENTION

The present invention is directed to an apertured
plastic film having a tricot-like texture. The
5  apertured film of the present invention comprises a

stretchable thetmoplastic polymeric material having a
plurality of wales; a plurality of sloped side Qalls
éxtending from the wales and a plurality of clusters of
irregular micro-holes that are defined by a network of

10 fiber-like elements. Each cluster of irreqular micro-
holes is connected between at least two of the sloped
side walls. The plurality of wales extends
longitudinally in a fi:st direction which is transverse
to a plurality of rows of undulating ribs. The rows of

15 undulating ribs have a network of wales connected to
opposite sides of the ribs. The sloped side walls
extend at variable depths from the wales.

The apertured film of the present invention has an

20 appearance and tactile impression characteristics
similar to those found in tricot knit fabrics. The film
is lint-free and has excellent softness. It permits |
efficient transport of fluids and is suitable for use as
a cover material for disposable absorbent products.

BF . _
Figure 1 is a perspective view of a pdrtion of the
_ apertured tricot-like plastic film of the present
30 invention. '

Figure 2 is a phbtomicfograph plan viéw of the apertured
tricot-1like plastic film of the present invention.



-18- Note that in this approach, each pass produces a nunber of narrow cuts
in the material, rather than a | arge hol e. Because these WHE% qﬁ@r eC|ser
regi stered to i ne up side-by-side and overl ap sonmewhat, g placement sheet

cunmul ative effect is a hole. 1In the pattern of Figure 8 each hex gona
hol e 44 actually requires 7 passes separated by a conplet@akmwm?

di stributing the energy around the tube and m nim zing | ocal |ng 10
If, during this drilling operation, the | e+=was focused at the top surface

of the material, the result would be hexagonal holes w th reasonably
paral l el wall sridima cynbanat schematiastviewcof apphratuswifior t#mdiﬁwsed

apertured film of the present invention.

Figure 4 is an exploded perspective view of the starting
5 plastic film and a topographical support backing member
. on which the starting film is positioned during
processing.

Figure 5 is a diagram of one pattern of apertures of the
- 10 backing member for producing the films of the present
invention.

Figure 6 is a digitized image of a topographical support
member made with the apertute pattern of Figure S.
15 | | |
_ Fiqure 7 is a schematic view of the apparatus for making
the topographical support'member.

Figure 8 is a pixel by pixel dieqran of an aperture
20 pattern for making a tppographical support member.

Figure 9 is a block diagram of the process steps for
producing the tilm of the present invention.

25 Figure 10 is a diagrammatic'view of one tYpe'ot |
apparatus for producing apertured film of the present
invention.

Figure 11 is a diagrammatic view of a preferred
30 apparatus for producing apertured film of the present
invention.

Figure 12 is a perspective view of a sanitary napkin
comprising the apertured film of the present invention.



| ens approach, however, produces the form ng surface of 15 Figure 4. In
‘the present invention, the apertures 70 are quite snal Thiarig theineplacement sheat

Typi cal patterns range from 800 to 1400 apertures per square inch. 20

Figure 9 is a block diagram showi ng the several steps bn yhe“ﬁ$ﬁﬂ§ss for

produci ng the novel apertured filns of the present invE8%on e first

step in the process is to position a piece of.thin, stretchable filmof 25

t her mopl astic polymer materials on -a support nenber (Box 1). The support

frrfmogr ew;}g pi t he FiRhd'ad a4 id fasmaeprséét@aaaidﬁwrtémb Py U fries
: J 13-13, Figure 12.

DEIAILBD_QE§QBIBIIQH_QE_IBELIN!EEIIQE

S : . .
Referring now to the drawings, Figure 1 is a perspectivé
view and Figure 2 is a photomicrograph of an apertured
plastic film having a tricot-like texture in accordance

- with the present invention. '
10 -

The film 10 has a plurality of wales or ridges 12. The
ridges 12 have sloped side walls 14 extending from the
‘ridges to clusters 16 of irregular micro~holes 18
defined by a network of fiber-like elements or fibrils
15  20. The clusters 16 of micro-holes 18 are connected by
the fibrils 20 between at least two of the sloped side
walls 12. The fibrils 20 are drawn or stretched
portions of the film that are formed during the
manufacturing process. Extending in a transverse
20 direction to the ridges 12 are a plurality of undulating
ribs 22 that are substantially free of holes. As can be
seen from Figures 1 and 2, the rows of undulating ribs
22 have a network of the wales 12 branching off from
_ opposite sides of the ribs 22. Thé sloped side walls 14
25 extend from the wales 12 at variable depths. 1In

'~ addition, the side walls 14 are non-uniform in shape.

- The film 10 also includes a plurality of macro-holes 24
randomly dispersed throughout the film. The area of the
macro-holes 24 is substantially larger than the area of

- 30 the micro-holes 18. '

The apertured tricot-like plaStic film 10 shown in
Figures 1 and 2 essentially consists of four levels or
planes. The first plane is comprised of the plurality



nozzl es (Box 2).
away fromthe support nenber, 30 preferably using a acuugt Bo ; "

The preferred fluid is water. The water is transported

filmis de- watered, suction being preferred for this p

- de-wat er ed apertured filmis renoved fromthe support nenber (B X 5).

Resi dual water is renoved fromthe apertured film ‘e g. D&s: apsk% g a

-19- thereto (Box 6). The apertured filmis en rolled
up to await use as is or as a structural cowganent of

streamof air

10

15

20

25

.30

The

ﬁﬁget

of wales 12} the second plane comprises the sloped side

walls 14, the third planeféomprises the cluster of

irregular holes 18 with fibrils 20 between them, and the

fourth plane comprxses of apertured side walls 14 with
variable depths. '

Figure 3 is_a schematic view showing an apparatus for

making apertured plastic films of the present invention.

Apparatus 60 comprises a movabletconveyor belt 62 and a

backing mémbe: 64, placed on top of the belt 62, to move
with the belt. The backing member 64 has a plurality of

_openings (not shown in Figute 3) disposed therein, said

openings running through the thickness of the backing
member 64 from its upper surface 65a 'to its lower
surface 65b. The backing member 64 also has a
predetermined topographical design that in combination
with a pattern of apertures produces tricot-like
characteristics in the apertured film.

Placed on top of the backing member 64 is a thin,
continuous, uninterrupted starting film 67 of
thermoplastic polymeric material. This starting film
may be vapor permeable or vapor impermeable; it may be

embossed or unembossed; it may, if desired, be corohaf

discharge treated on one or both of its major surfaces
or it may be free of such corona'discharge treatment.
The stretchable film may comprise any thermoplastic
polymeric material including, by way of example,
polyolefins, such as polyethylene (high, linear low or
low density) and polypropyiene; copolymers of olefins
and vinyl monomers, such as copolymers of ethylene and

vinyl.acetate or- vinyl chloride; polyamidgs; pquesters;
polyvinyl alcohol and copoiymers of olefins and acrylate

monomers such as copolymers of ethylene and ethyl



anot her ‘product such as a sanitary napkin, disposable diaper or wound
dressing (Box 7). 5 Figure 10 is a diagrammatic vi ewTafs @rthapppiaaement sieet
continuously producing the apertured filns of the present inventi on.

Appar atus 90 conprises a backi ng member provided in hpe for, %ha.conveyor
belt 91. 10 Conveyor belt 91 is continuously nove 2%

‘direction about a pair of spaced apart rollers 92, 93 as |s wel | - known.

Di sposed above conveyor belt 91 is a fluid sigaply manifold 95 connecting a
plurality of lines or groups 96 of 15 orifices. Each group 96 of

orifices: i ncl udegcPy1a€8Sand EMA (ethylenemethylacrylate). Starting
' £film comprisinq mixtures of two or more such polymeric
materials may also be used. The machine direction (MD)
and'éross-direction (CD) elongation.of'thé starting film
5  to be apértured'should_be at least 100% as determined
according to ASTM Test No. D-882 as performed on a
‘Instron test machine run at a jaw speed of 50
inches/minute (127 cm/minute). The thickness of the
starting film (i.e. the film to be apertured) is
10 preferably uniform and may range from about 0.5 to 3
mils or about 0.0005 inch (0.0013 cm) to about 0.003
inch (0.076 cm). Co-extruded films can be used as can
films which have been modified, e.q. by treatment with a
‘surface active agent. The starting film can be made by
15 - any known technique such as casting, extrusion or
blowing. Preferably a 1 mil microembossed f£ilm
comprising a}blend.of'linear low density polyethylene
'(LLDPE) and low dénSity polyethylene (LDPE) is used.

20 Situated above starting film 67 is a manifold 69 for
applying a fluid 63, preferably water, to the upper
surface 67a of the starting f£ilm as said film, supported
oh backing member 64, is moﬁed with conveyor belt 62.
The water may'be applied at varying pressures. Disposed

25 beneath the conveyor belt is a vacuum manifold 70 for
removing water which is directed onto upper surface 67a
of starting film'67 as it passes under manifold 69.

In operation,'startinq £ilm 67 is placed on backing

30 member 64 and the film and backing member are passed
'back and forth under manifold 69 a number of times until
the desired apertured film is produced.

ercl ockwi se



one row of very small dianmeter holes, there being thirty or,nDre'of such
hol es per lineal inch in each row Manifold 95 i's equfippds the réplacersentrsheet
gauges 97 and control valves 98 for regulating the fluid pressure in 20

each line or group of orifices. Means (not illustrat LN awi ngs)
are provided for supplying water at an elevated t errpeﬁé{'ﬁlre{éﬁ/ﬁéni fold 95.

Di sposed beneath each orifice line or group.is a suction nenber 99 for
renovi ng excess water during processing an@%o keep the 25 aperturing
zone from fl oodi filme67 to be forped into the apertured

ng, . JThe startin J
fi1m6s of the ¥aRbReid 6PscPRRTEgenna PINFAIA LY P BOApS; ¥hight BaYbacki ng
menber. The stafingg inl Aumbepesromdaboulte W Puxr 9Pinéadr ihtheto about
- 1oo:per lineal inch. Preferahly, the number of holes in
. the manifold ranges from about 35 per lineal inch_tb
S  about 50 per lineal inch. The holes are preferably
circular in configuration and have diameters ranging
from about 0.003 inch (0.0076 cm) to about 0.01 inch
(0.0254 cm), preferably 0.005 inch (0.0127 cm) to 0.007
inch (0.018 cm). After the starting film and backing
10 member are passed under manifold 69 a number of times,
o the application of the water is stopped and the
- application of vacuum is continued to assist in
dewatering the resulting apertured film of the
invention. The apertured film is removed from the
15 backing member and dried by any convenient technique
such as the application thereto of a warm air flow or by
solvent extraction. |

¢

Figure 4 is an exploded perspective view of certain
20  parts, i.e. starting film 67 and to topographical
support. or backing member 64,'described earlier herein
in conjunction with Figute 3. As mentioned earlier,
starting film 67 comprises a thermoplastic polymeric
material or mixture of two or more such polymeric
25 materials and, as illustrated in Figure 4, the film may
' be embossed or'unembossed. A portion 75 of starting
£film 67 comprising embossnents 76; and a portion 77 of
unembossed film 67 are shown in the upper portion of
_ Figure 4. - '
30 S
. The backing or topographical support member 64 comprises
_a body 65 having a top surface 66 and bottom surface 67.
- Disposed in a predeterminéd pattern across top surface
66 is an array of peaks 68 separated by valleys 69. A



mhere it is exposed to the columar streans of water 30 bei ng ejected
fromthe orifices. The pressure of the water colums being ejected from
the individual groups 96 of orifices can be set by prpgsisriaeceptacemenhp

98 - - to any desired pressure. The pressure of the water supplied to the
groups 96 of orifices should be at |east -20- about 500 Lyopand nmay
rific out 590 isban
range up to 1500 psig or even higher. In thiggro(:esqutﬁr n'&? a apertured
t hat the , :

films of the present invention, it is prefer
' ' plurality.of dréinage apertures 70 extending thrbugh the
' support'member are disposed in a pattern in the member
64. In this embodiment,'éach drainage aperture 70'13
_ surrounded by a cluster of six peaks 68 and six vélleys_
S 69. ' -

The drainage apertures 70 are tapered, or "bell

mouthed®, having a larger diameter at the top surface of

the support member than the bottom surface. Lines 71
10 "are drawn tangent to opposed points on walls 72 one hole

radius below top surface 66. The angle 73 formed by

lines 71 must be controlled relative to the thickness 74

of the support member 64 té produce the intended result.

_ A suitable angle can be established without undue

18 .experimentation. For example, if the anqlg is too

great, the apertures 70 will be too small and

insufficient drainage will be provided. 1If the'anéle is
too'small, there will be very few or no peaks and
valleys. ' | '

20 o ' . _
The center-to-center spacing of adjacent apertures in
the repeating pattern is of simila: importance. The
peaks 68 and valleys 69 are created by the intersection
of the tapered somewhat conical apertures 70. If the

25 center-to-centér spacing of the apertures were greater
than the major diameter'of aperture 70 at the top
surface 66, no intersection would result, and the member
would be a smooth, flat top surface with conical

_ apertures disposed throughout. When the center-to-

30 center spacing of adjacent apertures is less than the

| aperture diameters measured along that center-to-center
l1ine, the conical surfaces intersect forming a valley.



i ndi vi dual groups 96 of orifices eject water at the sane 5 pfessure.
Though six fluid supplying groups of orifices are shown in Figure 21, the

nunber of groups 96 of orifices is not critical, but Wﬂg% ggﬁ ngqlﬁ%%q sheei |

thi ckness of the starting film the speed of the conve

pressures enployed t he nunber of 10 rows of orlflces I n eagh group 96
of orifices, etc. After passing between thev]efl umar Vbater Jiei%‘}énd suction
mani fold 99, the apertured film 68 passes o an additional ction slot

908 X0 ey ST "FuABER BV Lhe0in, MBeRY Y o hedeen
and may corrprl sofa dm‘aJmagq yapertures 70 used for a topographical
support member. In this exemplary embodiment, there are
two sizes of openings that are used to make up pairs of
S  apertures in rows in the cross direction. The pairs are
staggered in the machine direction (MD). The pairs are
made up of a row of holes having a size A and a row of
holes having a size B, where A is larger than B. The |
| spacing C between pairs of A, B rows is'greater than the
10 ~ spacing D between the A and B rows. |

Figure 6 is a digitized image of the forming memberi64
shown in Figure 4 that was fabricated using_the'hole
pattern of Figure 5. The holes of sizes A and B are

15 shown with their respective dimensxons of peak to valley
heights and peak-to-peak spacing.

A preferfed epparatus for producing the topographical
- support member of Figure 4 is shown in Figure 7. The
20 starting material for the support member may be any _
desired shape or-compositioh. The topoqraphicel support
member preferably comprises acetal; acrylic will also
perform satisfactorily. In addition, the preferred
‘shape of the starting material is a thin wall,

- 25  cylindrical, preferably seamless, tube that has been
relieved of residual internal stresses. As will be
described later, the cylindrical shape accommodates the
preferred apparatus for producing the apertured films of

" the invention. '

30 - | | |
Tubes manufactﬁred to date for use in forming support
members are 2 to 6 feet in diameter and have a length
ranging from 2 to 16 feet. The wall thickness is



of slats. Each slat extends across the width of the conveyor and has a lip
on one side and a slat engages the |ip of an adjacent slat to allow for
novenent 20 bet ween adj acent slats and to allow for ese relatively _
rigid slat nmembers to be enployed in the conveyor confly;l?dﬁl'?ﬁ'mw sheet
Figure 21. Alternatively, the backing menber may be a woven screen having '
hi gh poi nts which support the filmand | ow pehuts into Dfreeh g 5 film
is noved during processing. Referring to Figure 11, there is shdwn a

preferred appar ahgajihan1yall 1achler thewd faisés oér&ha aae%a&t olfnaaatit;an'
Apparatus 100 conpri ses a rotatable drun130 _ . The.drum has a

honey- conb st ruc® Pécﬁo al | ow for

_ A starting blank tubular workpiece 80 is mounted on an
5 = appropriate arbor, or mandrel 81 that fixes it in a
cylindrical shape and allows rotation about its
longitudinal axis in bearings 82. A rotational drive 83
is'provided'to rotate mandrel 81 at a controlled rate.
*  Rotational pulse.generator 84 is connected to and |
10 monitors rotation of mandrel 81 so that its precise
radial position is known at all times.

Parallel to and mounted'outside the swing of mandrel 81
is one or.more guide ways 85 that allow carriagelss to

15 traverse the entire length of mandrel 81 while
maintaining a constant clearance to the top surface 9 of
tube 80. cCarriage drive 93 moves the carriage along
guide ways 85, while carriage pulse generator 94 notes
the lateral position of the carriage with respect to

20 support member 80. Mounted on the carriage is focusing
stage 87. Focusing stage 87 is mounted in focus guide
ways'ss and allows motion orthogonal to that of carriage
86 and provides a means of focusing lens 89're1ative_top

_ surface of tube 80. Focus drive 92 is provided to

25 position the focusing stage 87 and provide the focusing

of lens 81. :

Secured to focusing stage 87 is the lens 89, which is
secured in nozzle 90. Nozzle 90 has means 91 for
30 introducing a pressurized gas into nozzle 90 for cooling
' and maintaining cleanliness of lens 89. '
Also-mounted_on the carriage 86 is final bending mirror
95, which directs the laser beam 96 to the focusing lens



t he passage of fluids therethrough, rotates in a counterclockw se direction
and. carries a backing member in the formof an el ongat™'% PWHB@PGBP“EPBEQ@
103 pl aced over its outer surface. Disposed about a portion of the
periphery of the drumis a manifold 105 connecting auytégral;ig}ly q() orifice
strips 106 for applying water to a stretchable thernoplasticistarting film
107 carried on the outer surface of sleeve 103. 5  Each orifice strip
conprises a row of very fine uniforn1circu|&@4ﬁnes} The di ameter of these

hOIES shoul d " 89. 'Remotely locaged is thg laser 97; with optional
beam bending mirrors 98 to direct the beam to final beam
bending mirror 95. While it would be possible to mount
the laser 97 directed on carriage 86 and eliminate the
5 beam bending mirrors, space limitations and utility
| ‘connections to the laser make remote mounting far
preferable. | | | |

~ When the laser 97 is powered, the beam 96 emitted is

10  reflected first off beam bending mirror 98, then final

- beam bending mirror 95, which'directs it to lens 89.
The path of laser beam 96 is configured such that, if

" ‘lens 89 were removed, the beam would paSS through the
longitudinal center line of mandrel 81.

15 e _ o _ | :

With lens 89 in position, the beam is focused below, but

 nea: the top surface 9 of tube 80. Focusing the beam

below the top of surface is identified as "defocusing®

_ the laser beam relatiﬁe to the surface of the tube.

20 | | S o
While this invention could be used with a variety of
lasers, the preferred laser is a fast flow CO, laser,
capable of producing a beam rated at up to 2500 watts.
This process is in no way dependent on such a high power

25 laser, as support surfaces have been succeésfully
drilled with a slow flow CO, laser limited to 50 watts.

When focusing lens 89 pasées beah 96, it éoncentrates
the energy near the center of the beam. The rays are
30 not bent through a single point, but rather a spot of
Small'diameter.' The point of smallest diameter is said
to be the focus or focal point; This occurs at a
distance from the lens said to be the focal length. At



.rénge fromapproximately 0.005 inch (0.0127 cn) to 0.010 inch (0.0254 cm
There may be as many as 50 or 60 holes per lineal inch or nore if desired.

Vater is 10 directed under pressure through the orifhiges thd Artha -
.col umar streans which inpinge on the upper surface of the starté@%ﬁ@?qﬂﬁqeﬁt

a contact or aperturing zone below the orifice strips.. The dj stance from
the orifice strips to the upper surface of film 107“be@ﬁ@F{ﬂi{ 96ed 15
is about 0.75 inch (1.90 cm). The pressurgigfl the water supplied to the
orifice strips is controlled by pressure control valves 109, the pressure

lﬁ‘izng i\rAlﬂ! Cﬁt ed.baneueéseuﬁha&uelaarc?h& orl fr skt | EhaARNBRG! €8chd AeRdth,
to I? a‘ﬁgﬁgwgﬁ§yspgtaggzg% inf?be'é}eater than the minimun.

The sensitivity to focus position is inversely
S _proportional to focal lehgth. Minimum spot'size is
directly proportional'to focal length. Therefore, a
short focal length lens can achieve a smaller spot size
but must be more accurately positioned and is affected
' dramatically by surface run-out. Longer focal length _
10 lenses are more forgiving of target positioning,.but can
only achieve somewhat larger spot sizes. Thus, in
addition to the powver distribution'contributing to the
tapered top portion of the drilled aperture, the
- defocusing of the'beam below the surface also
‘ 15  contributes to the angle and length of the taper, and
. -hence the shape and size of the peaks and valleys.

In order to fabriéate a support member, an initial
focusing step must be performed. Once a blank tubular
20 workpiece 80 is positioned on the mandrel 81, the laser
is pulsed briefly and the mandrel rotated slightly
between pulses such that a series of small depressions
~ is produced. The focus stage 87 is then moved with
respect to the mandrel center line to change the focus
25 “position and another series of depressions is produced.
Typically a matrix of 20 rows of 20 depressions each is
drilled. The depressions are examined microscopically,
and the column of smallest depressions identified. This
is established as the reference diameter for top surface
30 9 of the blank tubular workpiece 80 at which the beam
- was focused. | ' :

A desired pattern is selected, such as the one shown in_
Figure 5. The pattern is examined to determine the



20 renoving water so as to keep the aperturing zone fromflooding. 1In
operation, the starting film 107 is placed on the backi ng nember 103 and
passed counter-clockw se under the water ejecting orifhigés the replachhifent Aheet
film 107 passes underneath the orifice strips, it is fornmed 25 into the
apertured filmof the invention. The apertured tkuﬁnééwe E%ﬁgg%c film of
the present invention has a mcro-hole size that is undetr 25/nyI's
equi val ent hydraulic di aneter (EHD) and =&8&mval ent .30 -.circul ar di aneter -
(ECD). The ECD data are obtained froman i nmage analyzer and is cal cul ated

i n accor dancenwmkbertaf repeatsnghasr milld beCpequived] toncovera tiha equal

circumference of the workpiece and complete the surface
without an obvious seam. Similarly, the advance along
' the longitudinal axis of the tubular workpiece per
5  repeat and total number of repeats is established.
These data are entered into a computer control for
' operating the laser drilling machine.

In operation, the mandrel, with the tubular workpiece
10 mounted thereon, is rotated in front of the lens. The
carriage is motored so that the first aperture position
- corresponds with the focal point of the lens 89. The -
focus stage is motored inward, piacing the focal point
inside the interior of the material to be drilled. The
15  laser is then pulsed, with some combination:of pulse '
power level and duration. As seen in Figure 4, the
diameter of aperture 70 at the top surface 66 is |
' COnsiderahlyflarger than the diameter of the aperture at
the lower surface 67. In_ordet to achieve the desired
.20  topographical configuration, two factors need to be
- measured and controlled. First, the degree with which
the lens is focused into the interior of the wotkpiece
increases7the cone angle 73, and second, increasing the
power level or pulse duration increases the depth and
25 diameter. Once an aperture of the prOpef diameter and
taper is achieved, the rotational drive and carriage
drive can be indexed to reposition the support member
such that the'next intended hole position corresponds to
. the focal point. The process is then repeated until the
30  entire pattern has been drilled. This technique is
known as "percussion™ drilling. '

If the laser selected is of sufficient power, the
mandrel_and'barriage do not need to be stopped.during



-22- to the area of the micro-hole. EHD is calculated fromthe neasured
area and perineter of each mcro-hole according to the fornul a: 4A,
where A.equals 5 - the mirco-hole area and P equals tTHi ﬁ%@?d’ﬁ@?@mmt sheet
perinmeter. The average ECD ranges fromabout 2 to 7 mils with the
preferred average being 5 nils. The ECD coefficient ¢fy ﬁf’%%#@@ (Cov)
ranges from50 to 70% The EHD COV is at |east 40% I's determ ned from
the 10  forrmula: COV = SD x 100% mheréGSD is the nean '

the laser pulée,' The pulse can be of such short _

'.duration that any movement of the workpiece during the
drilling process is inconsequential. This is known in

 the trade as "tire-on-the-tly“ drilling.

If the laset'can recover répidly enough, the workpieée
can be rotated at a fixed speed and the laser pulsed
once to create each hole. In a pattern such as the one
shown in Figure 5, the laser wpuld normally be_pulsed to
10 produce a complete column, the carriage indexed to thé
next column position and the beanm pulsed for the next
'series of apertures.

_ One problem that nay occur'depending on the type of

15 material and density of the pattern of apertures, is the
introduction of -a large amqunf of heat into a small area
of the forming surface. Gross distdrtion; and the loss
of pattern registration may result. Under some

. conditions, major dimensional changes of the part
20 results, and the surface is neither cylindrical nor the
| right size. In extreme cases, the tube ﬁay crack.

A preferred embodiment of the present invention, which
eliminates this problem, uses a process called detocused
25 raster scan drilling.

zﬁ this approach, the pattern is reduced to the smallest
rectangular repeat element 41 as depicted 1n'F1gute 8.
. This repeat element contains all of the information
30 required to produce the pattern in Figﬁre 5. When used
like a tile and placed both end-to-end and side-by-side,
an overall pattern is the result.



standard devi atjon. - The nunber of mcro-holes per square inch ranges from
about 4,000 to 7,000 with the preferred nunber beln% about 6, 000 _
m cro- hol es per 15 square inch. The area of t h&Nigiis the mﬁ'@@ﬁmuﬁgﬁ!‘@elrom
about 4000 to 7000 square nmils. The open area of the filmmay be as |ow as
1% The thickness of the filmranges from about 18afe® 2B(8J96 Wi th the
preferred bulk being 15 mls. The nunber of wal es ranges firlom 500 to 20 .
6,000 per square inch. The width of the £iper-like elenents ranges from1l
to 10 mls with the preferred range being from1l1l to 5 mls. The |ength of

the fiber- |ilpigl euEpdse rénagents 08 sugthek)-dOPidéd Sin€d a gEXAMVBEE 1.

- smaller recfangula: units or "pixels" 42. Though
typically square, for some purposes, it is more
convenient to.employ pixels of unequal proportions.

~ Each column of pixels represents one pass of the
-workpiece past the focal position of the laser. This
column is repeated as many times as is required to reach
completely around support member 80. Each pixel where
10 the laser is intended to create a hole is black. Those
pixels where the laser is turned off are white.

To begin drilling at the top of the first column of
pixels in Figure 8, while the mandrel is turning at a

15 fixed rate, the laser is turned on, maintained at a
constant power level for 11 pixels and then switched
offt. These pixels are counted by the rotational pulse
generator 84 in Figure 7. The laser remains off for the
next 14 units. This laser off/on sequence is repeated

20 for the first revolution, at which point the mandrel is
back to_starting'position, carriage drive 93 has
repositioned the carriage one unit and the computer is
ready to do column 43a.

25 During column number 43a, the laser has a shorter "on
time® (now 9 units) and longer “off time" (now 16
units). Thé total number of on and off times is a

' constant based on the pattern height.

30 This process is repeated until all of the columns have
' been uéed over an entire revolution each; in the case of
- Pigure 8, there were 15 revolutions of the mandrel. At
this point, the process returns to-the instructions in
column 43. - : -



An apertured film of t he presént i nvention was nade by processing a
starting filmon the apparatus of Figure 11. The starti : 'L | conpri sed a.
40:60 (W% blend of 30 . comercially available low ensf ﬁg”&P&@PHVP & Sheet
and linear |ow density polyethylene. The starting filmhad a thi,ckness of
0.8 mi| and was enbossed with a dianond pattern havi ngDaté: |1 ﬂber i nch:
Only 3 of the orifice strips 106 in the apparatus of Figure 1 - 23-
enpl oyed. Water at 160[err]F was supplieelige the three
| Note that in this'approach, each”pass'produces a number
of narrow cuts in the material, rather than a large
hole. Because these cuts are precisely registered to
1ine up side-by-side and overlap somewhat, the
'8 " cumulative effect is a hole. In the pattern of Figure
8, each hexagonal ‘hole 44 actually requires 7 passes
separated by a complete revolution, dietributing the

energy around the tube and minimizing local heating.

10 If, during this drilling operation, the lens was focused
at the top surface of the material, the result would be
hexagonal holes with reasonably parallel walls. The
combination of raster scan drilling with the defocused
lens approach, however, produces the forming surface of

15 Figure 4. - K

'In the present invention, the apertures 70 are quite
snall and numerous. Typical patterns range from 800 to
1400 apertures per square inch.
20 |
Figure 9 is a block diagram showing the several'steps in
the process for producing the novel apertured films of
the present invention. The first step in the process is
to position a piece of thin, stretchable £ilm of
25 thermoplastic polymer materials on a support member (Box
1). The support member with the stretchable film
thereon is passed under high pressure fluid ejecting
nozzles (Box 2). The preferred fluid is water. The
water is transported away from the support member,
30 preferably using a vacuum (Box 3). The £ilm is de-
- watered, suction being preterred for this purpose (Box
4). The_de—watered-apertured_filn is removed from the
~ support member (Box 5. Residual water is removed from
" the apertured film, e.g. by applying a stream of air



orifice strips at a pressure of 1350 psig. The line speed of the apparatus
was 50 yards/m nute. The sleeve 103 had the topographical confiaguratian -
s i {hgysepladpmdny sheot

shown in Figure 5 4. The resulting apertured film Has®
10% The average ECD of the micro-holes in the final filmwas mls.  The
COV of the ECD of the micro-holes was 58% The Frazier pitg: pes ility. of

“the apertured filmwas 350 cubic feet/minute/sq. ft. of film ‘10 EXAMPLE 2
Exanpl e 1 was repeated except that the stanubng filmhad a thickness .of
0.95 m| and the pressure at which water -15 = "was supplied to the three

orifice strips Wm%rE¥33GBbi)6) The apertured film is then rolled up

' to await use as is or as a structural component of
another product such as a sanitary napkin, disposable
diaper or wound dressing (Box 7).

?igure 10 is a diagrammatic view of an apparatus fer
continuously producing the apertured films of the
present invention._ Apparatus 90 comprises a backing
- member provided in the form of a conveyor belt 91.

10 Conveyor belt 91 is continuously moved in a
counterclockvwise direction about a pair of spaced aparﬁ
rollers 92, 93 as is well-known. Disposed_abcve
conveyor belt 91 is a fluid supply manifold 95

) 3 connecting_a'plurality of lines or groups 96 of

15 orifices. Each group 96 of orifices includes at least

| one row of very small'diameter'hoies,,there being thirty
or more of such holes'per lineal inch in each row.

‘'Manifold 95 is equipped with pressure gauges 97 and
control valves 98 for regulating the fluid pressure in

20 each line or group of orifices. Means (not illustrated
in the drawings) are provided for supplying water at an
elevated temperature to manifold 95. Disposed beneath
each orifice line or group is a suction member 99 for

3 removing excess water during processing and to keep the

25 aperturing zone from flooding. The starting film 67 to
be formed into the apertured film 68 of the invention is
fed to the conveyor belt comprising the backing member.
The starting film passes under the group 96 of orifices
where it is expesed'to the columnar streams of water

.30 being ejected from the orifices._ The pressure of the
water columns being ejected'frem the individual groups

96 ot orifices can be set by pressure control valves 98 . -

to any desired pressure. The pressure of the water

supplied to the groups 96 of orifices should be at least

‘-



The resulting apertured filmhad an open area of 5% The average ECD of the
mcro-holes in the filmwas 3 mls. The COV.of the ECD of the m cro-holes
was 62% There were 6,300 micro-holes per square i ncThiarigl thé repificeifent sHdee
m cro- hol es had an EHD under 25 mls. The filns produced in the above
~exanples were lint free filns suitable for use as a ﬁn th or pouch
‘cover. In addition, the filmstructure did not have AL s 25 to
entrap fluid which provides clean/dry proper%'es. The fllns had good

aest heti cs, fabric feel efficient fluid tra bort and softness. The

cpertured 111 Mol S0y SHeTl LR HhY OB B 0 dsth pef 2Ll
' "higher. In the process for making apertured films of
the present invention, it is preferred that the .
“individual groups 96 of orifices eject water at the same
5 pressure. Though six fluid supplying groups of orifices
are shown in Figure 21, the number of groups 96 of
orifices is not critical, but will depend on the
. thickness of the starting £ilm, the speed of the
conveyor belt, the pressures employed, the number of
10 rows of orifices in each group 96 of orifices, etc.
After passing between the columnar water jets and
suction manifqld 99, the apertured film 68 passes over
an additional suction slot 99a to remove excess
processing water therefrom. The conveyor belt
15 comprising the backing member may be made from
relatively rigid material and may comprise a plurality
of slats. Each slat extends across the'width_ot the
conveybr and has a lip on one side and a slat engages
the lip of an adjacent slat to allow for movement
20 between adjaéent slats and to allow for these relatively
rigid slat members to be employed in the conveyor
configuration shown in Figure 21. Alternatively, the
- backing ﬁember may be a woven screen having high points
which support the £ilm and low points into which the
25 film is moved during processing.

Referring to Figure 11, there is shown a preferred
apparatus for making apertured films of the present
invention. Apparatus 100 comprises a'rqtatable drum
30 101. The drum has a honey-comb structure to allow for

the passage'of fluids therethrough, rotates in a
counterclockwise direction and carries a backing member:
in the form of an elongated cylinder or sleeve 103

| placed over its outer surface. Disposed about a portion



di sposabl e di apers, sanitary napkins, wound dressings, - incontinent
deyipes and the I'ike. ° '-24- \Wen used as covering qggprials for sanitary.
napki ns, i t is _pref erred that the mcro- hpl es of th,e_ _b_’e‘rstfﬁ?daplacemmt sheet
t hernmopl astic filns of the present invention be sufficient in nunber to
Frovide an open area ranging 5  fromabout 1 to_iSBhu»Atpﬁégqénunber of -
arger-sized holes preferably being mnimzed. It is prefeff, ’hat at
| east fifty percent (50% of the micro-hotd&s=
of the periphery of the drum is a manifold 105
connecting a plurality of orifice strips 106 for .
applying water to a'stretchable thernép;astic starting
£ilm 107 carried on the outer surface of sleeve 103.
5 Each orifice strip comprises a row of very fine uniform
circular holes. _The diameter of these holes_shouid'_
range from approximately 0.005 inch (0.0127 cm) to 0.010
inch (0.0254 ¢m). There may be as many as 50 or 60
, holes per lineal inch or more if desired. Water is
10  directed under pressure through the orifices, forﬁiﬁg
columnar streams which impinge on the upper surface of
the starting film in a contact or aperturing zone below
fthe'orifice'strips. The distance from the orifice
strips to the upper surface of film 107 being processed
15 is about 0.75 inch (1.90 cm.). The pressure of the
water supplied to the orifice strips is controlled by
pressure control valves 109, the pressure being
indicated by pressure gauges'llo. The drum is connected
to a pump 112 to which a vacuum may be_applied to aid in
20  removing water so as to keep the aperturing zone from '
flooding. In operation, the starting film 107 is placed
on the backing member 103 and passed counter-clockwise
under the water ejecting orifice strips 106. As film
- 107 passes underneath the orifice strips, it is formed
25  into the apertured film of the invention. |

The apertured tricot-like plastic film of the present
invention has a micro-hole size that is under 25 mils

. equivalent hydraulic diameter (EHD)'énd equivalent

30 circular diameter (ECD). The ECD data are obtained from
an image analyzer and is calculated in accordance with

the following formula: ECD = 4A, where A is equal
i . _ \’ p



conprising the filmhave EHD s ranging between 0.5 and 25 ails. The COV of
EHD of the mcro-holes is 10 preferably at |east 50% Preferably, at

| east seventy- five percent (75% of the nicro-hol es hiiie igtisssepiecsnénicshes:
- 400 square mils and the coefficient of variation of mcro-hole area should"
be at |east 100% 15 Referring to Figures 12 and 13 therg/;?(’sh'om a
sani tary napkin 200 conprising an absorbent core 202 o p fibers, a
thin, fluid-inperneableé barrier film 204 ang 23.covering material 206 which
may be any of the apertured filnms of the |nvent|on Preferably, the 20

covering materiagg heﬁet Beedl ufctﬁﬂeeﬂw:ﬁm desgipbed BaNSulated from
reference to Figures 1 and 2. Barrier; T
the measured area and per meter of each micro-hole

according to the formula: EHD = 47, where A equals
. T o P . .

5 the mirco-hole area and P equals the micro-hole
periméter.' Theeave:agé ECD ranges from about 2 to 7
‘mils with the preferred average being 5 mils. The ECD
coefficient of variation (COV) ranges from 50 to 70%.
~ fThe EHD COV is at least 40%. COV is determined from the
10  formula: COV = _SD_ x 100%, where SD is the |
- : mean
standard deviation. The number of micro-holes per
square inch ranges from about 4,000 to 7,000 with the
preferred number beihg about 6,000 micro-holeé per
15 square inch. The area of the micro-holes ranges from
'~ about 4000 to 7000'squaré'mils.' The open érea of the
£film may be as low as 1%. The thickness of the film
ranges from about 10 to 20 mils with the preferred bulk
being 15 mils. The number of wales ranges from 500 to
20 . 6,000 per square inch. The width of the fiber-like
elements ranges from 1 to 10 mils with the preferred
. range_béing from 1 to 5 mils. The length of the_fiber-
like elements ranges from about 10-500 mils. :

25 | EXAMPLE 1

An apertured film of the present invention was made by
processing a starting film on the apparatus of Figure
| 11. The starting film comprised a 40:60 (ﬁt%) blend of
30 commércially'availabie low density polyethylene and _
linear low density polyethylene. The_stértinq £film had
a thickness of 0.8 mil and was embossed with a diamond
pattern having 165 lines per inch. Only 3 of_ﬁhe
orifice strips 106 in the apparatus of Figure 11 vere



204, which may conprise, e.g. a thin filmof polyethylene, contacts the

| ower surface of absorbent care 202 and runs part may.Pp t he | ongi t udi nal

si des of 25 t he absorbent core. Covering naterial % isnthe raplazediont shee
sonewhat |onger than the length of the absorbent core and is apped arounJ
the absorbent core and barrier filmas shown in Figurggld ﬁﬁﬂpngltudlnal
edges of the cover material are overl apped and seal ed toget on 30 t he
| ower surface of the napkin in the usual nmampgw.. In the enbodi nent _
illustrated, the cover material i's sealed to itself at the ends 208, 210 of

the sanitary. napghplopedi! | wateat at i160°Fowas sappidid &y thekthr@e0 has a
layer of adhe5|ve f%ia&oétggggrh aF%%éEEﬁ%&‘o 15?8 psig. The line
speed of the apparatus was so yards/nxnute,. The sleeve
103 had the topographical configuration shewn in Figqure
5 4. The resuiting apertured £41m has an'open area of
10t. The average ECD of the micro-holes in the final
film was 5 mils. The COV of the ECD of the micro-holes
was 58%. The Frazier air permeability of the apertured
£ilm was 350 cubic feet/minute/sq. ft. of film.
Example 1 was repeated except that the starting £ilm had
a thickness of 0.95 mil and the pressure at which water
158 was_supplied to the three orifice strips was 1200 psig.
‘The resultinq apertured £ilm had an open area of 5%.
The average ECD of the micro-holes in the film was 3
mils. The COV of the ECD of the micro-holes was 62%.
There were 6,300 micro-holes per square inch and all of
20  the micro-holes had an EHD under 25 mils.

The films'preduced'in the above examples were lint free
films suitable for use as a wiping cloth or pouch cever;
In addition, the film structure did not have interstices
25 to entrap fluid which provides clean/dry properties. -
" The films had good aesthetics, fabr;c feel, efficient
fluid transport and softness.

The apertured films of the present invention may be used
30 as facingfmateriaIS'for absorbent products such as
disposable diapers, sanitary napkins, wound dressings,
~ incontinent devices and the like. -



-25- undergarnent of the user. Adhesive 212 is protected prior to uée by a
renovabl e rel ease strip 214. Wiile several enbodi nents : | at i, ons. of

the present 5 i nvention are described in detail herew,g !%I?Hsﬂe&'ﬁ@"fﬁ'_t sheet
apparent ‘that the disclosure and teachings of the present inveptji on wll
suggest nany al ternative designs to those skilled in tHHatart)8 3/%

- -24-

' When used as covering matérial# for sanitary'napkins, it
is preferred that the micro-holes of the apertured
thermoplastic films of the present invention be
sufficient in number to provide an bpen_area ranging

5  from about 1 to 15%, with the number of larger-sized

" holes preferably being minimized. It is preferred that

at least fifty percent (50%) of the micro-holes
comprising the film have EHD’s ranging between 0.5 and
25 mils. The COV of EHD of the micro-holes is

10 preferably at least 50%. Pteferably, at least seventy-

' five percent (55%) of the micro-holes have areas less
than 400 square mils and the coefficient of variation of
micro-hole area should be at least 100%.

15 Referring to Figures 12 and 13, there is\shown a P
- sanitary napkin 200 comprising an absorbent core 202 of
wood pulp fibers;.a thin, fluid-impermeable barrier film
204 and a covering material 206 which may be any of the
apertured films of the invention. Preferably, the
20 covering material has the structure shown and described
herein with reference'to Figures 1 and 2. Barrier film
204, which may comprise, e.g. a thin film of
‘polyethylene, contacts the lower surface of absorbent
core 202 and runs part way up the longitudinal sides of
25  the absorbent core. Covering material 206 has a length
' somewhat longer'than the length of the absorbent core
and is wrapped around the absorbent core and barrier
film as shown in Figure 13. Theilongitudinal edges of
' the cover material are overlapped and sealed together on
30  the lower surface of the napkin in the usual manner. In
the embodiment illustrated, the cover material is sealed
to itself at the ends 208, 210 of the sanitary napkin.
'As illustrated in Figure 13, sanitary napkin 200 has a
layer of adhesive 212 for adhering the napkin-to the



-26- WHAT IS CLAIMED IS: 1. An apertured plastic filmhaving a tricot-Ilike

texture conprising: 5 a plurality of wales; a pluralrhiy; ed side -
wal I s extending fromeach wale; and a plurality of clust e'ﬁgf‘%?LlﬁBP@tgmt(ﬁheet

m cro-hol es defined by a network of fiber-like elenments, each cluster of 10
i rregul ar mcro-hol es being connected between at IeasBauMo!G 3<% d sl oped .
side walls, each of said wales, side walls and fiber-1like el nts being
integrally formed of - _ | =25
undergarment of the user. Adhesive 212 is protected
‘prior to use by a'removable release strip 214.

While several embodiments and variations of the present

- invention are described in detail herein, it should be
apparent that the disclosuré'and teaéhings of the
present invention will suggest many alternatxve designs
to those skilled in the art.



stretchabl e thernopl astic polyneric materi al . 15 . The apertured film

.of Cdaim1l wherein each of said plurality of wales exbﬁggs tn a first
direction and wherein said filmfurther include a plu ﬁf”‘of’p’%ﬁg‘ﬂsr'“f '

undul ating ribs extending in a second direction transverse 't $&d first

direction. 20 3. The apertured filmof Caim?2 'V\,hereljameadﬁz aid rows
of undulating ribs has a network of said wales connected to ngngmgLQes
of said ribs. 25 - 4. The apertured filmafaddaiml further conprising a

plurality of macro-holes randomy dispersed: t roughout ﬂ ":I LI -
Tty of mero-foles randorty disp "

1. An apertured plastic film having a tricot-like
_ - texture comprising: ' :
5 a plurality of wales;
a plurality of sloped 51de walls extending from each
vale; and _
a_plurality of clusters of irregular micro-holes defined
_ by a network of fiber-like elements, each cluster of
10 irregular micro-holes being connected between at least
' two of said sloped side walls, each of said wales, side
walls and fiber-~like elements being integrally formed of .
stretchable thermoplastic polymeric material. |

15 2. The apertured film of‘Claim 1 wherein eaoh_of said
plnrelity of wales extends in a first direction and
wherein said film further include a plurality of rows of
undulating ribs extending in a second direction

- transverse to said first direction.

20 _ o . _ .

3. The apertured'film of Claim 2 wherein each of said

rows of undulating ribs has a network of said wales

connected to oppos1te sides of said ribs.

25 4. The apertured film of CIain 1 further comprising a
' plurality of macro-holes randomly dispersed throughout
said film. :

_ $. The apertured £film of Claim 4 wherein said.macro-
30 holes are located on said wales and on said sloped side
walls at variable depths. |

6. The apertured film accord1ng to Claim 1 wherein said
fiber-like elements ‘have been drawn. '



5. The apeftured filmof Caim4 mherein'said macr o- 30 hol es are
| ocated on said wal es and on said sloped side walls aH. arlable dept hs. 6.
The apertlred f|In1accord|ng te-C1a|n11 wherei n sai d- filfels hﬁwbpﬁbeﬂnntsheet

have been dra apertured filmaccording to Claim6
wher ei n ‘sai d f| be ﬂll! ﬁu Iﬂﬂﬁﬂ mmﬁve been drawn at | gagg: 1 %s conpar ed
to adjacent regio ich do not contain holes.

=27~ '

7. The apertured film according to Claim 6 wherein said

fiber-like'elemenfs have been drawn at leaSt 100% as
 compared to adjacent regions of said £ilm which do not
contain holes. | g ' '

8. The apertured film according to Claim 1 wherein said
micro-holes have an area ranging from about 1 ‘square mil
to about 100 sguare mils.

10 9. The apertured film according to Claim 1 wherein the
- micro-holes have an EHD of less than 25 mils.

10. The apertured film according to Claim l:having an
~ open area of from about 5% to about 12%, said open area
15 being provided by said micro-holes.

11. The ape:tured film according to Claim 1 wherein the
fiber-like elements have lengths ranging from about 3
| . mils to about 15 mils with a preferred range from about
20 5 mils to 7 mils.

12. The'apertured film according to Clain 1 wherein the
fiber-like elements have widths ranging from about 1 mil

to 10 mils.

25 | | |
13. An apertured film according to Claim 1 wherein the
fiber-like elements have thicknesses ranging from about
2 mils to 10 mils thh a preferred range from about 4
mils to 8 mils.

30

14. The apertured”film of Claim 1 wherein the micro-
.hole has an ECD of less than 25 mils.



5 8. ' The apertured f|In1accord|ng to daim1l wherein said mcro-holes have
an area.ranging fromabout 1 square mil to about 100 squérl"'ts is the. "Oé%c
The apertured f+lm- aceordmg toCaiml wherein the nmicro-holes ha gﬁ’sﬁﬂﬁheet

of less than 25 ertured filmaccording g Cla| haV|ng
an open area of i'l !“ﬂ about 12% said open are SIEJF}
provi ded- by sald The apertured filmaccordin o] Clalm 1

wherein the- flber-llke elenents have | engt hs-28gi ng from about. 3 mls to
about 15 mls with a preferred range from about 20 5mlsto 7 mls.
' 15. The apertured film of Claim 1 wherein the micro-

holes have an average ECD ranging from about 2 to 7
mils.

5 16. The apertured film of Claim 1 wherein the number of
micro-holes range from about 4,000 to 7,000 per square
il'ICh . )

17. The apertured film of Claim 1 wherein the number of
10 wales range from about 2,000 to 6,000 per square inch.

18. The apertured film of Claim 1 wherein the micro-
- holes have a coefficient of variation of ECD greater
than 40% with a'preferred range from about 50 td 70%.
15°¢ | |
19. A method for forming an apertured film having a
tricot~like texture of comprising the steps of:
(a) providing a starting fiim_comprising stretchable
thermoplastic polymeric material and having an upper
20 surface and a lower surface;
(b) providing a backing member comprising a pattern of
a plurality of peaks and valleys and a plurality of
apertures, each of said apertures having a conical top
portion surrounded by a cluster of said peaks and |
25 valleys;
(c) supporting said starting £ilm on said backing
member with the lower surface of said film being in
contact with the peaks of said backinq member and with-
the upper surface of said film facing away from said
30 backing member;
(d) directing a fluid force against the upper surface
of said starting film in a zone of contact and at a
pressure sufficient to cause the formation an apertured
£ilm having a plurality of wales, a plurality of micro-



12. The apertured filmaccording to Caim1l mherein the fiber-1like
el ements have widths ranging fromabout 1 ml to 10 mls, 25.13. An
apertured filmaccording to G aim 1 wherein the fiberl}¥§ isct@| roplacemantisheet

romasocr« ots (MTRRINI *rhe short i’y pbfam = v o
t he hicrof hol'e has' af EED bf 1 ess ;han_zggT I's: oo o
holes and a plurality of sloped side walls extending
between said wales and micro-holes at variable depths;
(e) moving said film from said contact zone; and
(£) removing said apertured film from said backing
5 member. ' ' '

20. A method according to Claim 21 wherein said fluid
is directed at the upper surface of said film in the

| form of columnar streams. : |

L 10 ' | o : |
" 21. A method according to Claim 21 wherein said fluid
is under pressure ranging from about 500 psig'td about
1,600 psig. '

15 '22. A method accordinqlto Claim 21 wherein said fluid
is water which is directed at the upper surface of said
film at a temperature of at least about 90°F.

23. A method according to Claim 24 wherein said water
20 is under pressure ranging from about 500 psig to about
1,600 psig. -

24. An absorbent product comprising an absorbent core

covered with an apertured film, said apertured film
25 comprising a tricot-like film having a plurality of

vales, a plurality of micro-holes and a plurality of

" sloped side walls extending between said wales and

micro-holes at variable depths.

30 . 25. An absorbent product according to Claim 26 which'is
a wound dressing. '



-28- 15. The apertured filmof Claim1 wherein the mcro- holes have an

average ECD ranging fromabout 2 to 7 mls. 5 16. he a ertu .
Ckaim 1 wherein the-nunber.-of—_m_cr.o- hol es ;r-ange from a %%"IFB%%‘

per square inch. 17. The apertured filimof Caim1l mherein the unber of 10
‘wal es range from ab wuﬂ ,ﬂﬁ wwm mg per square inch.pg®: T 3Fs;1,ertured _
filmof Caiml whe | es have a coefficient of variation of
ECD great er than 40@6wnth preferred r-ange $3@+n about 50 to 70% '

26. An absorbent product according to Claim 26 wherein
both major surfaces to said absorbent core are covered
with said apertured film.

5 27. An absorbent product according to Claim 26 which is
a disposable diaper.

28. An absorbent product according to Claim 26 which is
'a sanitary napkin. : '
10 - |
29. An absorbent product according to Claim 26 further
comprising a liquid impervious backing layer located
adjacent one major surface of said absorbent core.

15 30. An apparatus for producing an apertured film having
a tricot-like texture comprising:
a rotatahle hollow drum haVing a top surface comprising

- a pattern of a plurality of peaks and valleys and a

plurality of apertures, each of said apertures having a

20 conical top portion surrounded by a cluster of said
peaks and valleys; _ '
means for positioning a stretchable thermoplastic
polymer f£ilm on the apices of the peaks on the top
surface of the drum;.

25 means located outside the drum for projecting adjacent
fluid streanms simultaneously against said film and then
against the peaks and then through the openings and into

the drum;
_ means for rotating said_drum while said fluid is being
30 projected against said top surface;

means disposed inside the drum to remove the fluid fron
the surface of the drum; and
' means for removing said apertured film having a tricot-
- 1ike texture from the surface of the drunm.



15 19. A method for forning an apertured filmhaving a tricot-1ike texture
of conprising the steps of: (a) providing a starting f rising.
stretchable thernDpIasth_poLynerLc material and haV|Agh£%qﬁgggbf ot sheet

surface a | ower surface rovi di ng a backi ng nenber ising a
pattern of a pI ur al M!ll ﬂ“tﬁkﬂ‘ltﬁ vaI | eys and a pl ubDatest y'3E$ ertures,
. each of said apertu cal top portion surround by a cluster
of said peaks and 25 vall eys; (c) suppensii=ng said startlng f|In1on said’

backi ng menber with the |ower surface of said filmbeing in
| 31. The apertured £ilm of Cclaim 1 wherein said sloped

gide walls extend at_variable depths below said wales.

~ 32. The aperture film of ' claim 1 wherein said side
5 walls are non uniform in shape. -



contact with the peaks of said backi nglmenber and with the upper surface of
said filmfacing away fromsaid 30 backi ng nmenbénijs isdhe deplacemnsat sheetyi d
force against the upper surface of said starting filmin a zone of contact
and at a pressure sufficient to cause the forrratioB ?n_ a@?n#}l{%ed film
having a plurality of wales, a plurality of nicro-2&8. 28/ hsfes and a
plurality of sloped side walls extendi ng between said wal es and m cro-hol es
at vari abl e dept hs;




(e) noving said filmfromsaid contact zone; and (f) renoving said

apertured filmfromsaid backing 5 menber. 20. A nethod according to

Claim 21 wherein said fluid is directed g the upper surﬁBQGSGhosemﬁcémhﬁasheet
in the formof columar streanms. 10 21. A nethod according to Caim21

wherein said fluid is under pressure rangi ng from about 58? pSd, A%¢ about
1,600 psig. 15 22. A method according.to Oaim21 wher&l* §¥g luid is

wat er which is directed at the upp#® su aace of sap¥ filmat a tenperature

of at |east about 90[err]F. A .
. ’2
/ ,' . : ’ j"'




23. A nethod according to Caim24 wherein said water 20- I S under _
pressure ranging from about 500 psig to about 1,600 p&iigis the replacaneit shget
product conprising an absorbent core covered with an apertured film said
apertured film 25 conprising a tricot-like fil mhaﬂ{'ﬂt&g a}g'gi /ality of
wal es, a plurality of mcro-holes and a pluurality of sloped kijde walls

ext endi ng between said wal es and m cro-holes at variable depths. 30 25.
An absor bent product according to Claim26 which is a.,dvound dr essi ng.

Y]

76




-30- 26. An absorbent product according to Claim26 wherein both mjor
surfaces to said absorbent core are covered wth said apertyred “M'aI*n S

27. An absorbent product according to C aim26 which is a di spos ftRlacement shee
di aper. 28. An absorbent product according to Claim 26 which is sanitary
napkin. 10 29. An absorbent product according to Claim me:t)fgraiﬁﬂ
conprising a liquid inperviQus backing |ayer |ocated adjacent on ] or

surface of et N e %

)

BERL s

:ysw.gw
3

r*-cQ - “JG-A
D0 O
00 o°
O 0 O ai Mp



15 30. An apparatus for producing an apertured film having a
tricot-like texture conprising: a rotatabje hollow drunmmis the replagement sheet

surface conprising a pattern of a plural ity of peaks and valleys and a

plurality of apertures, each of said apertures having ebaZIQ: ,ga('gt%cal top
nmeang for

portion surrounded by a cluster of said peaks and vall eys;
' prbeddi ON t he apices of the

positioning a stretchable t
peaks on the top surface of: b ted outside the drum
for projecting adjacent fl W 5 e agai nst said film and

t hen agai nst the peaks and 1f il 1 and i
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the drum neans for rotating said drumwhilessaid fluid is being 30

proj ected against said top surface; neans di sposed inside the drumto
remove the fluid fromthe surface of the drum and neans fbis isehevepigcanin:
apertured filmhaving a tricot- |like texture fromthe surface of the drum
-31- 31. The apertured filmof Caim1l wherein said sl opega@i_d?gﬁ?%s

sheet

extend at variabl e depths bel ow said wal es.

| POSITION FILM
BOX 1] ONTO SUPPORT
: MEMBER

1 | BOX 3

PASS SUPPORT

SUGTION WATER
MEMBER UNDER
BOX2—) \GHPRESSURE { SUMNAYUNDER
WATER JETS

'

| DEWATER
BOX 4~ | APERTURED FILM
VIA SUCTION

'

REMOVE APERTURED
BOX5—} FILM FROM SUPPORT
MEMBER

!

éoxs" &Eshl‘guvAEL ——— ROLL UP 7 BOX7
1 water | :
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32. The aperture filmof Claim1l wherein said side walls are non uniformin
shape. This is the replacement sheet
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This is the replacement shee:
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This is the replacement sheet

32;31!332_?L$§IIQ_IIL§ | o 1xm5; m##QL

An apertured plastic film having a plurality of wales, a
plurality of sloped side walls extending from the wales
and a plurality of clusters of irregular micro-holes
defined by a network of fiber-like elements, each
cluster of irregnlat micro~holes being connected between
at least two of the sloped side walls. The film also
has a plurality of rows of undulating ribs having the
network of wales connected to opposite sides of the ribs
and'extending in a transverse direétion from the ribs.
The films bf_the invention are useful as covering
materials for absorbent.ptoducts such as difipers, wound
dressings and sanitary napkins. -
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" This is the replacement sheet
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e 23[5[2
An apertured plastic film having a plurality of wales, a

plurality of sloped side walls extending from the wales
and a plurality of clusters of irregular micro-~holes
defined by a network of fiber-like elements, each
cluster of irregular micro-holes being connected between
at least two of the sloped side walls. The film also |
has a plurality of rows of undulating ribs having the
network of wales connected to opposite sides of the ribs
and extending in a transverse direction from the ribs.
The films of the invention are useful as covering
materials for absorbent products such as diapers, wound
dressings and sanitary napkins. '

Figure 1 .' —_——
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TEXT OF THE ABSTRACT

APERTURED PLASTIC FILM

An apertured plastic film (10) having a plurality of wales (12), a plurality of sloped side walls
(14) extending from the wales (12) and a plurality of clusters (16) of irregular micro-holes
(18) defined by a network of fiber-like elements (20), each cluster (16) of irregular micro-
-holes (18) being connected between at least two of the sloped side walls (14). The film (10)
also has a plurality of rows of undulating ribs (22) having the network of wales (12) connected

The films of the invention are useful as covering materials for absorbent products such as
diapers, wound dressings and sanitary napkins. .

Fig. 1. - . REPLACEMENTSHEET_ |

to opposite sides of the ribs (22) and extending in a transverse direction from the ribs (22). .
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