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for many years. "'none process for produci ng nonwoven fabrics, a fiber

batt or web is'treated with water streans to cause the fibers to
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DEFOCUSED LASER DRILLING PROCESS
FOR MAKING FABRIC FORMING DEVICE
. : . “
5 This application is a continuation-in-part of commonly

assigned U.S. application Serial No. 131,191, filed
September 13, 1993.

BACKGROUND OF THE INVENTION

10  Nonwoven fabrics have been known for many years. In one
process for producing nonwoven fabrics, a fiber batt or
web is treated with water streams to cause the fibers to
entangle with each other and provide some strength in
the batt. Many methods have been developed for treating

15 ‘fiber batts in this manner in an attempt to duplicate
the physical properties and appearance of woven fabrics. ¢

U.S. ?etents 5,098,764 and 5,244,711 disclose backing
members for supporting a fibrous web during the

20 manufacture of nonwoven fabrics. The support members
disclosed in U.S. 5,098,764 have a predetermined
topography as well as a predetermined pattern of
openings within that topography. In one specific
embodiment, the backing member is three-dimensional and

2S5 includes a plurality of pyramids disposed in a pattern
over one surface of the backing member. This specific
backing member further includes a plurality of openings
which are disposed in the spaces, referred to as
"valleys", between the aforementioned pyramids. In this

30 process, a starting web of fiber is positioned on the
topographical support member. The support member with
the fibrous web thereon is passed under jets of high
pressure fluid, typically water. The jets of water
cause the fiber to intertwine and interentangle with

m
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entangl e with each other and provide sone strength in the bat s BERs A :
ngt hods have been devel oped for treating 15 fiber batts iin thi ggmg/é%BEEN
in an attenpt to duplicate the physical properties and appe

fabrics. U S. Patents 5,098, 764 -and 5, 244, 711 di scl ose backi ng nenbers for
supporting a fibrous web during the 20 manuf act ure of nonwoven fabri cs.
The support nenbers disclosed in U S. 5,098,764 have a predeterm ned

t opography as well as a predeterm ned patt-«g- of openings wthin that

t opography. In one specific enbodi nent, the backing nmenber is

t hr ee- di mensi oealcharsther in a particular pattern, based on the

topographical configuration of the support member.

The pattern of topographical features and apertures in
§  the support member is critical to the structure of the
resulting nonwoven fabric. In addition, the shpport
member must have sufficient structural integrity and
strength to support a fibrous web while fluid jets
rearrange the fibers and entangle them in their new
10 arrangement to provide a stable fabric. The support
member must not under go any substantial distortion
under the force of the fluid jets. Also, the support
member must have means for removing the relatively large
volumes of entangling fluid so as to prevent *flooding"
15 of the fibrous web, which would interfere with effective
entangling. Typically, the support member includes
drainage apertures which must be of a sufficiently small
" size to maintain the integrity of the fibrous web and
prevent the loss of fiber through the forming surface.
20 In addition, the support member should be substantially
free of burrs, hooks or the like irregularities that
could interfere with the removal therefrom of the
entangled fabric. At the same time, the support member
must be such that fibers of the fibrous web being
25 processed thereon are not washed away under the
influence of the fluid jets.

While machining may be used to fabricate such
topographical support members, such a method of

30 manufacture is extremely expensive and often results in
aforementioned burrs, hooks and irregularities. Thus,
there is a need for a method for making topographical
support members which method is less expensive and
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25 includes a plurality of pyram ds disposed in a patter|pRkesHEOEEHAS BEEN
surface of the backing nenber. This specific backing nmenb f ur ([HEPLACED
i ncludes a plurality of openings which are disposed in the - A

to as "valleys", between the aforenentioned pyramds. 1In this 30
process, a starting web of fiber is positioned on the topographical support
menber. The support nenber with the fibrous web thereon is passed under
jets of high pressure fluid, typically waterg. The jets of water cause the
fiber to intertwine and interentangle with

reduces the numbers of burrs, hooks and irregqularities

therein.
SUMMARY OF THE INVENTION
5 The present invention is directed to a method of forming

a topographical support member for producing nonwoven
fabrics and to the topographical support member formed
by the method of the invention which can be used to
produce tricot-like or other similar nonwoven fabrics.

10 In accordance with the method of the present invention,
a laser beam is directed onto a workpiece to be engraved
with a topographical pattern. The laser beam is focused
such that the focal point of the beam is below the top
surface of the workpiece. The focusing of the laser

15 beam at a point other thah ther top surface of the
workpiece, e.g. at a point below the top surface,
instead of on the surface is termed "“defocusing."
Thereafter, the defocused laser beam is used to drill a
predetermined pattern of tapered apertures in the

20 workpiece in such a manner to form a topographical array
of peaks and valleys surrounding each aperture of the
workpiece. The apertures have a tapered or conical-like
top portion angled such that the major diameter of the
aperture resides on the top surface of the resulting

25 ' support member. The topographical array of peaks and
valleys is formed by the center line to center line
spacing of adjacent apertures being less than the major
diameter of the top portion of the apertures. Such a
spacing results in the taper of adjacent apertures

30 intersecting within the starting thickness of the
workpiece.

In one embodiment; a raster scan laser drilling_process
is used to form the topographical support member. In

CHI-816 This Sheet Has Been Rerlacéd .

AT




L]

-2- each other in a particular pattern, based on the topogyamhé SHEET HAS BEEN
configuration of the support nenber. The pattern of topogrgphi ceREFLADQED es
and apertures in 5 t he support nenber is critical to the= -

the resulting nonwoven fabric. |In addition, the support nenber nust have
sufficient structural integrity and strength to support a fibrous web while
fluid jets rearrange the fibers and entangle themin thelr new

-4-

this embodinent, the laser beam is moved in a series of
raster scans over the surface of the workpiece. During
each scan, the laser is turned on at predetermined
intervals of sufficient time and intensity to drill one

S or more discrete portions of each of the apertures. In
this method, each aperture will take a multiplicity of
scans to be drilled in its entirety. In one embodiment,
the pattern of the plurality of peaks, valleys and
apertures is configured to produce a nonwoven fabric

10 having the appearance of a tricot knit fabric.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of one type of

topographical support member of the present invention.

15 c .
Figure 2 is a cross-sectional view taken along lines 2-2
of Figure 1.

Figure 3 is a bit map of the laser instructions defining
20 a pattern of apertures to be drilled in a workpiece to
form the topographical support member of Figure 1.

Figure 4 is a diagrammatic view of an apparatus for
forming a topographical support member of the present
25 invention.

Figure 5 depicts the smallest rectangular repeat
element, 25 pixels long and 15 pixels wide, of the
pattern shown in Figure 3.

30 .
Figure 6 is a block diagram showing the various steps of
the process of producing nonwoven fabrics using a
support member of the present invention.
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10 arrangenent to provide a stable fabric. The support rreW@rSHﬁEértH%ﬁEEN

under go any substantial distortion under the force of the fl ui d RERIACED

Al so, the support nenber nust have nmeans for renoving the reTattvelry Iarge

vol umes of entangling fluid so as to prevent "flooding" 15 of the

fibrous web, which would interfere with effective entangling.

the support nenber includes drainage apertures whi ch nust be of a

sufficiently snall

size to maintain the imgegrity of the fibrous web and

prevent the |loss of fiber through the form ng surface. 20 I n addition,
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~apparatus for producing nonwoven fabrics using a support
member of the present invention.

Figure 8 is a diagrammatic view of another type of
apparatus for pr_od\'acing nonwoven fabrics using a support
member of the present invention.

Figure 9 is a diagrammatic view of a preferred type of
apparatus for producing nonwoven fabrics using a support
member of the present invention.

Figure 10 is a photomicrograph of a tricot-like nonwoven
fabric, enlarged about 20 times, as seen from its upper
surface, formed using the topographical support member
of Figure 1.

Figure 11 is a photomicrograph of the tricot-like
nonwoven fabric of Figure 9 as seen from its bottom
surface.

Figure 12 is a bit map, similar to that depicted in
Figure 3, of a different set of laser instructions.

Figure 13 is a digitized image of a support member of
the present invention from a scanning electron

microscope.

Figure 14 is another digitized 1mage of the support
member shown in Figqure 13.
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free of burrs, hooks or the like irregularities that could it '
the renoval therefromof the entangled fabric. At the sane tﬁ&ﬁ?ét %ﬁgé%BEEN
support nenber nust be such that fibers of the fibrous web beiag ;

y o 4

processed thereon are not washed away under the i'nfluence of the fluid
jets. Wiile machining may be used to fabricate such topographical support
menbers, such a nethod of 30 manuf acture i s extrenely expensive and
often results in aforenentioned burrs, hooks#s-and irregularities. Thus,
there is a need for a nethod for making topographical

Referring now to the drawings, a topographical support
member of the present invention is shown in perspective

in Figure 1.

The support member 2 comprises a body 1 having a top
surface 3 and bottom surface 4. Disposed in a
predetermined pattern across top surface 3 is an array
of peaks 5 separated by valleys 6. A plurality of
10 .drainage apertures 7 extending through the thickness of
the support member are disposed in a pattern in the
member 2. In this embodiment, each drainage aperture 7
is surrounded by a cluster of six peaks 5 and six
valleys 6.
15 |
Drainage aperture 7 comprises an upper portion 7a and a
lower portion 7b. As can be seen in Figure 1, upper
portion 7a of aperture 7 comprises a wall 10 and is
generally "bell-mouthed" or "flared®” in configuration.
20 Upper portion 7a is tapered, having a cross-sectional
area which is larger nearer the top surface of support
member 2 and a cross-sectional area which is smaller at
the point 10a where the bottom of said upper portion
' meets the top of lower portion 7b. Lower portion 7 b,
25 in the specific embodiment under discussion, has a
somewhat tapered cylindrical configuration. The cross-
sectional area of lower. portion 7b of aperture 7 is
greater at point 10a then at the bottom surface 4 of the
support member. An aperture 7 is shown in cross-section
30 in Figure 2. Lines 9 are drawn tangent to opposed
' points on walls 10 one hole radius below top surface 3.
The angle 11 formed by lines 9 must be controlled
relative to the thickness 12 of the support member 2.to
produce the intended result. For example, if the angle

e
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support nmenbers which nethod is | ess expensive and - 3- I §dyQRSSHEET HAS BEEN
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The present invention is directed to a nethod let=tormvrr=
support nmenber for produci ng nonwoven fabrics and to the
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is too great, the aperture will be too small and
therefore insufficient drainage will be provided. If

. the angle is too small, there will be very few or no

peaks and valleys.

The center-to-center spacing, S, of adjacent apertures
(See Fig. 1) in the repeating pattern is of similar
importance. The peaks S5 and valleys 6 are created by
the intersection of the tapered somewhat conical
apertures 7. If the center-to-center spacing of the

- apertures were greater than the major diameter of

aperture 7 at the top surface 3, no intersection would
result, and the member would be a smooth, flat top
surface with conical apertures disposed throughout.

‘Referring to Figure 13, the major diameter of aperture

A’ extends between peaks 501 and 504 and is identified
by double-headed arrow 521. Similarly, the major
diameter of aperture B’ extends between peaks 503 and
512 and is identified by double-headed arrow 522. The
major diameter of a given aperture is the largest peak-
to-peak distance, measured at the top surface of the
support member, between any pair of peaks defining the
upper portion of the aperture. When the center-to-
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.

Referring now to Figure 3, apertures 7 are depicted as
hexagons in a nested array, but the invention is not
linited to hexagons. Other shapes, such as for example
circles, squares, octagons, or irregular shapes (See
Fig. 12), or combinations thereof, may be used,
depending on the desired topographical configuration.
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by the nmethod of the invention which can be used to produce tTH'% HEFTk*éScﬁEEN
ot her sim |l ar nonwoven fabrics. 10 In accordance with th ?P&f‘cﬁ?e

present invention, a |laser beamis directed onto a workpiece to be engraveda -

with a topographi cal pattern. The laser beamis focused such that the

focal point of the beamis below the top surface of the workpiece. The
- focusing of the |aser 15 beam at a point other than the top surface of
the workpiece, e.g. at a point below the tef-surface, instead of on the

surface is ternmed "defocusing." Thereafter, the defocused |aser beamis
used to drill ZRows 13 and 14, running parallel to directional arrow A

in Fig. 3, each comprise a plurality of hexagons 150.
These hexagons are 7 pixels wide, 11 pixels long and
within each row _ate spaced 8 pixels apart. Row 13 of

S hexagons is spaced closely to row 14 of hexagons.
Specifically, as can be seen in Fig. 3, the lower tip of
each hexagon in row 13 is tangent to line 17, which line
17 is also tangent to the upper tip of each hexagon in
row 14. Rows 15 and 16 duplicate the pattern and

10 spacing of rows 13 and 14. The spacing between rows 15
and 16 corresponds substantially to the above-mentioned
spacing between rows 13 and 14. Row 15, however, is
spaced from row 14. As seen in Fig. 3, the lowermost
tips of the hexagons in row 14 are tangent to line 18,

15 while the uppermost tips of the hexagons in row 15 are
tangent to line 19. Lines 18 and 19 are spaced fron
each other by a distance, d, which in the pattern
illustrated in Fig. 3, is 3 pixels. The above-described
pattern of the rows 13, 14, 15 and 16 is repeated

20 throughout the bit map of Figure 3. It will be
understood that the spacing of the hexagons may be non-
uniform within a given row or between adjacent rows.

The distance between parallel adjacent walls 20 of two

25 adjacent hexagons shown in the bit map of Fig. 3 must be
sufficient to give the support member strength to resist
the fluid forces and allow normal handling.

Referring to Figure 1, each aperture 7 is surrounded by

30 six adjacent apertures 7. If all of these apertures 7
have sufficient taper to create diameters greater than
their respective center-to-center spacing, each aperture
7 will have six intersections with its neighbors, and
these intersections will produce six valleys 6.

CHI-816
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predeterm ned pattern of tapered apertures in the 20 wor kipi Tett® SHEET HAlS Bty |
manner to form a topographical array of peaks and valleys s
aperture of the workpiece. The apertures have a tapered or c e
portion angl ed such that the najor dianeter of the aperture resides on the
top surface of the resulting 25 support nenber. The topographical array
of peaks and valleys is forned by the center line to center |ine spacing of
adj acent apertures being | ess than the maj argdi aneter of the top portion of
the apertures. Such a spacing results in the taper of adjacent apertures

Depending on their depth, these valleys 6 can either
intersect the top surface 3, resulting in their being
separated by small plateaus, or they can intersect each
other and produce a peak S.

The apparatus of the present invention used to produce
topographical support menmbers is shown in Figure 4. The
starting material for the support member may be any
desired shape or composition. The topographical support

10 member preferably comprises acetal; acrylic will also
‘perform satisfactorily. In addition, the preferred
shape of the starting material is a thin wall,
cylindrical, preferably seamless, tube that has been
relieved of residual internal stresses. As will be

15 described later, the cylindrical shape accommodates the
preferred apparatus for producing the nonwoven fabrics.

Tubes manufactured to date for use in forming support
: members are 2 to 6 feet in diameter and have a length.
20 ranging from 2 to 16 feet. The wall thickness is
~ nominally ¥ inch. These sizes are a matter of design
choice. '

A starting blank tubular workpiece is mounted on an

25 appropriate arbor, or mandrel 21 that fixes it in a
cylindrical shape and allows rotation about its
'longitudinal axis in bearings 22. A rotational drive 23
is provided to rotate mandrel 21 at a controlled rate.
Rotational pulse generator 24 is connected to and

30 monitors rotation of mandrel 21 so that its precise
radial position is known at all times.
Parallel to and mounted outside the swing of mandrel 21
is one or more guide ways 25 that allow carriage 26 to

CHI-816
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30 intersecting within the starting thickness of the wor ki BSeSHEET dAS BEEN
epbodi nent, a raster scan laser drilling process is used to f or m REBLACED

t opogr aphi cal support nenber. In REPLACEMENT SHEET -4- this enbodi nent,
the | aser beam.is noved in a series of raster scans over the surface of the
wor kpi ece. During

-10-

traverse the entire length of mandrel 21 while
maintaining a constant clearance to the top surface 3 of
tube 2. Carriage drive 33 moves the carriage along
guide ways 25, while carriage pulse generator 34 notes
5 the lateral position of the carriage with respect to
support member 2. Mounted on the carriage is focusing
stage 27. Focusing stage 27 is mounted in focus guide
ways 28 and allows motion orthogonal to that of carriage
26 and provides a means of focusing lens 29 relative to

10 top surface 3. PFocus drive 32 is provided to position
the focusing stage 27 and provide the focusing of lens
29.

Secured to focusing stage 27 is the lens 29, which is
15 secured in nozzle 30. Nozzle 30 has means 31 for
. introducing a pressurized gas into nozzle 30 for cooling
and maintaining cleanliness of lens 29.

Also mounted on the carriage 26 is final bending mirror

20 35, which directs the laser beam 36 to the focusing lens
29. Remotely located is the ‘laser 37, with optional
beam bending mirrors 38 to direct the beam to final beam
bending mirror 35. While it would be possible to mount
the laser 37 directly on carriage 26 and eliminate the

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

When the laser 37 is powered, the beam 36 emitted is

30 reflected first off beam bending mirror 38, then final
beam bending mirror 35, which directs it to lens 29.
The path of laser beam 36 is configured such that, if .
lens 29 were removed, the beam would pass through the
longitudinal center line of-mandrel 21.

[
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each scan, the laser is turned on at predetermned interv '?HE?SﬁEEﬁHR@%EEN
time and intensity to drill one 5 or nore discrete por
the apertures. In this nethod, each aperture will take a
scans to be drilled in its entirety. |In one enbodiment, the pattern of the
plurality of peaks, valleys and apertures is configured to produce a '
nonwoven fabric 10 havi ng the appearance of a tricot knit fabric. BRI EF
DESCRI PTI ON OF THE DRAWNGS Figure 1 is aX¥efspective view of one type of

t opogr aphi cal support nenber of the present invention.

With lens 29 in position, the beam is focused below, but
near the top surface 3. Focusing the beam below the top
surface is identified as "defocusing™ the laser beam

5 relative to the surface of the tube.

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.
10 This process is in no way dependent on such a high power
laser, as support surfaces have been successfully
drilled with a slow flow CO, laser rated at S50 watts.

When focusing lens 29 passes beam 36, it concentrates
15 the energy near the center of the .beam. The rays are
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
20 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
‘proportional to focal length. Minimum spot size is

25 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
lenses are more forgiving of target positioning, but can

30 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

CHI-816 _ . This Sheet Has Been Reﬂlaced




15 Figure 2 is a cross-sectional view taken along |ines 2- 2‘oﬁﬂ§ ? " .
Figure 3 is a bit map of the laser instructions defining 20 ﬁgﬂ? '?H“N J

apertures to be drilled in a workpiece to formthe topogra

menber of Figure 1. Figure 4 is a diagrammtic view of an apparatus for

form ng a topographical support nmenber of the present 25 I nventi on.
Figure 5 depicts the smallest rectangul ar repeat elenent, 25 pixels |ong
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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 membér, an initial
focusing step must be performed. Once a blank tubular
workpiece 2 is positioned on the mandrel 21, the laser
is pulsed briefly and the mandrel rotated slightly
between pulses such that a series of small depressions
is produced. The focus stage 27 is then moved with
respect to the mandrel center line to change the focus
position and another series of depressions is producead.
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
3 of the blank tubular workpiece at which the beam was
focused.

A desired pattern is selected, such as the one shown in
Figure 3. The pattern is examined to determine the
number 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
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
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 29. The _
focus stage is motored inward, placing the focal point

" inside the interior of the material to be drilled. The
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pattern shown in Figure 3. 30 Figure 6 is a bl ock diagramis
various steps of the process of produci ng nonwoven fabricq E@}@&Qgséﬁﬁp‘s BFE N "
menber of the present invention. . REPLACEMENT SHEET -5- |

schematic sectional view of one type of -

13-

laser is then pulsed, with some combination of pulse
power level and duration. As seen in Figure 2, the
diameter of the aperture at the top surface 3 is
considerably larger than the diameter of the aperture at
5 the lower surface 4. In order to achieve the desired

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
increases the cone angle 11, and second, increasing the

10 power level or pulse duration increases the depth and
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

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

If the laser selected is of sufficient power, the

20 mandrel and carriage do not need to be stopped during
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.

25 ' _
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 3, the laser would normally be pulsed to

30 produce a complete column, the carriage indexed to the
next column poéition and the beam pulsed for the next
series of apertures. '

_—
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apparatus for produci ng nonwoven fabrics using a support
present invention. 5 Figure 8 is a diagrammatic view o
apparatus for produci ng nonwoven fabrics using a support
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present invention. Figure 9 is a diagrammatic view of a preferred type of
10 apparatus for produci ng nonwoven fabrics using a support nenber of

the present inv
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ention. Figure 10 is a photom crograph of a tricot-Ilike
enl arged about 20 tines, «s4seen fromits upper 15
usi ng the topographi cal support nenber

One problem that may occur depending on the type of

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
results, and the surface is neither cylindrical nor the
right size. 1In extreme cases, the tube hay crack.

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

In this approach, the pattern is reduced to the smallest
rectangular repeat element 41 as depicted in Figure 5.
This repeat element contains all of the information
required to produce the pattern in Figure 3. When used
like a tile and placed both end-to-end and side-by-side,
the larger pattern is the result.

This repeat element is further divided into a grid of
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 2. Each pixel where
the laser is intended to create a hole is black. Those
pixels where the laser is turned off are white.

To Seqin drilling at the top of the first column of
pixels in Figure 5, while the mandrel is turning at a
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of Figure 1. Figure 11 is a phot om crograph of the triCOt'I!k¢H@9%¥§ﬁQQNSBEEN
PLRCED

fabric of Figure 9 as seen fromits bottom 20 surface. Fijgure ?
bit map, simlar to that depicted in Figure 3," of a differeat—aat—0i
i nstructions. 25 Figure 13 is a digitized imge of a support menber of

the present invention froma scanning electron mcroscope. Figure 14 is
anot her digitized i mnage of the support 30 menber shown in Figure 13.

=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 24 in Figure 4. The laser remains off for the

5 next 14 units. This laser off/on sequence is repeated
for the first revolution, at which point the mandrel is
back to starting position, carriage drive 33 has
repositioned the carriage one unit and the computer is
ready to do column 43a. '

10
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.

15

This _process is repeated until all of the columns have
been used over an entire revolution each; in the case of
Figure 5, there were 15 revolutions of the mandrel. At
this point, the process returns to the instructions in

20 column 43.

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
25 line up side-by-side and overlap somewhat, the
‘cumulative effect is a hole. In the pattern of Figure
5, each hexagonal hole 44 actually requires 7 passes
separated by a complete revolution, distributing the
energy around the tube and minimizing local heating.
30 .
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

——
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REPLACEMENT SHEET -6- DETAI LED DESCRI PTI ON OF THE | NVENTI ON eﬁﬂé@
to the draw ngs, ﬁ%%bm

~a topographical support member of the presept iny

shown in perspective in Figure 1. 5 The support nenber 2 comiises-a

havi ng a top
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lens approach, however, pfoduces the forming surface of
Figure 1.

In the present invention, the apertures 7 are quite
small and numerous. Typical patterns range from 800 to
1400 apertures per square inch.

The process to manufacture a nonwoven fabric using a
support member of the present invention has been
described in U.S. Patents 5,098,764 and 5,244,711, both
of which are incorporated by reference herein.

Figure 6 is a block diagram showing the various steps in
the process of producing the novel nonwoven fabrics of
the present invention. The first step in this process
is to position a web of fibers on a topographical
support member (Box 1). The fibrous web is presoaked or
wetted out while on this support member (Box 2) to
ensure that as it is being treated it will remain on the
support member. The support member with the fibrous web
thereon is passed under high pressure fluid ejecting
nozzles (Box 3). The preferred fluid is water. The
water is transported away from the support member,
preferably using a vacuum (Box 4). The fibrous web is
de-watered (Box 5). The de-watered formed fabric is
removed from the support member (Box 6). The formed
fabric is passed over a series of drying drums to dry
the fabric (Box 7). The fabric may then be finished or
othervise processed as desired (Box 8). Figure 7 is a
schematic representation of one type of apparatus for
carrying out the process and producing the fabrics of
the present invention. In this apparatus, a foraminous
conveyor belt 70 moves continuously about two spaced |
apart rotating rolls 71 and 72. The belt is driven so

ThlS Sheet Has Been
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top surface 3 is an array of peaks 5 separated by vall eys)i6
of 10 dr ai nage apertures 7 extending through the thicknes
menber are disposed in a pattern in the nmenber 2. In this enbodlnent each

surface 3 and bottom surface 4. Disposed in a predeterm'”emlg & @:[%ﬁ '

+ L\l'\ oun

drai nage aperture 7 is surrounded by-a cluster of six peaks 5 and six
val | eys 6. 15 Drai nage aperture 7 conprises an upper portion 7a and a | ower

portion 7b.
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As can be seen in Figure 1, upp+

that it can be reciprocated or moved in either a
clockwise or counterclockwise direction. At one
position on the belt, in the upper reach 73 of the belt,
there is placed above the belt a suitable water ejecting
manifold 74. This manifold has a plurality of very fine
diameter holes, of about 7/1000 of an inch in diameter,
with about 30 holes per inch. Water under pressure is
driven through these holes. On top of the belt is
placed a topographical support member 75 and on top of
that topographical member the fiber web 76 to be formed
is placed. Directly beneath the water manifold, but
under the upper reach of the belt, is a suction manifold
77 to aid in removing the water and prevent flobding of
the fiber web. Water from the manifold impinges on the
fiber web, passes through the topographigal support
member and is removed by the suction manifold. As may
be af:preciated , the topographical support member with
the fibrous web thereon may be passed under the manifold
a number of times as desired to produce fabrics in
accordance with the present invention.

In Figure 8 there is depicted an apparatus for
continuously producing fabrics in accordance with the
present invention. This schematic representation of the
apparatus includes a foraminous conveyor belt 80 which
actually serves as the topographical support member in
accordance with the present invention. The belt is
continuously moved in a counterclockwise direction about
spaced apart rotating rolls as is well known in the art.
Disposéd above this belt is a fluid feeding manifold 79
connecting a plurality of lines or groups 81 of
orifices. Each group has one or more rows of very fine .
diameter holes with 30 or more holes per inch. The
manifold is equipped with pressure gauges 88 and control

This Sheet Has Been Re;ilace
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portion 7a of aperture 7 conprises a wall 10 and i s gener al |[yTHS SHEET HAS BEEN

"bel | -mout hed" or "flared" in configuration. 20 Upper pofiti on REPLACED

| S—— J

tapered, having a cross-sectional area which is |arger nearer the top
surface of support nenber 2 and a cross-sectional area which is snaller at
t he point 10a where the bottom of said upper portion neets the top of |ower
portion 7b. Lower portion 7 b, 25 I n the specific enbodi nent under

di scussi on, has a somewhat tapered cylindri~d&8k configuration. The cross-
sectional area of lower portion 7b of aperture 7 is greater at point 10a
then at the bot mahves &k £or gfequkating the fluid pressure in each one

or group of orifices. Disposed beneath each orifice
line or group is a suction member 82 for removing excess
water, and to keep the area from flooding. The fiber
5 web 83 to be formed into the nonwoven fabric of the

present invention is fed onto the topographical support
member conveyor belt. Water is sprayed through an
appropriate nozzle 84 onto the fibrous web to pre-wet
the web and aid in controlling the fibers as they pass

10 under the pressure manifolds. A suction slot 85 is
placed beneath this water nozzle to remove excess water.
The fibrous web passes under the fluid feeding manifold
with the manifold preferably having an increased
pressure. For example, the first lines of holes or

15 orifices may supply fluid forces at 100 psi, while the
next lines of orifices may supply fluid forces at a
pressure of 300 psi, and the last lines of orifices
supply fluid forces at a pressure of 700 psi. Though
six fluid supplying lines of orifices are shown, the

20 number of lines or rows of orifices is not critical, but
will depend on the weight of the web, the speed of
operation, the fluid pressures used, the number of rows
of holes in each line, etc. After passing between the
fluid feeding and suction manifolds the formed fabric is

25 passed over an additional suction slot 86 to remove
excess water from the web. '

A preferred apparatus for producing fabrics in
accordance with the present invention, is schematically
30 depicted in Figure 9. 1In this apparatus, the
topographical support member is a rotatable drum 90.
The drum rotates in a counterclockwise direction. Drum
90 may be a continuous cylindrical drum or may be made
of a plurality of curved plates 91 disposed so as to

CHI-816
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support nenber.
Lines 9 are drawn tangent to opposed points on walls 10 on

An aperture 7 is shown in cross-section 30! THIS, SHE DHéSZBEEN

hol e

bel ow top surface 3. The angle 11 formed by lines 9 nust be controlTed
relative to the thickness 12 of the support nenber 2 to produce the
I ntended result. For exanple, if the angle -7- is too great, the

aperture wl|

10

be too smal |l and

form the outer surface of the drum. In either case, the
outer surface of drum 90 or the outer surfaces of the
curved plates 91 comprise the desired topographical
support configuration. Disposed about a portion of the
periphery of the drum is a manifold 89 connecting a
plurality of orifice strips 92 for applying water or
other fluid to a fibrous web 93 placed on the outside
surface of the curved plates. Each orifice strip may
comprise one or more rows of very fine diameter holes of
approximately 5/1000 of an inch to 10/1000 of an inch in
diameter. There may be as many as 50 or 60 holes per
inch or more if desired. Water or other fluid is
directed through the rows of orifices. The pressure in

- each orifice group is increased from the first group

1S
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under which the fibrous web passes to the last group.
The pressure is controlled by appropriate control valves
97 and monitored by pressure gauges 98. The drum is
connected to a sump 94 on which a vacuum may be pulled
to aid in removing water and to keep the area from
flooding. In operation, the fibrous web 93 is placed on
the upper surface of the topographical support member
before the water ejecting manifold 89. The fibrous web
passes underneath the orifice strips and is formed into
a tricot-like nonwoven fabric. The formed fabric is
then passed over a section 95 of the apparatus where
there are no orifice strips, but vacuum is continued to
be applied. The fabric after being de-watered is
removed from the drum and passed around a series of dry

cans 96 to dry the fabric.

As noted above, the support member shown in Figure 1
will produce a tricot-like nonwoven fabric. Figure 10
is a copy of a photomicrograph of a tricot-like nonwoven
fahric at an enlargement of approximately 20 times. The

ThlS Sheet Has Been Rer
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therefore insufficient drainage will be provided:. |f the ang
snall, there will be very few or no peaks and valleys. 5 The.
center-to-center spacing, S, of adjacent apertures (See Fig.

repeating pattern is of simlar inportance. The peaks 5 and vaIIeys 6 ar
created by the intersection of the tapered sonewhat conical 10 apertures
7. If the center-to-center spacing of the apertures were greater than the

maj or di ameter of aperture 7 at the top su2@ee 3, no intersection would

fabric 100 is made from a plurality of fibers. As seen
in the photomicrograph, the fibers are intertwined and
interentangled and form a pattern of openings 110 in the
fabric. A number of these openings include a loop 120

S formed from fiber segments. Each loop is made from a
plurality of substantially parallel fiber segments. The
loops are in the shape of a U with the closed end of the
U pointed upwardly towards the upper surface of the
fabric as viewed in the photomicrograph. Figure 11 is a

10 copy of a photomicrograph of the opposite, i.e. bottonm,
surface of fabric 100 of Figure 10 at an enlargement of
about 20 times. The fibers in the fabric are
intertwined and entangled to form a pattern of openings
110 in the fabric. In some of these openings there are

15 ’U—shaﬁed loops 120 formed from substantially parallel
fiber segments. When viewed from this bottom surface of
the fabric, the open end of the U-shaped loop is pointed
towards the surface of the fabric viewed in this

photomicrograph.

20
EXAMPLE 1 _
A support member made of acetal with an average -
thickness of 6mm was produced using the following '
parameters:

25

Focus Position = 2.5 mm below material surface
Lens Type = Positive Meniscus
Lens Focal Length = 5 inches
Laser Power = 1300 watts

30 . Surface Speed of Tube on Mandrel = 20.3 m/min
Longitudinal Carriage Advance/Rev = 0.05 mm
Pixel Size = 0.05 mm

—_
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result, and the nenber would be a snooth, flat top surface wt Tﬁﬁg 1 =
apertures disposed throughout. 15 Referring to Figure 13, tie il _ HAS BEEN
di aneter of aperture A" extends between peaks 501 and 504 and lks—d PEACER

by doubl e- headed arrow 521. Simlarly, the major dianeter of aperture B
ext ends between peaks 503 and 512 and is identified by doubl e-headed arrow
522. The 20
to-peak distance, neasured at the top surfagg.of the support nenber,

bet ween any pair of peaks defining the upper portion of the aperture. Wen

the center-to-

CHI-816
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maj or dianeter of a given aperture is the | argest peak-

Figure 12 is a pixel by pixel depiction of the on/off
laser power pattern programmed into the computer
control. The pattern consisted of repeating pairs of
rows of apertures, labeled A,, B,, A,, B,, etc. The
apertures in each A row have a first irregular shape and
the apertures in each B row have a second irregular
shape. A tubular workpiece approximately 3 feet in
diameter, 12 feet long and 6 mm thick was laser drilled
using the apparatus of Figure 4 operated according to
the instructions contained in Figure 12 to provide the
support member shown in Figures 13 and 14. The laser
drilling process took about 7 days to complete.

In Figure 13, the illustrated support member comprises a
first row A of apertures (seen in the upper part of
Figure 13), a next adjacent row B of apertures and a

~second row A of apertures below row B of apertures.

First row A of apertures includes aperture A’. Next
adjacent row B of apertures includes aperture B’ which
is adjacent to aperture A’. The upper portion of

- aperture A’ is surrounded and defined by peaks 501, 502,

503, 504, 505 and 506. The upper portion of aperture B’
is surrounded and defined by peaks 510, 511, 512, 513,
504 and 503. It will be recognized that peaks 504 and
503 are common to both of apertures A’ and B’. Line 521
(Double arrowhead) extending between peaks 501 and 504
constitutes the major diameter of the upper portion of
aperture A’, said major diameter being 0.085 inch in the
support member being described. Similarly, line 522
extending between peaks 503 and 512 constitutes the
major diameter of the upper portion of aperture B/, said
major diameter being 0.075 inch in the support member

being describead.
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center spacing of adjacent apertures is |less than the 25
di aneters neasured along that center-to-center |line, the con

intersect formng a valley. Referring now to Figure 3, apert
depi cted as hexagons in a nested array, but the invention is not 30
limted to hexagons. O her shapes, such as for exanple circles, squares,
octagons, or irregular shapes (See Fig. 12), or conbinations thereof, may
be used, depending on the desired topographkieal configuration

The various peak-to-peak distances associated with

aperture A’ in the support member being discussed are

set forth in Table 1. The various peak-to-peak '

distances associated with aperture B’ in the support
S member are set forth in Table II.

TABLE I
(Dimensions in inches)
10
502 503 504
15 - - ——
0.040 —-—— ————
0.067 0.037 -
0.075 0.055 0.035
0.056 0.065 0.065
— _ _____________
20
TABLE 11
: (Dimensions in inches)
W
25 512
30 0.037
0.075
0.055
35

“ﬁﬁiiﬁ‘iiiilﬂnnmm




-8- Rows 13 and 14, running parallel to directional arrow TRISS9eE A
comprise a plurali ty of hexagons 150. These hexagons are 7 [jpi xel ﬁemg
pi xel s long and within each row are spaced 8 pi xels apart.

hexagons is spaced closely to row 14 of hexagons. Specifically, as.can be
seen in Fig. 3, the lower tip of each hexagon in row 13 is tangent to |line
17, which line 17 is also tangent to the upper tip of each hexagon in row
14. Rows 15 and 16 dupli cate the pattern a@d-

Figure 14 is the same digitized image as that shown in
Figure 13 but it has been marked and numbered to show
the distance between the bottom of a valley between two
adjacent peaks and a line connecting the same two peaks.
5 For example, line 530 in Figure 14 connects peaks 503
and 504 associated with aperture A’. The depths of the
valleys between peaks 501-506 associated with aperture
A’ are shown in the upper portion of Table III. The
depths of the 2 valleys associated with aperture B’,

10 i.e. the valleys between peaks 510 and 511 and the
valley between peaks 504 and 513, are shown in the lower
portion of Table III. The valleys between the remaining
peaks associated with aperture B’, those between peaks
511 and 512, and between 512 and 513, are structurally

15 analogous Table III to those valleys between peaks 501
and 506, and 501 and 502 respectively.

Table III
20 Valley Between : Valley Depth
Peaks : Inches
501 and 502 0.016
502 and 503 - | 0.020
25 503 and 504 ' 0.024
504 and 505 0.025
505 and 506 0.020
506 and 501 | 0.012
510 and 511 | 0.026
30 504 and 513 0.026

" This Sheet Has Been
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10 spacing of rows 13 and 14. The spacing between ro Fo—ant— o :
corresponds substantially to the above-nmentioned spacing bt SHEEDRHASIBEEN
-and 14. Row 15, however, is spaced fromrow 14. As seen [{n Fi (IEPLACED e

| owermost tips of the hexagons in row 14 are tangent to line 18, 15

whil e the uppernost tips of the hexagons in row 15 -are tangent to |ine 19.
Lines 18 and 19 are spaced from each other by a distance, d, which in the
pattern illustrated in Fig. 3, is 3 pixe+24= The above-descri bed pattern of
the rows 13, 14, 15 and 16 is repeated 20 t hroughout the bit nag oL
Figure 3. |typithle Beveral embodiments and variations of the presen

invention are described in detail herein, it should be
apparent that the disclosure and teachings of the
present jnvention will suggest many alternative designs

5 to those skilled in the art.

—
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under stood that the spacing of the hexagons may be non- uni f]
gi.ven row or betmeenJad+aeeﬁ%~roms The di stance between pa aIﬁEﬂS%EEwwggb 11
wal I's 20 of two 25 Hﬂce agons shown in the bit m §PLﬁbg@s tN

be sufficient to menber strength to resist the :
forces and a||OM/ « Referring to Figure 1, each aperture 7 is
surrounded by 30 * sfx adjacent apertures 7. If all of t hese apertures 7
have sufficient taper to create dianeters ge&ater than their respective
center-to-center spacing, each aperture 7 will have six intersections with
its neighbors, &HAT IS CLAIMED IS:

i. A method for forming a topographical support member
for producing a nonwoven fabric comprising the steps of:
a)' providing a workpiece,
5 b) focusing a laser beam such that the focal poznt
is below the top surface of said workpiece; and
c) drilling with said laser beam a predetermined
pattern of tapered apertures through said workpiece
thereby forming an array of peaks and valleys
10 surrounding each aperture on the top surface of the
resulting support member.

2. The method of claim 1 wherein said drilling step
includes pulsing the laser beam in a predetermined
15 sequence of on and off states. ,

3. The method of claim 2 wherein the laser beam on
states are of sufficient time and intensity to drill
each aperture in a single on pulse.

20
4. The method of claim 2 wherein the laser beam on
states are of sufficient time and intensity to drill a
discrete unit of each aperture in a single on pulse.

25 5. The method of claim 4 further including the step of
moving the laser beam in a series of raster scans over
the surface of the workpiece, the laser beam on states
being of sufficient time and intensity to drill one or
more discrete units of said apertures in each raster

30 scan.

6. The method of claim 5 wherein the step of moving the
laser beam includes-rotating said workpiece about its
longitudinal axis and indexing the laser beam along said

CHI-816 Fhis Sheet Has Been Rep laced | .
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t hese int ersecri—OTrsT wtt—produce—si x val | eys 6. REPLACE SHEET

Dependi ng on th val | eys 6 can either interslpdHis$ ﬁ@EEBb‘AS BEEN
surface 3, resuf I L .-& D ing separated by small pl atjgaus, REPLAGEP
can intersect eae duce a peak 5. 5 '

-26~

longitudinal axis after each revolution of the
workpiece.

7. The method of claim 3 wherein the step of moving the

5 laser beam includes rotating said workpiece about its
longitudinal axis and indexing the laser beam along said
longitudinal axis after each revolution of the
workpiece.

10 8. The method of claim 1 wherein each tapered aperture
includes a conical top portion.

9. The method of claim 1 wherein each aperture is
surrounded by a cluster of six peaks and six valleys.
1S ¢
10. The method of claim 1 wherein the center line to
c_ente'r line spacing of adjacent apertures is less than
the major diameter of the conical top portion of each
adjacent aperture.
20
11. The method of claim 1 wherein said array of peaks
and valleys surrounding the pattern of tapered apertures
. is configured to provide a tricot-like nonwoven fabric.

25 12. A topographical support member for producing
nonwoven fabrics comprising:
a body 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 conical top
30 portion surrounded by a cluster of said peaks and
valleys.

——
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The apparatus of the present invention used to produce top e

support menbers s shownm imFrgure 4. The starting naterialf| it $H€EEHaSGEEN
menber may b pe or conposition. The topogr i caRERLABGEDt

10 menber "mgr”ﬂ m’,pﬂt& ses acetal; acrylic will also perform
satisfactorily * the preferred shape of the starting materia

is athin wall, cylindrical, preferably seam ess, tube that has been
relieved of residual internal stresses. AR || be 15 described later,

the cylindrical shape accomopdates the preferred apparatus for producing
t he nonwoven f abB8icsThe support member of claim 12 wherein each

aperture is surrounded by a cluster of six peaks and six
valleys.

5 14. The support member of claim 12 wherein the center
line to center line spacing of adjacent apertures is
less than the major diameter of the conical top portion
of each adjacent aperture.

10 15. The support member of claim 12 wherein said pattern
of the plurality of peaks, valleys and apertures being
configured to produce a tricot-like nonwoven fabric.

16. A method for producing a nonwoven fabric comprising
15 the steps of:
positioning a fibrous layer on the peaks of a
cylindrical topographical support member formed by the
method of claim 1;
projecting adjacent fluid streams simultaneously
20 against the fibrous layer and then against the peaks and
then through the apertures;
' rotating the cylindrical support member while the
fluid is being projected against the fibrous layer;
removing the fluid projected through the apertures;
25 and
removing a nonwoven fabric from the surface of the
support member.

17. An apparatus for producing a nonwoven fabric
30 comprising:
a rotatable 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

CHI-816 ' This Sheet Has Been Rei

(WA




Tubes manufactured to date for use in formng support nenberg
feet in dianeter and have a length 20 ranging from2 to 16

BEEN
thickness is nomnally [err] inch. These sizes are a matter kbk=de on

choice. A starting bl ank tubul ar workpiece is nounted on an 25
appropriate arbor, or mandrel 21 that fixes it in a cylindrical shape and
allows rotation about Its longitudinal axis in bearings 22. A rotational
drive 23 is provided to rotate mandrel 21 agga controlled rate. Rotational
pul se generator 24 is connected to and

having a conical top portion surrounded by a cluster of

‘said peaks and valleys;
means for positioning said fibrous layer on the
apices of the peaks on the top surface of the drum;

5 means located outside the drum for projecting
adjacent fluid streams simultaneously against said
fibrous layer and then against the peaks and then
through the openings and into the drum;

means for rotating said drum while said fluid is
10 being projected against said outside surface;
means disposed inside the drum to remove the fluid
from the surface of the drum; and
' means for removing a nonwoven fabric from the
surface of the drunm.

-\
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30 nonitors rotation of mandrel 21 so that its precise radial_—positi
known at all tines. Parallel to and nounted outside the s

o9 fsHIBM A BEEN I
is one or nore guide ways 25 that allow carriage 26 to H10- tprEmMexceED t he
entire length of mandrel 21 while maintaining a constant cleararce=— o—he
top surface 3 ofvtube 2. Carriage drive 33 noves the carriage al ong
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gui de ways 25, while carriage pul se generator 34 notes 5
position of the carriage with respect to support nenber 2.
carriage is focusing stage 27. Focusing stage 27 is nounte

thas!ieeralas Been
pUNT SReph bty

n. L)

ways 28 and al | ows pntion ort hogonal tEéthaf—o+-taf++agg\zg~and provi des a
means of focusing lens 29 rel ati top surface 3. [

| ens 29. Secured
secured in nozzl g

17
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I ntroducing a pressurized gas into nozzle 30 for cooling and mai ntaining

cl eanl i ness of
mrror 20
Renotely located is the
direct the beamto fina

35, which directs the | aser

| aser 37, with optional

beam bending mrror 35.

l ens 29. Also nounted on the carriage 26 is frimal—hending
beam 36 to the focl
bean1bending m r r BEBLASED O

While it

sTIg $HHEST KA BEEN

WotH o be—

possible to nmount the |laser 37 directly on carriage 26 and elimnate the 25

beam bending mrrors,
| aser

space limtations and utility connections to the
make renote nounting far preferable.
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directs 1t to lens 2 %%%33%’3’ B “beam 36 1< cont i«
: h skr beam 36 is configu; edH@Lm#EumhaAs BEE
pass through the | ofgitudRERLACED =

if lens 29 were remveNTOe SH8 ul

cen [
ter line of-nandred 21MEMBER Witk Iens 29 in position'=eh

focused bel owg@it/ =" l— \

Box 2 ‘

MEMBER UNDER | _»l AWAY UNDER
RT MEMBE

HIGH PRESSURE SUPPO
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near the top surface 3. Focusing the beam bel ow the top surff atfs BREET Ha BEEN
identified as "defocusing" the |aser beam5 relative to tjhe sumkﬁqgcgﬁ i
the tube. While this invention could be used with a variety |

preferred laser is a fast flow [err] laser, capable of producing a beam
rated at up to 2500 watts. 10 This process is in no way dependent on
such a high power |aser, as support surfaces have been successfully drilled
with a slowflow [err] laser rated at 50 watts. Wen focusing | ens 29
passes beam 36, it concentrates 15 the energy near the center of the

beam The rays are F/G‘ 7 iy
N g 76
R ;: 75
’ /r73

G
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not bent through a single point, but rather a spot of small lHiTBttSaSI&EETHThSBEEN

poi nt of smallest dianeter is said to be the focus or focal |poi nt REPhRACED

occurs at a distance fromthe lens said to be the focal | ength—A 20
| engt hs either shorter or greater than the focal |ength, neasured spot

sizes will be greatter ¢ghan the m ninum The sensitivity to focus position
is inversely proportighal to focal length. M ninmum spot _size is 25
directly proportional fto focal | ength . AR A ff ocal | ength
lens can achi oy ey el | NUERPLILAINE VNS 0! IR ©.L €| Y positioned
and is affect . LAY ; ress
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15 IS established as the reference dianeter for top sujfage speet HAREBEEN
bl ank tubul ar workpi ece at which the beam was focused. A eS|rEﬁtguﬂdgur1|s
sel ected, such as the one shown in 20 Figure 3. The p
to deternlne t he nunber of repeats that will be required to cover the

ci rcunference of sthe workpi ece and conplete the surface w thout an obvi ous
seam Simlarly, the advance along the |ongitudi nal axis of the tubul ar
wor kpi ece per 25 repeat and total number of repeats is established.
These data are entered into a conputer control for

Fig. 13

eet Has Been Replaced
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operating the laser drill

t ubul ar wor kpi ece 30 nount ed t hereon,

ng machine. In operation, the |Fefss&HeewHAS theN
is rotated in front oﬁgﬁ

thecEm®ns.

-

i

ll

The carriage is notored so that the first aperture posit e SPOraS

with the focal p0|nt of the lens 29.

pl aci ng the focal 'point
The - 13-

inside the interior

Fig. 14

is Sheet Has

T

The focus stage is nDtored I nwar d,
of the material to be drilled.

Been Replaced
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Ia_s\er I's then pul sed, with sonme conbi nation of pul se power
dugation. As seen in Figure 2, the dianmeter of the apertu eT'élS$ BEcN
rtuFEPb&

surface 3 is considerably larger than the dianeter of the

l

the | ower surface 4. In order .to achieve the desired topographical
configuration, two factors need to be nmeasured and controlled. First, the
degree with which the lens is focused into the interior of the workpiece

i ncreases the cone angle 11, and second, increasing the 10 power | evel

or pul se duration increases the depth and di aneter. Once an aperture of the
proper di amet er RERPCUSED LASER DRILLING PROCESS

FOR MAKING FABRIC FORMING DEVICE

ABSTRACT OF THE DISCLOSURE
S A topographical support member and method of forming a

topographical support member for use in producing
nonwoven fabrics, espeéially tricot-like nonwoven
fabrics. The topographical support member includes a
body having a top surface comprising a pattern of a

10 plurality of peaks and valleys and a plurality of
apertures. The apertures have a conical top portion
that is surrounded by a cluster of the peaks and
valleys. The center line to center line spacing of
adjacent apertures is less than the major diameter of

15 the conical top portion of the apertures. The
topographical support member is formed by focusing a
laser- beamn so that the focal point is below the top
surface of a starting workpiece and drilling with the
laser beam the predetermined pattern of tapered

20 apertures. The pattern of tapered apertures forms the
cluster of peaks and valleys surrounding each aperture
on the top surface of the resulting support member.

."\
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‘taper is achi eved, the rotational drive and carriage drivell REPLACEMENDGHEET -

0 reposition the support menber such that the next inten d hol
ébrresponds to 15 - ‘the focal point. The process.is the aféﬁgaﬁkkﬁﬁn_

the entire pattern has been drilled. This technique is kn
"percussion” drilling.. I'f the laser selected is of suff|C|ent pomer the 20
mandrel and carriage do not need to be stgpped during the laser pulse. The
pul se- can be of. such short duration that any novenent of the wor kpi ece

_during the dr i b SEuPES CERSER SDRPELIRGUBRBICEYs This is known in
'S This application is a continuation-in-part of commonly
- assigned U.S. application Serial No. 131, 191, filed '
-Septemher 13, 1993,

CKG DO .

10_" Nonwoven fabrics have beeﬁ known for many years. In one
process for producing nonwoven fabrics, a fiber batt or
web is treated with water streams to cause the fibers to
.entangle with each other and provide some strength in

~ the batt. Many methods have been developed for treating
15 fiber batts in this manner in an attempt to duplicate
' 'the'thsical properties and appearance of woven fabrics.

U.S. Patents 5,098,764 and 5,244,711 disclose backing
members for supporting a fibrous web during the
20  manufacture of nonwoven fabrics. The support members
~ disclosed in U.S. 5,098,764 have a predeternined '
topography as well as a predetermined pattern of
openings within that_topography.' In one specific
embodiment, the backing'member'is three-dimensienal and
25 includes a plurality of pyramids disposed in a pattern
over one surface of the backing memher. “This specific
backing member further includes a plurality of openings
which are disposed in the spaces, referred to as .
- "valleys", between the aforementioned pyramxds. In this
- 30 . process, a startinq web of fiber is positioned on the '
| topographical support member. The: support member with
the fibrous web thereon is passed under jets of high
pressure fluid, typically water. The jets of water
j'cause'the fiber to-intertwine and interentangle with



the trade as "fire-on-the-fly" drilling. 25 If the |aser

hh REPLAGEMENT SHEET - |

¥api dly enough, the workpi ece can be rotated at a fixed sp ed an%gf}ﬂﬂ%r

pul sed once to create each hole. . In"a pattern such as the die s

(oL 2 L o et |

Figure 3, the l-aser would normally be pulsed to 30 'prodOce a conpl et e

col um, t he carriage indexed to the next columm position and the beam
pul sed for the next series of apertures. -2- :

10

15

20

25

30

each other in a particular pattern, based on the
topographical confi_g_uration of the support member.

The pattern of topographical features and apertures in
the support member is critical to the structure of the
resulting nonwoven fabric. In addition, the support
member must have sufficient structural integrity and
strength to support a fibrous web while fluid Jets
rearrange the fibers and entangle them in their new

arrangement to provide a stable fabric. The support

member must not under go any substantial di_stortion

~ under the force of the fluid jets. Also, the support

member must have means for | removing the relatively large
volumes of entanglinq fluid so as to prevent "flooding"

of the fibrous web, which would interfere with effective

entangling. Typically, the support member includes

‘drainage apertures which_'must be of a sufficiently small

size to maintain the integrity of the fibrous web and
prevent the loss of fiber through the forming surface.
In addition, the support member should be substantially
free of burrs, hooks or the like irregularities that

' could interfere with the removal therefrom of the

entangled fabric. " At the same time, the support member
must be such that fibers of the fibrous web being

' processed thereon are not washed away under the

influence of the fluid jets.

While machining may be used to fabricate such

_topographical support members, such a method of

manufacture is extremely expensive and often results in
aforementioned burrs, hooks and irregularities. Thus,
there is a need for a method for making topographical
support members which method is less expensive and



-14- One problemthat may occur depending on the type of
density of the pattern of apertures, is.the introduction nf

of heat into a small area of the fornming surface. & oss @OOMARa]@
the loss 5 of pattern .registration may result. Under 0rTdi ¢t ORs ...
mej or di mensi onal. changes.of the part results, and:the surface is nel '
cylindrical nor the right size. |In extremggases, the tube may crack. 10'

A preferred embodi ment of the present invention, which .
reduces the numbers of burrs, hooks and irregularities

therein.

SUMMARY OF THE INVENTION
S  The present invention is directed to a method of forming

"'aftcpographical_suppcrt member for producing nonwoven
fabrics and to the topographical support member formed
by the method of the invention which can be used to

~_ produce tricot-like or other similar nonwoven fabrics.
10  In accordance with the method of the present invention,

' a laser beam is directed onto a_workpiece to be engraved
with a topographical pattern. The laser beam is focused
such that the focal point of the beam is below the top |
‘surface of the workpiece. The focusing of the_laser

15  beam at a point other than the top surface of the
~ workpiece, e.g. at a point below the top surface,
instead of on the surface is termed “defocusing."
Thereafter, the defccused laser beam is used to drill a
predetermined pattern of tapered apertures in the _
20 workpiece in such a_manner to form a topographical array
of peaks and valleys surrounding each aperture of the
workpiece. The apertures have a tapered or conical-like
top portion angled such that the major diameter of the
” aperture resides on the top surface of the resulting
25  support member. The topographical array of peaks'and
valleys is formed by the center line to center line
spacing of adjacent apertures being less than the majori
.diameter of the'top portion of the apertures. Such a
. spacing results in the taper of adJacent apertures
30 intersecting within the starting thickness of the
workpiece. - :

In one embodiment—'a raster scan laser drilling process
is used to torm the topographical support member. In



+

elimnates this probl em uses a process called defocused r :
diilling. In this approach, the patternis reduced to the" |ﬂﬁﬂhé§EM§§TSHEET |
rectangul ar repeat elenment 41 as depicted in Figure 5. Thi pzq% ﬁ!ﬁi _
contains all of the information required to produce the p ﬁ@? Hgure-
3. Wen used like atile and placed both end-to-end and side-by-side, the

| arger pattern is the result.- 20 This repeat elenent is further divided

into a grid of smal | er rectangular uni ts or4d*pi xel s" 42. Though '

this embodiment, the laser beal_l_; is moved in a series of
raster scans over the surface of the workpiece. During
each scan, the laser is turned on at predetermined ,
intervals of_suff:lcient time and intensity to drill one
S or inore discrete portions of each of the apertures. In
this method, each aperture will take a multlplic.tty of
scans to be drilled in its entirety. In one embodiment,
the pattern of the plurali,ty of peaks, valleys and
“ apertures is configured to produce a nonwoven fabric
10 = having the appearance of a tricot knit fabric.

BRIEF DESCRIPTION OF THE DRAWINGS
 Figure 1is a perspect:.ve view of one type of
topographical support member of the present mvention.
15 , . : _
'Figure 2 is a _cross-section_al view taken_alonq lines 2-2
of Figure 1. |

. Figure 3 is a bit map of the laser instructions defminq
20 a pattern of apertures to be drilled in a workpiece to
' form the ,topog_raphical support member of Figure 1.

Figure 4 is a diaQraﬁnﬁatic view of an apparatus for
| forming a topographical support member of the present
25  invention. -

 Figure 5 depicts the ‘smallest 'restengular repeat
.element, 25 pixels long and 15 pixels wide, of the
pattern shown :ln Figure 3.
30 - - | o o
| Figure 6 is a block .diag_'ram showing the various.step_s' of
the process of producing nonwoven 'fa_brics_ using a
support member of the present invention. |



typically square, for some purposes, it is nore convenienff LU T el’S
of unequal proportions. 25 Each col um of pixels represe %ﬁgéT Hé\EJIE
~wor kpi ece past the focal position of the laser. “~This col rm |szgmws-
many times as is required to reach conpl etel y around. sup Patenermer 2w

Each pi xel where 30 the laser is intended to create a hole is black. _
~ Those pixel s where the laser is turned of Lgare white. To begin dr|II|ng at
- the top of the first colum of pixels in Figure 5, while the mandrel is '

~turning at a Figure 7 is a schenatic sectional view of one type of
' apparatus for producing nonwoven fabrics using a support
‘member of the present invention. '

5 Figure 8 is' a diagrammatic view of another type of
' apparatus for producing nonwoven fabrics using a support
member of the present invention.

Figure 9 is 'a'diagra'mmatic_ _view'of' a preferred type of
10  apparatus for producing nonwoven fabrics using a support
member of the present invention.

Figure 10 is a photomicrograph of a tricot-like nonwoven
fabric, en'larged about 20 times, as seen from its upper
15 surface, formed using the topographical support member
| of Figure 1. :

Figure 11 is a photomicrograph' of the tricot-like
nonwoven fabric of Figure 9 as seen from its bottom
20  surface. | |

?ignre'lz is a bit map, similar to that depicted in
Figure 3, of a different set of laser instructions.

25 ‘Figure 13 is a' digitized image of a support member of
the present invention from a scanning electron
microscope . '

Figure 14 is another digit:ized image of the support
30 member shown in Figure 13. . .



REPLACEMENT SHEET -15- fixed rate, the laser is turned on, ar med a
constant power |evel for 11 pixels and then sw tched off. | Qé ﬁMﬁEF H§F§
counted by the rotational pulse generator 24 in Figure 4. § R 1996
remains off for the 5 next 14 units. This |laser off/on eﬁCE"FS --------------

repeated for the first revol ution, at which. p0|nt the nandrel I'S

10

15

20

25

30

Referring now to the drawinqs, a topographical support

;member of the. present invention is shown in perspective
in Figure 1. '

The support member 2 comprises a body 1 having a top
surface 3 and bottom surface 4. Disposed in a
predetermined pattern across top surface 3 is an array
of peaks S5 separated by valleys 6. A plurality of
drainage apertures 7 extending through the thickness of
the support member are disposed in a pattern in the

‘member 2. 1In this embodiment, each drainage aperture 7
is surrounded by a cluster of six peaks 5 and six.

valleys 6.

Drainage aperture 7 comprises an upper portion 7a and a
lower portion 7b. As can be seen in Figure 1, upper

. portion 7a of aperture 7.comprises a wall 10 and is

generally "bell-mouthed" or "flared"” in configuration.
Upper portion 7a is tapered, having a cross-sectional
area which is'larger nearer the top surface of support
member 2 and a cross-sectional area which is smaller at
the point 10a where the bottom of said upper portion
neets the top of lower portion 7b. Lower portion 7 b,

- in the specific embodiment under discussion, has a
somewhat tapered cylindrical oonfiguration. The cross-

sectional area of lower portion 7b of aperture 7 is

_ greater at point 10a then at the bottom surface 4 of the

support member. An aperture 7 is shown in cross-section
in Figure 2. Lines 9 are drawn tangent to opposed

points on walls 10 one hole radius below top surface 3.
The,angle 11 formed by lines 9 must be controlled |
relative to the thickness 12 of the support nember 2 to
produce the intended result. For example, if the angle



back to starting position, carriage drive 33 has reposit BE_BHA‘P%@EE’&%&E&
one unit and the conputer is ready to do columm 43a. 10 |puri ng CMN'M :
{number 43a, the |aser has a shorter "on tinme" (now 9 uni

time" (now 16 units). The total nunber of on and off timES 1S a constant
based on the-pattern hei'ght. 15 This process is repeated until

all of the
col ums have been used over -an entire reyglditi on each; in the case of

wt%nﬁ..i.ﬂng.g[...m.nf il R

_ _ R "
. is too great, the aperture will be toq .smalli;ed L
.therefor'e insufficient drainage will be prc:_\;ew o; x*
" the angle is too small, there will .be_ _vex;y |

peaks an_d valleys .

The ;:enter-to-'c::efntéx spacihq : S, pf ad;'.uace:t;;;:i::res
(See' Fig. 1) in the repeating pjaj:tern is o e oy
. ce. Thé peaks 5 and va_l_.le.y_s 6 are ci ._1 |
izzo:;:r;rséd:tibﬁ ‘of the tapered somewhat c:: c:f e
o ” tures 7. if the center-to—c_epteg: spacing A
* e sere greater than the ‘major diameter o
e t the top surface 3, no _}ntersection youl_d
aper::rea:dathfé mémber would be a smqoth, flat tqp_ |
r::':ac"e vith conical apertures disposed thro:gho::;ure
| - F! major diameter of aper:
e l::fZ;i:::::::i:l:p:z;cstgzl Aij\d 504 and is id:n:ified..
;ble jlarly, the majo
o gouplé-head::t:::’:'SZ::emsi:mbetwezn peaks 503 and
:i:m::;: i:f i:zntified by double-headed arrow 522; p’:::
ia x L iven aperture is the larges -
*° ' | maj°r_.:i::::‘:;c:f :e:::it;d :t the tbp surface of th:h.é_
_ ::;i:::t memb-er, between any pair of p:ks‘_:::ii:i:z-
upper portion of ‘the aperture. When i:less =t
center spacing of adjacent aperf.ures o e nter
_ .ure diameters measured along that cer.l e oo :
*° :.g.e:t“f::e c'onicél surfaces intersect formpg a valley.
ne, | = _ |

: agons in a neste _Y . i Vention is not
. ’ - See

iq. 12}, or combinati_.ons'thereof,,' may be qied,ation
zq.' din:; on."t'he desired topographical conf gur .




Figure 5, there were 15 revolutions of the mandrel. At thi —tFe
pfocess returns to the instructions in 20 colum 43. Not¢ B %’EA?EMENTsHEET
approach, each pass produces a nunber of narrow cuts in th mate

rather than a | arge hole. Because these cuts are precisel l?%arsie ere ...t.o .....
25 line up side-by-side and overl ap sonewhat, the cunul at1ve efftect :
hole. - In the pattern of Figure 5, each hexﬁgonal hole 44 actually requires.
7 passes separated by a conplete revolution, distributing the energy around
the tube and ni Rowszildg anst a4 heunnigg parallel to directional arrow A

in Fig. 3, each comp:is_e a plurality of hexagons 150.
These hexagons are 7 pixels wide, 11 pixels long and
within each row are spaced 8 pixels apart. Row 13 of
5 hexagons is spaced closely to row 14 of hexagons.
Specifically, aé can be seen in Fig. '3, the lower tip of
‘each hexagon in row 13 is tangent to line 17, which line
17 is also tangent to 'thé upper tip of each hexagon in
row 14. Rows 15 and 16 duplicate the pattern and
.10 _spacing of rows 13 and 14. The spacing between rows 15
' and 16 corresponds substah_tially to the above-mentioned
spacing between rows 13 and 14. Row 15, however, is
' s_pacéd from row 14. As seen in Fig. 3, the lowermost
_ - tips of the hexagons 'in row 14 are tangent to line l8,
15 while the uppermost tips of the hexagons in row 15 are
tangerit to line 19. 'L'inés 18 and 19 are Spaced from
each other by a distance . d, which in the pattern
illustrated in Fig. 3, is 3 pixels. The above-described
: pattern of the rows 13, 14, 15 and 16 is repeated
20 throughout the bit map of Figure 3. It will be
| understood that the spacing of the hexagons may be zio_n-4
uniform within a given row or between adjacent rows.

The distance between parallel adjacent walls 20 of two

25 adjacent hexagons shown in the bit map of Fig. 3 must be
sufficient to give the support member strength to resist .-
the fluid forces and allow normal handling.

 Referring to Figure 1, each aperturé 7 is surrounded by
- 30 six adjacent apertures 7. If all of these apertures 7
have sufficient'tgpér to create diameters greater than
their respective center-to-center spacing, each aperture
7 will have six intersections with its neighbors, and
these intersections will produce six valleys 6.



30 If, during this driIIing operation, the | ens was fOCUSudnggLA
surface of the material, the result woul d be hexagonal hollles w
~reasonably parallel malls_ The conbi nation of raster sca '

ERP SHEET

.the defocused  -16- |ens approach, however, produces thg
of Figure 1. o S " o
| | | - ~9- |
Depending on their depth,'these valleys 6 can either
intersect'the top surface 3, reSulting in their being
separated by small plateaus, or they can intersect each
- other and produce a peak 5. '
s .

‘The apparatus of'the present invention used to produce
topographical support members is shown 'in Figure 4. The
starting material for the support member may be any

_ desired shape or_compoSition. The topographical support
- 10, member preferably comprises acetal;“acrylic will also o

_ perform satisfactorily. In addition, the preferred
shape of the starting material is a thin wall,
cylindrical, preferably seamless, tube that has been
relieved of residual internal stresses. As will be

15 described later, the cylindrical shape accommodates the
preferred apparatus for producing the nonwoven fabrics.

Tubes manufactured to'date for use in forming support
members are 2 to 6 feet in diameter and'have a length

20 ranging from 2 to 16 feet. The wall thickness is
nominally % inch. ‘These sizes are a matter of design
choice. '

A,starting'blank tubular workpiece_is mounted on an

25" appropriate arbor, or mandrel 21 that fixes it in a
cylindrical shape and allows rotation about its
longitudinal axis in bearings 22. A rotational drive 23
is provided to rotate mandrel 21 at a controlled rate.
Rotational pulse generator 24 is connected to and

30 monitors rotation of mandrel 21 so that its precise
radial position is known at all times. |

" parallel to and mounted outside the swing of mandrel 21
is one or more guide ways 25 that allow carriage 26 to



In the present invention, the apertures 7 are quite 5 s
munerous. - Typical patterns range from 800 to 1400 aperture ﬁ!Fé’F'—Aﬁﬁ:MB\H'SHEET

i nch.. The process to manufacture a nonwoven-fabric using a ort .
- of the present invention has been 10 described in U.S. bg% 25 HQRY% B

‘and 5,244,711, both of which-are i ncorporated by reference herermn.
Is a bl ock di agram show ng the vari ous stg 6= in the process of producing’
- the novel nonwoven fabrics of 15 t he present invention. The first step -

in this pr OCeSExJa%e&ereﬁet éﬂﬂiée""?@n@i:hf 'otPrn?aﬁHkélti’PQﬁ{ﬁ&“ cal
_ maintaining a constant clearance to the top ‘Surface 3 of
tube 2. Carriage drive 33 moves the carriage along
guide ways 25, while carriage pulse generator 34 notes
5 ‘the lateral position of the oarriage with :resoect to
 support member 2. Mounted on the carriage is focusing
stage 27. Focusing stage 27 is mounted in focus guide
ways 28 and allows motion orthogonal to that of carriage
26 and provides a means of focusing lens 29 relatxve to
10 . top surface 3. Focus drive 32 is provided to position
the focusing stage 27 and provide the focusing of lens
29. ' : '

Secured to focusing stage 27 is the lens 29, which is
15 secured in nozzle 30. Nozzle 30 has means 31 for |
- introducing a pressurized gas into nozzle 30 for cooling
and maintaining cleanliness of lens 29.

Also mounted on the carriage 26 is final bending mirror

20 35, which directs the laser beam 36 to the focusing lens
29. Remotely located is the laser 37, with optional
beam bending_mirrors 38 to direct the beam to final beam
bending mirror 35. While it would be possible to mount
~the laser 37 directly on carriage 26 and eliminate the

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

When the laser 37 is powered, the beam 36 em.tted is
30 reflected first off beam bending mirror 38, then final

beam bending mirror 35, which directs it to lens 29.

. The path of laser beam 36 is configured such that, if

1ens 29 were ‘removed, the beam would pass through the

longitudina_l center line of -mandrel 21. '



support nenber (Box . 1). The fibrous web is presoaked or \ Wi T e —
on this support menber (Box 2). to ensure that as it is bei ngét‘?%(g%%i"T SHEET
will remain on the 20 = support nenber. The support nenb rD, tﬁﬂHMR ]9%

“fibrous web thereon is passed -under hrgh pressure fluid ejleciIig’” HOZz{eg -

(Box 3). The preferred fluid is water. The water is transported away from
- the support nenber, preferably. using a vaellrn (Box 4). The fibrous web is
25 de- wat er ed (Box 5).. The de-watered formed fabric i s renpved fromthe _
support nenber (Box 6). The forned fabric is passed over a series of dryi ng

drums to. dry With lens 29 in p051tion, the beam is focused below, but
- near the top surface 3. Focusing the beam below the top
- surface is ident1f1ed as "defocusing" the laser bean
5  relative to the surface of the tube.

While this invention cou"ld ‘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.
10 This process is in no way dependent on such a high power
- laser, as support surfaces have been successfully
drilied with a slow flow CO, 1_aser rated _at,'so watts.

When focusmg lens 29 passes beam 36, it concentrates

15 the energy near the center of the beam. The rays are
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 _
dis’tance' from the lens said to be the focal length. At

- 20 lengths either shorter or g_reater than the focal length,

measured spot sizes will be greater than the minimum.

The sensitivity to focus position is inversely .
proportionai to focal length. Minimum spot size is

25 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 |
_ lenses are more forgiving of tarqet_pOSitioning, but can

30  only achieve somewhat larger spot sizes. Thus, in
‘addition to the pover distribution contributing to the
tapered top portion of the drilled aperture, the
‘defocusing of the beam below the surface also



the fabric (Box 7). The fabrlc may then be finished or othgrwse P AEESS d
a8 desired (Box 8). Figure 7 is a 30 -schemati c represejt ; fEET

type of apparatus for carrying out the process and produci

the present invention. In this apparatus, a forami nous con

g%%g

e % puMAR1998
Der A R

noves continuously about two spaced apart rotating rolls 7I’and 72 The

belt is drlven so . - REPLACEMENT SHEET -12=

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
5 focusing step must be performed. Once a blank-tubuiar
workpiece 2 is positioned on the mandrel 21, the laser
is pulsed briefly and the mandrel rotated slightly |
- - between pulses such that a series of small depressions
' is produced. The focus stage 27 is then moved with
10 respect to the mandrel center line to change the focus
. 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 .
'15 is established”as the reference diameter for top surface
| -3 of the blank tubular workpiece at which the bean was

focused.

- A desired pattern is selected, such as the one shown in
20  Figure 3. The pattern is examined to determine the
number of repeats that will be required to cover the
- circumference of the workpiece and complete the surface
without an obvious sean. Similarly, the advance along
the longitudinal axis of the tubular workpiece per
25  repeat and total number of repeats is established.
' These data are entered into alcomputer'contrOI for

operating the laser drilling machine.

In operation, the mandrel, with the tubular ﬁorkpiece
30 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 29. |
focus stage is motored inward, placing the focal point
inside the interior of the material to be drilled. The

The



-17- that |t can be reciprocated or noved in either a cl ogknEpEa¥
count ercl ockwi se direction. At one position on the belt,
reach 73 of the belt, there is placed above the belt a su tmﬁ@gﬁW@
- ejecting 5 manifold 74. This nanifol d has a pluralitylof=yery"
di amet er hol es, of about 7/1000 of an inch in dianeter, W th about 30
per inch. vater'under pressure is driven iﬂeough these holes. On top of
the belt is placed a topographical support mber 75 and on top of 10

t hat tOpograph'l%@eﬁ@@ﬁeﬁhﬁuﬁhgar WARkn' Bdife PéodRidE¢ion of pulse
power level and duration. As seen in Figure 2, the
diameter of the aperture at the top surface 3 is

, | ~considerably larger than the Qiameter of the aperture at
5 the lower surface 4. In order to achieve the desired
topographical configuration, two factors need to be
measured and controlled. First, the degree with ﬁhich
the lens is focused into -the. interior of the workpiece
increases the cone angle 11, and second, ihcreasing the
10 power level or pulse duration increases the depth and
-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 positioh corresponds to
15  the focal point. The process is then repeated until the
" entire pattern has been drilled. This technique is
known as "percussion® drilling. |

If the laser selected is of sufficient power,' the
20 mandrel and carriage do not need to be stopped during
~ the laser pulse. The pulse can be of such short
duration that any movement of the workpiece during the
drilling process is inc_:onsequential. This is known in
| the trade as “"fire-on-the-fly" drilling.
25 - o -
If the laser can recover rapidly enough, the wo_rkpiece
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 3, the laser would normally be pulsed to
30 produce a complete column, the carriage indexed to the

next column positiqn and the beam pulsed for the next

series of apertures. |



is placed. Directly beneath the water manifold, but under hREWME!@ﬁ§nEET
_ ~is a suction manifold 77 to aid in renoving tlle wat .
prevent flooding of the fiber web. Wter from the manifol mm%&m g

of the belt,

15 fiber web, passes through the topographical Ssupport 5
renoved by the suction nmanifold. As-may be appreci ated, the topographlcal
support nenber with the fibrous web thereog‘nay be passed under the
mani fol d a nunber of times as desired to produce fabrics in 20

accordance Wi t lprieh prfbAti tHdt sy Gecur depiHd Ryt AT EnleS iR s&ed an

apparatus for

10

15

materlal and density of the pattern of apertures, is the
introduction of a larqe amount of heat into a small area
of the forming surface. Gross distortion, and the loss

of pattern reqistration may result. Under some
. conditions, major dimensional changes of the part

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

A preferred embodiment of the present inventicn', which
eliminates this problem, uses a process called defocused
raster scan dr1lling. -

In this approach, the pattern is reduced to the smallest
rectangular repeat element 41 as depicted in Figure 5.
This repeat element contains all of the information '
required to produce the pattern in Figure 3. When used
like a tile and placed both end-to-end and side-by-side,

. the larger pattern is the result.

20

25

30

This repeat element is further divided into a grid of
smaller rectangular units or *pixele' 42. Though '
typically square, for some_ purposes, it is more
ccnvenient'to' employ pixels of unequal proportions.

. Each column of. pixels represents one pase of the

ivorkpiece past the focal pcsition_ of the laser. This .

' column is repeated as many times as is required to reach

completely around support member 2. Each pixel where
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 5, while the mandrel is turning at a



continuously producing fabrics in accordance with the pres :
Thi s schematic representation of the 25 _appar at us |ncILd§EP£R¥€&$J§E§E§T
conveyor belt 80 which actually serves as the topograph|0q Dguppz

i n accordance wi-th the present -i nvention. The belt i's con nu§u<rv oved: i

a countercl ockwi se direction about spaced apart rotating rolls as i's well
known in the art. 30. . Disposed above this_ helt is a fluid feeding:
mani fol d 79 connecting a plurality. of li nes’ groups: 81 of orifices. Each

ar oup B‘Zf one OIS FAVE, %knd T dsbbN T st ATReA" oRO G 1Hitkll il Ye RTE
constant power level for 11 pixels ‘and then switched
'off. These pixels are counted by the rotational pulse
_ generator 24 in Figure 4. The laser remains off for the
5 next 14 units. This laser off/on sequence is repeated
 for the first revolution, at which point the mandrel is
back to startihg position, carriage drive 33 has
repositioned the carriage one unit and the computer is _
ready to do column 43a.

10 _ o _
| During column number 43a, the laser has a shorter "on
time" (now 9 units) and_lenger-"off time" (now 16
units). The total number of on and off times is a
.jconstant based on the pattern height.
15 '

This process is repeated until all of the columns have -
'_been used over an entire revolution each; in the case of
Figure 5, there were 15 revolutions of the mandrel. At
this point, the process returns to the instructions in

20  column 43. | | ;. '

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
25 line up side-by-side and everlap somewhat, the

cumulative effect is a hole. In the pattern of Figure
5, each hexagonal'hole 44 actually requires 7 passes
separated by a complete-revolutioh, distributing the
energy around the tube and minimizing local heating.

30 | . . ) A - |
' If, during this drilling operation, the lens was focused
at the top surface of the material, the result would be
" hexagonal holes with'reasonabiy parallel walls. The

combination of raster eCaﬁ drilling with the defocused



mani fol d is equi pped. with pressure gauges 88 and control REEHACBMBNRBHEET
for regulating the fluid pressure in each one or group offforifiges :
Di sposed beneath each orlflce line or group is a suction i mmﬁ
renovi ng excess water, and to keep the area from fl oodi ngm==F
web 83 to be formed into t he nonwoven fabric of the present invention S
;fed onto t he topographical support -16- _

" lens approach, however, produces the forminq surface of
Figure 1.

_"In the present invention, the apertures 7'are_quite
5 " small and numerous. .Typical patterns'range from 800 to
1400 apertures per square inch. '

' The process'to'manufacture a nonﬁoven fabric using a
support member of the present invention has been
10 described in U.S. Patents 5,098,764 and 5,244 711, both
- of which are incorporated by reference herein.

- Figure 6 is a block diagram showing the various steps in
5 _the process of producing the novel nonwoven fabrics of
15 the present invention. The first step in this process
| is to position a web of fibers on a topographical
support memher'(Box 1). The fibrous web is presoaked or
wetted out while on this support member (Box 2) to
- ensure_that as it is being treated it will remain on the
20 support member. The support member with the fibrous web
" thereon is passed under high pressure fluid ejecting
nozzies'(box 3). The preferred fluid is water. The
wvater is transported away from the support member,
~ preferably using a vacuum (Box 4). The fibrous web is
25 de-watered (Box 5). The de-watered formed fabric is
removed from the support member (Box 6). The formed
- fabric is passed over a Series of drying drums to dry
' the fabric (Box 7). The fabric may then be finished or
othervise processed as desired (Box 8). Figure 7 is a
‘30 schematic representation'of one type of apparatus for
carryinq out the process and producing the fabrics of
the present invention. In this apparatus, a foraminous
.. conveyor belt 70 moves continuously about two spaced
apart rotating rolls 71 and 72. The belt is driven so



menber conveyor belt. Wter is sprayed through an appropri fFe—no; gre_no.
onto the fibrous web to pre-wet the web and aid in controlli nﬁE?‘FﬁFEM%‘éY§HEET

as they pass 10 under the pressure manifolds. A suction $l ot 83@3[@5 ............ '

pl'aced beneath this water nozzle to renove excess water. The P#Br

passes under the fluid feeding manifold with the nanifold preferably havi ng
an increased . pressure. .For exanple, the fljgL lines of holes or 15
orifices may supply fluid forces at 100 psi, while the next Iines of

Iolrlnl; | ces g??/flsggahr fi'ﬂ“dhri%&%ﬁtpr%d&lt%iﬁlﬂie m6véd0inseithag ahe |ast.
. iockwise or counterclockwise direction. At one

position on the belt, in the upper reach 73 of the belt,
there is placed above the belt a suitable water eJecting

-5 manifold 74. This manifold has a plurality of very fine
diameter hole_s, of about 7/1000 of an inch in diameter,
with about 30 holes per inch. Water under pressure is
driven through these holes. On top of the belt is |
placed a topographical support member 75 and on top of

10 that topographical nmember the fiber web 76 to be formed
is placed. Directly beneath the water manifold, but
under the upper reach of the belt, is a suction manifold
77 to aid in removing the water and prevent flooding of
the fiber web. Water from the manifold impinges on the

15 fiber web, passes through the topographipal support
‘member and is removed by the suction manifold. As may

- be appreciated, the topographical support member with

the fibrous web thereon may be passed under the manifold

_ a number of times as desired to produce fabrics in

20 accordance with the present 1nvention.

In Figure 8 there is depicted an apparatus for
continuously producing fabrics in accordance with the
prese_nt invention. This schematic representation of the
25 apparatus includes a foraminous conveyor belt 80 which
| actizally serves as the topographical support member in’
accordance with the _present'_ invention. The belt is
continucusly moved in a counterclockwise direction about
: spaced apart rotating rolls as is well known in the art.
30 Disposed above this belt is a fluid fe_edinq manifold 79
' connecting a pluralitf of lines or groups 81 of |
orifices. Each group has one or more rows of very fine
diameter holes with 30 or more holes per inch. The
manifold is equipped with pressure gauges 88 and control



supply fluid forces at a pressure of 700 psi. . Though six f uR%P‘ﬁﬁFMz; ﬁ“ '

lsi nes of orifices are shown, .the 20 nunber of lines or r

is not critical, but will depend on the weight of the web, m@mgueed"ﬁf """""""" |

operation, the fluid pressures used, the nunber of rows of Foles in each
line, etc. - After passing between the fluid: feeding and suction manifol ds
the formed fabric is 25 -passed over an adl@rtional suction slot 86 to

renove excess water fromthe web. A preferred apparatus for frodu0|ng
fabrics in accovadNes @7t forhreghdadiing rthetflHiad ipressinmitinLagh one

- or group of orifices. - Disposed beneath each orifice.
‘1line or group is a suction member 82 for removing excess
water, and to keep the area from flooding. The fiber

5 web 83 to be formed into the nonwoven fabric of the
present invention is fed onto the topographical support
‘member conveyor belt. Water is sprayed through an
appropriate nozzle 84 onto the fibrous web to pre-wet
the web and aid.in controlling the fibers as they pass

10 under the pressure manifolds. A suction slot 85 is
placed beneath this water nozzle tohremeve excess water.
The fibrous web passes under the fluid feeding manifold
with the manifold preferably having an increased |

_ pressure. For example, the first lines of holes or

15  orifices may supply fluid torces at 100 psi, vhile the
next lines of orifices may supply fluid forces at a

- pressure of 300 psi, and the last lines of orifices
supply fluid forces at a pressure of 700 psi. Though'

: _six ‘fluid supplying lines of orifices are shown, the

20 number of lines or rows of orifices is not critical, but

' will depend on the weight of the web, the speed of
_operation; the fluid pressuree used, the number of rows
of holes in each line, etc. After passing between the
fluid feeding and suction manifolds the formed fabric is

25 passed over an additional suction slot 86 to remove
excess water from the web.f

A preferred apparatus for producing fabrlcs in
 'accordance with the present 1nvention, is schematically
30 depicted in Figure 9. In this apparatus, the
- topographical support member is a’ rotatable drum 90.
The .drum .rotates in a. counterclocszse direction. Drum
90 may be a continuous cylindr1ca1 drum or may be made
- of a plurality ot_curved plates 91_dispesed so as to_'



30. depicted in Figure 9. In this apparatus, the topogr pRERIACEMENOSHEET
.nmenber is a rotatable drum 90. The -drumrotates in a count A M ) -
~direction. Drum 90 may be a continuous .cylindrical drum or
plurality of curved plates 91 disposed so as to ~ -19- foFfTte
surface of the drum In either case, the outer surface of drum 90 or the -
outer surfaces of the L _1-9__ = '

form the outer surface of the drum. In either cas'e', the
~ outer surface of drum 90 or the outer surfaces of the |
curved plates _9:_|. comprise the des__ired topographical
. support configuration. Disposed about a portion of the
S periphery of the drum is a manifold 89 connecting a '
plurality of oritice s_tripe 92 for applying water or
other fluid to a fibrous web 93 placed on the outside
surface of the curved plates., Each orifice strip may
comprise one or more rows of very fine diameter holes of
10 ‘approximately 5/1000 of an inch to 10/1000 of an inch in
 diameter. There may be as many as 50 or 60 holes per
 inch or more if desired. Water or other fluid is
. directed through the rows of orifices. The pressure in
. -each orifice group is increased from the first group
15 = under which the fibrous web passes to the last group.
~ The preesure is controlled by appropriate control valves
97 and monitored by pressure gauges 98. The drum is
connected to a sump 94 on which a vacuum may be pulled
to aid in removing water and to keep the area from
20 flooding. In operation, the fibrous web 93 is placed on
the 'upper 'surface ‘of the topographical support member
before the water ejectlng manifcld 89. The fibrous web
passes underneath the orifice strips and is formed into
a tricot-like nonwoven fabric. The formed fabric is
25 then passed over a section 95 of the apparatus where
there are no orifice strips, but vacuum is continued to
be applied. The fabric after being de-watered is _
removed from the drum and passed around a series of dry |
~ cans 96 to dry the fabric.
30 '
| _A’s noted aboi're, the suppo_rt member shown in Figure 1
will produce a tricot-like nonwoven fabric. Figure 10
is a. copy of a photomicrograph of a tricot-like nonwoven
fabric at an enlargement of approximately 20 times. The



cur ved pl ates 91 conprise the desired topographical suppd O,
B sposed about a portion of. the 5 periphery of the dru%ﬁé@eébh&%hsé Fedo

connecting a plurality of orifice strips-92 for applylng M qggs
" fluid to a fibrous web 93 placed on the outside surface aﬁ% RYV@% """""" j

plates. Each orifice strip nmay conprise one or .nore rows of very fine
‘di aneter hol es of 10 approxi mately 5/ 10§ @ of.-an inch to [0/1000 of an
inch in diameter. There may be as many as ‘50 or 60 holes per inch or nore

;Ledgfggggre Vi 1%/ 190'fs Bdde! fronlal PUADVPGE #16eraNS RE fdd | COS-
Qn the photomicrograph, the fibers are 1ntertwined and
' interentangled and form a pattern of openings 110 in theg

fabric. A number of these openings include a loop 120

5 formed from fiber segments. Each loop is made from a

' plurality of substantially parallel fiber segments. The
‘loops are in fhe'shape of a U with the closed end of the
U pointed upwardly towards the upper surface of the
fabric- as viewed in the photomicrograph. Figure 11 is a

10 ‘copy of a photon1crograph of the_opposite, i.e. bottonm,
surface of fabric 100 of Figure 10 at an enlargement of
-about 20 times. The fibers in the fabric are
intertwined and entangled to form a pattern of openings

. 110 in the fabric. In some of these openings there are

15 ‘U-shaped loops 120 formed from substantially parallel
fiber segments. ‘When viewed from this bottom surface of
the fabrie, the ppen end of the U-shaped loop is pointed
towards the‘Surface of the fabric viewed in this

photomicrograph.
20 TR
A support member made of acetal with an average
thickness of 6émm was produced using the following
parameters: -
- 25 '

Focus Position = 2.5 mm below material surface
Lens Type = Positive Meniscus

‘Lens Focal Length = 5 inches

Laser Power = 1300 watts S
30 Surface Speed'bf Tube on Mandrel = 20.3 m/min
' Longitudinal Carriage Advance/Rev = 0.05 mm
Pixel Size = 0.05 mm :



each orifice group is increased fromthe first group 15 H&RHACHMENESHEE?
fkbrous web passes to the |ast group. The pressure is con
appropriate control valves 97 and nonitored by pressure d
is connected to a sunp 94 on which a vacuum may be pul | ed _
renovi ng water -and to keep the area from 20 flooding. |n operation, the‘
fibrous web 93 is placed on the upper surfgge of the topographical support
“‘menber before the water ejecting manifold The fibrous web passes

| gggf[géaggetpgr e AP 1d I Pie] Sof pIKEL 'dUiP1Eeloh 8 Lhie® G/ ©"
: laser power pattern programmed into the computer

control. The pattern consisted of repeating pairs of
rows of apertures, labeled A, By, A, B, etc. The

5 apertures in each A row have a first irregular shape and
the apertures in each B row have a second irregular |
shape. A tubular workpiecs approximately 3 feet in
diameter, 12 feet long and 6 mm thick was laser drilled'
usxng the apparatus of Figure 4 operated according to

10 the instructions contained in.Figure 12 to provide the

' ‘support member shown in Figures 13 and 14. The laser

drilling process took about 7 days to complete.

In Figure 13, the illustrated support member comprises a
15 first row A of apertures (seen in.the upper part of
' Figure 13), a next adjacent row B of apertures and a
_second row A of apertures below row B of apertures.
. First row A of apertures includes aperture A’. Next
. adjacent row B of apertures includes aperture B’ which
20 is adjacent to aperture A’. The upper'portion of
aperture A’ is surrounded and defined by peaks 501, 502,
' 503, 504, 505 and S506. ‘The upper portion of aperture B’
is surrounded and defined by peaks 510, 511, 512, 513,
504 and 503. It will be recognized that peaks 504 and
25 503 are common to both of apertures A’ and B’. Line 521
(Double arrowhead) extending between peaks 501 and 504
constitutes the major diameter of the upper portion of
aperture A’, said major diameter being 0.085 inch in the '
_ support memher_being described. Similarly, line 522
30 extending between peaks 503 and 512 constitutes the
major diameter of the upper portion of aperture B/, said
major diameter being 0.075 inch in the support member
being described. '



25  then passed over a section 95 of the apparatus where thaEEL&€EMEUTSHEET

orikfice strips, but vacuumis.continued to be applied. The flabric Zsﬁeq -
being de-watered is. removed. from the drum and passed around {f Datersi. dry ------

cans 96 to dry the fabric. 30 As noted above, the support nember stowT T

Figure 1 will produce a tricot-like nonwven fabric. Figure 10 is a copy

of a photom crograph of a tri cot-1ike nonvvom.f abric at an enl argenent of

appr oxi rrat el y 20 tinmes. The :
The various peak-to-peak distances associated with

aperture A’ in the support member being c_l_is_cussed are

set forth in Table 1. ' The various "peak-to-péék |

- distances associated with aperture B’ in the suppo'rt-'
5 member are set forth in Table II. -

_ TABLE I
(Dimensions j_.n inches)

10

15

20
: TABLE II

25

30

35



-20- fabric 100 is made froma plurality of fibers. As see! RWWMENTSHEET

phet om crograph, the fibers are intertw ned and interentang)jed’ an %
pattern of openings 110 in the fabric. A nunber of these o é?ﬁ?lq-s i nc1 ‘uger

aloop 120 5 . forned fromfiber segnents. Each.loop is nadé Trom a
plurality .of substantially parallel fiber segnments. The |oops are in.the’
shape of a Uwth the closed end of the U pa3med upvvardly t owar ds the

upper surface of t he .
Figure 14 is the same digitized image as that shown in

Figure 13 but it has been marked and numbered to show
the distance between the bbttom of a valley between two
adjacent peaks and a line connecting the same two peaks.
.5 For example, line 530 in Figure 14 connects peaks 503
and 504 associated with aperture A’. The depths of the
valleys between beaks 501-506 associated with aperture
A’ are shown in the upper p_o'rt:bn of Table I_iI. The
‘depths of the 2 valleys associated with aperture B,
10 i.e. the valleys between peaks 510 and 511 and the
| valley between peaks 504 and 513, are shown in the lower
portion of Table III. The valleys between the remaining
peaks associated with aperture B’, those between peaks
511 and 512, and between 512 and 513, are stru_cturally
15 analogous Table III to those valleys between peaks 501
and 506, and 501 and 502 respectively.

Table III

20 ' Valley Bétwe_en_ _ Valley Depth
o Peaks ' Inches

501 and 502 | ~ 0.016

502 and 503 | 0.020

2s | 503 and 504 . 0.024
504 and 505 . 0.025

505 and 506 | . 0.020

5 and 501 B 0.012

_ : and 511
30 - _and 513




fabric as viewed in the phot omi crograph. Figure 11 is a- (BEPLAgéMFNﬁSﬂEET
phot om crograph of the opposite, i.e. bottom surface of abrlq%EpﬂAg :
Figure 10 at an enl argenent .of about 20 tines. The fibers Dates [

are intertwined and entangled to forma.pattern of openings I10 T the
fabric. In some of these openings there are 15 U- shaped | oops 120 forned
from substantially parallel fiber segnentggasWhen viewed fromthis bottom
surfadce of the fabric, the open.end of the U shaped |oop i's pointed towards

the surface OfWHHQef%Q%bEa!'@Hﬁedihéﬁﬁé PP L4 OD6RElof the present
o - invention are described in detail herein, it should be
apparent that the disclosure and teachings of the
present invention will suggest many alternative designs
5 to those skilled in the art.



20° EXAWPLE 1 A support _menber _nade of. acet al with an avera eRFﬁU&‘REMEUTSHEET
- 6nm was produced using the foll ow ng ﬁar aneters: 25 Focus '

bel ow material surface mnmm,ﬂum‘rw “tlve Meni scus Lens
‘inches Laser: Power = 14

Surf-ace Speed o
=20.3 mmin : .

. S -25-
WHAT IS CLAIMED IS: : .
' 1 - A method for forming a topographical support member
for producing a nonwoven fabric comprising the steps of:
a) providing a workpiece '
-1 b) focusing a laser beam such that the focal pomt
" is below the top surface of said workpiece; and '
c) drilling with said laser beam a predetermined
pattern of tapered apertures through said workpiece
thereby forming an array of peaks and valleys
10 'surrounding each aperture on the top surface of the
resulting support member.

2. The method of claim 1 wherein said drilling step
includes pulsing the laser beam in a predetermned '
15 - sequence of on and off states. '

3. The method of claim 2 wherein the laser beam on
states are of sufficient time and intensity to drill
each aperture in a single on pulse.
20 | | | A
4. The method of claim 2 wherein the laser beam on |
states are of sufficient time and intensity to drill a
discrete unit of each aperture in a single on pulse.

25 5. The method of claim 4 further including the step of
moving the laser beam in a series of raster scans over
the surface of the workpiece « the laser beam on states
being of sufficient time and intensity to drill one or
more discrete uni_ts of said apertures in each raster

30 = scan. o - ;

6. The method of claim 5 wherein the step of moving the
~ laser beam includes— rotating said workpiece about its
longitudinal axis and indexing the laser beam along said




Longi t udi nal Car riagmo 05 nm Pi xel Size =
Figure 12 i's a pixe “ﬂltlon of the on/off |as vwi '5‘5{"?5’1?“
progranmmed ‘i nto th ﬁ]}‘m‘mm . The pattern consi st QpMAR 9%

pairs of rows of a Wabel €d [err], [err], [err], SR TS
apertures in each A row have a first. |rregul ar shape and _ :

-26-
longitudinal axis after each revolution of the
workpiece . o '

7. The method of claim 3 wherein the step of moving the .'
5 laser beam includes rotating said workpiece about its '

longitudinal axis and indexing the laser beam along said

longitudinal axis after each revolution of the

workpiece. '

10 8. The method of claim 1 wherein each tapered aperture
-includes a conical top portion.

9. '-'_'rhe ‘method of claim 1 wherein each aperture' is
surrounded by a cluster of six peaks and six valll'eys.

.18 _ S S
10. The method of claim 1 wherein the center line to
center line s'paoing of adjacent apertures is less than
 the major diameter of the conical top portion of each
_ adjacent aperture.
20 '

'11. The method of claim 1 wherein said array of peaks N
and valleys surrounding the pattern of tapered apertures
is configured to provide a tricot-like nonwoven fabric.

25 12. A topographical support member for producing
- nonwoven fabrics colprising.
~'a body havinq a top surface ‘comprising a pattern of
a plura_lity_ of peaks and valleys and a plurahty.of
. apertures, each of said apertures having a conical top
‘30 portion surrounded by a cluster of said peaks and |
. valle'ys; - |



the'apertures in each B row have a second irregul ar shapg |
wor kpi ece apprOX|nateTyrS—#eeLeLn_dLaneter 12 feet long qugunnbﬁﬁvgﬂ"ﬁaé

| aser drilled usin aratus of Figure 4 operated a ‘?faﬂe‘ n G(MAR) e
the instructions cﬁw !ﬂgi ’HIM HH e 12 to provide the support  AERHEr SHAwW

I n Figures-13 and |II|ng process took about 7 days to = =
conplete. In Figure 13 t he |I7ustrated sugport menber conprises a 15 ' '

first row A of apertures ('seen |n t he upper'bart of Figure 13), a next

adj acent row B gh aPgHL EGRpaRt ReRNYSe At h P UElELSS dihpY TOW B Of
' ‘aperture is surrounded by a cluster of six peaks and six
valleys. : _
S 14. The support member of claim 12 wherein the center

line to center line spacing of adjacent apertures is
less than the major diameter of the conical top portion'
of each adjacent aperture.

'-10 15. The support member of claim 12 wherein said pattern_
~of the plurality of peaks, valleys and apertures being
_configured to produce a tricot-like nonwoven fabric.

16.. A method for producing a nonwoven fabric compris1ng
15 the ‘steps of:
'_positioning a fibrous layer on the peaks of a
cylindrical topographical support member formed by the
. method of claim 1; :
projecting adjacent fluid streans simultaneously
20 against the fibrous layer and then against the peaks and
' then through the apertures,
rotating the cylindrical support member while the
fluid is being projected against the fibrous layer;
removing'the'fluid projected through the apertures;
25 . and L -
removing a nonwoven fabric from the surface of the
suppOrt'member; | o

_ 17. An apparatus for producing a nonwoven fabric
30 comprising:
| a rotatable hollov drum having a top surface )
comprising a pattern of a plurality of peaks and valleys o
and_a plurality of apertures, each of said apertures




First row A of apertures includes aperture A . Next adj aceliREPSACEMENT SHEET
apertures includes aperture B " whi ch .20 I s adj acent to aperttzvrg mgégw -
30035 107 AP

upper .portion of L‘mrrounded' and defined by [p&ales 3 o,
503, 504, 505 andD'ﬁ“‘ l ‘wﬂ portion of aperture B S surrounded and.
defined by peaks 5%0, <514, %12, 513, 504 and 503. It will be recognized

t hat peaks 504 and 25 . 503 -are conmon tQQoth of . apertures A' and B'.
Li ne 521 (Doubl e arrovvhead) ext endi ng bet Wween peaks 501 and 504 constitutes

b h bes AnELGing'a ¥hi4HI el BoPE8h @B‘E-%%ﬁeé by°8! €10Redr @:armt et
_ said peaks and valleys; _
means for positioning said fibrous layer on the
apices of the peaks on the top surface of the drum;

5 means located outside the drum for projecting
'adjacent fluid streams simultaneously against said
fibrous layer and then against the peaks and then
through the openings and into_ the drum;
| means for rotating said drum while said fluid is

10 being projected against said outside surface; _
means disposed inside the drum to remove the fluid
 from the surface of the drum; and '

" means for removing a nonwoven fabric from the

surface of the drum.



support nenber being described. Sim [, Y | g WEE
peaks 503 and 512 constitutes the na gﬁﬂéﬁﬁkﬁiggﬁgéEéﬁe BE?ER&é.rgﬂi ET
aperture B, said nmjor dianeter bei . j 2 |ISHRROEL

bei ng descri bed. -22- The various peak-to-peak distan

aperture A" in the support nenber being discussed are

iH
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set forth in Table 1. The various pegk=to- Kdi REPDACEVET WHERT |i
aperture B in the support 5 membe T%%iggfﬁ%%%j bl e 'f %ﬁ% i
(D mensions in inches) PEAK No. 501 5030stc - 2 DsHAR BH | |
505 501 .- -- 15 502 0. 037 503 0. 80 |
0. 085 0.067 0.037
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505 0.070  0.075  0.055 0. (3BHIS SHEETSO®S BEEW. [035 REPLACEBIENT SHEET
0. 065 0. 065 0. 040 20 TABLE Il (D RERBAQER in ijnches) ngq g@’ 1996
No. 510 511 512 Datdd..037..512..........
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- 503 0. 035 0. 066
0. 037 0.037 35

shown in Figure 13 but it has been

connecting the sanme two

s e ———-
e T _._...__..-.—--————‘ .

0.075 0. 0b3r-BOSHEET BISSBEEN |0, loREPLA
-23- Figure {4 is RERLAGER dla_u\_k oot

peaks.

BOX 1"

POSITION

FIBROUS WEB A

ONTO SUPPORT
MEMBER

|

BOX 2

PRE-SOAK
FIBROUS WEB
ON SUPPORT

MEMBER

|

B8OX 3

PASS SUFPORT

MEMBER UNDER | __ 1 " AwAY UNDER

HIGH PRESSURE

WATER NOZZLES

|

DE - WATER
FORMED
FABRIC

VIA SUCTION

BOX 5

BOX 6

|

REMOVE FORMED

FABRIC FROM
SUPPORT
MEMBER

|

PASS FORMED
FABRIC OVER
DRYING

BOX 7— DRUMS

%o Cno- . BB 56,

_ TTOET €
between the bottom of a valley between two adjacent peaks and & ftne

FIG- 6

SUCTION WATER

SUPPORT MEMBER

BOX 4/

/BOX 8

! REMOVE/ FINISIil
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5 For exanple, line 530 in Figure 1@'&ﬂ86ﬁﬁ£$}ﬂﬁ¥$§£@i§ .
associated with aperture A. The deptfphs of RERLACGHD eys vveenggggilggTSHEET i
501-506 associated with aperture A ar ?}9{ PTD M‘ARTme I

I1'l. The depths of the 2 valleys associatedswith aperture B 10 "7 ¢
the val | eys between peaks 510 and 511 and the valley betmeen peaks 504 and

513, are shown in the |ower portion of Table IIl. The valleys between the
remai ni ng peaks associated with aperture B, those between peaks 511 and
512, and between 512 and 513, are ructurally 15 anal ogous Table Ill to
t hose val | eys between Ff@.'SOl '7

7'4\(_}] 76
. é 7,5 /73

G 50

\70

FIG- & er 79
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and 506, and 501 and 502 respectively.

F%E% T 2 seen || || REPLAGEMENT SHEET
Bet ween Val | ey Dept hiiPeaksgept ACED “

| nches 501 and 502 Q0165021 Dme“--ﬂ~MAB"E§§m
0. 020 25 o 503 and 504 6 0.0Z4 504 and 505
0. 025 505 and 506 p 0.020 506 and 501

0.012 510 and 511 a 0. 026 -
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-25- WHAT IS CLAIMED | S: 1.

pro
f oc
with

A net hod for forning a topogr

nquggw&qﬁsﬁ&gﬁquag a nonwoven fabric conprising the ste
focusi ng agl aser beam

ow the top surface of said workpiece;
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pattern of tapered apertures through said workpiece ther b@E?&QQENHaw%ﬁHEET
array of peaks and valleys 10 surroundi ng each apertu
surface of the resulting support nmenber. 2. The nmethod o
said drilling step includes pulsing the Iaseg beamin a predéternlned 15
sequence of on and off states. 3. The nethod of claim2

in a single on pulse. 20

Fig. 13
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4. The nethod of claim2 wherein the | aser beam on st at g REPGAGEMENT SHEET “
sufficient tinme and intensity to drill a discrete unit of eachzaeenmr ' n
a single on pul se. 25 5. The method of claim4 furtherl| Dot :FaF-ng-the--....
step of noving the laser beamin a serieg of raster scans—over the surface
of the workpiece, the | aser beam on stat€s being of sufficiest—time—ant—-——
intensity to drill one or nore discrete units of said apertjurieis SHEEFa¢AS BEEN

raster 30 scan. 6. The nethod of claimb5 wherein the silep of REBVAGEDt he
| aser beamincludes rotating said workpi ece about its

Fig. 14
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| ongi tudi nal axi s and indexi ng the | aser beam al ong said
| ongi tudinal axis after each revolution of the workpiece. 7
claim 3 wherein the step of noving the 5 | aser beam i ncl

et ey

sai d workpi ece about its |ongitudinal axis and indexing the=
along sai-d longitudinal axis after each revolution of the

DEFOCUSED LASER DRILLING PROCESS

ABSTRACT OF THE DISCLOSURE :

5 A topographical support member and method of foming a
,topographical support member for use in producing
nonwoven fabrics, especial ly tricot-like nonwoven
fabrics. The topographical support, member includes a

B body having a top surface comprising a pattern of a

10 plurality of peaks and valleys and a plurality of

" apertures. The apertures have a conical top portion
that is surrounded by a cluster of the peaks and |
valleys. The center line to center line spacing of
adjacent apertures is less than the major diameter of

15  the conical top portion of the aperture_s. The

- topographical ‘support member is formed by focusing a
laser beam so that the focal point is below the top
- surface bf_ a starting workpiece and drillihg with the
. laser beam the predetermined pattern of tapered
- 20 apertures. The pattern of tapered apertures forms the
cluster of peaks' and valleys surrounding each aperture
on the top surface of the 'resulting support member.

Figure 1 and &




I ncl udes a conical top portion. 9. The nethod of claim1l

|

-wor kpi ece. 10 8. The nethod of claim1 wherein each tapBEBHAGEMENTISHEET ||
erei Begﬁ 1396

aperture is surrounded by a cluster of six peaks and six vjaPhleys:.-15-.-1 Ourveerenes

The met hod of claim 1l wherein the center line to center |ime spacrng of

adj acent apertures is less than the major dianeter of the conical top
portion of each adjacent aperture. 20




11.

The method of claim 1l wherein said array of peaks an

surrounding the pattern of tapered apertures is configure

to proggé‘
tricot-1ike nonwoven fabric. 25 12. A topographical su qﬂﬁé.ﬁk
produci ng nonwoven fabrics conprising: a body having a to i

| e

REPLABEMENT SHEET

f

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

apertures,

each of said apertures having a conical top 30 portion
surrounded by a cluster of said peaks and vall eys.
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-27- 13. The support nenber of claim 12 wherein each apérﬁ&?&AFEMENTSHEET

surrounded by a cluster of six peaks and six valleys. 5 14 zmg)?npmyyi |
menber of claim 12 wherein the center line to center lin Eﬁ§ﬁrhﬂ"ﬁ """"""""

adj acent apertures is less than the nmajor dianeter of the conica
portion of each adjacent aperture. 10
12 wherein said pattern

t op
15. 3 _The support nmenber of claim

%] .
\» bl o
N< q,<
ST N
m .
a Py
. [ ]
! ' w1l ~ ]
' ! N ™ \
| .
X ' |
N‘l s l " -—"i'h \'«‘. i
I ) IEN —~~ O
e X S S
t ' AN -
; 0® ] s e
: :b.\ °
2 ﬂ M
L .
*
N s
£ .
.Q
! s G




of the plurality of peaks, valleys and apertures being conf
produce a tricot-1like nonwoven fabric. 16. A nethod for pr

| gigéi‘icteﬂaem SHEET
ucing a
nonwoven fabric conprising 15 the steps of: positioning 5ajté)_r_gLﬂs-MMyE$

on the peaks of a cylindrical topographical support nenber by the
met hod of claim11; projecting adjacent fluid streans sinultaneously 20

agai nst the fibrous |ayer and then against the peaks and then through the
apertures; rotating the cylindrical support nmenber while the

43
43/ -

fle 5



fluid is being projected against the fibrous |ayer; renovi
projected through the apertures; 25 and renovi ng a non
the surface of the support nmenber. 17. An apparatus for

nonwoven fabric 30 conprising: a rotatable hoIIOM/drum

@EbhﬂctMENd SHEET -

surface conprising a pattern of a plurality of peaks and vaIIeys and a
plurality of apertures, each of said apgrtures

POSITION -
FIBROUS WEB FIG 5
ONTO SUPPORT
gox 1—  MEMBER

1

PRE-SOAK
FIBROUS WEB
ON SUPPORT
50X 2 MEMBER

|

PASS SUPFPORT ,
MEMBER UNDER SUCTION WATER ]
R

! TAWAY UNDER
HIGH PRESSURE
WATER NOZZLES SUPPORT MEMBE.

1 BOX 4/

DE - WATER
FORMED
FABRIC

BOX 51 VIA SUCTION

REMOVE FORMED

FABRIC FROM

SUPPORT
80X 6-— MEMBER

L )/rfkﬂf«a
PASS FORMED

FABRIC OVER
DRYING ol REMOVE /FINISH

80X 7— DRUMS

BOX 3




-28- having a conical top portion surrounded by a cluster 'qigmmgtmkg,.,@@ﬁ
val | eys; nmeans for positioning said fibrous |ayer on the

pi ce
peaks on the top surface of the drum 5 nmeans | oca qﬁat@?gywm
drum for projecting adjacent fluid streans sinultaneouslyt '

fibrous |ayer and then against the peaks and then through the openlngs and
into the drum 6
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&E
B

1t

be
nmeans di sposed inside the dr

removi n

rotating said drumwhile said fluid is 10

fluid fromthe surface of the drum and neans for

fabric fromthe surface of the drum

agai nst said outside surface;

neans for
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