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METHOD FOR HYDROPATTERNING
NAFPPED FABRIC

SPECIFICATION

This is a continvation of application Ser. No. 08/190.765
filed on Fcb. 2, 1994, now abandoned which was a continu-
ation of Ser. No. (7/660.753 filed on Feb. 25. 1991, now
abandoned. which was a conlinuation-in-part of Ser. No.
(07/411.491 filed on Tul 17,1989, now U.8. Pat. No. 4,995,
151, which was a continuaticr-in-part of Ser. No. 07/181,
284 filed on Apr. 14, 1988, now U.S. Pat. No. 4.960.630.

FIELD OF THE INVENTION

This invention generally relatss to a method and apparatus
for producing a visual pailern or other patterned effect in
fabric. and more particularly, for producing a pattern
through treatment with water.

BACKGROUND ART

It has becormne desirable lo impart a visual pattcrn or other
patterned effect on some types of fabrics. For example. it is
desircable to produce a washed-out, distressed, or pre-worn
effcet on dyed denim fabrics. Dyeing and dye printing arc
normally additive processes where dyes or pigments are
added to natural. white, or previously dyed fabrics. Creating
distressed or pre-worn surface effects is gencrally a subtrac-
tive process of temoving color from the dyed fabric. Several
subtractive, dyed fabric treatment processes are known in
the art. but have been found to be unsalisfactory for various
rzasons, It is also desireable to produce a surface lexture or
pattern in a fabric which has an acsthetic visual cffect, such
as for rug. curtain, apparel. and other fabrics.

SUMMARY OF THE INVENTION

The present invention is directed to a method for produc-
ing a swrface texture or pattern in fabric, particularly a
napped fabric. using a hydropatterning apparatus and pro-
cessing technique.

The hydropatterning apparatus generally includes: a con-
veyor for conveying a sheet of fabric through a patterning
station along a machine direction. the conveyor including a
support surface formed with a pattern of solid areas and void
areas interspersed therein. wherein the fabric is placed flat in
contact with the support surface as it is carried throogh the
patterning station; hydrojet means disposed above the con-
vevor for directing a curtain of fluid downwardly to impact
on the fabric as it {s moved through the patterning station on
the support surface, wherein said curtain of fluid is substan-
tially continucus across the fabric and is controlled such that
a visual property of the fabric beeome altered in comespon-
dence to the paltern of solid arcas and void areas of the
suppart surface due to the impact of the flusid curtain on the
fabric against the patterned support surface.

The hydropatterning method of the present invention
encompasses the step of cmbossing the screen pattern into
the nap of napped fabric in order to produce aesthetically
pleasing surface tcxtures and patterns in the napped fabric.
The fabric. degree of nap. hydrojet pressure, processing
speed, and screen patterns may be varied to obtain different
surface cffcets and pattern retention characienstic in the
napped fabric,

A further application for the present invention is the
hydropatterning of fabric obtained by displacement of yarn
or fiber in repeating patterns in the fabric. Light density or
looscly woven fabrics are subjected to the above-described
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hydrojet treatment while in contact with a support surface
having a pattern of raised areas, snch as domes., or three-
dimensionally embossed or relief-patterncd woven screens.
Visual effects such as ribbing. wavy lines. checkering,
geomelric or foral designs, or laccwork can be obtained,
Hydropatierned fiber displacement can be applied to dyed or
undyed woven or knitted fabries, as well as to nonwoven and
stitch-bonded fabrics.

Other objects. features, and advanlages of the present
invention will become apparent from the following detailed
description of the bezst mode of practising the invention
when considered with reference to the drawings. as follows:

BRIET DESCRIPTION OF TIIE DRAWINGS

FIG. 1 i a schematic diagram of the process steps for
hydropatterning fabric in accordance with the invention;

TIG. 2 is a perspective view illustrating one crnbodiment
of hydropatterning apparatus for carrying out the invention;

TIG. 3 is a side schematic view of the hydropatterning
apparatus illustrated in FIG. 2:

FICG. 4 is a side schematic view of another embodiment of
the hydropatierning apparalus;

FIG. 5A is a sectional view showing a planar support
surface for hydropatterning fabric which has a pattern of
void and solid arcas suitable for color washout eflects, and
FIG. 5B is a seclional view of a drum support surface which
has a pattern of domes and depressed areas suitable for fiber
displacement effects:

FIGS. 6A to 6K are photographs of support surface
patterns and the resulling dye washout cffccts obtained in the
fabric in accordance with the invention; and

FIGS. 7A to 7L are photographs of support surface
patterns and the resulting fiber displacement effects obtained
in the fabric.

BEST MODIL: OF CARRYING OUT THE
INVIENTION

In the present invention, a hydropatterning apparatus and
pracessing technique is used to obtain a controllable and
repeatable visual pattern in fabric by the application ol a
pon-caustic fluid under pressure to the fabric camied in
contact with a patterncd support surface. The hydropatiem-
ing technique can alse be used to obtain a subtractive, color
washout effiect in dyed woven fabrics, such as in warp dyed
denim with indigo dycstuff, and fiber displacement patierns
in light density or loosely woven fabrics. The processing
technigque may employ other nom-caustic fluids besides
watcr. and may be used with other types of fabrics, including
nonwoven fabrics,

Referring to the gencral hydropatterning process as illus-
trated in FIG. 1, incoming fabric {s subjected Lo any required
pre-treatment. such as dyeing with dyestuff to obtain a base
color level. The pre-treated fabric is ther subjected to the
hydropatterning treatment of the invention at a palterning
station, which reeeives a supply of high pressure water from
and returns recovered water to the associated water process-
ing cquipment. The patterned fabric from the patierning
station is then subjecied to any required post-treatment, such
as drying under tension on conventional ienter frames. to
obtain the final fabric product.

Referring now to one preferred form of hydropaticrning
apparaius shown in FIG. 2, the patterning station 10 includes
an cendless conveyor 24 driven by rollers 26, 28 for advanc-
ing the fabric 12 in a machine direction (arrow indicating a
downstream direction). Preferred line speeds for the con-
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veyar are in the range of 10 to 300 ft/min. The conveyor 24
presents & generaily planar support surface 16 in the pat-
terning zone which [s formed with a plain weave paticin of
solid {or taised) and void (or lowered) arcas. c.g. grid,
honeycomb. diamond, striated. efc. The labric is supported
in contact with the solid or raised areas of the pattern, while
the void areas drain away the water applied to the fabric, as
described further below. In the preferred embodiments. the
voud areas occupy approximately 235 percent of the overall
pattern area. The fabric 12 in FIG. 2 has a different cross-
hatching at the exit end 42 [rom the incoming (abric al the
entry end 38 to indicate that it has been altered by the
hydropatterning process.

Mounted above the conveyor 24 s an arrangement of
manitolds 30 spaced apart in parallel and alisned in a cross
direction of the fabrie which is perpendicular to the machine
direction. The manifolds 30 are spaced approximalzly 4
inchee apart. and are positioned at least 1.0 joch, and
prelerahly in the range of 1 to 10 inches above the conveyor.
Each manifold has a row of water jet nozzies 36, spaced
along the cross direction, which cjccts a divergent fan jet 34
of water downwardly on the fabric 12. The fan jets 34
overlap to form a continuous curtain 40 of water which
impacts substantially cvenly across the width of the fabric.
This produces an cven pressure of water on the fabric against
the patterned support surface in order to avold streaking or
otherwise uneven patterning.

The manifolds are designed to deliver fiudd pressures to
the nozzles 36 in the range of 200 to 2500 psi. The nozzles
of the manifold are spaced approximately 1 inch apart and
are positioned 1 to 10 inches above the conveyor 24. The fan
jets 34 diverge in a fan-shape having an angle of divergence
in the cross dircction relative to the nczzle axis which is
perpendicular to the conveyor surface. The angle of diver-
gence may be from 2 to 45 degrees, and experimentation has
shown that a divergence angle of about 18 degress yields an
optimum fan shape and an even curtain of water pressure.
The output energy of the curtain of water is preferably in the
range of 0.4 to Z.0 hp-hr/sg-yd of {abric, and particulatly 1.0
hp-hr/sq-yd. Jn the case of heavier tabrics such as denim, the

energy applicd to the swface of the fabric may be a surface 4

cffect and therefore independent of weight.

Preferred nozzles for use in the invention are ol the type
manufacturcd by Spraying Systems Co.. distributed by I. W,
Snowden & Associates. Manchester, NUH.. under product
designation (503-TC. This nozzle has u tungsten carbide
spray tip which has beep found effective for providing
repuiated pressure sprays. The ejection crifices in the nozzle
have a non-circwlar shaped configuration. The preferred
nozzle has an effeetive diameter of about 0.43 inches and
flow rate of 1.3 gallons/min with an effeetive jet spray angle
of approximately 18 degrees and 1000 psi.

As shown in FIG. 3. as the fabric is moved on the
conveyor 24 through the series of water curtaing 40, the
water impacts on the {abric against the raised or solid arcas
of the patterned support surface. It is found that a dye which
lacks a certain degree ol color fastness, such as indigo dye.
will wash out from the fabric in the raised or solid arcas at
least partially under the pressure of the water curtains. The
watcr and carried-away dye is drained through the void arcas
of the support suiface to a collecting tank 50 below the
conveyor 24, A filter 82 s provided to remove dislodecd
fibers and other debris, and a recirculating pump 54 returns
the water under pressure to the manifolds 3% The washed
out dye may be removed by the use of settling tanks.

A preferred conveyor structure i shown in FIG. 4
crmploying a evlindrical or drum conveyor 24 and patterned
suppart surface 6. The manifolds 30 are arranged in close
proximity at the upper part of the circumfercnes of the
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support member. In its other aspects. the operation of this
crubodiment is similar to the first described smbodiment,
although the drum conveyor is found to provide preferred
results. The waler processing equipment in this embediment
includes a filiration sysiem of the rype manufactured by
Dore Oliver Inc.. Stamford. Conn.. under product designa-
Lion 120 DSM Scecen. The DSM system has a dispensing
nozzle 64 and filier screen #6 which ditects fiber debris into
discharge receptacle 70, while the filtered floid is diverted Lo
be recirculated through pemp 72. A settling tank is uscd for
dycstuff recovery, although it is not shown in the drawing.

In FIGr. §A. a side scctional view jllustrates the washout
pailerning function of the water curtains 40 Impacting
downward on the fabric 12 carvied on the support surface 16
(60). The support sur{ace has a pattern of solid arcas 16 and
void arcas 106. such as may be produced by a honeycomb
or evenly perforated pattern in a screen. The pressure of the
watcr jots presses the fabric 12 against the support surface so
that portions of it are supported on the solid areas 164 and
other portions are depressed into the void arcas 165, It is
found that, for a dyed (abric, the dye tends to wash out from
the raised portions supported on the solid arcas 16w, and to
drain into and to be retained in the depressed portions in the
void areas 166, thereby producing a color washout pattern
corrssponding to the pattern of the support swrface.

In FIGS. 6A Lo 6K, examples of several palterned support
surfaces and the resulfing pattern effect obtained on the
{abric are shown. Generzlly, the supporl surface 1s formed
out of finec wirc mesh in which raiscd arcas are formed in a
rcpeating pattern. or from a metal plate in which void arcas
are perforated. Tn FIG. 6A the support surface was a perfo-
rated metal plate with round void arcas. and the resulting
labric is skown in FICY. 612 having a stippled washout cffcet.
The support surface in FIG. 6C is a4 wire mesh embossed
with a rcpeating flower pattern., and the resulting patterned
fabric is shown in FIG. 6D. The wirc mash employed a
baskel weave embossing in FIG. 6L, with the resolt in TICG.
6T, a plaid embossing in FIG. 6. with the result in FIG. 61,
a lines/dots embossing in FIG. 61, with the result in FIG. 61,
The patterned result of a wire mesh drum cmbossed with a
honeycornb pattern js shown in TIG. 6K.

Besides retaining the washout pallern. the tesulting fab-
rics can also retain a three-dimensional cmbossed cffect
corresponding to the pattern of the support swface duc to the
pressure of the water at the hydropatteining station forcing
the fabric into the open argas of the screen or plate, The
patierned fabrics may be treated wilh sizing or other stiff-
eners or heat setting to make the cmbossed cffcet more
pemnanent. The embossed effect can he obtained alone,
without the washout effect, by using dyestulf which is more
color fast than indigo or other var dyes.

In FIG. 5B, a side sectional view illustrales the {iber
displacement patterning function of the water curtains 40
impacting downward on the fabric 12 carried on the drum
support surface 10 (60). The drum support surface has a
three-dimensionally embossed or woven reliel pattern of
raised or embossed areas 16a, such as in the shape of domes,
and void areas 165, The pressure of the water jets presses the
fabric 12 against the support swface so that portions of it are
forced against the domed areas 16a and other portions are
depressed into the lowered or void arcas 16h. The drum
support surface is preferred for both color washout and fiber
displacement cffects. It is found that. for light density or
looscly woven fabrics, the fibers are displaced by the action
of the watcr and beeome cotangled together at crossover
points. ‘The varns arc thus locked togcther, creating open
arcas or lace-like fabric with good cohesion and stability.
The fabric also exhibits good drape and hand, because It is
such an open [abric. yet has limited yarn slippage due o the
locking together of the fibers during hydrapatterning. The
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patterning is most effective in lightweight fabrics with fine
to moderate size yarns. Such patieres can include ribbing,
wavy lines, checkering. geometric or floral designs, or
lacework effects. The use of higher encrgy water curtains or
treating the patlerned fabrics with sizing can make ihe
displacement effect more permancnt.

FIGS, 7A to 7L show samples of the displacement pat-
terns obtained in fabrics with different palterned sereens. In
FIG. 7A, a blousc fabric made of polyester/rayon, having
filament warp yarns of 76 ends/inch in the warp (maching)
direction, and spun fill of 31 picks/inch in the cross
direction, is patterned using the flower patterned screen
shown in FIG. 7B. The photonticrograph of FIG, 7C shows
a magnified view (16x) of the yarn displacement obtained.
In Fi(z. 71, a shirt fabric of 100% cotton, of 76 ends/inch by
68 picksfinch. is patlerned using the woven mesh (20x20f
inch) screen shown in FIG. 7E. with the displacernent result
shown magnified (16x) in FIG. 7F. In FIG. 7. a seeded
batistc fabric, composed of 92% polyester and 8% cotton
fibers. of 90 ends/inch by 44 picks/inch. Is obtained using the
wavy lincs/dots screen shown in FIG. TH, with the displace-
ment result shown magnified (16x) in FIG. 7L FIG. 7]
further shows the blouse fabric patterned with the wavy
lines/dots screen of FIG. 7H. with the fiber displacement
result shown magnified (16x) in FIG. 7K and (18%) in FI1G.
1.

‘Thus, the hydropatterning process employs one or more
watcr curiains under pressure against a patterned screen to
produce a surface texture or pattern that can be regularly
repeated in the fabric and controlled for the desired effcct. A
wide range of patterned designs and visual effects can be
obtained. The hydropatterning technigue produces minimal
wear and tear on the process equipment and on the fabric
being processed. Furthermore, the production of caustic or
chemical wasles is minimized. thereby lessening the impact
of such fabric treatment processcs on the environment,

A principal feature of the present invention is the use of
the hydropatterning technique to embess the sercen patiern
into the nap of napped fabric. By processing a heavily
napped fabric with the napped side against the patterned
sereen, and applying the continuous curtain of water against
the opposite side of the fabric, aesthetically pleasing surface
textures and patterns can be produced in the napped fabric.
It is found that a profeund impression in the napped surface
can be oblained with only one pass under four manifolds at
1500 psi. and conveyor speed of 100 fiymin. Higher speeds,
of the order of 300 ft/min. could be usced. A light nap pattern
impressed on both sides of proper fabrics can obtain a
substantial enhancement in resistance to cdae fray. Fur-like
surface texturcs similar to Persfan lamb can bc obtained
using a correspondingly designed patterning scrcen. The
fabric construction. degree of nap. hydrojet pressurc, pro-
cessing speed. and screen patterns may be varicd to obtain
different surface cffcets and pattern retention characteristics
in the napped fabric.

A wide range of other patterning effects can be achicved
by using diffcrent dyes. colors. dyeing processes. water
curtain configurations. scrcen patterns, fabries, and fabric
weaves. The water curtain can be gencrated by other types
and arrangements of nozzles and pressure manifolds.
‘Woven, perforated, or expanded melal or plastic screens or
other three-dimensional sercens with raised and lowcred
arcas can be used for the support surface to achicve the
patterned effect. The hydrojet processing of the (abric can
also cmpley additives, such as caustic agents and abrasives,
if desired, and other types of fluids. Besides woven fabries,
other nonwoven. bonded, layered. gauze, or composite fab-
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rics or Jaminaies may be similarly hydropattereed in accor-
dance with the principles of the invention.

Othcr modes of hydro-processing of [abrics may be
devised in accordance with the principles of the invention
discloscd hercin. For cxample, columnar jets, offsct
magifolds, and other water curtain arrangements might be
used with threc-dimensional and other patierned support
surfaces or with patterned stencils to obtain patlerned visual
cfficcts in fabrics. A related example of hydroprocessing is
PCT Application INo. US/89/01593. filed on Apr. 13. 1989,
by Veratee Corporation, entitled “Apparatus and Method For
Hydroenhancing Fabric Properiies™, disclosing the use of
hydroprocessing of fabric to improve fabric propertics such
as uniformity of yarn disiribution, enhanced bloom. wear-
resistance, anti-cupping, and anti-torquing, Additions or
modifications to the basic hydro-processing line might also
be used. for example, incorporaling mechanical brushing or
abrading. chemical additives, and post-treattnent processing
such as bonding, binder padding. finish trcatments,
stiffcning. cte.

Qther varations of situctures, materials, products, and
processes may of cowrse be devised. All such varialions,
additions, and modifications are neverthcless considered to
be wilhin the spirit and scope of the present invention, as
defined in the claims appended hereto.

We claim:

1. A method for hydropatterning a pattern in a fabric
comprising the steps of:

conveying a sheet of fabrc in a machine dircetion sup-

ported on a support surfzee which is formed with a
pattern of raised or solid areas and lowered or void
arcas interspersed therein, and

directing a curtain of Quid from a fluid jetting source

downwardly to impact on the {abric as it is conveyed on
the patierned support surface.

wherein said fabric is a napped fabric comprising fibers

bonded or woven info a mat with loose cnds of the
fibers forming a napped side of said fabric, said napped
side being placed in contact against the patterncd
support surface with an opposite side of said fabric
facing away from the patterned support surface toward
the flnid jetting source, and satd directing step includes
directing said fluid curtain apainst the opposite side of
the fabric lacing toward the fiuid jetting source such
that a visual or physical property of the napped side of
the fabric in contact with the patterned support surface
becomes altered in corrcspondence o the patlern of
raised or sclid arcas and lowered or void areas of the
support surlace due to the impact of the curtain of {iuid
on the fabric against the support surface.

2. A method (or hydropatterning napped fabric according
to claim L. wherein the fluid directing step includes provid-
ing a manifold extending in a cross direction perpendicular
to the machine direction having a plurality of nozzles spaced
in tha cross direction which eject divergent, overlapping jets
of water so thal the resulting water curtain impacts substan-
tially evenly across the fabrie.

3. A method lor hydropattcrning fabric according to claim
1, wherein the fluid dirscling step includes providing a
plurality of manifolds arranged in parallel and spaced aparl
in the machine direction over the (abric.

4. A preducl preduced by the methed according to claim
1. wherein the napped side of the fabric is hydropatterned to
have a desited physical property of fur.

L O T



UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. 5,632,072
DATED
INVENTOR(S) :

May 27, 1997
Arlene T. S5imon et al.

it Is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

On the Title page, item [63]:

In the "FOREIGN PATENT DOCUMENTS", change "15145% of
0000 United Kingdom™ to —--1515455 of 0000 United
Kingdom--.

Signed and Sealed this
Twentieth Day of January, 1998

Attest: 6‘“{ W

BRI.CE LEHMAN

Anem'ng Oﬁicer Commissioner af Parenrs and Trademarks




