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METHOD FOR MANUFACTURING RESIN- IMPREGNATED ENDLESS
BELT AND A BELT FOR PAPERMAKTING MACHINES AND SIMILAR
INDUSTRIAL APPLICATIONS

“

'BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, in part, to

mechanisms for extracting water from a web of

‘material, and, more particularly, from a fibrous web

being processed into a paper product on a papérmaking
machine. Specifically, the present invention is a
method for manufacturing resin-impregnated endléss
belt structures designed for use on a long nip press
of the shoe type on a papermaking machine, and for
other papermaking and paper-processing applications.

2. Déscription of the Prior Art

During the.p'abermaking prbcess, a fibrous web of
cellulosic fibers is formed on a forming fabric by
depositing a Mfibrous slurry thereon in the forming
gsection of a paper machine. A large amount of water -
is drained from the slurry in the forming section,
after which the newly formed web is conducted to a
press section. The press‘section includes a series of
press nips, in which the fibrous web is subjected to
compressive forces applied to remove water therefrom.
The web £finally is conducted to a drying section

which ‘} includes heéated dryer drums around which the

‘web is directed. The heated dryer drumg reduce the

‘water content of the web to a desirable level through

evaporation to yield a paper product.
Rising energy costs have made it: increasingly

desirable to remove as much water as possible from

PCT/US2003/036473
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the web prior to its entry into the dryer section. As
the dryér‘drums are typically heated from within by

steam, costs agsociated with steam prédudtién may be

Subé;an;ial, especially when a large amount of water

must be removed from the web.
- Traditionally, press sections have included a
series of nips formed by pairs of adjacent

cdylindrical press rolls. In recent years,‘the'uSe of

‘long press nips of the shoe type has been found to be

more ‘advantageous than the use of nips formed by
pairs of adjacent press rolls. This is because the
loﬁger the time a web can be subjected to‘pfessufe in
the nip, the more water can be removed thére; and,

conSequently, the less water will remain behind in

the web for removal througﬁ evaporation.in the'dryer

section.

The present invention relates, in part, to long

nip ﬁresses of the shoe type. In this variety of long

nip press, the nip is formed between a cylindrical
pféss roll ana an arcuate pressure shoe. The latter
has a cylindrically concave surface haviﬁg a radius
of curvature close to that of the cylindrical press
roll. When the roll and shoe are birought into close
physical proximity to one another, a nip, Which‘can
be five to ten times longer in the machihé direction
than one formed between two press rolls, is fprmea.
Singe the long nip ﬁay be five to ten times longer
than that in a conventional two-roll press, the

so-called dwell time, during whiéh the fibrous web is

~under pressure in _ the long nip, may be

correspondingly longer than it would be in a two-roll

press. The result 1is a dramatic inc¢rease in the

,dewatering of the fibrous web in the 1long nip

2
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relati&e to that obtained using conventional nips on
paper machines.

A long nip press of the shoe type requires a

'Spedial belt, such as that shown in U.S. Patent No.
 5,238,537 to Dutt (Albany International Corp.), the

‘teachings of which are incorporated herein by

refefencel The belt ié designed to brotect the press
fabric, which supports, carries and dewaters tﬁe
fibrous web, from the accelerated weéar that would
result from direct, sliding contact over the

stationary préssure shoe. éuch a Dbelt must be

provided with a smooth, impervious surface that

rides, or slides, over the stationary shoe on a
lubricating film of o0il. The belt moves through the
nip at roﬁghly the same speed as- the press fabric,
thereby subjecting the press fabric to minimal
amounits of rubbing against the surface of the belt.
Belts of the variety 'shown. in U.S. Pateng.No.
5,238,537 are made by impregnating a woven base
fabric, which takes the form of an endless loop, with
é synthetic polymeric resin. Preferably, the resin
forms a coating of some predetermined thickness on at
least the inner surface of the belt, so that the
yarns from which the base fabric is woven may be
pfoﬁecfed from dirvect contact with the arcuate
préssu:e shoe component of the long nip press. It is
specifiéally this coating which mﬁst have a smooth,
impervious surface fo slide readily over the
lubricated shoe and to prevent any of the lubricating

0oil from penetrating the structure of the belt to

' contaminate the press fabric, or fabrics, and fibrous

web. The base fabric of the belt shown in U. S.

Patent No. 5, 238, 537 may be wovén from monofilament

3 )
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yarns in a single or multilayer weave, and is woven
so as to be sufficiently open to allow the
impregnatihg "material to totally impregnate the
weave. This eliminates the possibility of any wvoids

forming.in the final belt. Such wvoids may allow the

' lubrication used between the belt and shoe to pass

through the Eelt and contaminate the press fabric or
fabrics and fibrous web. The base fabric may be
flat-woven, and subsequently seamed into endless'
form, or woven endless in tubular form.

When the impregnating material is cured to a
solid condition, it is primarily bound to. the baée
fabric by a mechanical interlock, wherein the cured
impregnating material surrounds the yarns of the base
fabric. In addition, there may be some chemicél
bonding or adhesion between the Cured[ impregnatiﬁg
nﬁteriai and the material of the yafns of the base
fabric. ‘

Long nip press belts, such as that shown in U.
S. Patent No. 5,238,537, depending on the éize
requirements of the long nip presses on which they
are installed, have 1lengths from roughly 10 to 35
feet .(approximately 3 "to 11 meters), measured
longitudinally around their endless-loop forms, and
widthslfrom roughly 6 to 35 feet (approximately 2 to
11 meters), measured transvérsely across those forms.
The manufacture of such belts is'complicated by the
reQuirement that the base fabric be endless prior to
its impregnation with a synthetic polymeric resin.

It is often desirable to provide the belt with a
resin coating of some predetermined thickness on its
outer surface as well as on its inner surface. By

coating both sides of the belt, its woven base fabric

4
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will be‘ closer to, 1f not coincidént " with, the
neutral axis of bending of the belt. In such a
circumstance, internal stresses which arise when the

belt is flexed on passing around a roll or the like

" on the paper machine will be less likely to cause the

coating to delaminate from either side of the belt.
Moreover, when the outer surface of the belt has
a resin coating of some predetermined thickness, it

permits grooves, blind-drilled  holes or .other

_cavities to be formed on that surface without

'éxposing' any part of the woven base fabric. These

features provide for the temporary storage of water

"pressed from the web in the press nip, and are

usually produced by grooving or drilling in a
separate manufacturing stép following the curing of
the resih coating.

The present invention provides a solution to
this particular problem, that is, the necessity for a
separate manufacturing step oxr steps, which
characterizes prior-art methods for manufacturing
resin-impregnated endless belt structures haﬁing void
volume in the form of grooves, blind-drilled holes
and. the like on their outer surfaces. Moreover, the
presént invention provides an alternate method for

manufacturing resin-impregnated ‘endless belt

. structures used in other papermaking and

paper-processing applications, such as calendar and

transfer belts.

SUMMARY OF THE INVENTION

Accordingly, the present invention is a method
for manufacturing resin-impregnated endless Dbelt =
structures designed for use on a long nip press on a

5
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- papermaking machine and for other papermaking and
paper-processing applications. The method comprises a
first step of providing a base substrate for the

belt. The base substrate may be one which has

previously been impregnated with a polymeric resin

material which forms a layer on its inner or outer

surface. .
Alternatively, the Dbase substrate may be

rendéered impermeable by depositing a polymeric resin

'material onto the base substrate to coat its' entire

surface during the practice of the present 1nventlon

- Sacrlflclal material is then depos:Lted onto - the
base substrate in a precise predetermlned pattern,’
which ’ predetermined 'pattern is to characterize the
surface of the belt . being . manufactured. The

sacrificial material forms a layer of desired

thickness over the base substrate to provide a mold

there. The sacrificial material is deposited in
droplets having an average diameter of 10p (10

microns) or more. At least one piezojet may be used

to deposit the sacrificial material onto the base.

substrate, although other means for depositing

droplets of that size may be known to- those of

ordinary skill in the art or may be developed in the

- future and used instead of a piezojet. Subsequently,

(

‘a functional polymeric resin material is deposited

onto the base substrate to cover areas thereof not

previously covered by the sacrificial material with a

layer of desired thickness, that is, to fill the mold
defined by the sacrificial material. The polymeric
resin material 1is then set or fixed by appropriate

means.

00088880
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Finally, the sacrificial material is removed

o from  the belt newly manufactured from the resin-

coated substrate. Typically, the sacrificial material
is removed through the application of an appropriate
solvgnt or heat. Either before or after the removal
of the sacrificial material“ the deposited polymeric
resin material may optionally be. abraded to provide
it with a unifo:m thickness and. a smooth,
nac;oscopically monoplanar. surface, when desired, or
to éprse any sacrificial material that may have been
covered by the pblymeric resin material for
subsequent removal. ﬁ

In one embodiment of the invention, a second
functiohal polymeric resin material is deposited onto

thé belt newly manufactured from the base substrate

to fill the regions formerly occupied by the-

sacrificial material to render the belt impermeable,
if it is not already so, and to provide the belt with
surface regions having different p{operties.

The present invention will now be described in
more complete detail, with frequent reéference being

made to the figures identified below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of an apparatus
used to manufacture belts according to the method of
the present inVention;

Figure 2 is a cross-sectional view of a base
substrate haﬁing a layer of polymeric resin material
on its inner surface;

Figure 3 is a plan view of the base substrate as
it would appear upon exit from the imaging/repair
station in the. apparatus of Figure 1;

7
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Figure 4 is a plan view of the base substrate as
it would appear upon exit from the polymer deposition
station in the apparatus of Figure 1;

Figure 5 is a plan view of a ¢ompleted belt as

it would appear upon exit from the mdld removal

_station and grinding station of the apparatus of

Figure 1;
Figure 6 1is a cross-sectional view taken as
indicated in Figure 5;

Figure 7 is a plan view of a second embodiment

. of the belt;.

Figure 8 is a plan view of a third embodiment of
the belt; and .
- Figure 9 is a perspective view of a variety of

represéntative shapes of the deposited material.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method for fabricating a belt in accordance
with the present invention begins with the provision
of a base substrate. Typically, the base structure or
substrate is a fabric woven from monofilament yarns.

More broadly, however, the base substrate may be a

. woven, nonwoven or knitted fabric comprising yarns of

any of the varieties used in the production of paper
machine clothing or of belts used to manufacture
nonwoven articles and fabrics, such as monofilament,
plied  monofilament, - multifilament and  plied
multifilament varns. These yarns may be obtained by’

extrusion from any of the polymeric resin materials

used for this purpose by those of ordinary skill in

the art. Accordingly, resins from the families of
polyamide, polyester, polyurethane, polyaramid,
polyolefin and other resins may be used.

8
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Alternatively, the Dbase substrate may Dbe

composed of mesh fabrics, such as those shown in

‘commonly assigned. U.S. Pateﬁt No. 4,427,734 to

Johnson, the teachings of which are incorporated
herein by reference. The base substrate may further
be a spiralélink belt of the wvariety shown :in many

U.S. patents, such as/U.S. Patent No. 4,567,077 to

' Gauthier, the teachings of which are also

incorporated herein by reference.

Moreover, the base substrate may be produced by
spirally winding a strip of woven, nonwoven, knitted
or mesh fabric in accordance with the methods shown
in commonly assigned U.S. Patent No. 5, 360, 656 to
Rexfelt et al., ’the teachings of which are
incorporated herein by reference. The base substrate
may accordingly comprise a spiraliy wound strip,
wherein each spiral turn is joined to the next by a
continuous'seam making the base substrate endless in
a longitudinal direction.

The above -should not be considered to be the
only possible forms for the base sub;trate7 Any of
the varieties of base substrate used by those of
ordinary skill in the paper machine clothing and
related arts may alternatively be used.

Once the base substrate has been provided, one
or more layers of staple fiber batt may optionally be
attached to one or both of its two sides by methods
well known to those of ordinary skill in the art.
Perhaps the best known and most commonly used method
is that of needling, wherein ;he individual staple -
fibers in the batt are driven into the base structure
by a plurality of reciprocating barbedi needles.

Alternatively, the individual staple fibers may be

9
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attached to the base substrate by hydroentangling,

- wherein fine high-pressure jets of water perform the

same function as the above mentionéd - reciprocating
barbed needles. It will be recognized that, once
staple fiber batt has been attached to the base

substrate by either of these or other methods known

by those of ordinary skill in the art, one would have

a structure identical to that of a press fabric of
the variety generally used to dewater a wet paper web
in the press section of a paper machine.
VAlternatively still, the base substrate may be a
structure which has been rendered impermeable to
fluids, such as air and water, with a coating of a
polymeri¢c resin material, which at least partially
impregnates the structure and which may form a layér
of a desired thickness on one of its two sides. This
is particularly the case where the belt is intended
for use on a long nip press, and requires a layer of

polymeric resin material of some predetermined

.thickness on its inner surface, so that the base

substrate may be protected from direct contact with
the arcﬁate pressure shoe component of the long nip
press.

The belts manufactured in accordance with the
preseﬁt invention may be used as long nip press belts
for long hip presses of the shoe type, and for other
papermaking and paper-processing applications, such
as calendering and sheet transfer.

Once the base substrate, with or without the

addition of staple fiber batt material, and with or

without a layer of polymeric reésin material of

desired thickness on one of its two sides, has been

provided, it is mounted on the apparatus 10 shown

10
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schematically in Figure 1. It should be understood
that the base substrate may be either endless or

séamable into endless form during installation on a

f'paper machine. As such, the base substrate 12° shown

in FigureAl should be understood to be a relatively

short portion of the entire length of the base

Ssubstrate 12.

Where the base substrate 12 is endless, it would

" most practically be mounted about a pair of rolls,

not illustrated in the figure but most familiar to

those of ordinary skill in the paper machine clothing
arts. In such a situation, apparatus 10 would be
disposéd on one of the two runs, most conveniently
theAtop run, of the base substrate 12 between the two
rolls. Whether endless or not, however, the base
substrate 12 is preferably placed ﬁnder an
appropriate degree of tension during the process.
Moreover, to prevent sagging, the base substrate 12
may be supported from below by a horizontal support
member as it moves through apparatus 10.

. Referring now more specifically to Figure 1,
wherélthe base substrate 12 is indicated as‘moving in
an upward direction through the apparatus 10 as the
method of the present invention is being carried out,
épparatus 10 comprises a sequencé of several stations
through which the base substrate 12 may péss
incrementally as a belt is being manufactured
therefrom. ‘

The stations are identified‘as follows:
1. mold element deposition station
14;
2. imaging/repair station 24;
3. polymer deposition station 36;

11 , A
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4. mold element removal station 48;
and

5. optional grinding station- 50.

' In accordance with the present’ invention, it may
first be necessary, where the base substrate has not
already been rendered impermeable to fluids, such as
air and water, with a coating of & polymeric resin
material which at least partially impregnates the

base substrate, to coat the entire surface of the

. base substrate to render the base substrate

impermeable. This may be accomplished Dby using
polymer deposition statibn 36 of apparatus 10 ‘or by
other means suitable for the purpose.

- In the polymer deposition station 36, transverse.
rails 38,40 support a metering device, such és ‘a
bulk-jet array 42, which is translatable thereon in a
direction transverse to that of the motion of the
base substrate 12 through the. apparatus 10, as well
as therebetween in a direction parallel to that of
the motion of the base substrate 12, while the latter
is at rest. The bulk-jet array 42 may be used to
deposit a functional polymeric resin material onto or’
within the base substrate 12 to render it impermeable
and, optionally, to forﬁ a layer of desired thickness'

thereover.. One or more passes over the base substrate

- 12 may be made. by the bulk-jet array 42 to deposit

the desired amount of polymeric resin material.
Having performed this preliminary - step, if
necessary, we now turn'to the first station. In the
first station, the mold\ element deposition station
14, a piezojet array 16 mounted on transverse rails

18,20 and translatable thereon in a direction

i
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motion of the Dbase

substrate 12 through the apparatus 10, as well as

therebetween in a direction parallel to that of the

motion of thé base substrate 12, is used to deposit

in repéaﬁed'steps to build up the desired amount of

sacrificial material onto the base substrate 12 in a

predétermined pattern. Alternatively, other means for

depositing the small droplets required for the

practicé of the present

invention, as will be

discussed below, may be known to those of ordinary

skill in theée art or may be developed in the futﬁre,

and ‘may be used in the practice of the present

invention. In addition the deposit of the sacrificial

material need not only be traversing the movement of

the base substrate but can be parallel to such

movement, spiral to such movement or in any other

manner suitable for the purpose.

The sacrificial material may penetrate into the

base substrate, if the latter does not already have a

layer of functional polymeric resin material covering

and rendering it impermeable,

and, when desired,

forms a layer of desired thickness thereover in the

predetermined pattern. That pattern may be an array

of discrete locations which are to be the ultimate

‘locations of a corresponding array of discrete holes

providing void volume on the surface of"the belt. In

such a case, the sacrificial material, .which is

removed later in the belt manufacturing process, and

which is not present in

a

completed belt, .is

deposited in the discrete locations, where it becomes

attached, and may rise to a predetermined height

and/or shape above the surface of the base substrate

12. Collectively, the discrete locations having the

13
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sacrificial material comprise a mold which is

‘subsequently to be filled by a functional polymeric

Aresih material, so called because it is a.functional
part of the belt when manufacture has been completed.

Alternatively, the sacrificial material may - be
‘deposited in a semicontinuous network, for example, a
‘semicontinuous pattern extending substantially
throughout the base substrate 12 in an essentially
linear fashion, such that the sacrificial material.
becomes attached to the base substrate 12 or to the
polyméric resin material pieviously applied to render
the base‘substrate impermeable, along lines which are
generally parallel and equally spaced from one
another. Such lines may be either curved, straight or
'zigzag. More generally, a semicontinuous network
‘comprises straight or curved lines, or lines ha&ing
both straight and curved segments, which are spaéed
apart from one another and do not cross one another.
Ultimately, the semicontinuous network provides the
surface of the completed belt with a plurality of
grooves, which may provide void volume for the
temporary storage of water pressed from a wet paper
sheet.

‘3Altérpatively still, the sacrificial material .
may be déposited in a  continuous network extending
:substantially throughout both dimensions of the
surface of the base substrate 12 and defining a

plurality of discrete open areas in a predetermined

~array. These discrete open areas are ultimately to be

filled by a polymeric resin material and become the
‘ultimate locations of discrete areas, filled by the
polymeric resin material, on the surface of the belt.

The continuous network may, for example, provide the

14
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siirface of the completed belt with a plurality of
crisscrossing grooves. Note that heretofore grooves
were typically cut into the belt. Accordingly they
were generally straight or substantially straight due
to the cutting actions. Also blind drilled holes
were generally circular, again due to the drilling or
cutting action. Advantageously, the present
invention avoids such limitations in that the voids
can: be c¢reated in any shape desired due to the
freedom' to deposit'the sacrificial material in any
pattern to ultimately create the voids.

Referring now to the figures, the'piezoj'et array
16 comprises at least one but preferably a plurality
of individual computer—controlled piezojets, each
functioning as a pump whose active component is a
piezoelectric element. As a practical matter an
array of up to 256 piezojets or more may be utilized
if, the technology permits. The active component is
a crystal or ceramic which is physically deformed by
an applied electric signal. This deformation enables
the crystal or ceramic to fulilction as a pump, which
physically’ ejects a .drop of a liquid material each
time an appropriate electric signal is received. As
sﬁch, this method of using piezojets to supply drops

of a desired material repeatedly so as to build up

‘the desired amount of material in the desired shape

in response to computer-controlled electric signals
is commonly referred to .as a “"drop-on-demand "
method.

The degree of precision of the jet in depositing
the mate:;ial will depend upon the dimensions and
shape of the structure being formed. YThe type of jet

used and the viscosity of the material being applied

15 ,
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‘willl also impact of the precision of the jet

selected.

Referring again to Figure 1, the pievzojetr array
16, starting from an edge of the base substrate 12,
6r,‘ preferably, from a reference thread extending
l'ehg{:hwise therein, translates lengthwise and
widthwise across the base substrate 12, while the
base substrate 12 is at rest, deposits the
sacrificial material in the form of extremely small
droplets having a nominal diameter of 10p (10
microns) or more such as 50u (50 microns) or 100qn
(100 micromns), in- one of the above-described
patterns. The tranélation of the piezojet ar:éay 16
lengthwise and widthwise relative to the - base
substrate 12, and the deposition of droplets of the
sacrificial material from each piezojet in the, array
16, are controlled by computer in a controlled manner
to produce the predetermined pattern of the
sacrificial material in a controlled geometry in
three planes, length, width and depth or height (x,
v, z dimensions 6r directions) on the base structure
12. One or more passes over the base substrate 12
may be made by the piezojet array 16 to deposit the

desired amount of” sacrificial material. That is to

sday, by depositing the droplets, in a repeating

pattern, that being by layering one droplet 6n top of
the next, the height or z-direction of the
sacrificial material on the base substrate 12 (or
preapplied polymeric resin material) is controlled
and may be uniform, varied or otherwise adjusted as
desired.

One or more passes over the base substrate 12

may be made by piezojet array 16 to deposit the
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. desired amount of material and to create the desired

shape. .In this regard, the deposits can take any
number of shapes as illustrated generally in Figure

9. The shapes can be square, round conical,

‘rectangular, oval, trapezoidal etc.. with a- thicker

base tapering upward. Depending upon the design
chosen, the ambunt of material deposited can be
layered in decreasing fashion as the jet repeatedly
passes over the deposit area. ,
When‘the pattern has been completed in a band
between the transverse rails 18,20 across the base
substrate 12, the Dbase substrate 12 is advanced
lengthwise an amount equal to the width of the band,
and the procedure described above is repeated to
produce the predetermined pattern in a new band
adjacent to that préviously completed. In this
repetitive manner, the entire base substrate 12 can
be provided with the predetermined pattern.
Alternatively, the piezojet array 16, again
starting from an edge of the base substrate 12, or,
preferably, from a reference thread extending
lengthwise therein, is kept in a fixed position
relative to the transverse rails 18,20, while the
base substrate 12 moves beneath it, to deposit the
sacrificial material in the desiréd pattern in a
lengthwise strip around the base substrate 12. \ Upon
completion of the lengthwise strip, the piezojet
array 16 is moved widthwise on transverse rails 18,20
an amount equal to the width of the 1eﬁgthwise strip,
and the procédure described above 1is repeated to
produce the predetermined pattern in a new lengthwise

strip adjacent to that previously completed. In this
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rep‘etit'.ivé manner, thé entire base' substrate 12 can
be provided with the predetermined pattern.

At one end of the transverse rails 18,20, a jet
check station 22 is provided for testiﬁg the flow of
sacrificial material from each piezojet. There, the
jets can be purged and cleaned to restore operation
automatically to any malfunctioning jet unit.

The sacrificial material is a solid material
which melts gquickly upon heating, and sets to bond
firmly with the base substrate 12 upon cooling. The
sacrificial material may be supplied from a heated
reSei:voif, where it is maintained in a liquid state,
and pumped through a feed line to the piezojet or
piezojets. The viscosity of the sacrificial material
at the point of delivery is important in defining the
size and shape of the droplets formed on the base
substrate (oxr the preapplied polymeric resin
material) and in time the resolution of the pattern
ultimately achieved. A

Note the pattern can be random, a repeai:ing
random pattern on a base substrate or such patterns
that are repeatable from belt to belt for quality
control.

" The sacrificial material may be a non-agqueous,

solvent-removable wax, or ‘a water-soluble wax, “such
"as water-soluble polyethylene glycol or polyvinyl

-alcohol. More generally, the sacrificial material may

be any material which is deliverable though a
piezojet in extremely small droplets in the size
range given above, and which may ultimately be
removed from the base s‘ubstrate 12 by means not
destructive to the base substrate 12 and any

functional polymeric resin material thereon. 1In
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addition to these requirements, the sacrificial

material has to be capable of being fixed or set on

the base substrate 12 as quickly as ©possible

- following deposition thereon, in order to control its

distribution on or in the base substrate 12.

.In the second station, .the imaging/xrepair
station 24, transverse rails 26,28 support a digital
imaging camera 30, which is tranélatable across the
width of base substrate 12, and a repair-jet array
32, which is translatable both across the width of
the base substrate 12 and lengthwise relative ‘thereto
between tfansverse rails 26,28, while the base
substrate 12 is at rest.

The digital imaging camera 30 views the
deposited sacrificial material to locate any faulty
or missing discrete mold elements, or similar
irregularities in a semicontinuous or continuous
pattern produced thereby\ on the base substrate 12.
Comparisons between the actual and desired patterns
are made by a fast pattern recognizer (FPR) processor
operaﬁing in conjuﬁction with the digital imaging
camera 30. The FPR processor signals the repair-jet
array 32 to deposit additiqnal sacrificial material
onto the rﬁold elements detected to be faulty or
missing. As ‘before, at one end of the transverse

railg 26,28, a repair-jet check station 34 is

- provided for testing the flow of material from each

repailr j'et. There, each repair jet can be purged and
¢leaned to restore operation automatically to any
malfunctioning repair-jet unit.

In ‘the third station, the polymer deposition
station 36 previously discussed, transverse rails

38,40 support a metering device, such as a bulk-jet
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t

array 42, which is translatable thereon in a
direction transverse to that of thé motion of the

base substrate 12 through the apparatus 10, as well

_as therebetween in a directiQnAparallél to that of

the motion of the base -substrate 12, while the latter
is at rest. The bulk-jet array 42 is used to deposit
the functional bolymeric‘resin material onto the base
substrate 12, except in regionsA having the
sacrificial material, to fill the mold formed by the
sacrificial material on the base substrate 12 to form
a layer of desired thickness thereover. The latter.
may be a polyurethane or photosensitive resin, as
weli as others from the classes to be identified
below as. beiﬁg capable of deposition by piezojet
arréy. The bulk-jet array 42 leaves a uniformly thick
léyer of the functional polymeric resin material,
preferably no thicker than the regions of removable
material, on the base substrate 12. One or more
passes -over the base substraté 12 may be made by the
bulkvjet array 42 to deposit the desired amount of
polymeric resin material.

A setting device 44, if-required to set or fix

the polyméric resin material being used, may also be

mounted on the transverse rails 38,40, and follows

the bulk-jet array 42 across the base substrate 12 to
set or fix the material deposited thereby. The

setting device 44 may be a heat source, for example,

~an infrared, hot air, microwave or laser source; cold

air; or an ultraviolet or wvisible light source, the
choice being governed by the requirements of the
polymeric resin material being used.

It should be understood that the functional

polymeric resin material also needs to be fixed on
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the base .substrate 12 following its deposition
thereon. The means by which the functional polymeric

resin material is set or fixed depends on its own

.physical and/or chemical requirements. Photopolymers

are cured with light, whereas hot-melt materials are

‘sSet bylcooling, Aqueous-based latexes and dispersioné

éré 'dfiéd and then cured with heat, and reactive
systems are cured by Theat. Accordingly, the

)
functional polymeric resin materials may be set by

.curihg; cooling, drying, or any combination thereof.

Again, at one end of the transverse rails 38,40,
a bulk—jet~pheck station '46 is provided for testing
the flow of material from each bulk jet. There, each
bulk jet can be purged and cleaned to restore
operation automatically to any malfunctioning
bulk-jet unit. /

Alternatively, the polymeric resin material may
be deposited onto or within the base substrate 12 (or
préapplied polymeric material as aforenoted) by
spraying,‘ blade coating, single-pass-spiral (SPS)
coating, multiple-thin-pass (MTP) coating, or any
other methods known in the art to apply a liquid
material to a textile substrate.

The fourth station is the mold element removal
station 48. ‘ Here, the sacrificial material,
originally deposited in the mold element deposition
station 14, is removed by.appropriate means. For
example, if the sacrificial material is a wax, the’
mold removal station 48 may include a heat source of
appropriate temperature to melt the wax and énable it
to flow from the base substrate 12. If, on the other
harnd, the sacrificial material is a solvent-removable

material, the mold element removal station 48 would
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provide -'a treatment, such as by  spraying or
immersion, with an appropriate solvent, such as
water. In practice, the base substrate 12 may be

directed in a serpentine path in and out of a solvent
bath to allow it to be showered for more efficient

removal of the sacrificial material. Alternatively,

_ the serpentine path may be entirely within an

agitated solvent bath. By increasing the temperature
of the bath, the removal of the sacrificial material
may proceed even more efficiently.

In any event, the removal of the sacrificial
material is carried out by a means not destructive to
the base substrate 12 and the functional polymeric
resin material thereon, and leaves the bése substrate
12 with the functional resin in the pattérn desired.

At this point, it may be desirable in some
applications to fill the regions formerly having the
sacrificial material with a functional polymeric
resin materiél which is different from that applied
above to fill the mold previously formed by the
sacrificial material on the base substrate 12. Note
by doing so, this may eliminate the need to preapply
a polymer resin material to render the base substrate
impermeable since by £filling the openings formed by
the sacrificial material should in and of itself,
render the belt impermeable. |

Tf the functional polymeric resin material used
first is a hydrophilic material, it may be desirable
to apply a hydrophobic functional polymeric resin
material to fill the regions formerly occupied by the
sacrificial material to provide a belt with a uniform
thickness having both hydrophilic and hydrophobic

regions on its surface. Such a belt may subsequently
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be used as a sheet-transfer belt. Polymer deposition
station 36 may be used to apply the second functional
. . \

polymeric resin material in the regions formerly

_occupied by the sacrificial material.

Finally, the optional fifth and'last station is
grinding station 50, where an appropriate abrasive is
used to provide the polymeric resin material with a
uniform thickness and é smooth, -macroscopically
monoplanar surface. It should be understood that the
grinding station 50 may alternatively be disposed
before the mold element removal station 48 to expose
any sacrificial material that may be coﬁered by the
polymeric resin material. In any case, the optional
grinding station 50 may comprise a roll having an
abrasive surface, and another roll or.backing surface
on the other side of the base substrate 12 to ensure
théf the grinding will result in a uniform thickness
and a smooth, macroscopically monoplanar surface.

As an example, reference is now made to Figure
2, which " is a cross-sectional view of a Dbase
substrate 12 having a layer of polymeric resin
material on its inner surface. Such a base substrate
12 is used where a long nip press belt is to be

manufactured. The base substrate 12 is woven £rom

41engthwise yvarns 52 and crosswise yérns 54 in a

multilayeér weave. Knuckles 56 appearing on the
surface of the base substrate 12 where Ilengthwise

yarns 52 weave over crosswise yarns 54 may be visible

on the outer surface 58 of the base substrate_lz. The

inner surface 60 of the base substrate 12 is formed
by a polymeric resin coating 62.
The polymeric resin coating 62 protects the base

substrate 12 from sliding contact and the wear by’
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abrasion that would result when the inner surface 60 -
slides across a lubricated arcuate pressure shoe of a
long nip press. The polymeric resin also impregnates
the base substrate 12 rendering it impérmeable to oil
and Water. The polymeric resin coating 62 may be of
polyurethane, and 1is preferably a 100% solids
composition thereof to avoid the formation of bubbles
during the cufing process through which the polymeric

resin proceeds follbwing its application onto the

" base substrate 12. After curing, the polymeric resin

coating 62 can be ground and buffed to provide it
with a smooth surface and a uniform thickness.

Figure 3 is a plan view of the base substrate 12’
as it wouldA appear upon exit from imaging/repéir
station 24. As such, the outer surface ‘58 of the
base substrate 12 includes a plurality of mold
elements 64 of sacrificial material set forth in a

predetermined pattern taking the form of an array of

‘discrete locations which are to be the ultimate

locations of a corresponding array of discrete holes
providing void volume on the surface, of the belt
being manufactured.

Figure 4 is a plan view of base substrate ;2 as
it would appear upon exit from polymer deposition:
station 36. At this point, the base substrate 12 may .
properly be referred to as an intermediate belt
préduct 66, implying that the belt is depicted at an
intermediate stage in its manufacture. Polymeric
resin material 68 covers the base substrate 12 except
for the locations occupied by the mold elements 64 of
sacrificial material. '

Figure 5 is a plan view of a completed belt 70

as it would appear upon exit from mold elements
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removal station 48 and grinding station 50._The belt
70 -includes functional polymeric resin material 68
except at those locations formerly occupied by mold
elements 64 of sacrificial material, whose removal
leaves the polymeric resin material 68] with a
plurality of discrete holes 72 in & predetermined
pattern. A '

Figure 6 1is a cross-sectional wview of a
completed belt 70 taken as indicated in Figure 5. In
this example, polymeric. resin material 68 forms a
layer of desired thickness over the base substrateA
12, except .for the areas represented by the discrete
holes 72. N ‘ h

Alternative embodiments of the belt are shown in
Figures 7 and 8. Figure 7 is a plan view of a belt 74

whose base substrate 12 has a plurality of discrete

areas 76 of polymeric resin material in a

predetermined array on its outer surface providing
the surface of the belt 74 with a plurality of
crisscrossing grooves 78.

Figure 8 is a plan view 6f a belt 80 having a
semicontinuous network of polymeric resin material on
its surface. The semicontinuous network extends
substantially throughout the belt 80 in an
essentially 1inéar fashion. Each portion 82 of the
semicontinuous network extends in .a substantially
straight line parallel to others making up the
network. Each portion 82 is of polymeriq resin
material, and is a land area which with portions 82
adjacent thereto define grooves 84 therebetween. The

land areas may also have nonparallel walls and

avarying cross-section therethrough such as

trapezoidal.
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In an alternate embodiment of the present
invention; the mold element deposition’ station 14,
the imaging)répair, station 24, and the pglymer
deposition station 36 may be adapted to prodﬁce a
belt from the base substrate 12 in a spiral
technigque, rather than by' indexing in the cross-
machine direction as described above. In a spiral
technique, the mold element deposition station 14,
the imaging/repair gtation 24, and the polymer

tdeposition station 36 start at one edge of the base

‘substrate 12, for example, the left-hand ed@e in

Figure 1, and are gradually moved across the base
substrate 12, as the base substrate 12 moves in the
directiOn indicated in Figure 1. The rates at which
the stations 14,24,36 and the base substrate 12 are
moved are set so that the pattern desired in the
finished bélt is' spiraled onto the base substrate 12
in a 'continuous manner. In this alternative, the
polymeric' resin material deposited< by the polymer
deposition station 36 may be partially set or fixed
as each spiral passes beneath the setting device 44,
and completely set when the entire base substrate 12
has been processed through apparatus 10.
Alternatively, where the piezojet array 16
deposits the sacrificial materiai in the desiredl
pattern ih a lengthwise strip around the base
substrate 12, the imaging/repair station 24 and the

polymer'deposition station 36 may also be kept in a

fixed position  aligned with the piezojet array 16,

while the base substrate 12 moves beneath them, so
that the pattern desired in the finished belt is
applied t06 a lengthwise strip around the base’

substrate 12. Upon completion of the lengthwise
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strip, the piezojet array 16, the imaging/repair
sStation 24. and the polymer deposition station 36 are
moved widthwise in an amount equal to the width of
‘the léngthwise strip, and the procedure is repeated-
’for a new lengthwise strip adjabent ‘to that
previously .completed. In this repetitive manner, the
entire base substrate 12 can be completely processed
into a belt.

Furthermore, the entire apparatus can remain in
a fixed position with the material processed. It
should -bé noted that the material need.ﬁot be a full
width belt but can be a strip of material such as
that disclosed in U.S. Patent No. 5,360,656 to
Rexfelt, the disclosure of which is incorporated
herein by reference, and subsequently formed into a
full width belt. The strip can be unwound and wound
up on a set 6f rolls after fully procéssing. These
rolls of belting materials can be stored and can then
be used to form an endless full width étructure
using, for example, the teachings of the immediately
aforementioned patent.

Properties of the functional polymeric résin
material, such as its resistance to wear and to
‘oxidation, are important for the durability of the
belt. In addition to the importance of the curiﬁg,
SettinQIOr reaction times of the functional polymeric
resin material, as discussed above, the viscosity of
the resin material during delivery to the belt may
also be‘ important as aforesaid. Specifically, in
another embodiment of the present invention, the
polymer depositibn station 36 comprises a second
piezojet array, instead of a bulk-jet array 42. Where

a piezojet array is used to deposit polymeric resin

27
00088880



WO 2004/061205 PCT/US2003/036473

10

15

20

25

30

onto or within the base substrate 12, except in
regions filled with sacrificial material, the choice
of polymeric resin material is limited 'by the
requirement that its viscosity be 100 cps (100
centipoise) or less at the time of deliveiy, that is,

when the polymeric resin material is in the nozzle of

a piezojet ready for deposition, so that the

individual piezojets can provide the polymeric resin
material at a constant drop delivery rate.

Polymeric resin nmteriéls which may be applied
either by piezojet array or by bulk-jet array include
those in the following four classés:

i. Hot melts and moisture-cured hot melts;

2. Two-part reactive systems based on
urethanes and epoxies;

3. Photopolymer compositions consisting of
reactive acrylated-monomers and acrylated oligomers
derived from urethanes, polvesters, polyethers, and
silicones: and

4. Aqueous—based.‘latexes and dispersions and
particle-filled formulations including acrylics and
polyurethanes.

As noted above, a piézojet afray is capable of
Suppiying the polymeric resin material in the form of
extremely small droplets having an average diameter
of 10p (10 microns) or more, so long as its viscosity
is less than 100 cps (100 centipoise) at the  time of
delivery. Moreover, the piezojet array can deposit
the polymeric resin material with great precision one
layer at a time, making it unnecessary to grind the
surface of the coating formed thereby to achieve a
uniform thickness, and enables one of ordinary skill

in the art to control the z-direction geometry of the
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coating. ~That is to say, the piezojet array can
deposit the polymeric resin material with . such
precision that the surface will be mohoplanar without
having to be ground or, alternatively, that the
surface will have some predetermined
three-dimensional structure. Further, in this -
embodiment, some of the individual piezojets in the

piezojet array may be used to deposit one polymeric

resin material, such as a hydrophilic pdélymeric resin

material, while others may be used to deposit a

‘different polymeric resin material, such as a

hydrophobic polymeric resin material, to produce a .
surface having microregions of more than one type of
polymeric¢ resin material. -

Modifications to the above would be obvious to

those of ordinary skill in ‘the art, but 'would not

" bring the invention so modified beyond the scope of

the appended claims. In particular, while piezojets
are disclosed above as being used to deposit the
sacrificial material, and possibly the functional
polymeric resin material, in preselected locations on
the base substrate, other means for dépositing
droplets ‘thereof in the size range desired may be
known to ‘those of ordinary skill in the art or may be
developed in t\:he future, and such other means may be
used in the practice of the present invention. For
example, in processes requiring a relatively larger
scale pattern such that the final elements such as
round hemispheres, a relatively large, even a single
resin deposition nozzle can comprise the entire jet
array. The use of such means would not bring the
invention, 1f practiced therewith, beyond the scope

of the appended claims.
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WHAT IS CLAIMED IS:

1. A method for manufacturing .
tesin-impregnated endless belt structures, designed
for use on-a long nip press on a papermaking'machine
-and for other papermaking and paper processing

-applications, said method comprising the steps of:

a) providing a base substrate for the belt;

b) depositing sacrificial material. onto said

_base- substrate in a controlled manner so as to

control the x, vy, =z dimensions of the. material
deposited so as to create a predetermined pattern in

droplets wherein said predetermined pattern creates a

I

surface of said Dbelt structures providing a .

functional aspect thereto;

c) depositing a functional polymeric resin
material onto said base substrate to cover areas
thereof not having said sacrificial material;

d) at least pértially setting said functional
polymeric resin material; and

e) removing the sacrificial material from said

base substrate.

‘ 2. A method as claimed in claim 1 wherein said
sacrificial material is deposited in droplets having

a nominal diameter of 10p (10 microns) or more.

3. A method as claimed in claim 1 wherein
stepé b) through e) are performed sequentially on
successive bands extending widthwise across said base

substrate.

4. A method as claimed in claim 1 wherein

steps b) through e) are performed sequentially on:
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successive strips extending lengthwise around said

base substrate.

5. A method as claimed iq’ claim 1 wherein
stéps b) through e) are performed spirally around

said base substrate.

6. A method as claimed in claim 1 wherein, in

step b), said predetermined pattern comprises a

plurality of discrete locations set forth in a

predetermined array.

7. A method as claimed in claim 1 wherein, in
step b), said predetermined pattern comprises a

cdontinuous network defining a plurality of discrete

‘open areas in a predetermined array.

8. A method as claimed in claim 1 wherein, in
step b), said predetermined pattern comprises a
semicontinuous network éxtending ~ substantially

throughout said base substrate.

9. A method as claimed in claim 1 whérein, in

step b), said sacrificial material forms a uniform ox

‘random pattérn layer of desired thickness over said

base substrate in said predetermined patterm,.

10. A method as claimed in claim 1 wherein, in
step b), said sacrificial material is deposited by a
piezojet array comprising at least one individual

computer-controlled piezojet.

31
00088880



WO 2004/061205

10

15

20

25

30

PCT/US2003/036473

11. A method as claimed in claim 1 wherein said

sacrificial material is a wax removable by heating.
1 ' :

12.‘:A method as claimed in claim 1 wherein said-

sacrificial material is a solvent-removable material.

13: A method as claimed in claim 1 further

comprising, between steps b) and c¢), the steps of:

i) checking the actual péttern of said

sacrificial material to measure conformity to said

predetermined pattern; and
ii) <repairing said actual pattern of said
sacrificial material to eliminate departures from

said prédetermined pattern.

14. A method as claimed in claim 13 wherein said
checking step is performed by a - fast pattern
recognizer (FPR) processor operating in conjunction

with a digital imaging camera.
15. A method as claimed in claim 14 wherein said
repairing step is performed by a repair-jet array

cdupled to said FPR processor.

16. A method as claimed in claim 1 wherein, in

‘step c¢), said functional polymeric resin material

forms a layer of desired thickness over said base

substrate.

17.. A method as claimed in c¢laim 1, wherein

said functional polymeric resin material is

. polyurethane.
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18. A method as claimed in claim 1 wherein said
functional polymeric resin material is a

photosensitive resin.

, 19. A method as claimed in claim 18 wherein
sdid-'setting step 1is performed by exposing said

photosensitive resin to actinic radiation.

20. A method as claimed in claim 1 wherein said
setting step is performed by exposing said functional
pblymericzresin material to a heat source.

1. A method as claimed in claim 1 wherein said

1
setting step is performed by exposing said functional

polymeric resin material to cold air.

)221 A method as claimed in claim 1 wherein said
setting step is performed by exposing said functional

polymeric material to actinic radiation.

'23. A method as claimed in claim 1 wherein said
functional polymeric resin méterial is selected from
the group consisting of:

1. hot melts and moisture-cured hot melts;

2. tho—part' reactive systems. based = on

urethanes and epoxies;

3. photopolymer compositions consiéting' of

‘reactive acrylated monomers and aérylated oligomers

derived from urethanes, polyesters, polyethers, and
silicones; and .

4. aqueous-based latexes and dispersions and
particle-filled formulations including acrylics and

polyuréthanes.
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24. A method as claimed in claim 1 wherein said

removing step is performed by heating.
.5 25. A method as claimed in claim 1 wherein said
removing step is performed by the action of an

appropriate solvent.

"26. A method as claimed in claim 1 further

10 conprising, between steps a) and b), the step of
depositing a polymeric resin material onto said base
substraﬁe to coat the entire surface thereof and to

réender said base substrate impermeable.t

15 27. A method as claimed in claim 26 wherein
said polymeric resin material is deposited onto said

‘base substrate by a bulk-jet array.

28. A method as claimed in -claim 1 which

20 includes the step of providing a base substrate taken
from the group consisting essentially of woven,
"nonwoven, spiral formed, spiral-link, knitted, mesh

or strips of n@terial which are ultimately wound to
form a belt having a width greater than a width of

.25  the strips.

29. A method as claimed in claim 28 wherein
said polymeric resin material is deposited by a
piezojet array comprising at least one individual

30 computer-controlled piezojet.
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30. A method as claimed in claim 26 wherein
said  polymeric resin material is deposited by

spraying.

3i. A method as claimed in claim 26 wherein
said polymeric resin material is depoéited onto said

base substrate by blade coating.

32. A method as claimed in claim 26 wherein said
polymeric resin material is deposited onto said base
substrate by single-pass-spiral (SPS) coating.

33. A method as claimed in claim 26 whérein said
polymeric resin material is deposited onto said base

substrate by multiple-thin-pass (MTP) coating.

34. A method as claimed in claim 1 wherein, in
step ¢), said functional polymeric resin material is

deposited onto said base substrate by a bulk-jet

- array.

35. A method as claimed in claim 26 wherein said
functional polymeric resin material is deposited by a
pliezojet array comprising at least one individual

computer-controlled piezojet.

36. A method as claimed in claim 1 wherein, in
stéep c), said functional polymeric resin material is

/
deposited by spraying.

37. A method as claimed in claim 1 wherein, in
step c¢), said functional polymeric resin material is

deposited onto said base substrate by blade coating.
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38. A method as claimed in claim 1 wherein, in
step c¢), said functional polymeric resin material is

deposited onto said base substrate by

‘single-péss-spiral (SPS) coating.

39. A method as claimed in claim 1 wherein, in
step c¢), said functional polymeric resin’ material is .

deposited onto said base substrate by

‘multiple-thin-pass (MTP) coating.

40. A method as claimed in claim 1 wherein a

first functional polymeric resin material is

 deposited and a second functional polymeric resin

material is depositedf which is different from the

‘first functional polymeric reéesin material.

41. A method as claimed in claim 40 wherein oné
polymeric resin material is hydrophilic and the other

polymeric resin material is hydrophobic.

42. A method as claimed in claim 40 Whergin said
base substrate is impregnated with a polymeric resin
material rendering it impermeable prior to depositing
said sacrificial material and ' said functional

.
polymeric resin material.

43. A method as claimed in claim 26 wherein said
polymeric resin material is deposited onto said base
fabric in a uniformAlayer having a monoplanar surface
or a nonuniform thick layer having a surface with a

three-dimensional structure.
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44. A method as claimed in claim 40 further

" comprising, after step e), the step of depositing the

second. functional polymeric resin material onto said

.base substrate to cover and fill areas formerly

covered by said sacrificial material.

45. A method as claimed in claim 44 wherein one.
said functional polymeric resin material is

hydrophilic and the other is hydrophobic.

46. A method as claimed in claim '1 further
comprising the optional step- of 'abrading said
funCtional polymeric resin material on said ‘base
substrate to provide said functional polymeric resin

material with a uniform thickness and a smooth,

macroscopic¢ally monoplanar surface.

47. A resin-impregnated endless belt structure,
designed fdr use on a long nip press on a papermaking
machine and for other papermaking and® paper
processing applications, said belt being made in a
manner comprising the steps of:

a) providing a base substrate for the belt;

b) depositing sacrificial material onto said

base &ubstrate in a controlled mamner so as to .

ACOntrol the x, y, z dimensions of the material so as

to create a predetermined pattern in droplets,
wherein said predetermined pattern creates a surface
of said belt structures providing a functiomal aspect
thereto;

‘ c) depositing a functional polymeric resin
material onto said base substrate to cover areas

thereof not having said sacrificial material;
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'd) at least partially setting said functional
polymeric resin material; and A
e) removing the sacrificial material from said

base substrate.

48. A belt structure as claimed in claim 47
wherein said sacrificial material is deposited in

droplets having a nominal diameter of 10p (10

- microns) or more.

49. A belt structure as claimed.  in claim a7

further conprising the optional step of abrading said

. functional polymeric resin material on said base

gubstrate to provide said functional polymeric resin
materiél with a uniform thickness and a smooth;
macroscopically monoplanar surface.

50. A belt structure as claimed in claim 47
wherein steéps b) through e) are preformed
sequentially on successive bands extending widthwise

across said baseé substrate.

51. A belt structure as claimed in claim 47

wherein steps b) through e) are performed

JSequentially on successive strips extending

léngthwise around said base substrate.

52. A belt structure ags claimed in claim 47

wherein steps D) through e) are performed spirally
"arcound said base structure.

30

53. A belt structure as claimed in claim 47

wherein, in step Db), said predetermined pattern
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comprises a plurality of discrete locations set forth

in a predetermined array.

.54; A belt structure as claimed in claim 47

whérein, in step b), said prédetermined pattern

‘comprises a continuous network defining a plurality

of discrete opeén areas in a predetermined array.

55. A belt structure as claimed in claim 47
wherein, .in step b), said predetermined pattern
comprises a’ semicontinuous network extending

subétantially throughout said base substrate.

56. A belt structure as claimed in claim 47
wherein, in step Db), said sacrificial material forms
a uniform or random pattern layer of desired
thickness over said  Dbase substrate in said
prédetermined pattern.

57. A belt structure as claimed in claim 47
whereih in step b), said sacrificial material is
depoéited by piezoﬁet array comprising at least omne
individual computer-controlled piezojet.

[

58. A belt structure as claimed in claim 47

‘wherein said sacrificial material is a wax removable

by heating.

59. A belt structure as claimed in claim 47
wherein said sacrificial material is a solvent-

removable material.
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60. A Dbelt structire as claimed in claim 47

wherein said functional polymeric resin material is

selected from the group consisting of:
1. . hot melts and moisture-cured hot melts;

2. two-part reactive systems " based on

urethanes and epoxies;

3. photopolymer compositions consisting of

reactive acrylated monomers and acrylated oligomers

derived from urethanes, polyesters, polyethers, and
silicones; and

4. aqueous-based latexes and dispersions and

pa'rticle—filled formulations including

acrylics and polyurethanes.

'61».' A belt structure as claimed in claim 47
furtheir comprising, between steps a) and b), the step
of depositihg a polymeric resin material onto éaid
base structure to coat the entire surface thereof and
to render said base substrate impermeable. .

62. A belt structure as claiméd in claim 61
wherein said polymeric resin material is deposited

onto said base substrate by a bulk-jet array.

63 A belt structure as claimed in claim 61
wherein said polymeric resin material is deposited by

spréying .

64. A belt structure as claimed in claim 61
wherein said polymeric resin material is deposited

onto said base substrate by blade coating.

65. A belt structure as claimed in claim 61

wherein said polymeric resin material is deposited
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‘onto said base substrate by single—passjspiral (SPS)

coating.

" 66. A belt structure as claimed in claim 61
wherein said polymeric resin material is deposited
onto said baseée substrate by multiple*thin—bass (MTP)

coating.

67. 'A belt structure as claimed in claim 61
wherein said functional polymeric resin material is
deposited by a piezojet array comprising at least oneée

individual computer-controlled piezojet.

68. A belt structure as claimed in claim 47

wherein- a first functional polymeric resin material

is deposited and a second functional polymeric resin

material is deposited which is different from the

first.

69. A belt structure as claimed in claim 67
wherein said functional polymeric resin material is
deposited onto said base fabric in a uniform thick
layer having a monoplanar surface, or a nonuniformly
thick layer having a surface with a three-dimensional

striucture.

70. A belt structure as claimed in claim 47
further comprising, between steps a) and b), the step
of depositing a polymeric resin material onto'said
base gubstrate to coat the entire surface thereof and

to render said base substrate impermeable.
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71. A Dbelt structure as claimed in claim 69

further comprising, after step e), the step of

depositing the second functional polymeric resin

material onto said base substrate to cover and fill

areas formerly covered by said sacrificial material.

72. A belt as claimed in claim 47 further
compriéing' the step of providing 'a base substrate
taken from the group consisting essentially of woven,
nonwoveﬁ, spiral formed, spiral-link, knitted, mesh
or strips of material which are ultimately spiral
wound to form a belt having a width greater than a

width of the strips.
73. A belt as claimed in claim 47 wherein the
predeterimined pattern creates a continuous network of

parallel grooves.

74.. A belt as claimed in claim 47 wherein the

lpredetermined pattern creates a continuous network of

crisscross grooves.
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