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(54) BELT

(67)  This invention relates to a belt for a fiber web
machine, the belt having an inner surface (10) and an
outer surface (11), wherein the outer surface (11) of the
belt (1) comprises a belt wear indicator (20) having a
length (21), and a width (22), wherein the belt wear indi-
cator (20) comprises a recess (24), which extends to a
depth of at least 0.1 mm, determined in a depth direction

Fig.2b

of the belt from the outer surface of the belt to a bottom
of the belt wear indicator, wherein the belt has at least
substantially non-grooved outer surface, wherein devia-
tions having a depth of equal to or more than 0.1 mm
form equal to or less than 10% from a surface area of
the outer surface of the belt. The invention further relates
to a use of belt wear indicators.
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Description
Technical field

[0001] This invention relates to a belt for a fiber web
machine. The invention further relates to a use of belt
wear indicators in a belt of a fiber web machine.

Background

[0002] Fiber web machines, such as paper machines,
as well as board, pulp, and tissue machines, are typically
equipped with a forming section, a press section, and a
drying section. In paper, pulp and board making, it is an
issue how to increase the dewatering amount from wet
fiber web in order to improve a production efficiency with-
out decreasing the physical properties of a fiber web.
[0003] Nowadays, these machines typically have felts
and wires to support water removal or conveying of the
fiber web. Furthermore, paper machines may have a fin-
ishing section to improve the final product properties,
such as calender machine(s) for improving smoothness
of the dried fiber web.

[0004] It is well known that fiber web machines com-
prise many kinds of rolls located in different sections with
distinguishing functions. For instance, a sleeve roll can
be used in the forming section to improve the removal of
free water from the wet fiber material. A shoe press can
be used, for example, in press sections to improve the
removal of residual water in the fiber web therein. Both
sleeve roll and shoe press roll need belts to be able to
run properly.

[0005] WOZ200371030 discloses an example of a belt
comprising polymeric materials. In industry, however,
there is still need for new belts for fiber web machines.

Summary

[0006] The presentinvention relates to a belt for a fiber
web machine. One object of the present invention is to
provide an improved belt for a fiber web machine.
[0007] Aspects of the invention are characterized by
what is stated in the independent claims. Various em-
bodiments of the invention are disclosed in the depend-
ent claims.

[0008] A fiber web machine may be a paper machine,
or it may be a board, pulp, or tissue machine.

[0009] A fiber web machine may comprise a sleeve
roll. The sleeve roll is typically located at a wire section
of a fiber web machine. Thanks to the sleeve roll, water
removal of the wire section can be improved. Advanta-
geously, the beltaccordingto this specificationis a sleeve
roll belt.

[0010] Further, a fiber web machine may comprise a
shoe press. The shoe press is typically located at a press
section of afiber web machine. Thanks to the shoe press,
water removal of the press section can be improved. In
an embodiment, the belt according to this specification
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is a shoe press belt.

[0011] Further, a fiber web machine may comprise at
least one calender. Thanks to the calender, smoothness
of adried fiber web may be improved. In an embodiment,
the belt according to this specification is a roll cover of a
calender roll.

[0012] Therefore, the belt may be a sleeve roll belt, or
a shoe press belt, or a roll cover.

[0013] The beltaccording to this specification compris-
es a belt wear indicator. The belt wear indicator is ad-
vantageously used for a belt having a non-grooved outer
surface. Asleeveroll, as well as a calenderroll, preferably
has a belt having said non-grooved surface. Thus, ad-
vantageously, the belt having the belt wear indicator is
the sleeve roll belt or the belt cover of the calender roll.
[0014] Determining a wear level of a sleeve roll belt
has conventionally been particularly challenging and,
hence, belt wear indicators may be particularly useful for
sleeve roll belts. Thus, most advantageously, the belt
having the belt wear indicator is the sleeve roll belt.
[0015] The belt according to this specification has an
inner surface and an outer surface. The belt can comprise
a body comprising a body material. Further, the belt can
comprise a reinforcing structure, which may be, e.g., em-
bedded into the body. In use, the belt typically forms a
closed loop. The belt can be an impermeable belt.
[0016] The outer surface of the belt comprises a belt
wear indicator having a length and a width. The belt wear
indicator can comprise a recess extending to a predeter-
mined depth, determined from the outer surface of the
belt in a depth direction of the belt.

[0017] The belt can have a non-grooved outer surface,
wherein deviations having a depth of more than 0.1 mm
form equal to or less than 10%, preferably equal to or
less than 3%, from a surface area of the outer surface of
the belt. In an embodiment, the belt does not have any
deviations excluding the belt wear indicators, i.e., the belt
can have a smooth, or atleast substantially smooth outer
surface.

[0018] The belt wear indicator can comprise at least
one visually distinctive material being visually perceptible
from color of the belt. For example, the belt wearindicator
may comprise a paint in the recess.

[0019] Alternatively or in addition to the visually dis-
tinctive material, the belt wear indicator can comprise at
least one UV detective material. For example, the belt
wear indicator can comprise a UV detective paint in the
recess.

[0020] The beltcomprises atleast 1 beltwearindicator.
Preferably, the belt comprises at least 2 belt wear indi-
cators. Further, the belt may comprise equal to or less
than 2000 belt wear indicators.

[0021] As discussed, the belt wear indicator extends
to adepth, which depth can be determined from the outer
surface of the belt to the bottom of the belt wear indicator
in the depth direction of the belt. At least the depth of the
belt wear indicator can decrease as the belt wear. In an
embodiment, the length of the belt wear indicator de-
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creases as the belt wears. Alternatively or in addition,
the width of the belt wear indicator can decrease as the
belt wears. In an embodiment, the belt wear indicator
tapers in the depth direction from a top of the belt wear
indicator to the bottom of the belt wear indicator.

[0022] The width of the belt wear indicator can be in a
range between 1 mm and 10 mm, measured from a new
beltbefore the belt has worn. Thus, the belt wear indicator
can be easily seen.

[0023] The belt can be arranged to have a safe dis-
tance between the belt wear indicator and a reinforce-
ment structure of the belt, such as yarns, in order to pro-
tect the reinforcement structure of the belt. Thus, the belt
wear indicator preferably extends to a depth that is at
least0.01 mmsmaller, preferably atleast0.1 mmsmaller,
than a depth of an outermost surface of a reinforcement
structure of the belt, determined in the depth direction of
the belt.

[0024] Therefore, a distance between the bottom of
the belt wear indicator and the outer surface of the rein-
forcing structure can be at least 0.01 mm, preferably at
least 0.1 mm, determined in the depth direction of the
belt from the bottom of the belt wear indicator to the out-
ermost surface of the reinforcement structure. Thus, the
belt wear indicator can be used to protect the reinforce-
ment structure of the belt.

[0025] Fordetermining a wear rate of a belt at any time
before the belt is too worn to be safe, the distance be-
tween the belt wear indicator and the reinforcing structure
of the belt can be equal to or less than 1.5 mm, preferably
equal to or less than 1 mm, determined in the depth di-
rection of the belt from the bottom of the belt wear indi-
cator to the outermost surface of the reinforcing structure.
[0026] The belt wear indicator can have, for example,
a shape of a cylindrical plug, or a shape of one or more
grooves.

[0027] Allbelt wearindicators of the belt can cover less
than 10% of the outer surface area of the belt. Preferably,
the belt wear indicators cover equal to or less than 3%,
more preferably equal to or less than 1%, and most pref-
erably equal to or less than 0.5% of the outer surface
area of the belt, determined as a total outer surface area
of the belt wear indicators.

[0028] The novel solution has many advantages. As
machine components of fiber web machines are typically
located in a compact manner, the inspection or mainte-
nance has conventionally been challenging due to a lim-
ited space. The wear of the belt should be detected early
enough to have time to change the belt in a controlled
way during a shut down. In order to save costs, belts are
often changed as late as possible. However, the belt must
be replaced with a new one before it is broken.

[0029] Belts wear over time so that belt inspection and
maintenance are required to be conductedintime in order
to avoid operational failures.

[0030] Thanks to the belt wear indicators which can
cover very small but well-arranged area of the belt, it is
possible to see wear rate of the belt all time, regardless
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of current wear rate. Furthermore, the low coverage of
wear indicators on the outer surface of the belt will not
affect the belt's operational performance or the physical
characteristics of the fiber web.

[0031] Conventionally, it has been challenging and ex-
pensive to determine a wear rate of a belt. For example,
WO0200371030 discloses a paper machine belt compris-
ing polymeric materials, which belt may have two layers
having different colors. However, with this kind of solu-
tion, itis not possible to see a wear rate before the whole
layer has been worn out, which is a bit too late to avoid
operational failures, or to be able to determine the wear
rate of a belt early enough to have time to change the
belt in a controlled way during a selected shut down pe-
riod. Thus, by using this kind of solution, it is not possible
to see the wear rate of a belt at any possible time. There-
fore, the belt maintenance cannot be well prepared in
advance.

[0032] Thanks to the belt according to this specifica-
tion, an exact wear rate of a belt can be determined cost
efficiently.

[0033] The novel belt wear indicator can indicate when
the belt has been worn such that the belt may break in
use, without substantially affecting other properties of the
belt. Further, the novel belt wear indicator can indicate
how much the belthas been worn at any specific moment.
Thanks to the novel belt, it is possible to indicate a wear
level of a non-grooved belt easily, without using difficult
or non-reliable measuring devices. Further, the wear rate
of a belt can be detected early enough to have time to
change the belt in a controlled way, for example, during
a selected shut down period.

Brief description of the drawings

[0034] In the following, the invention will be illustrated
by drawings in which

Fig. 1a illustrates an example location of a sleeve
roll,

Fig. 1b illustrates an example of a sleeve roll,

Fig. 2a illustrates an example of a belt,

Figs 2b-3a illustrate some example structures for a
belt,

Fig. 3b illustrates example locations for belt wear
indicators, and

Figs 4a-4f illustrate some example cross sections of
belt wear indicators.

[0035] The figures are illustrations which may not be

in scale. Similar parts are indicated in the figures by the
same reference numbers.

Detailed description

[0036] The solution is described in the following in
more detail with reference to some embodiments, which
shall not be regarded as limiting.
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[0037] In this specification, references are made to the
figures with the following numerals and denotations:

1 belt,

1a thickness of a body of the belt,

2 first end of the belt,

3 second end of the belt,

5 fiber web machine fabric, e.g. a wire or a felt,

6 fiber web,

10 inner surface of the belt,

1 outer surface of the belt,

14 body of the belt,

20 belt wear indicator,

21 length of the belt wear indicator,

22 width of the belt wear indicator,

23 depth of the belt wear indicator,

24 recess of the belt wear indicator,

25 fill of the belt wear indicator, such as a paintin a
recess,

26 length of a location area of belt wear indicators,

27 outer edge area of the belt,

28 distance between adjacent belt wear indicators,

29 circumference repetition of wear indicators, i.e.,
distance between a first wear indicator and a last
wear indicator, determined in MD,

30 reinforcing structure,

31 first yarn layer of the reinforcing structure,

32 second yarn layer of the reinforcing structure,

60 attaching point of the belt,

100 sleeve roll,
102  support shaft of the sleeve roll,
110  curve element of the sleeve roll,

o angle between the belt wear indicator and an out-
er surface of the belt,
D1 first direction of the belt,

D2 second direction of the belt,
MD travel direction of the belt,
CD cross direction of the belt,

C1 first curve of the sleeve roll, and
Cc2 second curve of the sleeve roll.

[0038] The embodiments and examples recited in the
claims and in the specification are mutually freely com-
binable unless otherwise explicitly stated.

[0039] In this specification, the term "comprising" may
be used as an openterm, butitalso comprises the closed
term "consisting of". Thus, unless otherwise indicated,
the word "comprising” can be read as "comprising or con-
sisting of".

[0040] For the purpose of the present description and
the claims, unless otherwise indicated, all ranges include
any combination of the maximum and minimum points
disclosed, and include any intermediate ranges therein,
which may or may not be specifically enumerated herein.
[0041] The term "thickness" refers to a depth direction
of the belt.

[0042] In this application, the terms "travel direction"
MD and "cross direction" CD are used. The travel direc-
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tion MD refers to the direction of rotation of the belt in
use. The cross-direction CD refers to the longitudinal di-
rection, typically transverse to the travel direction MD of
the belt 1. In use, the cross-direction is substantially par-
allel to the axis of rotation of the belt.

[0043] In this application, the term "substantially par-
allel" means that one direction does not deviate from said
substantially parallel direction by more than 10 degrees,
most preferably not by more than 3 degrees. Thus, e.g.
"substantially parallel to the travel direction" means, in
this application, that a direction does not deviate from
said travel direction by more than 10 degrees, and pref-
erably not by more than 3 degrees.

[0044] The term "non-grooved surface" refers to such
an outer surface of the belt, in which deviations having
a depth of more than 0.1 mm form equal to or less than
10% of said surface, preferably the surface is plane or
at least mainly plane. This specification does not relate
to belts having a grooved surface. Conventionally,
grooves have been distributed all over the outer surface
of belts to meet certain operation requirements, for in-
stance, to remove water in 2 directions with respect to
the belt. Surprisingly, some belts having a non-grooved
outer surface, such as sleeve roll belts, have shown many
advantages over belts having said grooved surface.
Thus, the novel belt has the non-grooved surface, in
which deviations having a depth of more than 0.1 mm
form equal to or less than 10% of said surface.

[0045] A fiber web machine according to this specifi-
cation may comprise at least one of: a sleeve roll, a shoe
press, and a calender.

Calender

[0046] A fiber web machine may comprise a calender.
[0047] The function of calenders is typically to improve
a smoothness of a fiber web to be treated. A calender
has typically at least two rolls that close under pressure
to compress and smooth fiber webs.

[0048] The belt can be (arranged) in connection with
a calender roll in such a way that, in use, the belt 1 can
run through a press zone formed between calender rolls.

Shoe press

[0049] A fiber web machine may comprise a shoe
press.

[0050] The shoe press equipped with the belt 1 can be

used for dewatering a fiber web. The shoe press typically
comprises a counter roll and a press shoe, a press zone
being formed between them. Thus, an extended press
zone, i.e. a so-called long nip, is formed between the
press shoe and the counter roll. The function of the shoe
press is typically to remove water from the fiber web.
[0051] The belt is or can be arranged in connection
with the shoe press in such a way that, in operation, the
belt runs through the press zone between a counter roll
and the press shoe.
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[0052] Typically, the press shoe and the counter roll
are pressed against each other in the press zone in such
away thatthe shoe press belt, atleast one paper machine
fabric and the fiber web to be dewatered, all run in the
nip between the press shoe and the counterroll, are com-
pressed.

Sleeve roll

[0053] A fiber web machine may comprise a sleeve
roll. The belt may be a sleeve roll belt.

[0054] Thesleeverollbelts are preferably non-grooved
belts; hence, wear of a sleeve roll belt may be hard to
notice without belt wear indicators 20. Furthermore, as
shown in Fig. 1a, a sleeve roll belt has typically a difficult
accessibility. Thus, the belt wear indicators can be par-
ticularly advantageous for sleeve roll belts. The sleeve
roll 100 having the belt according to this specification can
be located in the forming section for improving water re-
moval therein.

[0055] Fig 1b illustrates an example of a sleeve roll.
The sleeve roll 100 equipped with the belt 1 can be used
for dewatering a fiber web 6 on a wire 5. The belt 1 may
be arranged on a sleeve roll 100.

[0056] The sleeve roll 100 can comprise a support
shaft 102. The belt 1 can be located around an outer
surface of the sleeve roll 100. Thus, the belt 1 can be led
to circle around the support shaft 102.

[0057] The belt 1 may be arranged in connection with
the sleeve roll 100 in such a way that its outer surface
11 faces the fiber web 6 and its inner surface 10 faces
the sleeve roll 100. Thus, the sleeve roll 100 can be en-
circled by the belt 1 having the shape of a loop.

[0058] Further, the sleeve roll 100 can comprise sup-
port elements located at a distance from each other on
the support shaft 102. The belt 1, which can circle around
the outer surface of the sleeve roll, can be supported by
the support elements.

[0059] Thesleeveroll 100 can further comprise a curve
element 110. In operation, the belt typically runs through
the dewatering zone on the curve element. The curve
element 110 can cause increased forces which stretch
the belt on the curve element 110. The curve element
110 may be movable, i.e., a radius of curvature of the
belt on the on the surface of the curve element 110 can
be controlled by moving the curve element 110 towards
the center of the sleeve roll or outward from the outer
surface of the sleeve roll. Thus, stretching of the belt 1
may vary from a normal rate to a very high rate.

[0060] A circumference of the belt may be increased
and decreased during operating hours of the belt due to
the movable curve element 110. Therefore, the belt may
have high elasticity in order to be able to handle the
stretching caused by the curve element 110 of the sleeve
roll. Further, the belt may have good strength properties
so that it does not break easily.

[0061] As discussed, the belt 1 may be led to circle
around the stationary support shaft 102. Further, wire(s)

10

15

20

25

30

35

40

45

50

55

5 can be led via the curvilinear dewatering zone C1, C2,
which dewatering zone can be supported by the belt 1.

[0062] The sleeve roll 100 can comprise at least one
curvilinear dewatering zone C1, C2 comprising typically
at least two partial curves C1, C2 such that the radius of
curvature of a first partial curve C1 may be greater than
the radius of curvature of a second partial curve C2 fol-
lowing the first partial curve in the travel direction MD of
the belt. This can improve the water removal from the
fibre web.

[0063] The curvilinear dewatering zone C1, C2 may be
formed by the curve element 110 of the sleeve roll 100.
The degree of curvature of the curve element 110 can
increase in the travel direction of the belt 1 such that
increasing dewatering pressure is applied to the fibre web
6 travelling e.g. between wires on said at least one cur-
vilinear dewatering zone C1, C2 on the curve element
110. The curvilinear dewatering zone C1, C2 on the curve
element 110 may contain several curves such that the
radius of curvatures preferably decreases in the running
direction of the wires. This can improve the water removal
from the fibre web.

[0064] The curve element 110 may be moved between
two or more than two positions. Therefore, the curve el-
ement 110 may be used for controlling the radius of cur-
vature of the belt 1 on the curve element 110.

[0065] The first position of the curve element 110 may
form afirst surface on the curve element. The first surface
may have the same radius of curvature as the surface
near the curve element.

[0066] Inthe second position of the curve element 110,
an outer surface of the curve element may be moved
outward. Thus, the second position of the curve element
110 may form a second surface on the curve element.
The second surface may have decreased radius of cur-
vature, if compared to surfaces near the curve element.
[0067] Inthe second position of the curve element 110,
the belt 1 may need to stretch due to the curve element
110. Further, if the curve element 100 is movable, the
belt 1 may need to return to its original shape when the
curve element is moved back to the first/retracted posi-
tion. Thus, the belt 1 may need to have good elasticity
as well as suitable strength properties.

[0068] The sleeve roll 100 can further comprise oil lu-
bricant between the inner surface 10 of the belt 1 and
the outer surface of the sleeveroll 100. The inner surface
10 of the belt 1 can slide against the outer surface of the
sleeve roll 100. A fibre web 6 to be treated can be led to
the belt 1, typically supported by one or more than one
fabric, such as a wire 5.

Belt

[0069] The belt according to this specification can be
arranged to be a sleeve roll belt. Alternatively, the belt
according to this specification may be arranged to be a
shoe press belt, or a roll cover of a calender roll.

[0070] The belt can have an inner surface 10, and an
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outer surface 11. The belt may comprise a reinforcing
structure 31, 32.

[0071] Thebeltcanform, atleastin operation, a closed
loop, i.e., the belt 1 can be shaped like an endless loop.
[0072] The belt 1 can have a length, a circumference,
and a thickness. The thickness is the smallestdimension.
The circumference and the length can be selected for
adapting the belt to a sleeve roll 100, or to a shoe press,
or to a calender roll. The circumference of the belt 1 is
determined to be such that the inner diameter of the belt
1, when in operation, will be suitable for the purpose.
[0073] The belt 1 can be an impermeable belt. Thus,
it is possible to use e.g. an oil layer on the inner surface
10 of the belt without affecting to the outer surface 11 of
the belt.

[0074] In this application, the term "elasticity" refers to
an ability of the belt to return to its original shape when
a force is removed. Elasticity percentages (%) are values
stating how much the belt can stretch elastically. The belt
may be configured to stretch elastically equal to or more
than 1.5% in the travel direction of the belt so that it will
return in its original length after the force stretching the
belt has been removed. In an embodiment, the belt can
be configured to stretch elastically in a range between
1.5% and 5.0%, more preferably from 2.0% to 4.0%, in
the travel direction of the belt so that it will return in its
original length after the force stretching the belt has been
removed.

[0075] Thus, the belt may have good stretchability and
elasticity, at least in the travel direction of the belt. Thus,
the belt may not be easily damaged. The belt 1 may fur-
ther be bendable, i.e., the belt can be capable of being
bent at least to a predetermined radius of curvature with-
out breaking.

[0076] The length of the belt in the cross direction is
determined according to the machine width and may be,
for example, in a range between 1.5 m and 13 m.
[0077] Thecircumference ofthebelt1,thatisthelength
of one rotation, is determined to be such that the inner
diameter of the belt 1, when in operation, will be suitable
for the use. Circumferences of sleeve roll belts, shoe
press belts, and calender rolls may differ. An inner diam-
eter of the belt may be in a range between 700 mm and
2000 mm.

[0078] The belt can have outer edges 27 (see Fig. 3b),
which are not typically in contact with a fiber web or a
fabric. The outer edges 27 may have a length from 200
mm to 400 mm, preferably in a range between 250 mm
and 350 mm.

[0079] The thickness 1a of the belt can be at least 1.5
mm, more preferably at least 2 mm, and most preferably
equal to or more than 3 mm. Thus, itis possible to obtain
suitable strength as well as e.g. arrange a reinforcing
structure, such as yarns, into the belt.

[0080] Thethickness 1aofthe beltcanbe equalorless
than 10 mm, more preferably equal to or less than 7 mm,
and most preferably equal to or less than 4 mm, for ex-
ample in a range of 2.5 mm - 5 mm. Said thickness to-

10

15

20

25

30

35

40

45

50

55

gether with materials of the belt can provide good
strength properties for the belt, particularly for sleeve roll
belts and shoe press belts. When it comes to a roll cover
of a calender roll, the thickness can be up to 40 mm,
depending on its operation conditions.

[0081] The belt 1 has a body 14. The body can com-
prise or be made of a body material. Preferably, the belt
1 comprises an elastic body which has a capacity to re-
assume its initial shape after being compressed. Thus,
the belt 1 can comprise an elastic body in order to have
a good elasticity.

[0082] The belt 1 can be made of materials, which are
suitable for fiber web machines, which do not harm a
wire, a felt, or the fiber web, and which have suitable
stretching and strength properties.

[0083] The bodycancomprise or consistof polymer(s).
The body 14 may comprise or consist of elastomer ma-
terial. The belt 1 may comprise an elastomer material as
its main raw material.

[0084] The body 14 may comprise polyurethane. The
body 14 may contain primarily polyurethane, such as at
least 50 wt.-% polyurethane, calculated from the total
weight of the belt. Polyurethane can improve the prop-
erties of the belt, such as elasticity and bendability, and
be particularly suitable for use in combination with fabrics
5 and the fiber web 6. Thus, the polyurethane can be
used to obtain good strength and elasticity properties;
hence, the belt may be able to stretch and bend during
operating hours without breaking. Furthermore, the belt
may comprise equal to or less than 99.9 wt.-%, more
preferably equal to or less than 97 wt.-%, or equal to or
less than 95 wt.-% polyurethane, calculated from the total
weight of the belt. For example the reinforcing structure
31, 32 can comprise other material(s). Methods for man-
ufacturing polyurethane are known to a person skilled in
the art. The manufacturing process of polyurethane may
be based on a method of prior art.

[0085] The body of the belt may have layer(s) com-
posed of polyurethane having a specific composition and
hardness, and having good physical properties of crack
resistance, abrasion resistance, and bending fatigue re-
sistance.

[0086] The belt may comprise a reinforcing structure
30, 31, 32. The reinforcing structure 30 can be a support
structure supporting the body 14. The elasticity of the
belt may need to be substantially high, hence, the rein-
forcing structure 30 should not decrease the elasticity of
the belt too much.

[0087] The reinforcing structure 30, 31, 32 may com-
prise yarns. The term "yarn" refers to a long structure,
which has relatively small cross section. The yarn can
be composed of fibers and/or filaments, with or without
twist. The term "filament" refers to a fiber of great length.
[0088] The yarn can be multiple plied yarn. The yarn
can be based on synthetic polymer(s).

[0089] The belt may have several yarns arranged in at
least two directions, i.e., the first direction D1 and the
second direction D2. The first direction D1 can be parallel
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or substantially parallel to a travel direction MD of the
belt. The second direction D2 can be parallel or substan-
tially parallel to an axis of rotation of the belt.

[0090] Adjacent yarns in each layer may be either in
contact with or bonded to each other, or they may be
spaced from each other.

[0091] The yarns in different layers 31, 32 may be ei-
ther in contact with or bonded to the yarns of the next
layer, or they may be spaced from each other. Preferably,
the reinforcing yarn layers 31, 32 on top of each other
are separated from each other. Thus, the yarn layers do
not have to be fastened to each other or bound to each
other in any way. However, if the yarns in different layers
are in contact with or bonded to the yarns of the next
layer, strength properties of the reinforcing structure may
be improved.

[0092] The yarns may be embedded in the elastic
body. Thus, the yarns may be fully surrounded by the
material of the body.

[0093] The yarns may comprise syntheticfibers having
high strength, high modulus, and high elastic modulus.
The yarns can comprise or consist of at least one of:
polyamide (PA), e.g. nylon, polypropylene (PP), polyeth-
ylene (PE), rayon, viscose, polyester such as polyethyl-
ene terephthalate (PET), polyvinyl alcohol (PVA), polyar-
amide, polyphenylene sulfide (PPS), liquid crystal plastic
(LCP), polyimide, and polyether ether ketone (PEEK).
The yarns comprising or consisting of the above-men-
tioned materials can stiffen the belt, but still allow the
necessary level of bending and stretching of the belt.
[0094] Referringto Figs 2a-b and 3a, the belt can have
a non-grooved outer surface 11. As discussed, the term
"non-grooved surface" refers to such an outer surface of
the belt, in which deviations having a depth of more than
0.1 mm form equal to or less than 10% of said surface.
Thus, preferably, the outer surface 11 of the belt does
not comprise many parallel grooves.

[0095] The belt may have a smooth outer surface. Par-
ticularly, outer surface of a sleeve roll belt is preferably
smooth or substantially smooth. The belt 1 having the
smooth outer surface may not have grooves, nor pattern-
ing, having a depth of more than 0.1 mm, excluding the
belt wear indicators.

[0096] The outer surface 11 of the belt may comprise
a slight patterning, i.e. so-called buffing. The depth of the
buffing on the outer surface 11 of the belt 1 may be, for
example, 0to 50 pm, or 3 to 30 wm. A suitable roughness
of the outer surface of the belt may have advantageous
effects on its action together with a fiber web machine
fabric.

Belt wear indicator

[0097] The belt 1 comprises one or more belt wear in-
dicators 20. Some examples of the belt wear indicators
are illustrated in Figs 2b - 4f. The belt wear indicator 20
may be used for warning a user when the belt has been
worn so that the belt may soon be broken. Thanks to the
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belt wear indicators, wear of the belt can be easily
checked during shutdowns, and the belt may be replaced
with a new one controllable during a determined shut
down.

[0098] The belt wear indicator 20 can comprise or con-
sistof arecess 24. Aworn of the belt can be documented,
forexample, by acamera, and/or measured, forexample,
as a depth, width and/or length of the belt wear indicator
20.

[0099] Thus, the belt wear indicator can have a form
of a (blind) hole.

[0100] The belt wear indicator 20 can comprise or con-
sist of a recess 24 without a fill, or the belt wear indicator
20 can comprise or consist of a recess 24 having a fill
25. Therefore, the recess 24 may be at least partially
filled with the fill 25.

[0101] The fill can comprise or consist of a paint.
[0102] Preferably, the recess is not totally filled with
the fill but there is only a layer of a paint on at least some
surfaces of the recess. The recess may have the paint
on all, or substantially all, surfaces of the recess.
[0103] Color(s)of the beltwearindicator can differ from
color(s) of the belt. The belt wear indicator 20 may have
a color that is visually perceptible from the color of the
belt. Thus, the fill 25, such as a paint, preferably has a
color that is visually perceptible from the color of the belt.
Thus, the recess 24 may be painted for improved visibil-
ity.

[0104] Alternatively, or addition to the color(s) that
is/are visually perceptible from the color of the belt, the
belt wear indicator can comprise a UV detectable com-
ponent, such as a UV detectable paint. Thus, the belt
wear indicator can comprise a UV detectable paint.
[0105] The UV detectable paint may have the same
color as the belt, or the color of the UV detectable paint
can be visually perceptible from the color of the belt.
[0106] If the belt wear indicator has the UV detectable
component, such as a paint, the belt wear indicator can
have the same color as the belt and still be easily detected
from the outer surface of the belt during shutdowns.
[0107] In an embodiment, a color of the belt wear in-
dicator 20 is the same as the color of the belt. If the color
of the belt wear indicator is the same as the color of the
belt, and the belt wear indicator does not have the UV
detectable component, locations of the belt wear indica-
tors may be difficult to see. However, the worn of the belt
may still be documented by a camera, and/or measured,
for example, as a depth of the belt wear indicator 20.
[0108] If the belt wear indicator 20 comprises the fill,
the fill can be designed to wear down simultaneously with
the belt. Thus, itis possible to avoid markings in the fiber
web. The fill may be, for example, a paint in the recess
covering at least some surfaces of the recess. This em-
bodiment may be particularly cost-efficient solution able
to greatly improve easiness of visual inspection. Further,
thanks to the fill, such as the paint, the worn of the belt
may be easily measured and/or documented e.g. by a
camera.
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[0109] After installation, belts can typically be visually
checked only on minor areas of the belt. The difficulties
in accessibility are mainly due to several frames, guard
type sheeting and dewatering elements surrounding the
roll, as shown in Fig. 1a. In order to obtain an easy visual
inspection, the belt preferably has several belt wear in-
dicators spaced from each other and positioned around
the whole circumference of the belt as illustrated in Fig.
3b. Therefore, no matter in what position the roll is when
being stopped for maintenance, at least one of the wear
indicators can be observed or accessed.

[0110] The belt may comprise equal to or more than 1
belt wear indicator, preferably at least 10 belt wear indi-
cators.

[0111] Thus, total amount of the belt wear indicators
may be at least 2 pcs/belt and not more than 2000
pcs/belt, preferably at least 30 pcs/belt, more preferably
at least 40 pcs/belt and not more than 500 pcs/belt.
Therefore, it is possible to provide, anytime, at any posi-
tion of the belt, at least one belt wear indicator 20 that
can be seen at an installation location at a shut-down
position of the belt. Further, it is possible to obtain cost-
effective solution which does not have too much effect
on properties of the belt. This kind of wear indicators are
easy and fast to manufacture without any installation of
external sensors or alike. Further, in order not to affect
strength properties of the belt, it may be advantageous
for not having too many wear indicators.

[0112] If the belt comprises more than 1 belt wear in-
dicator, the belt wear indicators can be spaced apart from
each other.

[0113] The belt wear indicator 20 may have, e.g. arec-
tangular shape, a cylindrical shape, such as a plug shape,
a conical shape, a frustoconical shape, or a strip shape,
such as a groove shape.

[0114] In an embodiment, the belt wear indicator 20
has a shape of a cylindrical plug. The shape of a cylin-
drical plug may be advantageous for durability of the belt,
especially with deep recess.

[0115] In an embodiment, the belt wear indicator 20
has a shape of a groove having a length of at least 10
mm. The shape of groove(s) can provide a technical ef-
fect of improving easiness of detect an exact wear rate
of the belt. By using cross direction orientated grooves,
easiness of indicate exact position of local wear in CD
direction can be improved. Further, grooves oriented in
MD direction can help to spot local MD discontinuations,
such as for example problems with support yarns.
[0116] In an embodiment, the belt wear indicator 20
has a shape of several parallel grooves each having a
length of at least 1 mm, preferably at least 10 mm, and
preferably less than 100 mm. This kind of shape com-
prising several parallel grooves may be used for reveal-
ing matrix like information of the belt wear. A distance
between adjacent grooves forming the shape may be,
for example, from 5 mm to 50 mm.

[0117] The belt wear indicator 20 may have a circular
cross-section as shown in Fig. 2b, or a strip-like cross
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section as shown in Fig. 3a, or any other form. The belt
wear indicator 20 may have, for example, at least one of
the following cross-sections: circle, ellipse, square, rec-
tangle, triangle, pentagon, and polygon.

[0118] The belt wear indicator 20 may have a suitable
width 22 and length 21 to be easily measured. Further,
the belt wear indicator 20 can extend to a suitable depth
23 in order to be able to show wear level of the belt.
[0119] In an embodiment, all, or at least substantially
all, belt wear indicators have a width 22 from 1 mmto 10
mm.

[0120] The belt wear indicator 20 may have a width 22
from 1 mm to 10 mm, preferably from 2 mm to 6 mm.
This kind of belt wear indicators can be used to determi-
nate a wear rate of the belt without affecting the opera-
tional performance of the belt. Therefore, the belt wear
indicator 20 can have a width 22 of equal to or more than
1 mm, preferably equal to or more than 1.5 mm, and most
preferably equal to or more than 2 mm. Further, the belt
wear indicator 20 may have the width 22 of equal to or
less than 10 mm, preferably equal to or less than 8 mm,
more preferably equal to or less than 7 mm, and most
preferably equal to or less than 6 mm. Width of the belt
wear indicator can be used to code and/or mark different
depths of indicators adjacent to each other. The width 22
can be measured as the greatest width 22 of the belt
wear indicator 20, determined from a new belt.

[0121] The belt wear indicator can have a length 21 of
equal to or more than 1 mm, preferably equal to or more
than 2 mm, and most preferably equal to or more than 3
mm. Further, the belt wear indicator 20 may have the
length 22 of equal to or less than 100 mm, preferably
equal to or less than 40 mm, more preferably equal to or
less than 20 mm, and most preferably equal to or less
than 10 mm, such as equal to or less than 6 mm. The
length 21 can be measured as the greatest measure of
the belt wear indicator 20 along the outer surface of the
belt, determined from a new belt. Length of the belt wear
indicator can be used to code and/or mark different
depths of indicators adjacent to each other. This kind of
belt wear indicators may be used to determinate a wear
rate of the belt without affecting the operational perform-
ance of the belt.

[0122] The depth 23 of the belt wear indicator 20 can
be determined in the depth direction of the belt (from a
new belt), at the location of the belt wear indicator. The
depth 23 of the belt wear indicator 20 typically decreases
when the belt wears.

[0123] The belt wear indicator 20 can be arranged to
extend a depth 23 of equal to or less than 6 mm, deter-
mined in the depth direction of the belt, before the belt
has worn. The belt wear indicator 20 can be arranged to
extend, for example, to a depth 23 from 0.1 mm to 4.2
mm determined in the depth direction from the outer sur-
face of the belt, before the belt has worn. Preferably, the
belt wear indicator 20 extends to a depth 23 of at least
0.3 mm, more preferably to a depth of at least 0.5 mm,
determined in the depth direction from the outer surface
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of the belt, before the belt has worn.

[0124] The belt can have a safe distance between the
belt wear indicator(s) and the reinforcing structure (such
as yarns).

[0125] A distance between the belt wear indicator and
the outermost surface of the reinforcing structure can be
atleast 0.01 mm, preferably at least 0.05 mm, more pref-
erably at least 0.08 mm, and most preferably at least 0.1
mm, determined from the bottom ofthe beltwear indicator
to the outer surface of the reinforcing structure in the
depth direction of the belt. Thus, the belt wear indicator
20 may be able to warn a user when the belt has been
worn, before damaging yarns.

[0126] A distance between the belt wear indicator and
the outermost surface of the reinforcing structure can be
equal to or less than 1.5 mm, preferably equal to or less
than 1 mm, more preferably equal to or less than 0.8 mm
and most preferably equal to or less than 0.5 mm, deter-
mined from the bottom of the belt wear indicator to the
outer surface of the reinforcing structure in the depth di-
rection of the belt. Thus, the belt wear indicator 20 may
be able to warn a user at any time before the belt is too
worn to be safe.

[0127] The shape of the belt wear indicator 20 may
taper from the top of the indicator to the bottom of the
indicator. Thus, the belt wear indicator 20 may have a
tapered shape which tapers in the depth direction from
the outer surface of the belt to the bottom of the belt wear
indicator 20. Therefore, a length 21 and/or a width 22 of
the belt wear indicator 20 can decrease along with the
depth 23 of the belt wear indicator 20. Thus, as the belt
wears, the belt wear indicator 20 may get shorter and/or
thinner. This may improve easiness of detecting wear of
the belt as the wear level may be measured from the
outer surface of the belt as the length 21 and/or the width
22 of the belt wear indicator 20.

[0128] The belt wear indicators may cover equal to or
less than 10% of total outer surface area of the belt. Pref-
erably, the belt wear indicators cover equal to or less
than 3%, preferably equal to or less than 2%, more pref-
erably equal to or less than 1%, and most preferably
equal to or less than 0.5% from the total outer surface
area of the belt. Thus, wear of the belt may be easily
determined cost-efficiently without affecting the opera-
tional performance of the belt.

[0129] In order to easily find at least one belt wear in-
dicator at a shut-down position of the belt, a distance
between two nearest belt wear indicators may not be
more than 50 cm, preferably not more than 40 cm, and
most preferably not more than 30 cm, determined in the
machine direction of the belt. Alternatively, or in addition,
a distance 28 between two adjacent belt wear indicators
may be at least 10 mm, such as from 10 mm to 300 mm,
preferably from 30 mm to 200 mm, and most preferably
from 50 mm to 100 mm.

[0130] As illustrated in Fig. 3b, the belt wear indicators
can be diagonally positioned in order to have easy visual
inspection. Thus, easiness of checking wear level of the
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belt may be improved, at any position of the belt, despite
of the difficult location of e.g. a sleeve roll. Further, the
spirally positioned belt wear indicators give an advantage
to see differences in wear within areas with forming fabric
vs. areas without forming fabric. Further, thanks to the
spirally positioned belt wear indicators, different width of
forming fabrics can be used so that some belt wear indi-
cators are always positioned under the forming fabric,
but the wear of the belt may be measured as near of the
end of the roll as possible.

[0131] A circumference repetition 29 of wear indicators
may depend on a circumference of a belt. Circumference
repetition 29 of wear indicators, determined from the first
belt wear indicator to the last belt wear indicator in MD,
may be, for example, from 400 mm to 1300 mm, for ex-
ample from 500 mmto 1000 mm. The belt wear indicators
are preferred to distribute around the entire circumfer-
ence, so that whenever the shutdown takes place the
wear of the belt can be observed at that shutdown posi-
tion. Otherwise, it is not easy to turn the rolls in order to
see the wear indicator(s).

[0132] Thebeltwearindicators may be positioned with-
in a location area(s) 26 of the belt wear indicators. The
belt 1 may have a first location area of the belt wear in-
dicators, the length of the first location area extending
from a first end 2 of the belt towards a central of the belt.
The belt 1 may have a second location area of the belt
wear indicators, the length of the second location area
extending from a second end 3 of the belt towards a cent-
er of the belt. Thus, in an embodiment, locations of belt
wear indicators do not exceed the first location area 26
and/or a second location area of belt wear indicators. A
length of the first and/or second location area(s) of belt
wear indicators may be, for example, in arange between
20 cm and 1.5 m, preferably in a range between 30 cm
and 1.2 m, and most preferably at least 40 cm, deter-
mined from the end(s) 2, 3 of the belt, excluding the outer
edge area 27 of the belt, towards the center of the belt.
[0133] In an embodiment, a middle area of the outer
surface of the belt is free from the belt wear indicators.
This may reduce manufacturing costs of the belt. Further,
belt wear indicators may not be needed in the middle of
the belt as it is typically easier to determine wear rate of
the belt from side areas of the belt.

[0134] The belt should wear evenly. However, in some
cases the center of the belt may worn faster or slower
than other parts of the belt. Thus, in an embodiment the
belt comprises wear indicators also in the middle area of
the outer surface of the belt. In this embodiment, it is
possible to determine whether the belt has worn evenly
through the whole outer surface area of the belt. There-
fore, in an embodiment, at least one belt wear indicator
20 may be located in the center, or substantially center,
of the belt. Therefore, after replacing the belt, the wear
level of the belt may be examined through the whole outer
surface are of the belt.

[0135] Referring to Fig. 4f, the belt wear indicator 20
may form an angle a between 70 and 110 degrees, pref-
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erably between 80 and 100 degrees, relative to the outer
surface of the of the belt at the location of the belt wear
indicator 20. Said angle a may improve the easiness of
the manufacturing process. Further, belt wear indicators
having said angle o may not substantially affect to prop-
erties of the belt. Still further, thanks to said angles, a
user of the belt wear indicator 20 may interpret the wear
of the belt easier, compared to other angles.

Method for manufacturing a belt

[0136] The belt may be manufactured by methods
known by a person skilled in the art. The belt may be
manufactured, e.g., by

- providing several support yarns,

- shaping a body for a belt by casting an elastomer
material,

- optionally, curing the material, and

- providing the outer surface of the belt with belt wear
indicator(s).

[0137] Therefore, a method for manufacturing a belt
for afiber web machine may comprise the following steps:

- casting a body material in order to form the body 14,

- providing the reinforcement structure 31, 32 of the
belt,

- optionally, curing the body material, and

- providing the outer surface with several belt wear
indicators.

[0138] The belt wear indicator 20, and particularly the
recess of the belt wear indicator, may be formed, for ex-
ample, by a micro drilling technique, or by laser or melting
tools.

[0139] The grooved type of indicator may be done, for
example, with a grooving tool, such as a fixed diameter
round blade. Further, the fill, if used, may be added, for
example, by applying a paint.

[0140] The belt can be intended to be installed on a
sleeve roll, or a shoe press, or a calender roll of a fiber
web machine. Referring to Figs 2b and 3b, the belt may
further comprise e.g. plurality of attaching points 60 of
the belt for an installation of the belt.

[0141] Thanks to the belt wear indicators, worn of the
belt can be easily determined. Further, it was noted dur-
ing experimental tests that the belt wear indicators ac-
cording to this specification did not have effect on other
properties of the belt, such as strength properties of the
belt. Furthermore, the belt wear indicators did not cause
markings onto a surface of the fiber web.

[0142] The invention has been described with the aid
of illustrations and examples. The invention is not limited
solely to the above presented embodiments but may be
modified within the scope of the appended claims.
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Claims

1. A belt for a fiber web machine, the belt having an
inner surface (10) and an outer surface (11), wherein
the outer surface (11) of the belt (1) comprises a belt
wear indicator (20) having a length (21), and a width
(22),

wherein the belt wear indicator (20) comprises
a recess (24), which extends to a depth of at
least 0.1 mm, determined in a depth direction of
the belt from the outer surface of the belt to a
bottom of the belt wear indicator,

wherein the belt has at least substantially non-
grooved outer surface, wherein deviations hav-
ing a depth of equal to or more than 0.1 mm form
equal to or less than 10%, preferably equal to
orless than 3%, from a surface area of the outer
surface of the belt.

2. The belt according to claim 1, wherein the belt wear
indicator comprises a paint in the recess (24), said
paint being visually perceptible from a color of the
belt.

3. The belt according to any of the preceding claims,
wherein the belt wear indicator comprises a UV de-
tectable paint in the recess (24).

4. The belt according to any of the preceding claims,
wherein

- the belt (1) comprises at least 2 belt wear in-
dicators, and/or

- the belt (1) comprises equal to or less than
2000 belt wear indicators.

5. The belt according to any of the preceding claims,
wherein the length (21) of the belt wear indicator (20)
decreases as the belt wears.

6. The belt according to any of the preceding claims,
wherein the width (22) of the belt wear indicator (20)
decreases as the belt wears.

7. The belt according to any of the preceding claims,
wherein the belt wear indicator (20) tapers in the
depth direction from a top of the belt wear indicator
(20) to the bottom of the belt wear indicator (20).

8. The belt according to any of the preceding claims,
wherein

- the width (22) of the belt wear indicator (20) is
in a range between 1 mm and 10 mm.

9. The belt according to any of the preceding claims,
wherein
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- the length (21) of the belt wear indicator (20)
is in a range between 1 mm and 50 mm.

The belt according to any of the preceding claims,
wherein

- adistance between the bottom of the belt wear
indicator and an outer surface of a reinforcing
structure is at least 0.01 mm, preferably at least
0.1 mm, determined in the depth direction from
the bottom of the belt wear indicator to the out-
ermost surface of the reinforcement structure.

The belt according to any of the preceding claims,
wherein

- a/the distance between the bottom of the belt
wear indicator and an/the outer surface of a/the
reinforcing structure is equal to or less than 1
mm, preferably equal to or less than 0.5 mm,
determined in the depth direction from the bot-
tom of the belt wear indicator to the outermost
surface of the reinforcement structure.

The belt according to any of the preceding claims,
wherein the belt wear indicator (20) has a shape of
a cylindrical plug.

The belt according to any of the preceding claims,
wherein the belt wear indicator (20) has a shape
comprising one or more grooves.

The belt according to any of the preceding claims,
wherein combined outer surface area of all belt wear
indicators of the belt cover equal to or less than 1%,
preferably equal to or less than 0.5% of the outer
surface area of the belt.

The belt (1) according to any of the preceding claims
2 to 14, wherein the belt is a sleeve roll belt.

The belt (1) according to any of the preceding claims
2 to 14, wherein the belt is a shoe press belt.

The belt (1) according to any of the preceding claims
2 to 14, wherein the belt is a roll cover, such as a roll
cover of a calender roll.

A use of belt wear indicators in a belt of a fiber web
machine,

wherein the belt wear indicators are distributed
around a circumference of the belt so that at least
one belt wear indicator is observable at any shut-
down position of the belt, wherein each belt wear
indicator (20) comprises a recess (24) extending to
a depth of at least 0.1 mm, determined in a depth
direction of the belt from an outer surface of the belt
to a bottom of the belt wear indicator.
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