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Method and arrangement for fiber web machine, and software product

level of the fiber web machine. The position of the splice
(14) is determined on the basis of the width of the fabric
(12). The invention also relates to an arrangement in a
fiber web machine, and to a software product.
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Description

[0001] The invention relates to a method in a fiber web
machine, in which method the position of the splice in
the fabric is changed in order to minimize the vibration
of the fiber web machine. The invention also relates to
an arrangement in a fiber web machine and to a software
product.

[0002] The alignment stripe of a fabric used in a fiber
web machine is shifted by transferring one end of a roll
used in the fabric cycle. This transfer causes a travel
distance difference in the fabric between the tending side
and the drive side, whereby the distances travelled by
the edges of the fabric are different from each other. In
this case, the fabric stretches a little and goes askew.
Normally, the position of the splice, or seam, in the fabric
is also marked on the fabric with an alignment stripe. The
changing of the position of the alignment stripe is called
splice turning. In press fabrics, the seam is either made
by the fabric manufacturer, or the seam is made at the
mill. One splice turning device is presented in the appli-
cant’s Finnish patentno. 116399. In that patent, the splice
turning device also guides the fabric. The fabric in the
press section is usually a relatively thick press felt. The
objective is to turn the splice in the press felt to avoid a
situation where most of the splice goes into the press nip
exactly at the same time. By turning the splice, the po-
tential depressions are hence formed in the press felt in
an irregular manner and in different positions so that in-
tense vibrations and the repetition of the depressions are
avoided. This also extends the service life of the press
felt, and the vibration level of the fiber web machine is
reduced.

[0003] Nowadays, the splice turning device is used
back and forth, and the vibration level of the fiber web
machine is monitored at the same time. In practice, how-
ever, the way in which the splice turning device is moved
is based on running mode patterns produced exclusively
by experimenting. It is assumed in this case that the set
values are correct. Inreality, the position of the alignment
stripe and at the same time the position of the splice and
the set values of the splice turning device correlate with
each other poorly, and the correlation varies on the basis
of changes in the fiber web machine, such as roll chang-
es. As aresult, the previous completely experimental run-
ning mode patterns concerning the position of the splice
turning device so that it contributes to vibration damping
are invalid. Itis therefore necessary to re-experiment the
proper running mode after a new fabric has been in-
stalled. This takes a long time, and in the worst case, the
correct running mode may not be found at all before the
fabric has to be replaced again. The position of the splice
turning device is typically oscillated continuously within
a short period of time and over a distance of for example
only =7 mm. In this case, the effect of splice turning on
the vibration level of the fiber web machine remains un-
clear if only the vibration level is monitored. Moreover, a
measurementbased on the mere vibration measurement
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actually begins to work only after the vibration has com-
menced. In other words, the fabric or the nip roll has
already been damaged partially or at least deformed by
that time. In the worst cases, the press fabric or press
roll has to be changed due to the vibrations. In a random
example case, the service life of a single fabric has been
from 1 to 21 days. The variation in the actual service life
has therefore been great. In practice, it has been neces-
sary to change the fabrics just because of the vibrations
and the resulting fabric deformation, despite vibration
monitoring.

[0004] The purpose of the present invention is to pro-
vide a fiber web machine with a new type of method ca-
pable of keeping the vibration level of a fiber web machine
low. Another purpose of the invention is to provide a fiber
web machine with a new type of arrangement, which is
suitable for different kinds of fabrics and which works
despite changes taking place in the fabric or fiber web
machine. Yet another purpose of the invention is to pro-
vide a new type of software product, which is suitable for
various kinds of fiber web machines and which can be
used for controlling a splice turning device. The charac-
teristic features of the method according to the invention
are that the position of the splice is determined on the
basis of the width of the fabric. Correspondingly, the char-
acteristic features of the arrangement according to the
invention are that the arrangement further comprises
sensors for determining the width of the fabric. The meth-
od according to the invention can provide accurate infor-
mation on the position of the splice and on its correlation
with the vibration level of the fiber web machine. This
makes it possible to avoid regions which are susceptible
to vibration, and thus to avoid vibrations. The arrange-
ment is simple and it works reliably without complex in-
stallations. The software product can be integrated easily
into existing fiber web machines and especially into splice
turning devices.

[0005] The invention is described below in detail by
making reference to the enclosed drawings that illustrate
some embodiments of the invention, in which:

Figure 1 shows a part of the press section of a fiber
web machine, provided with the arrange-
ment according to the invention,

Figure 2  presents the principle of splice turning,

Figure 3  presents the correlation between the width
of the fabric and the vibration level in a fiber
web machine,

Figure 4  presents the correlation between the loca-
tion of the splice turning device and the width
of the fabric in a fiber web machine.

[0006] Figure 1 shows the press section of a fiber web

machine. This concept has two press nips, the upper one
of which is formed between two rolls 10 and 11. A press
fabric, most generally a fabric 12, which is supported by
felt rolls 13 and 13’, is also arranged to run through the
said press nip. The arrangement also comprises a fabric
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12 which is seamed and therefore has a splice 14 (Figure
2). The direction of the splice is often marked on the fabric
also by means of an alignment strip. The arrangement
further comprises actuators 15 for changing the position
of the splice 14, and measuring instruments 15’ for de-
termining the position of the actuators 15. In Figure 1,
the actuators 15 and the measuring instruments 15’ are
integrated into the fabric stretcher 17. The measuring
instruments are used for detecting the position of the ac-
tuators within their operating range. The actuators can
be used for shifting the end of a roll for example =7 mm.
[0007] The arrangement may further comprise moni-
toring instruments 16 for determining the vibration level
of the fiber web machine. The monitoring instruments
may consist for example of vibration sensors placed at
the end of the roll or on the shaft. The vibration level can
also be determined for example from the load pressure
of the nip roll. Moreover, a hand-held meter can also be
used if vibration monitoring is only occasional.

[0008] Figure 2 shows the movementofthe felt/tension
roll 13’ intended for turning the splice 14. As shown in
the figure, this movementis preferably in accordance with
the direction of movement of the fabric stretcher. When
the felt/tension roll 13’ is straight, the splice of the fabric
12 is also usually straight. In Figure 2, the straight splice
is illustrated by a dot-and-dash line. As shown in Figure
2, when one end of the felt/tension roll 13’ is shifted to
the left, the other edge of the fabric 12 stretches and at
the same time it turns the entire fabric 12 askew. This
also turns the splice 14 askew, which is the objective. In
this case, however, the fabric 12 tends to move towards
the shorter edge, in other words upwards in Figure 2,
which is illustrated by the arrow. The lateral movement
is compensated by means of a felt guide 21, whereby
the fabric remains at the desired position despite splice
turning.

[0009] In order to operate the entire arrangement, the
actuators 15 and measuring instruments 15’ are connect-
ed to the control devices 18, to which the monitoring in-
struments 16 are also connected here. The control de-
vices can be separate programmable logic controllers,
or they can be part of the machine control system 18.
According to the invention, the arrangement further com-
prises sensors 20 for determining the width of the fabric
12. The actuators 15, the measuring instruments 15 and,
in the illustrated application, the monitoring instruments
16 and sensors 20 are here connected to the control de-
vices 18; this is illustrated by the dot-and-dash lines. In
practice, the arrangement is used for changing the posi-
tion of the splice 14 in the fabric 12 in order to minimize
the vibration level of the fiber web machine. The inven-
tion, however, surprisingly uses the fabric itself, more
specifically its width, for determining the position of the
splice. In other words, according to the invention, the
position of the splice 14 is determined on the basis of the
width of the fabric 12. In this case, the position of the
splice is known at a sufficient accuracy despite fabric
changes or other changes in the circumstances. The
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splice can therefore be turned within a safe range without
arise in the vibration level. In practice, the position of the
splice in the fabric is identified on the basis of the width
of the fabric, and the position information is utilized in the
elimination of nip vibrations and fabric vibrations.
[0010] Inthe method, the width of the fabric 12 is mon-
itored, and this informationis used for avoiding a situation
where the fabric 12 is at its widest. When the position of
the splice and the vibration level are known, it is possible
to draw up an analysis of their mutual correlation. Based
on the analysis, it is possible to calculate the correlation
between the location of the splice turning device and the
width of the fabric. The analysis can employ for example
second-order regression analysis, on the basis of which
an exact response has been obtained in the tests. In the
example analysis, the maximum of the regression line
correlates with a location of the splice turning device
where the width of the fabric is at its maximum (Figure
3). The analysis can be carried out in different ways. The
analysis is preferably carried out immediately after a
maintenance shutdown by running the splice turning de-
vice once over its entire range of motion. An analysis can
also be carried out after a first analysis during the entire
operation while the splice turning device is in motion. In
other words, the correlation analysis is carried out both
after fabric replacement and while using the fabric. The
analysis can be re-performed easily and swiftly also if
the other circumstances change.

[0011] Preferably, only a set of as new measuring
points as possible are taken for the analysis. In other
words, the analysis preferably employs a relatively small
set of recent measuring points. In this case, the meas-
uring point set and the analysis made of it represent the
prevailing conditions in the best possible way, and the
impact of a change in the width of the fabric due to its
aging is avoided. In practice, factors such as the width
of the fabric change slowly as the fabric gets older. By
using a small set of measuring points, the measuring
points can be placed accurately on the correlation line.
It has also been found in the tests that an analysis period
as short as three days includes too much and too old
measurement data. The correlation response remains
accurate by using a short analysis period and by repeat-
ing the analyses frequently.

[0012] The analysis enables the determination of the
correlation between the location of the splice turning de-
vice and the measured vibration level during the service
life of a particular fabric. In practice, the vibrations can
be avoided by moving the splice turning device in an area
where the vibration level is at its lowest. In other words,
the area most susceptible to vibration is avoided by de-
termining the disadvantageous area, in the simplest man-
ner, from the perpendicular splice position to each direc-
tion. In order to eliminate the vibrations, the location of
the splice turning device can hence be changed in an
area other than the area of the perpendicular splice. The
changes may consist of continuous oscillation, or the
splice turning device is shifted at appropriate intervals.
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The correlation is preferably determined by changing the
position of the splice and by simultaneously measuring
the vibration level. This provides real-time data on the
correlation.

[0013] Figure 3 shows graphs obtained from test
measurements in a fiber web machine. The analysis ac-
cording to the invention has been made here within a
short time period of three days. In this case, the location
of the splice turning device correlates very well with the
width of the fabric. Similarly, the measured vibration level
correlates very well with both the width of the fabric and
with the location of the splice turning device. It is also
important to note how the graph shows very clearly that
the closer the point of the perpendicular splice, the higher
the vibration level. In fact, the ratio of the width of the
fabric to the vibration level is amazingly clear and explicit.
Similarly, the shape of the calculated correlation lines
and their maximums are virtually identical to each other.
The light points represent vibration levels in the drive side
bearing housing of a nip roll. These readings are on the
Y-axis, and their quantity is mm/s2, with the readings
ranging from 0.5 to 1.0 mm/s2. The dark points represent
the actual measured widths of the fabric. These readings
are also on the Y-axis, and their quantity is mm, with the
readings ranging within 70 mm. Second-order correlation
lines have also been calculated of both measured read-
ings, and the shapes of these lines correlate with each
other. At the common top point of the correlation lines,
the width of the fabric is at its maximum and therefore
the splice is perpendicular, which is why the vibration
level is also at its highest. At the point in question, the
location of the splice turning device is approx. -3.75 mm.
The location readings are on the X-axis, and their quantity
is mm, with the readings ranging within =15 mm. Based
on the analysis, the splice turning device in question can
be oscillated for example within ranges -12.0 to -8.0 or
2.0 to 7.5. Point -3.75 mm can also be passed just as
long as the splice turning device is at this point for as
short a time as possible.

[0014] Figure 4 presents the correlation between the
location of the splice turning device and the width of the
fabric. The said correlation is very good and accurate. A
highly precise analysis is obtained by analysing a situa-
tion where the splice turning device is moving to a direc-
tion where the width of the fabric increases. In this case,
when the location of the splice turning device changes,
the width of the fabric follows accurately and with a min-
imal delay the change in the location of the splice turning
device. The step graph indicates the location of the splice
turning device. The location readings here are on the
Y-axis, and their quantity is mm, with the readings ranging
from -6.0 to 9.0. The envelope here is the relative width
ofthe fabric calculated as the sum of measurements from
the tending side and drive side. The relative width read-
ings here are on the Y-axis, and their quantity is mm, with
the readings ranging from 55.0 to 85.0. As the fabric be-
comes wider, the said value decreases.

[0015] In practice, the splice turning device can be os-
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cillated alternately on each side of the disadvantageous
area. It is possible to move from one side to the other
without edge tear disturbance even with the web, be-
cause the fabric is at its widest when the perpendicular
splice point is passed. During the shift from one side to
the other, a new correlation analysis concerning the cor-
relation between the location of the splice turning device
and the width of the fabric can be carried out. In other
words, it is good to perform a new correlation analysis
as often as possible. The correlation between the position
of the splice and the vibration level of the fiber web ma-
chine can even be determined essentially continuously.
By means of frequently repeated or continuous analysis,
it is possible to eliminate effectively the impact of a
change in the width of an ageing fabric, nip load, amount
of water, or any other phenomenon which changes the
width of the fabric. Moreover, even if there is no shift from
one side to the other, the correlation analysis is preferably
carried out continuously. After a shift from one side to
the other, the earlier analysis result is rejected entirely.
In this case, a shift to a different side forms a new set of
measuring points, which corresponds to the conditions
on the new side.

[0016] It has also been observed surprisingly in the
tests that a highly precise analysis is obtained by ana-
lysing a situation where the splice turning device is mov-
ing to a direction where the width of the fabric increases.
In other words, the correlation is determined when the
width of the fabric increases while the position of the
splice is changed. In this case, when the location of the
splice turning device changes, the width of the fabric fol-
lows accurately and with a minimal delay the change in
the location of the splice turning device. It has been found
out surprisingly that the fabric tends to resist the turning
of the splice away from the perpendicular, and the fabric
hence becomes wider more rapidly than what it becomes
narrower when the splice turning device is turned. When
moving from one side of a perpendicular splice to the
other side, the objective is to choose the location of the
splice turning device so thatthe spliceis as far as possible
from the wavelength of the previous point and its har-
monic multiples. In this case, the operating range of the
splice turning device is certainly within a sufficient and
safe distance from the disadvantageous area. When the
precise perpendicular position of the splice, at which po-

L

S

sition Qrccos = the width of the fabric is

max
at a maximum, is known, it is easy to calculate the angle
o of the splice at the respective fabric width using the
equation:

where L is the present width of the fabric and L5,
is the maximum width of the fabric. By using this
splice angle information, it is possible to attempt to
keep the splice as far as possible from the point of
the harmonic multiples of the rotation frequencies of
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the roll and fabric. In this way, it is possible prevent
arise in the vibration level even before the vibration
has begun. When this is done accurately also in
terms of the fabric, location measurement can also
be arranged in the fabric stretcher. This also provides
exact information on the length of the fabric when
the precise diameter of the roll is already known.

[0017] In press nips with two fabrics, the position of
splices in both fabrics can also be controlled in the
above-described manner. Moreover, the entire fiber web
machine can be optimized in such away that the positions
of the splices in the fabrics are as far from each other as
possible and that the wavelengths calculated from the
angles of their splices and their harmonic multiples are
as far from each other as possible. In other words, the
positions of the splices in the fabrics are arranged into
opposite angular positions. Moreover, the positions of
the splices in the fabrics passing through the same nip
are preferably changed independently. This can prevent
vibrations resulting from the mutual effect of the fabrics.
[0018] Especially in the case of old and deformed fab-
rics, the correlation between the position of the splice
and the vibration level can even be lost. In this case, the
location of the splice turning device can be optimized
only on the basis of the correlation between the splice
turning device and the vibration level. The loss of corre-
lation can be seen for example from the variance of re-
sidual of the correlation analysis of the fabric and vibra-
tion level. Moreover, it can be chosen that the fabric is
spread throughout its service life to the extent possible
so that the runnability of the edge area of the web would
be maintained. The spreading is taken into account when
optimizing the angle of the splice within the operating
range of the splice turning device. The control system is
therefore actually self-learning, and it adapts to the
changing conditions.

[0019] Various technical solutions can be used for
identifying the width of the fabric. One simple solution is
based on the applicant’s UlfraEdge sensors, which are
placed on each edge of the fabric. The ultrasonic sensors
identify the edges of the fabric, and the width of the fabric
can then be determined from the measured values. Cor-
respondingly, with a fabric guide equipped with electro-
mechanical UlfraEdge sensors, edge measurementis al-
ready built into the fiber web machine, which means that
the necessary investments are small. In the simplest con-
figuration, the prevention and minimization of vibrations
can even be accomplished on the basis of the mere
measurement data on the width of the fabric, without vi-
bration measurement. This simplifies the structure of the
arrangement further.

[0020] In addition to for example mechanical devices,
other potential techniques for determining the width of
the fabric include ultrasound, visible light, ultraviolet light,
infrared light, laser and image recogpnition, in other words
applications with sensors identifying the edge of the fab-
ric or its reflection. An analysis performed on one fabric
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can also be used for another, new fabric, at least with
some accuracy. In this case, it is not always necessary
to perform an analysis. However, an analysis is per-
formed when factors affecting the alignment of the fabric
in the fiber web machine have been changed. These fac-
torsinclude achange ofrolls orfabric type. In other words,
without major changes to the fiber web machine it can
be assumed that the widest point, in other words the point
of most vibration, is at the former place, in which case it
is possible to keep away from it. If the situation of a
straight alignment stripe is avoided altogether, even the
first impulse given by a straight alignment stripe can be
avoided. On the basis of the analysis, the continuous,
frequent and non-stopping moving of the splice turning
device can even be stopped. Optimized splice turning
carried out at prescribed intervals can even give a better
resultthan the constant moving. When the fabric remains
in place for a longer period of time, the end product is of
anincreasingly uniform quality as the nip and fabrics work
properly without vibrations.

[0021] The method according to the invention reveals
the position of the splice within each operating range of
the splice turning device. In the method according to the
invention, the control of the arrangement is based on
observed valuesinstead of experimental or statistical val-
ues. The method uses systematically-obtained measur-
ing point sets, and the analysis of these sets results in a
correlation, which is used for control. In this way, it is
possible to identify the continuous operating range of the
splice turning device, within which range the vibration
levels are known to be at their lowest. In other words, the
arrangement provides information on the useful operat-
ing range and its response to vibration even before the
vibration level has increased.

[0022] In practice, the alignment stripe is never per-
fectly straight, but it may be for example an S-bend, C-
bend, or a mere local bend. In this case, a location of the
alignment stripe measured only at the ends of the splice
would give a false representation of the average angle
of the splice. However, when the position of the splice is
determined on the basis of the width of the fabric, the
resulting information is obtained in a simple manner and,
above all, at a sufficient accuracy.

[0023] Figure 1 shows the principle of the control of
the arrangement. The splice turning device 15 is con-
nected to the machine control system 19, to which the
sensors 20 are also connected. The machine control sys-
tem is an installed software product, which comprises
the program code elements arranged to perform the
above-described steps of the method according to the
invention.

[0024] As aresult of the method and arrangement, the
service lives of fabrics are extended considerably, when
the premature need to replace the fabric due to vibration
can be prevented. The extended service life is an impor-
tant consideration especially in hard-roll nips and on sep-
arate presses, where the deformation of the fabric is most
intense. By eliminating vibrations and the deformation of
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the fabric and roll, it is possible to attain considerable
savings, because the service lives of fabrics are extend-
ed without exception by up to weeks. In other words, the
vibration problems can be largely avoided regardless of
the particular machine position and fabric, without ran-
domness. This means that a rise in the vibration level
can be prevented even before it has begun. When the
vibration level can be kept low, the press section can use
load areas which were previously susceptible to vibra-
tion. This has a positive impact on the quality of the end
product. Moreover, the speed used in production can be
considerably higher than earlier, which means an in-
crease of up to more than 10 per cent in production ca-
pacity.

[0025] The inventive idea of the invention to identify
the position of the splice on the basis of the width of the
fabric enables the use of simple and robust components.
Moreover, the position of the splice can be determined
without delay when the behavior of the fabric, more spe-
cifically the variation of its width as the position of the
splice changes, is known. In practice, the width of the
fabric indicates expressly the average splice position
very accurately. In other words, the width takes very well
into account the error caused by the splice not being
straight. Moreover, the results of the analysis are ob-
tained quickly; depending on the application, the analysis
takes half an hour to 2 hours.

[0026] As an example, the method can be implement-
ed in practice as follows: When a new fabric is taken into
use, the operators find, on the basis of the width of the
fabric, that location/position of the splice turning device
where the splice is in the direction of the nip. During op-
eration, that location/position of the splice turning device
and any positions too close to it are avoided. In other
words, a splice which is parallel to the nip is avoided. If
necessary, the maximum width of the fabric is searched
during operation by moving the splice turning device from
one side to the other. The position of the splice, in other
words the turning angle, is found out on the basis of the
current width and maximum width of the fabric measured
in this conjunction. Furthermore, a comparison of the lo-
cations/positions of the splice turning device that corre-
spond to the current splice and a straight splice indicates
the sign (plus or minus) of the turning angle. On the basis
of the turning angle, the splice of the fabric can be con-
trolled by moving the splice turning device so that the
multiples of the rotation frequency of the roll and fabric
are avoided. The correlation between the location/posi-
tion of the splice turning device, the position of the splice
and the vibration level can be calculated continuously.
[0027] Normally, the splice turning device and fabric
guide have an impact on different rolls. In other words,
by moving two rolls suitably, both the splice can be turned
and the fabric can be controlled to travel in the desired
manner. The splice turning device and hence the roll
which the splice turning device affects can be kept in
place in the advantageous area for even a longer period
of time when one end of the guide roll moves slowly to
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the same direction controlled by automation. It can be
concluded from this that the splice continues its move-
ment despite the splice turning roll remains in place. This
avoids the generation of vibrations, which would occur
in time in the case of a stationary splice irrespective of
the position/distance of the splice with respect to a
straight splice. The splice turning roll may be stationary
for days while the vibrations still decrease constantly. It
can be concluded from this that the position of the splice
changes slowly by the effect of the guide roll. It is there-
fore preferred to also follow the movement of the guide
roll, preferably its trend. This reveals the direction to
which the splice is turning. In other words, the movement
of the guide roll can be used as a secondary indication
in the control of the overall system.

[0028] The invention relates to a method in a fiber web
machine. In the method, the position of the splice (14) in
afabric (12) is changed in order to minimize the vibration
level of the fiber web machine. The position of the splice
(14) is determined on the basis of the width of the fabric
(12). The invention also relates to an arrangement in a
fiber web machine, and to a software product.

Claims

1. A method in a fiber web machine, in which method
the position of the splice (14) in a fabric (12) is
changed in order to minimize the vibration level of
the fiber web machine, characterized in that the
position of the splice (14) is determined on the basis
of the width of the fabric (12).

2. A method according to claim 1, characterized in
that in the method the width of the fabric (12) and/or
the position of the actuators (15) used for changing
the position of the splice (14) is monitored, and this
information is used for avoiding a situation where the
fabric (12) is at its widest.

3. A method according to claim 2, characterized in
that the correlation between the position of the splice
(14) and/or of the actuators (15) and the vibration
level of the fiber web machine is determined essen-
tially continuously.

4. A method according to claim 3, characterized in
thatthe correlation is determined both afterachange
of fabric (12) and while using the fabric (12).

5. A method according to claim 3 or 4, characterized
in that the correlation is determined by changing the
position of the splice (14) and by simultaneously
measuring the vibration level.

6. A method according to any of claims 3 to 5, charac-
terized in that the correlation is determined when
the width of the fabric (12) increases while the posi-
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tion of the splice (14) is changed.

A method according to any of claims 1 to 5, charac-
terized in that the positions of the splices (14) in the
fabrics (12) that travel through the same nip are
changed independently.

A method according to claim 7, characterized in
that the positions of the splices (14) in the fabrics
(12) are arranged into opposite angular positions.

An arrangement in a fiber web machine, where the
arrangement comprises:

- a seamed fabric (12),

- actuators (15) for changing the position of the
splice (14),

- measuring instruments (15’) for determining
the position of the actuators (15),

and

- control devices (18) connected to the actuators
(15) and measuring instruments (15’),
characterized in that the arrangement further
comprises sensors (20) for determining the
width of the fabric (12).

A software product, which comprises program code
elements, characterized in that the program code
elements are arranged to perform the steps of the
method according to any of the above claims 1 to 8.
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