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(57) Abstract: The invention relates to a reel-up (1) for receiving and winding into a roll (5) a paper web (W) that arrives from a
drying cylinder (2) in a paper making machine. The reel-up (1) comprises a rotatably mounted reel spool (4) onto which a paper web
(W) can be wound to create a paper roll (5) of increasing diameter and an endless flexible belt (6) mounted for rotation along a pre-
determined path of travel such that the flexible belt (6) forms a loop. The flexible belt (6) is positioned adjacent to the reel spool (4)
to engage the paper web (W) against the reel spool (4) during winding such that the flexible belt (6) is deflected from the predeter -
mined path of travel when the paper roll (5) starts to build up on the reel spool (4). The flexible belt (6) is air permeable and at least
one blow box (7, 8, 9) is arranged inside the loop of the flexible belt (6) such that an underpressure can be generated that draws the
paper web (W) against the flexible belt (6). The at least one blow box (7, 8, 9) has at least one nozzle (10) through which air is
blown out of the at least one blow box (7, 8, 9) and the nozzle is shaped as a slot. According to the invention, the at least one blow
(7,8, 9) box faces the flexible belt (6) with an outer surface (11) which is convexly curved such that dust which has been sucked
through the flexible belt (6) and lands on the at least one blow box (7, 8, 9) is helped by gravity to glide along the outer surface (11)
of the blow box (7, 8, 9) and fall of the blow box (7, 8, 9).
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A REEL-UP FOR RECEIVING AND WINDING INTO A ROLL A PAPER WEB
THAT ARRIVES FROM A DRYING CYLINDER IN A PAPER MAKING
MACHINE AND A PAPER MAKING MACHINE USING A REEL-UP

FIELD OF THE INVENTION

The present invention relates to a reel-up for receiving and winding into a roll a paper
web that arrives from a drying cylinder in a paper making machine. The invention also
relates to a paper making machine using a reel-up.

BACKGROUND OF THE INVENTION

In the dry end of a paper making machine, the dried paper web is wound on reel spools
into parent rolls in a reel-up. In US patent No. 5901918, a reel-up is disclosed in which
the reel spool is engaged by an endless flexible member such as a transfer belt. The
paper web is transferred from the endless flexible member to the parent roll as the
parent roll is urged against the paper web as the paper web is supported by the endless
flexible member. As the paper web travels on the endless flexible member, it is
desirable that it adheres to the endless flexible member. It has been suggested in
Swedish patent application No. 1350395-8 that the endless flexible member in such a
reel-up may be an air permeable belt and that at least one blow box may be placed
inside the loop of the air permeable belt in order to generate an underpressure that draws
the paper web against the belt. The use of an air permeable belt in combination with a
blow box does contribute to a more reliable operation. However, the inventors have
found that the operation of the blow box in this position is not always reliable.
Therefore, it is an object of the invention to provide an improved reel-up with an air
permeable belt and a blow box in which the operation of the blow box is more reliable.

DISCLOSURE OF THE INVENTION

The invention relates to a reel-up for receiving and winding into a roll a paper web that
arrives from a drying cylinder in a paper making machine. The inventive reel-up
comprises a rotatably mounted reel spool onto which a paper web can be wound to
create a paper roll of increasing diameter and an endless flexible belt mounted for
rotation along a predetermined path of travel such that the flexible belt forms a loop.
The flexible belt is positioned adjacent to the reel spool to engage the paper web against

the reel spool during winding such that the flexible belt is deflected from the
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predetermined path of travel when the paper roll starts to build up on the reel spool. The
flexible belt is air permeable and at least one blow box is arranged inside the loop of the
flexible belt such that an underpressure can be generated that draws the paper web
against the flexible belt. The blow box has at least one nozzle through which air is
blown out of the blow box and which nozzle is shaped as a slot. According to the
invention, the at least one blow box faces the flexible belt with an outer surface which is
convexly curved such that dust which has been sucked through the flexible belt and
lands on the blow box is helped by gravity to glide along the outer surface of the blow
box and fall of the blow box.

In embodiments of the invention, the nozzle is arranged in the blow box such that it
extends in a cross machine direction and is shaped such that, where the air leaves the
nozzle, the air is blown tangentially along the outer surface of the blow box such that
the air is caused by the Coanda effect to follow the outer surface of the blow box.

The at least one blow box may optionally have a circular cylindrical cross section
although other shapes are also conceivable.

In embodiments of the invention, the reel-up comprises two blow boxes within the loop
of the flexible belt and each of the blow boxes faces the flexible belt with an outer
surface that is convexly curved. Embodiments of the invention are also conceivable in
which the reel-up comprises more than two blow boxes within the loop of the flexible
belt. For example, embodiments with three, four or five blow boxes within the loop of
the flexible belt are conceivable.

Preferably, the flexible belt is guided in its path by at least a first guide roll, a second
guide roll, a third guide roll and optionally also a fourth guide roll. Embodiments are
also possible where more than four guide rolls for the flexible belt are used. For
example, there could be five, six or seven or even more guide rolls. The guide rolls may
all be located inside the loop of the flexible belt but some of the guide rolls may also be
located outside the loop of the flexible belt but at least four guide rolls should be located
inside the loop of the flexible belt. In embodiments of the invention, a first blow box
may be arranged after the first guide roll in the machine direction and in this first blow
box, the nozzle is arranged such that air blown out of the blow box exits the nozzle in a
direction that substantially coincides with the machine direction. A second blow box is
arranged before the second guide roll in the machine direction and in the second blow
box, the nozzle is arranged such that air blown out of the blow box exits the nozzle in a
direction which is against the machine direction.
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In embodiments of the invention, each nozzle has a height in the range of 0.1 mm — 5
mm and a width in the range of 0.3m — 10 m, preferably a width in the range of 0.5 m —
10 m.

In advantageous embodiments of the invention, the blow box or blow boxes is/are
placed at a distance of Imm — 50 mm from the permeable belt, preferably at a distance
of 5 mm — 30 mm from the permeable belt and even more preferred at a distance of 15

mm — 25 mm.

The blow box (or blow boxes) may optionally be supplied with pressurized air through
a plurality of air supply conduits that are distributed in the cross machine direction for
each blow box.

In embodiments of the invention, the flexible belt is an air permeable woven fabric with
a plurality of warp yarns and a plurality of weft yarns interwoven with the plurality of
warp yarns and wherein at least some of the yarns are electrically conductive and
preferably at least some of the weft yarns are electrically conductive.

The reel-up may optionally further comprises a deflection sensor mounted adjacent to
the flexible belt and arranged to measure the amount of deflection of the flexible belt
from the predetermined path of travel. In such embodiments, there would normally also
be an actuator for positioning the reel spool and the flexible belt relative to each other to
vary the amount of deflection of the flexible belt and a controller connected to the
deflection sensor and the actuator for controlling the amount of deflection of the flexible
belt as the paper roll increases in diameter.

The invention also relates to a paper making machine for making tissue paper and which
comprises a Yankee drying cylinder and a doctor blade arranged to crepe a paper web
from the surface of the Yankee drying cylinder, and wherein, downstream of the
Yankee drying cylinder, the paper making machine further comprises a reel-up

according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic side view of a part of a reel-up of the type that the present

invention relates to.

Figure 2 is a side view of a reel-up placed in the dry end of a paper making machine.
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Figure 3 is a side view corresponding to Figure 2 but which has been modified to

incorporate such blow boxes as are used in the present invention.

Figure 4a, Figure 4b and Figure 4c show cross sectional side views of a component of a
reel-up according to the present invention.

Figure 5 is a cross sectional view showing an embodiment with two blow boxes.
Figure 6 is a cross sectional view showing an embodiment with three blow boxes.
Figure 7 is a cross sectional side view of an alternative embodiment of a blow box.
Figure 8 is a front view of a part of the blow box of Figure 7.

Figure 9 shows a possible embodiment of a flexible belt that may be used in the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

With reference to Figure 1 and to Figure 2, the reel-up 1 of the present invention is
designed to receive and wind into aroll 5 a paper web W that arrives from a drying
cylinder 2 in a paper making machine. The paper web W is in particular a tissue paper
web. The reel-up according to the present invention is of the type disclosed in US patent
No. 5901918 and reference is made to that patent for a detailed explanation of how such
a reel-up may be designed. As can be seen in Figure 1, the reel-up 1 comprises a
rotatably mounted reel spool 4 onto which a paper web W can be wound to create a
paper roll 5 of increasing diameter and an endless flexible belt 6 mounted for rotation
along a predetermined path of travel such that the flexible belt 6 forms a loop. The
flexible belt 6 is positioned adjacent to the reel spool 4 to engage the paper web W
against the reel spool 4 during winding such that the flexible belt 6 is deflected from the
predetermined path of travel when the paper roll 5 starts to build up on the reel spool 4.
Of course, once the web has started to become wound on the reel spool 4, new paper
web that arrives will be engaged against the reel spool 4 through the paper roll 5 that is
being formed on the reel spool 4. In the context of this application and any patent
granted on this patent application, the expression “engage the paper web against the reel
spool” should thus be understood as including the case where the web that arrives to the
nip point C is engaged by the flexible belt against the paper roll 5 that is wound on the
reel spool 4. The flexible belt 6 is air permeable. With reference to Figure 2, blow boxes

33 are placed within the loop of the flexible belt 6. The blow boxes 33 create an
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underpressure that draws the web W against the flexible belt 6 such that the web W is
held on the flexible belt 6. The flexible belt 6 runs in a loop supported by four guide
rolls 12, 13, 14, 15 that are located inside the loop of the flexible belt 6. Optionally, an
outer roll 24 may be used which is movable and can be used to regulate tension in the
flexible belt 6. It should be understood that embodiments are possible in which only
three internal guide rolls are used. With reference to Figure 2, it can be seen how the
web W is creped from the surface of a Yankee drying cylinder by a doctor blade 23 and
passed on to the reel-up 1. On its way from the Yankee drying cylinder 2 to the reel-up
1, the tissue paper web W may optionally pass through a calender 25 and it may
optionally also pass through a measuring device 26 measures such properties as, for
example, basis weight. In Figure 2, the web W passes in a substantially open draw to the
reel-up 1 and is supported only by a single upper guide roll 27. Embodiments are
possible in which the tissue paper web W is supported over a part or over the whole of
the distance from the Yankee drying cylinder 2 to the reel-up 1. In Figure 2, it can be
seen how the reel-up may be connected to a stand with vertical pillars 28 that carry
lower and upper support beams 29, 30. On the upper support beam 30, there may be a
rail 32 on which new reel spools 4 are supported. When a roll 5 is completed, a new reel
spool 4 can be taken from the upper rail 32. The lower support beam 29 may have a rail
31.

With reference to Figure 1, the reel-up 1 may further comprise a deflection sensor 20
mounted adjacent to the flexible belt 6 and being arranged to measure the amount of
deflection D of the flexible belt 6 from the predetermined path of travel as described in
US patent No. 5901918. An actuator 21 is arranged for positioning the reel spool 4 and
the flexible belt 6 relative to each other to vary the amount of deflection of the flexible
belt 6 and a controller 22 is connected to the deflection sensor 20 and the actuator 21 for
controlling the amount of deflection D of the flexible belt 6 as the paper roll 5 increases
in diameter. When the deflection sensor 20 sends a signal to the controller 22 that the
deflection D of the flexible belt 6 has become larger than a set value for the deflection
D, the controller 22 causes the actuator 21 to act on a carriage 36 in which the reel spool
4 is supported such that the reel spool 4 and the paper roll 5 moves along the rail 31, In
this way, the deflection D can be kept within predetermined limits such that nip pressure
in the contact point C also remains within the right limits. It should be noted that the
point M where measurement of the deflection D is made need not coincide with the
point C where the deflection D reaches its largest value.

The blow boxes 33 in the embodiment of Figure 2 improve the operation of the reel-up

by contributing to make the tissue paper web W adhere to the flexible belt. However,
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the inventors have discovered that when a blow box is used for such reel-ups as
described above, there is a new problem. Blow boxes as such are conventional and used
in many parts of a paper making machine. However, in the area after a Yankee drying
cylinder, the tissue paper web W is very dry which means that it is more likely to emit
dust and this is especially the case if it has been creped from the drying cylinder 2.
When the tissue paper web W carries large amounts of dust, the underpressure created
by the blow box 33 will not only suck the paper web W against the flexible belt 6, it
will also suck considerable amounts of dust particles through the flexible belt 6. When
large amounts of dust particles and/or pieces of broke land on the blow box or blow
boxes 33, dust and/or broke may accumulate on the surface of the blow box or blow
boxes 33 and clog the nozzle openings of the blow box such that the blow box 33 does

not function properly. The accumulation of dust and/or broke may also cause wear on
the flexible belt 6.

The inventors have found that this problem can be eliminated or at least substantially
reduced by giving the blow box or blow boxes a different design.

Figure 3 shows a reel-up 1 in a paper machine. This reel-up is substantially similar to
the reel-up of Figure 2 and operates in the way explained with reference to Figure 1.
However it has blow boxes 7, 8 that are designed to eliminate or reduce the problem of
dust that comes through the flexible belt 6.

With reference to Figure 3 and Figures 4a — 4c, there is at least one blow box 7, 8, that
is arranged inside the loop of the flexible belt 6 such that an underpressure can be
generated that draws the paper web W against the flexible belt 6. As can be seen in
Figures 4a — 4c, the at least one blow box 7, 8, 9 has at least one nozzle 10 through
which air is blown out of the at least one blow box 7, 8. The nozzle 10 is shaped as a
slot. According to the invention, the at least one blow box 7, 8 faces the flexible belt 6
with an outer surface 11 which is convexly curved such that dust which has been sucked
through the flexible belt 6 and lands on the at least one blow box 7, 8 is helped by
gravity to glide along the outer surface 11 of the blow box 7, 8 and fall of the blow box
7, 8. In other words, the outer surface 11 is so shaped and so arranged in relation to a
horizontal plane and to the belt 6 that dust coming through the flexible belt 6 will glide
along the outer surface 11 and fall off the blow box.

In the embodiment of Figure 3 and Figures 4a — 4c, the at least one blow box 7, 8, 9 has
a circular cylindrical cross section but other shapes are also conceivable. The circular

cylindrical shape functions well and is easy to manufacture but the most important thing
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is that dust particles coming through the flexible belt 6 should not land on a flat surface

where they can accumulate.

The nozzle 10 is arranged in the blow box 7, 8 such that it extends in a cross machine
direction. Preferably, it is shaped such that, where the air leaves the nozzle 10, the air is
blown tangentially along the outer surface 11 of the blow box 7, 8, 9 such that the air is
caused by the Coanda effect to follow the outer surface 11 of the blow box 7, 8. In this
way, dust particles can be removed more efficiently. As can be seen in Figure 4c, the air
blown out of the nozzle 10 follows the path of the arrow a along the outer surface 11 of
the blow box 7. To achieve this effect, it is sufficient that the air leaves the nozzle 10 in
a direction that is substantially tangential to the outer surface 11 of the blow box 7 at
that point where the air is blown out of the nozzle 10.

Each nozzle 10 preferably has a height H in the range of 0.1 mm — 5 mm and a width in
the range of 0.3 m — 10 m, preferably a width in the range of 0.5 m — 10 m.

The blow box or blow boxes 7, 8, 9 should be kept close to the flexible belt 6 such that
the blow box or blow boxes can create an underpressure that acts through the belt 6.
Preferably, the blow box or blow boxes 7, 8 is/are placed at a distance G of Imm — 50
mm from the flexible belt 6and preferably at a distance of 5 mm — 30 mm from the
flexible belt 6. Even more preferred, the distance G between the blow box or blow
boxes 7, 8 and the flexible belt should be in the range of 15 mm — 25 mm. It should be
understood that, in Figure 4a, the distance G is the smallest distance between the blow
box 7 and the flexible belt 6. In preferred embodiments of the invention, the nozzle 10
is placed at that point where the distance between the blow box 7 and the flexible belt is
smallest.

With reference to Figure 5, the reel-up 1 may optionally comprise two blow boxes 7, 8
within the loop of the flexible belt and wherein each of the blow boxes 7, 8 faces the
flexible belt 6 with an outer surface 11 that is convexly curved.

As can be seen in Figure 5, the flexible belt 6 is guided in its path by at least a first
guide roll 12 | a second guide roll 13, and a third guide roll 14. Optionally, there may
also be a fourth guide roll 15. The first blow box 7 is arranged after the first guide roll
12 in the machine direction MD and the nozzle 10 of the first blow box 7 is facing in
such a direction that air blown out of the first blow box 7 exits the nozzle 10 in a
direction “a” that substantially coincides with the machine direction MD (see the arrow
“a” in Figure 5). The second blow box 8 is arranged before the second guide roll 13 in

the machine direction MD and in the second blow box 8, the nozzle 10 is arranged such
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that air blown out of the second blow box 8 exits the nozzle 10 in a direction “b” which
is against the machine direction (i.e. opposite to the machine direction MD, see the
arrow “b” in Figure 5). The reason for this arrangement is the following. In the space
between the blow boxes 7, 8 and their respective adjacent guide roll 12, 13, it may
easily happen that air is accumulated in such a way that is contrary to the objective of
creating an underpressure. By blowing in the opposite direction, this can be
counteracted.

With reference to Figure 6, embodiments with three blow boxes with a convex outer
surface are possible. It should be understood that there could also be more than three
such blow boxes. For example, there could be four, five, six or even more such blow
boxes. It should be understood that each blow box 7, 8, 9 can be arranged (oriented)
such that it blow air either in the machine direction or against the machine direction.

With reference to Figure 7 and Figure 8, another embodiment shall now be explained.
The blow box 7 of Figure 7 does not have a circular cylindrical shape but still has a
convex outer surface facing the flexible belt 6. The at least one blow box 7, 8, 9 is
supplied with pressurized air through a plurality of air supply conduits 17 that are
distributed in the cross machine direction. A main air supply conduit 35 extends in the
cross machine direction and a plurality of air supply conduits 17 extend from the main
air supply conduit 35 into the blow box 7 such that the blow box 7 is supplied with
pressurized air. The blow box 7 may optionally be partially covered by an outer shell
34.

A possible embodiment of the flexible belt is illustrated in Figure 9. The flexible belt 6
of Figure 9 is an air permeable woven fabric with a plurality of warp yarns 18 and a
plurality of weft yarns 19 interwoven with the plurality of warp yarns 18 and at least
some of the yarns 18, 19 are electrically conductive and preferably at least some of the
weft yarns 19 are electrically conductive. If some of the yarns 18, 19 are electrically
conductive, this may contribute to dissipate any static electricity which would otherwise
disturb the operation of the reel-up 1.

With reference to Figure 3, it should be understood that the invention also relates to a
paper making machine 3 for making tissue paper and which comprises a Yankee drying
cylinder 2 and a doctor blade 23 arranged to crepe a paper web W from the surface of
the Yankee drying cylinder 2, and wherein, downstream of the Yankee drying cylinder
2, the paper making machine 3 further comprises the inventive reel-up with one or
several blow boxes having a convex surface facing the flexible belt 6.
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A reel-up (1) for receiving and winding into a roll (5) a paper web (W) that
arrives from a drying cylinder (2) in a paper making machine , the reel-up (1)
comprising: a rotatably mounted reel spool (4) onto which a paper web (W) can
be wound to create a paper roll (5) of increasing diameter; and an endless
flexible belt (6) mounted for rotation along a predetermined path of travel such
that the flexible belt (6) forms a loop, the flexible belt (6) being positioned
adjacent to the reel spool (4) to engage the paper web (W) against the reel spool
(4) during winding such that the flexible belt (6) is deflected from the
predetermined path of travel when the paper roll (5) starts to build up on the reel
spool (4), and wherein the flexible belt (6) is air permeable and at least one blow
box (7, 8, 9) is arranged inside the loop of the flexible belt (6) such that an
underpressure can be generated that draws the paper web (W) against the
flexible belt (6), the at least one blow box (7, 8, 9) having at least one nozzle
(10) through which air is blown out of the at least one blow box (7, 8, 9) and
which is shaped as a slot, characterized in that that the at least one blow box (7,
8, 9) faces the flexible belt (6) with an outer surface (11) which is convexly
curved such that dust which has been sucked through the flexible belt (6) and
lands on the at least one blow box (7, 8, 9) is helped by gravity to glide along the
outer surface (11) of the blow box (7, 8, 9) and fall of the blow box (7, 8, 9).

A reel-up (1) according to claim 1, wherein the nozzle (10) is arranged in the
blow box (7, 8, 9) such that it extends in a cross machine direction and is shaped
such that, where the air leaves the nozzle (10), the air is blown tangentially along
the outer surface (11) of the blow box (7, 8, 9) such that the air is caused by the
Coanda effect to follow the outer surface (11) of the blow box (7, 8, 9).

A reel-up (1) according to claim 1, wherein the at least one blow box (7, 8, 9)

has a circular cylindrical cross section.

A reel-up (1) according to any of claims 1 — 3, wherein the reel-up (1) comprises
two blow boxes (7, 9) within the loop of the flexible belt and wherein each of
the blow boxes (7, 9) faces the flexible belt (6) with an outer surface (11) that is

convexly curved.
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5.

10.

10

A reel-up (1) according to claim 4, wherein the flexible belt (6) is guided in its
path by at least a first guide roll (12) , a second guide roll (13), and a third guide
roll (14) and wherein a first blow box (7) is arranged after the first guide roll
(12) in the machine direction and in which first blow box (7) the nozzle (10) is
arranged such that air blown out of the first blow box (7) exits the nozzle (10) in
a direction that substantially coincides with the machine direction and wherein a
second blow box (9) is arranged before the second guide roll (13) in the machine
direction and in which second blow box (9) the nozzle (10) is arranged such that
air blown out of the second blow box (9) exits the nozzle (10) in a direction

which is against the machine direction.

A reel-up (1) according to any of claims 1 — 5, wherein each nozzle (10) has a

height in the range of 0.1 mm — 5 mm and a width in the range of 0.5 m — 10 m.

A reel-up (1) according to any of claims 1- 6, wherein the blow box or blow
boxes (7, 8, 9) is/are placed at a distance of 1 mm — 50 mm from the flexible belt

(6) and preferably 5 mm — 30 mm.

A reel-up (1) according to any of claims 1 — 7, wherein the at least one blow box
(7, 8, 9) 1s supplied with pressurized air through a plurality of air supply
conduits (16) that are distributed in the cross machine direction.

A reel-up according to claim 1, wherein the flexible belt (6) is an air permeable
woven fabric with a plurality of warp yarns (17) and a plurality of weft yarns

(18) interwoven with the plurality of warp yarns (17) and wherein at least some
of the yarns (17, 18) are electrically conductive and preferably at least some of

the weft yarns (18) are electrically conductive.

A reel-up (1) according to any of claims 1 — 9, wherein the reel-up (1) further
comprises: a deflection sensor (20) mounted adjacent to the flexible belt (6) and
being arranged to measure the amount of deflection (D) of the flexible belt (6)
from the predetermined path of travel; an actuator (21) for positioning the reel
spool (4) and the flexible belt (6) relative to each other to vary the amount of
deflection of the flexible belt (6); and a controller (22) connected to the
deflection sensor (20) and the actuator (21) for controlling the amount of

deflection (D) of the flexible belt (6) as the paper roll (5) increases in diameter.
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11. A paper making machine (3) for making tissue paper and which comprises a
Yankee drying cylinder (2) and a doctor blade (23) arranged to crepe a paper
web (W) from the surface of the Yankee drying cylinder (2), and wherein,
downstream of the Yankee drying cylinder (2), the paper making machine (3)

5 further comprises a reel-up (1) according to any of claims 1 — 10.
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