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(57)  Theinvention is a new system for adjusting and
controlling at least the humidity content of paper (F) dur-
ing the production cycle in paper production plants, com-
prising one or more devices (M) that emit microwaves at
controlled frequency and are suited to dehumidify areas
of the paper (F) while the paper (F) slides. The new sys-

System for adjusting and controlling the water content in paper during the production cycle

tem comprises also measuring devices (C) suited to de-
termine the paper humidity profile (P) along a measure-
ment section (F2) and an electronic unit (S) that receives
data from said measuring devices (C) and activates/de-
activates and/or modifies the power of the microwave
emitting devices (Mx) that act where humidity peaks are
detected.
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Description

[0001] The present invention concerns devices for
checking paper quality control parameters during the pro-
duction cycle, and in particular it concerns a new system
for adjusting and controlling the water content in paper
in the transverse direction with respect to the forming
direction during the production cycle.

[0002] The paper production cycle, first of all, includes
the preparation of the liquid compound for the production
of the paper sheet, said compound consisting of approx-
imately 99 % of water and of cellulose fibre and techno-
logical aids for the remaining 0,4-1 %, said fibre and ad-
ditive percentage varying according to the weight and
type of paper to be produced.

[0003] Said liquid compound is introduced in the sys-
tem and spread homogeneously on a surface, commonly
defined forming wire, having first of all the function to
guarantee the distribution of the fibre and the natural
drainage of at least part of the water.

[0004] Saidformation wire slides so that the liquid com-
pound spread on it passes through various processing
stations, where it is progressively dehydrated due to the
effect of gravity only and/or due to the action of vacuum
sucking devices.

[0005] At the end of the formation station the paper
web has a content of dry material that ranges from 15 to
20%.

[0006] In the successive station, or pressing station,
the material is pressed and further dehydrated until
reaching a fibre content included between 40 and 50%,
according to the technology adopted and the type of prod-
uct.

[0007] In particular, said dehydration is obtained by
pressing, through the use of pressing cylinders and a
simultaneous sucking action.

[0008] Considering the special chemical structure of
cellulose, drying the sheet further means using consid-
erable energy. At present heat energy is employed, in
the form of vapour or infrared radiation.

[0009] For example, systems are known in which the
paper web, moving out of said pressing station, passes
through drying cylinders whose contact surface is heated
to a temperature of approximately 130° C and thus dries
the paper web.

[0010] The paper web obtained in this way, before be-
ing wound in a coil, passes through a continuous com-
puterized monitoring station that carries out nondestruc-
tive measurements mainly focused on two parameters,
that is, grammage and humidity.

[0011] Usually the grammage parameter, that is, the
weight expressed in grams per square meter of paper,
is determined using a scanner installed downstream of
the production line, before the final winder.

[0012] Said scanner employs radiation emitters and,
by means of an apposite correlation algorithm, deter-
mines said grammage starting from the evaluation of the
intensity extinction of said radiations.
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[0013] In the known systems, the grammage control
system thus works retroactively and communicates with
the devices installed upstream of the system and respon-
sible for adjusting the quantity of liquid compound intro-
duced in the production line.

[0014] Said devices, therefore, modify said quantity of
liquid compound according to the grammage measured
downstream of the system.

[0015] Inthis way itis possible to guarantee a constant
grammage of the paper web with good approximation,
atleast in the longitudinal direction, that is, parallel to the
advance direction of the paper web in the production line.
Sensors are also known that are positioned downstream
of the production line, too, and that are suited to deter-
mine the variations in the grammage value along different
sections positioned crosswise with respect to the direc-
tion of the production line.

[0016] Said sensors thus make it possible to retroac-
tively correct the grammage values, thus guaranteeing
rather limited variability, in the order of 0.1 - 0.2%.
[0017] Regarding the other parameter, that is, the hu-
midity contained in the paper web, in the systems known
at present said value is determined by means of a meas-
uring head installed on said scanner for measuring the
grammage, that is, downstream of the production line.
[0018] The presence of some more or less humid ar-
eas can be due for example to the non-homogeneous
distribution of the compound during the formation step,
or to particular conditions in the setting up of the system.
[0019] Also in this case the humidity control system
works retroactively, causing a variation in the heat energy
introduced upstream of the system in order to obtain the
evaporation of water.

[0020] In particular, systems are known in which said
variation in the heat energy supplied to the system is
obtained by varying the quantity of overheated vapour
that feeds said drying cylinders.

[0021] This system is rather effective in the control of
the water content in the longitudinal direction with respect
to the production line.

[0022] Vice versa, at present the operation for control-
ling the water content crosswise with respect to the di-
rection of the production line is extremely complicated
and articulated, and its results are not satisfying.
[0023] In particular, according to the current state of
the art, in order to intervene on the inevitable oscillations
of the humidity content in the transverse direction, water
is introduced using mixed air/vapour systems, in the dri-
est areas where the water content is lower, thus levelling
the peak values below the desired average value.
[0024] On the contrary, it is much more complicated
to properly dry some bands of the paper web in order to
level the peak values above the average value or the
desired reference value.

[0025] In fact, the devices currently known are able to
operate on areas or bands whose width exceeds a dozen
centimetres, while the humid areas, that is, the areas
containing more water than desired, are often narrower,
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so that the dehumidifying process involves also portions
of the paper web that are already in optimal humidity
conditions and that therefore do not need a higher energy
supply.

[0026] A further drawback posed by the known tech-
nique lies in that the heat is always supplied to the paper
web from the outside towards the inside, so that a positive
humidity gradient is inevitably obtained from the surface
layers of the paper web towards the inner layers of the
same, and consequently the surface layers contain less
water than the inner ones.

[0027] This gradient is a function of the total thickness
of the paper web and of the possible use of technological-
functional aids employed in the production cycle.
[0028] In fact, the thicker the paper web, the more ev-
ident the gradient, for example in paper webs with high
grammage values and above all in paperboard sheets
made up of two or more overlapping layers.

[0029] Furthermore, since cellulose fibre varies its di-
mensions depending on the water content, this gradient
causes lengthening and/or shortening stresses that be-
come evident with the appearance of deformations on
the paper web at the end of the production cycle, that is,
waves, curves, etc.

[0030] In order to overcome all the drawbacks de-
scribed above, a new type of system for adjusting and
controlling at least the water content in paper during the
production cycle has been studied and implemented.
[0031] The main object of the present invention is to
guarantee minimum variability of the humidity content in
paper both in the longitudinal direction with respect to
the production line and crosswise.

[0032] Another object of the present invention is to be
able to treat in a focused manner and with maximum
precision only the areas or paper portions that require
such a treatment, according to the humidity profile meas-
ured along one or more cross sections of the paper web.
[0033] Anotherobjectofthe presentinventionisto min-
imize the humidity gradient between the surface layers
and the inner layers of the paper web, by means of mi-
crowave dehumidifying devices that effectively act on the
innermost part of the web thickness, differently from the
systems currently used.

[0034] Another object of the present invention is to en-
sure reduced treatment times, particularly in relation to
the feeding speed of the paper web in the production line.
[0035] These and other direct and complementary ob-
jects are achieved by the new system for adjusting and
controlling at least the water content in paper during the
production cycle, comprising one or more dehumidifying
devices that emit microwaves at controlled frequency,
connected to at least one device suited to measure and
determine the paper humidity profile along at least one
given cross section, said cross section being preferably
located downstream of the production line and of said
microwave emitting devices. Said measuring device thus
acts retroactively, determining the humidity content pro-
file of a cross section downstream of the production line.
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[0036] The data referring to said humidity profile are
processed by an electronic unit that communicates with
said microwave emitting devices positioned upstream,
activating or deactivating them and/or adjusting their
power so that they have effect only on the areas with
humidity peaks above the reference value or outside a
reference interval.

[0037] Said microwave emitting devices are preferably
installed on a head and are suited to act on all the points
of a cross section located upstream of said cross section
where the measurement has been carried out.

[0038] In particular, according to the invention said
head can be a mobile head, travelling crosswise with
respect to the direction of the production line, in such a
way as to position said microwave emitting devices ex-
actly at the height of the paper portion to be dehumidified,
according to the humidity profile given by said measuring
device.

[0039] Inthisway, during the paperfeeding movement,
an entire longitudinal area is treated at the level of the
portion of paper web to be dried.

[0040] Alternatively, according to the invention, said
head may occupy an entire cross section, and said mi-
crowave emitting devices can be distributed in such a
way as to affect the whole cross section and to be acti-
vated alternately or simultaneously in order to act on
some specific areas, according to the humidity profile
given by said measuring device.

[0041] The main advantage offered by the new control
system lies in that it makes use of said dehumidifying
devices that emit microwaves and are suited to make the
water contained in the paper evaporate starting from the
innermost layers, thus obtaining also the normalization
of the humidity gradient through the thickness of the pa-
per web.

[0042] Thus the surface layers of paper will not be drier
than the inner layers, as is the case when the known
drying systems, for example the drying cylinders, are
used.

[0043] Furthermore, the use of microwave emitters
guarantees higher precision of the paper dehumidifying
treatment, since even very narrow or very wide areas
can be treated.

[0044] The action of the microwave emitting devices,
furthermore, is very rapid, in fact said devices can be
activated and deactivated instantaneously and operate
rather quickly, differently from the known dehumidifying
devices that on the contrary do not have the same effects
in the required time as dictated by the paper feeding
speed, considering also the heat insulation effect exerted
by the paper surface layers.

[0045] The characteristics of the new system will be
highlighted in greater detail in the following description
with reference to the drawing shown in Figure 1, provided
as a non-limiting example.

[0046] The new system for adjusting and controlling
the water content can be installed in paper (F) production
plants.
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[0047] The paper (F), produced in webs by pouring on
a surface a given quantity of liquid compound consisting
of water and cellulose fibre, slides in a direction (X), or
direction of the production line, and passes through var-
ious stations, where itis progressively dehydrated so that
the dry material passes from the initial value of 0.4-1%
to an optimal value of 40-50%.

[0048] In order to further dehydrate the paper web (F),
the new system for adjusting and controlling the water
content comprises one or more dehumidifying devices
(M) that emit microwaves at controlled frequency, suited
to treat at least one area of the paper web (F).

[0049] Said dehumidifying devices (M) are arranged
atthe level of at least one part or section (F1) of the paper
web (F), crosswise (Y) with respect to the direction (X)
ofthe production line and therefore, while the paper slides
in said direction (X), said dehumidifying devices (M) treat
a longitudinal area (Fm), that is, an area that is parallel
to said direction (X) of the production line.

[0050] In particular, said dehumidifying devices (M)
are installed on a head (T) in such a way as to allow the
paper (F) to be treated alternately or simultaneously on
all the points of said section (F1).

[0051] According to a possible solution, said head (T)
can move and travel crosswise (Y) with respect to the
direction (X) of the production line, in such a way as to
position one or more of said microwave emitting devices
(M) along said section (F1) only at the level of the portion
of paper (F) to be treated.

[0052] Inthisway, itis possible to treat only some parts
of said section, while for the parts that do not require
further dehydration the treatment will be interrupted or
will not be carried out at all.

[0053] In the preferred embodiment of the invention,
as an alternative to or in combination with said travelling
head (T), said head (T) may occupy the whole section
(F1) of the paper web (F) and said microwave emitting
devices (M) may be distributed in such a way as to occupy
the whole section (F1), too. Said microwave emitting de-
vices (M) can thus be activated alternately or simultane-
ously so that they act only on some given portions of said
section (F1) of the paper web (F).

[0054] The new adjusting and controlling system also
comprises at least one measuring device (C) suited to
determine the humidity profile (P) of the paper web (F)
along a measurement section (F2) preferably located
downstream of the section (F1) to be treated by said mi-
crowave emitting devices (M).

[0055] Said measuring device (C), in particular, deter-
mines the humidity content at every point of said meas-
urement section (F2), thus tracing a profile (P) as sche-
matically shown in Figure 1, wherein peak values (P1)
are taken that, for example, are higher than a reference
value (Pr), for example an average or optimal value, or
than the maximum value of a reference interval.

[0056] Said profile (P) also shows peak values (P2)
that are lower than the reference value (Pr) or than the
minimum value of a reference interval.
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[0057] Said measuring device (C) thus operates retro-
actively, determining the humidity profile (P) of a meas-
urement section (F2) located downstream of the section
(F1) where the dehumidifying treatmentis carried out with
respect to the direction (X) of the production line.
[0058] The new adjusting and controlling system also
comprises at least one electronic unit (S) that receives
from said measuring device (C) the data concerning said
humidity profile (P), processes them and, through a PLC
control unit (R) of said microwave emitting devices (M),
activates or deactivates one or more of said microwave
emitting devices (M) so that they operate in a focused
manner only on some portions (Fx) of the paper web (F).
[0059] In particular, once said peak values (P1) of said
humidity profile (P) and the corresponding portion (F2x)
of said measurement section (F2) have been identified,
one or more of said microwave emitting devices (Mx) are
activated, said microwave emitting devices (Mx) being
positioned and operating only on the corresponding sec-
tion (F 1x) of paper (F) that is aligned, along said direction
(X) of the production line, with said section (F2x) present-
ing said peak humidity values (P1).

[0060] In combination with the feeding motion of the
paper (F), said activated microwave emitting devices
(Mx) thus generate a continuous band (Fx) of dehumid-
ified paper.

[0061] Said measuring device (C), being positioned
downstream of said microwave emitting devices (Mx) and
therefore of said dehumidified band (Fx), continues
measuring said humidity profile (P) and, according to the
measured values, deactivates said microwave emitting
devices (Mx) or modifies their power so that the paper
(F) is correctly dehumidified.

[0062] Said electronic unit (S), in fact, processes said
data concerning said humidity profile (P), identifying also
peak values (P2) that are lower than a reference value
or value interval and, through said PLC control unit (R)
of said microwave emitting devices (M), deactivates
and/or modulates the power of one or more of said mi-
crowave emitting devices (Mx) that act on said portions
of paper (F) aligned, along said direction (X) of the pro-
duction line, with the portions of said measurement sec-
tion (F2) corresponding to said peak values (P2).
[0063] The humidity ratio of the paper (F) is thus con-
trolled continuously in the different areas, both in the lon-
gitudinal direction, that is, parallel to the direction (X) of
the production line, and crosswise (Y).

[0064] Said microwave dehumidifying devices (M)
cause the evaporation of the water contained in the paper
(F) starting from the innermost layers, thus obtaining also
the normalization of the humidity gradient through the
thickness of the paper (F), that is, also in the direction
(2) orthogonal to the sliding plane (XY) of the paper (F).
[0065] Therefore, with reference to the above descrip-
tion and the attached drawing, the following claims are
expressed.
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Claims

System for adjusting and controlling the humidity
content of paper (F) during the production cycle in
paper production plants, comprising one or more de-
vices suited to dehumidify said paper (F), charac-
terized in that said dehumidifying devices comprise
one or more devices (M) that emit microwaves at
controlled frequency and are suited to treat at least
one area of the paper (F) while said paper (F) slides.

System for adjusting and controlling at least the hu-
midity content of paper (F) during the production cy-
cle according to claim 1, characterized in that it
comprises one or more measuring devices (C) suited
to determine the humidity profile (P) of said paper
(F) along at least one measurement section (F2),
and wherein said measurement section (F2) is lo-
cated downstream of the area to be dehumidified
and of said microwave emitting devices (M) with re-
spect to said direction (X) of the production line.

System for adjusting and controlling at least the hu-
midity content of paper (F) during the production cy-
cle according to claims 1, 2, characterized in that
it also comprises at least one electronic unit (S) suit-
ed to receive data from one or more of said meas-
uring devices (C) in order to determine said humidity
profile (P), processes said data identifying the peak
values (P1) higher than a reference value or value
interval and, through at least one PLC control unit
(R) of said microwave emitting devices (M), acti-
vates/deactivates and/or modifies the power of one
or more of said microwave emitting devices (Mx) that
act on portions (F1x) of paper aligned, along said
direction (X) of the production line, with the portions
(F2x) of said measurement section (F2) correspond-
ing to said peak values (P1), and wherein, in com-
bination with the feeding movement of the paper in
said direction (X) of the production line, said micro-
wave emitting devices (Mx) generate a dehumidified
band (Fx), said band (Fx) being parallel to said di-
rection (X) of the production line and being substan-
tially as wide as said portion (F1x).

System for adjusting and controlling at least the hu-
midity content of paper (F) during the production cy-
cle according to claim 3, characterized in that said
electronic unit (S) processes said data concerning
said humidity profile (P), identifying the peak values
(P2) that are lower than a reference value or value
interval and, through said PLC control unit (R) of said
microwave emitting devices (M), activates/deacti-
vates and/or modifies the power of one or more of
said microwave emitting devices (M) that act on por-
tions of paper (F) aligned, along said direction (X) of
the production line, with the portions of said meas-
urement section (F2) corresponding to said peak val-
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ues (P2).

System for adjusting and controlling at least the hu-
midity content of paper (F) during the production cy-
cle according to claims 1, 2, 3, 4, characterized in
that said dehumidifying devices (M) are suited to
treat said paper (F) at the level of at least one section
(F1) or portion of section (F 1x) to be treated arranged
crosswise (Y) with respect to the sliding direction (X)
of said paper (F).

System for adjusting and controlling at least the hu-
midity content of paper (F) during the production cy-
cle according to claim 5, characterized in that one
or more of said dehumidifying devices (M) travel
crosswise (Y) with respect to said direction (X) of the
production line, in such a way as to be positioned at
the level of one or more points or portions (F1x) of
said section (F1) to be treated.

System for adjusting and controlling at least the hu-
midity content in paper (F) during the production cy-
cle according to claim 5, characterized in that said
microwave emitting devices (M) are distributed in
such a way as to occupy the entirety or part of said
section (F1), and wherein two or more of said micro-
wave emitting devices (M) are activated alternately
or simultaneously so that they act only on some por-
tions (F1x) of said section (F1) to be treated.



EP 2 202 356 A1

Fig. 1



EP 2 202 356 A1

des

Europdisches
Patentamt

_0))) Office européen EUROPEAN SEARCH REPORT

European
Patent Office

brevets

—

EPO FORM 1503 03.82 (P04C01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 08 17 2811

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X DE 42 21 904 Al (BHS BAYERISCHE BERG [DE] [1,2,5,7 | INV.
BHS CORR MASCH & ANLAGENBAU [DE]) D21F5/16
5 January 1994 (1994-01-05)
* abstract; figures *
* column 1, Tine 35 - line 65 *
* column 2, Tine 12 - 1line 48 *
X WO 87/03632 A (IMATRAN VOIMA OY [FI]) 1,5-7
18 June 1987 (1987-06-18)
* abstract; figures *
* page 4 *
X DE 198 41 638 Al (VOITH SULZER PAPIERTECH (1,5,7
PATENT [DE]) 16 March 2000 (2000-03-16)
* abstract; figures *
* column 2, Tine 48 - column 3, line 11 *
X WO 92/12291 A (NYGREN SVEN GUNNAR [SE]) 1,5,7
23 July 1992 (1992-07-23)
* abstract; figures *
* page 3, line 31 - page 5, line 5 * TECHNICAL FIELDS
_____ SEARCHED (IPC)
D21F
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 9 March 2009 Helpio, Tomi
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X: particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application

document of the same category
A : technological background

O:non

L : document cited for other reasons

-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




EPO FORM P0459

EP 2 202 356 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 08 17 2811

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

09-03-2009
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 4221904 Al 05-01-1994  NONE
WO 8703632 A 18-06-1987 DE 3673162 D1 06-09-1990
EP 0248866 Al 16-12-1987
FI 854916 A 13-06-1987
US 4823477 A 25-04-1989
DE 19841638 Al 16-03-2000  EP 0989231 A2 29-03-2000
US 6425190 Bl 30-07-2002
W0 9212291 A 23-07-1992 AU 1165992 A 17-08-1992
SE 9100064 A 08-07-1992

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82



	bibliography
	description
	claims
	drawings
	search report

