PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification © : (11) International Publication Number: WO 99/25921
D21G 1/00, GO1H 1/00 Al . o

(43) International Publication Date: 27 May 1999 (27.05.99)

(21) International Application Number: PCT/FI98/00850 | (81) Designated States: AL, AM, AT, AT (Utility model), AU, AZ,

BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, CZ (Utility

(22) International Filing Date: 3 November 1998 (03.11.98) model), DE, DE (Utility model), DK, DK (Utility model),

EE, EE (Utility model), ES, FI, FI (Utility model), GB, GD,
GE, GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR,
(30) Priority Data: KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN,

974255 17 November 1997 (17.11.97) FI MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK,
SK (Utility model), SL, TJ, TM, TR, TT, UA, UG, US, UZ,
VN, YU, ZW, ARIPO patent (GH, GM, KE, LS, MW, SD,

(71) Applicant (for all designated States except US): VALMET SZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD,
CORPORATION [FI/FI}; Panuntie 6, FIN-00620 Helsinki RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK,
(FI). ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR,
(72) Inventors; and NE, SN, TD, TG).

(75) Inventors/Applicants (for US only): SUOMI, Eero [FI/FI];
Ruutikellarintie 13 A, FIN-13210 Himeenlinna (FI).
MAENPAA, Tapio [FI/FI]; Naulakalliontie 6 A, FIN-00970 | Published
Helsinki (FI). KARJALAINEN, Arto [FI/FI]; Lamminkatu With international search report.
75 A, FIN-87150 Kajaani (FI).

(74) Agent: FORSSEN & SALOMAA OY; Yrjonkatu 30,
FIN-00100 Helsinki (FI).

(54) Titlee: METHOD FOR DETECTING CONTAMINATION AND/OR DAMAGING OF A FACE THAT RUNS THROUGH A NIP
OR NIPS IN A CALENDER FOR PAPER

COMPUTER 32
PROGRAM
4la.....46a
{41.....46) 30 @ is
[5 far (1), s 1) 4 ¥
. 1
, GPU / COMPUTER /
fm(l)....{mﬁ ) EXPERTSYSTEM <_—_§-:> DISPLAY,
41b..... 460 m%/ olo.
Qv fr “)\ filtering etc.)
50 s 3% ﬁ
5 REST OF THE
35 ~\ | DOCTOR / WASHING / CONTROL +
CONDITIONING MONITORING
DEVICE efc. SYSTEM
OF PAPER MACHINE

(87) Abstract

The invention concerns a method for detecting contamination and/or damaging of a face (10) that runs through a nip or nips (N1...N1g)
in a calender for paper. In the method vibrations occurring in connection with the constructions (18, 100) of a calender are detected and
processed. The vibrations are detected by means of at least one vibration detector (40; 41...46; 41a...46a, 41b...46b) fitted in connection
with the bearing supports of calender rolls (11...16) or in connection with constructions (18, 100) related to said bearing supports. By means
of these vibration detectors the calender roll(s) (11...16) is/are identified from which the vibration derives. In the method, it is possible to
observe the rotation of all of the rolls to be monitored and to measure vibration from any suitable point whatsoever, for example from the
frame (100) of the machine, by employing at least one vibration detector (40), the time (T;) of the cycle of the vibration signal obtained
from said detector(s) being compared with the numbers of revolutions of the rolls to be monitored. In this way, the source of the disturbance
is determined, and action is taken in order to eliminate the disturbance.
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Method for detecting contamination and/or damaging of a face

that runs through a nip or nips in a calender for paper

The invention concerns a method for detecting contamination and/or damaging of a
face that runs through a nip or nips in a calender for paper, in which method
vibrations occurring in connection with the constructions of a calender are detected

and processed.

The present invention is related to calenders for paper, in particular so-called soft
calenders and supercalenders, in which soft-coated rolls are used which are particu-

larly susceptible of damage.

A particularly advantageous embodiment of the present invention is related to
monitoring of the condition of soft-coated calender rolls in view of detecting their
surface damage at a sufficiently early stage and, thus, in view of permitting preven-

tion of damage in advance.

As is known from the prior art, calenders comprise two or more hard-faced and/or
soft-faced calender rolls, which form a calendering nip or nips with each other,
through which nip/nips the paper web to be treated is passed. In particular rolls with
soft faces, such as paper rolls or equivalent in supercalenders and rolls provided with
soft coatings, in particular polymer coatings, in what is called soft calenders, are
susceptible of damage. The reason for the damage is frequently contaminations, such
as local fibre strings, which cause a pressure impact when they pass through the nip,
which impact loads the soft coating on the calender roll and first causes its heating
and, in the long run, a permanent deformation in the coating and damage. Similar
deformations and damage may also occur in metallic faces of calender rolls and in

the faces of bands running through calendering nips.
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In respect of the particular problems that constitute the starting point of the present
invention, the following is stated. The polymer-coated rolls in prior-art calenders
endure uniform loading and wear well, but they are damaged very easily is some
limited, even small area is heated even to a relatively little extent, for example, to
a temperature higher than its environment. Owing to the high thermal expansion
coefficient and to the very poor thermal conductivity of polymers, such an even little
area expands rapidly and is heated further to such high temperatures that it can be
deformed. If the coating on the roll has been made of so-called thermosetting resins,
on re-melting it, at the same time, loses its original properties. A heating reaction of
the sort described above can be caused, for example, by a little piece of paper, fibre
string or "clod", or a stain separated from the coating on the paper, which adheres
to the roll face and which, when entering into a calendering nip, causes a local
yielding of the coating more intensive than in the environment, which heats the roll

coating unevenly.

Prevention of local contamination, for example, by means of constant doctoring is,
as a rule, not reasonable, neither economically nor in view of optimal quality of
paper, for most of the polymer coatings that are in use do not tolerate rubbing very
well, in which case the preventive cleaning itself might wear the coating to a greater

extent than the calendering proper does.

However, if contaminations could be detected early enough, for example, a cleaning
doctor or some other device that cleans the roll face could be operated during short
periods of time without damaging the roll coating as a result of constant or frequent-
ly repeated doctoring. In such a case, the service lives of soft-faced calender rolls

could be extended to a considerable extent.

As is known from the prior art, for monitoring the condition of calender rolls, in
particular of soft-faced rolls, thermometers traversing in the cross direction of the
machine have been used, by whose means the temperature of the coating is moni-
tored. In said temperature monitoring application and in corresponding other prior-

art systems, problems arise from the fact that the resilient roll coating, whose
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temperature is monitored, is, as a rule, at least to some extent electrically insulating.
Thus, in the partly rubbing contact between the web and the coating, quite high
charges of static electricity arise in the faces of the roll coating and of the relatively
dry paper web. These charges tend to be discharged along the available routes with
the lowest resistance. A thermographic camera must often be installed so that it
projects from its support construction, in which case said static electric charges find
exactly the thermographic camera as the easiest route of discharge, in which
connection the sensitive electronic system of the thermographic camera is subjected

to quite high voltages, and it must be protected specifically against such voltages.

Even if monitoring of the temperature of the face of a calender roll usually permits
detecting of a local raised temperature resulting from an excessive load applied to
the coating or from a local inner non-homogeneity at a sufficiently early stage, this
requires installation of quite heavy, expensive and spacious equipment in the vicinity
of the roll to be monitored. In particular, congestion of space causes great diffi-
culties in connection with multi-roll treatment devices, at which every device that is
not included in the web treatment process proper makes the maintenance and

servicing of the device more difficult.

The object of the present invention is to provide a method by whose means contami-
nation and/or damage in faces of rolls that form a calendering nip or nips and/or in
faces of bands that run through nips can be monitored efficiently and by means of

relatively simple devices that require little space.

It is a further object of the invention to provide a method in which the operations to
be controlled based on the monitoring of the face running through the nip can be
arranged to be so quick that, as a rule, permanent substantial damage does not have
time to be produced in the face concerned before cleaning operations or equivalent

have been started.

It is a further object of the invention to provide a method by means of whose

application, when necessary, the cleaning of the face running through the nip can be
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applied sufficiently precisely expressly to the area that has been noticed to be
contaminated, whereby economies can be obtained in respect of the medium and the
energy used for the cleaning. In some cases, owing to the invention, the cleaning

equipment can be dimensioned so that its capacity is lower than in the prior art.

In view of achieving the objectives stated above and those that will come out later,
the method in accordance with the invention is mainly characterized in that said
vibrations are detected by means of at least one vibration detector fitted in connec-
tion with the bearing supports of calender rolls or in connection with constructions
related to said bearing supports, by means of which vibration detector(s) the calender

roll(s) is/are identified from which the vibration derives.

In a preferred embodiment of the invention, on the bearing housings of the calender
rolls or at least on a part of said bearing housings and/or on the roll frames, at least
one acceleration detector which measures vibration of the calender roll or a strain
gauge detector which measures deformations arising from vibration or other,
equivalent detectors is/are fitted. The measurement signals from these detectors are
monitored and analyzed so that the portion of the measurement signal that arises
from rotation and unbalance of the rolls is "filtered" off, and the development of the
portion that arises from the geometry of the roll face is monitored. When the signal
to be monitored reaches a predetermined level or when its spectrum is placed within
the measurement window, the control system reports this further, and action can be

taken either to replace the roll or to eliminate the source of disturbance.

By means of the system of the present invention, vibrations of the faces of calender
rolls to be monitored are, in a way, "listened to" and, to the necessary extent, the
site of origin of the vibrations is located so that efficient action can be taken
sufficiently quickly in order to eliminate the cause of the vibration and/or to prevent

further damage.

In the invention, the locating of the source of disturbance can also be carried out so

that the rotation of all or several of the rolls to be monitored is observed and that
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vibration is measured from any suitable point whatsoever, for example from the
frame of the machine. By comparing the measured vibration signal, preferably the
cycle time of its repetition, with the measured speeds of rotation of the different
rolls, it is possible to determine the source of the disturbance and to take action in
order to eliminate the disturbance either by cleaning the roll or by replacing the roll

before it is damaged.

By means of a monitoring system that applies the present invention, it is possible to
create such information data bases by whose means the optimal moment of replace-
ment of the rolls can be determined when the seriousness of the damage that has
resulted in replacement of a roll is classified and stored in the memory in connection
with replacement of each roll. In such a case, by means of history data, it is possible

to identify the seriousness of a disturbance and to take action at the correct time.

By means of the present invention, it is possible to eliminate the problems discussed
above by abandoning direct measurement of the surface temperature of the roll, by
indirectly monitoring local impurities on rolls and changes in geometry on the basis

of vibrations produced by them.

Advantages of the present invention, as compared with the prior-art procedure, are

the following:

—  In the most advantageous embodiment of the invention, it is possible to locate
the soft-faced calender roll, in particular a polymer-coated roll, that has been
contaminated or deformed, so that the roll can be cleaned, for example doc-
tored, before it has been damaged and become unusable, or, if necessary, a
damaged roll can be replaced so that further damage or longer interruptions of

production can be avoided.

—  The invention permits monitoring of the calender rolls so that, in the area of

the roll frame, it is unnecessary to construct a measurement equipment pro-
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vided with a separate support construction, in which case considerable econ-

omies of space are obtained.

—  The invention also permits locating of a calender roll that causes a disturbance
or, if necessary, of an area of said roll by means of relatively simple devices

and algorithms.

—  The invention can be connected as a part of the general system of monitoring
of the condition of the calender, and the invention can utilize the assemblies of
detectors already installed in the area of bearings for the purpose of monitoring
the condition of bearings, or, alternatively, the detectors installed in order to
carry out the present invention in view of monitoring the condition of the roll

face can also be utilized for predicting and/or monitoring of bearing damage.

—  The invention is not confined to monitoring of disturbance arising from
changes in temperature related to local surface temperatures on the calender
rolls alone, but the system of the present invention already reacts at such an
earlier stage in which a contamination has adhered to the roll face which

would later additionally cause a locally raised temperature.

—  Further, it can be considered to be an advantage of the invention as compared
with a thermographic camera that the system of the invention can, if necess-
ary, be configured so that it constantly monitors the portion of the roll across
the entire width of the treatment nip and locates the cause of disturbance even
both in the axial direction of the roll and in a vertical cross section of the roll

in the direction of its circumference.

When the monitoring system of the invention is used in a calender with several nips,
for example in a supercalender, all the rolis in the calender, or at least the rolls that
are particularly susceptible of surface damage, in particular soft-faced rolls, are
provided with a detector system in accordance with the invention, in which case the

source of unusual vibrations can be located exactly at a contaminated and/or
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damaged roll so that it is possible to start eliminating the contaminations or to

replace the damaged part so that further damage and production losses are avoided.

In the following, the invention will be described in detail with reference to some
exemplifying embodiments of the invention illustrated schematically in the figures in
the accompanying drawing, the invention being by no means strictly confined to the

details of said embodiments.

Figure 1 shows a simplified block diagram illustrating the monitoring system in

accordance with the invention.

Figure 2 is a schematic side view of a 10-nip multi-roll calender as a preferred

environment of application of the present invention.

To begin with, reference being made to Fig. 2, a simplified exemplifying embodi-
ment will be described as a particularly advantageous environment of application of

the invention.

As is shown in Fig. 2, the multi-roll calender comprises a frame part 100, on which
a stack of calender rolls has been mounted. The stack of calender rolls comprises ten
calendering nips N;...N;, placed one above the other, which nips are loaded by
means of loading devices in themselves known. The paper web W to be calendered
enters into the calender in the direction of the arrow W, and departs from the
calender after the last nip Ny in the direction of the arrow W, .. Being guided by
the guide rolls 17, the paper web W to be calendered runs through the calendering
nips N;...Ny, proper and through the reversing nip N,,. In the calender, there are six
metal rolls 21,22,23,24,25,26 provided with hard and smooth coatings 20 and six
rolls 11,12,13,14,15,16 provided with soft polymer coatings 10. Said hard-faced 20
and soft-faced 10 rolls are placed in the stack of rolls alternatingly so that two soft
rolls 13,14 have been fitted one after the other in order to reverse the side of the
paper web W that is to be calendered more intensively. The condition of the rolls

11...16 provided with soft coatings 10 is monitored by means of vibration detectors
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41,42,43,44,45,46 fitted on one of the bearing housings 18 of each of said rolls. By

analyzing the signals f;(t)...fg(t) obtained from said vibration detectors 41...46, it is
possible to detect damage in the soft roll faces 10 and local contamination M of the

rolls 11...16 before the polymer coating 10 is damaged and becomes irreparable.

As is shown in Fig. 2, the signals f;(t)...fs(t) which represent the vibrations and
which are received from the vibration detectors 41...46 fitted in connection with one
of the bearing supports 18 of each of the rolls 11...16 are passed along the bus 31
into the monitoring system 30...35 applied in the invention, an exemplifying embodi-

ment of said system being described later in more detail with reference to Fig. 1.

In Fig. 2, the so-called reversing nip N, is formed between two soft-faced rolls 13
and 14. Since, as a rule, the rolls 13 and 14 have different diameters, as compared
with one another, a disturbance can be located in one of the rolls 13/14 by monitor-
ing the cycle time T, of the disturbance. In such a case, a vibration detector 43/44
is needed in one of the rolls 13/14 only. This embodiment of the invention can also
be generalized so that, for example, in a calender in which all the rolls have
different diameters, as compared with each other, it is possible to employ just one
vibration detector 40 and one or several impulse detectors 50, and the disturbance
can be located exactly in the contaminated roll based on the cycle times T, of

vibrations.

Fig. 1 is a schematic illustration of such an embodiment of the system of the present
invention in which there are pairs of vibration detectors 41a...46a and 41b...46b at
both of the opposite bearing supports 18 of all of the soft calender rolls 11...16. The
reference letters a and b refer to opposite sides of the calender. Thus, in this respect,
the illustration in Fig. 1 differs from Fig. 2, in which vibration detectors 41...46
have been shown to be fitted in connection with one of the bearing supports 18 only
at each of the soft rolls 11...16. Both in Fig. 1 and in Fig. 2, an impulse detector 50
is shown, from which the synchronization signal f.(t) is obtained, which is utilized

in a way that will be described in more detail later.
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From the pairs of vibration detectors 41a,41b...46a,46b shown in Fig. 2, the signals
fa;(t)...fag(t) and fby(t)...fbg(t) are obtained, which are passed to the unit 30. Also,
to the unit 30, a signal f(t) is passed from the impulse detector 50 placed in
connection with a calender roll, which signal is formed, for example, out of a short
voltage pulse coming on each revolution of the roll, the cycle time T of said pulse
illustrating the circumferential speed of the rolls. In the unit 30, it is also possible to
carry out spectral analysis of the signals f,(t) and fi,(t), for example, by means of
Fourier analyzers in themselves known. In this way, in addition to locating the
disturbance, it is also possible to draw conclusions concerning the nature and the
degree of seriousness of the disturbance. The signal f(t) can be used for synchroniz-
ation of the measurements and for measurement of the speed of rotation of the rolls
in the monitoring system in accordance with the invention, which will be described

in more detail later.

The vibration detectors 41...46 are preferably acceleration detectors, but piezo-
electric detectors or transition detectors, such as strain gauge detectors, can also be
used. By means of these detectors, pressure impacts of quite a high frequency,
arising, for example, from fibre strings M, in the set of calender rolls or in a
corresponding other face to be monitored, such as the face of a transfer belt or a
press felt, are measured. Said pressure impacts produce mechanical vibrations
present as a longitudinal wave movement, the substantial energy of said vibrations
being, as a rule, in the sound frequency range. Besides by impurities, for example
local fibre strings M, vibrations can also be caused by damage in the coatings on the
rolls, which damage is present as local areas of discontinuity or as deformations in
the roll faces, in particular in a soft coating 11 susceptible of damage. For example,
as is shown in Fig. 2, when a fibre string M present on the soft polymer coating 10
on the first soft roll 11 passes through the second nip N,, it produces a clearly
distinguishable signal f;(t), which is transferred through the bus 31 into the system
30...35 illustrated in Fig. 1.

The signals f,(t) and f;(t) detected by said pairs of detectors are averaged in the unit

30, in which, moreover, the phase difference ¢ between the signals f,(t) and fi(t) is
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measured. This phase difference ¢ is illustrated, for example, by the difference At
between the travel times of the vibrations, which is directly proportional to ¢. A
corresponding difference At between the travel times can be detected by means of
pairs of detectors. Based on the difference At between the travel times described
above, the location of the fibre string M in the axial direction of the rolls can be

determined.

Based on the signal f(t) of the pulse detector 50, it is possible to determine the
phase angle o, at which the fibre string M is placed from the reference plane
determined by the impulse detector 50, in which reference plane the central axis of
the roll is placed. Said angle coordinate « can be determined based on the following

equation:

wherein Tr = time of delay of the detecting of the vibration caused by the fibre

string M, and T = cycle time of revolution of the roll.

The definition given above is based on the fact that the speed ¢ of propagation of
vibrations in the metal parts 11...16 of the rolls is considerably higher than v =
circumferential speed of the rolls, (¢ > > vy). Thus, it is possible to determine both
coordinates of the fibre strings M, i.e. the coordinate in the axial direction of the

roll, and the angle coordinate perpendicular to same.

In the unit 30 shown in Fig. 1, the signals f,(t) and f,(t) are averaged, and their
phase difference ¢ is measured. In the measurement of the phase difference ¢, it is
also possible to employ the technique of correlation of the signals f,(t) and fi(t). In
addition to measurement of the phase difference ¢, in the unit 30, it is also possible
to carry out spectral analysis of the signals f,(t) and f(t), and on the basis of said
analysis, it is possible to draw conclusions concerning the nature of the disturbance.
The unit 30 can include a processor (CPU) or a computer, whose operation is

controlled by a computer program 32 prepared for the purpose. From the unit 30,
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information I is received, which is passed to the display monitor 33, which displays
the appropriate display data for the operation supervisor and possible alarms, if any.
Further, based on a signal s received from said unit 30, the devices 35 of cleaning
and conditioning of the calender rolls can be controlled so that the cleaning oper-
ations, for example doctoring and/or water or steam jets, are applied to the contami-
nated roll 11...16 or even in the axial direction of the roll expressly to the locations
of the impurities, and in this way the cleaning can be made more efficient and such
that it wears the roll face less and consumes less cleaning medium and energy.
Further, the unit 30 can be connected, preferably interactively, with the rest of the
control and monitoring system 34 of the calender so as to operate synergically

together with said system.

In the method of the present invention, the measurement signals can be synchronized
by means of the speed of rotation of the calender rolls, which is obtained by means
of the signal f,(t) and by means of the impulse detector 50. The system in accord-
ance with the invention can operate, for example, so that, when the detector 50 by-
passes the trigger point and gives an impulse, the measurement of vibration
described above is started, the time used for a cycle of said measurement being
invariable. After the cycle of measurement, the next triggering of the detector 50 is
waited for, and a new cycle of measurement is started. These measurement cycles
of invariable length are stored as a sufficient number, and the average values of the
measurement signals f,(t),f,(t) are computed. The measurement of the measurement
signals f,(t) and fy(t) and of the synchronization signal f.(t) can also be carried out
continuously, for example for a period of about 1 minute, after which the program

32 carries out the computing of a synchronized time average.

The pressure impacts arising from local impurities, such as fibre strings M, and the
signals f,(t) and f,(t) detected from same are, as a rule, of relatively high frequency.
Since vibrations arising, €.g., from unbalance of rolls or from corresponding other
reasons are at a considerably lower frequency, they can be filtered off by means of
high-pass filters in the unit 30 so that they do not interfere with the observations in

accordance with the invention. By employing means in themselves known in the
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processing of the signals, such as band-pass filtering or correlation technique, it is
possible to reduce the effects of the "noise" interfering with the measurements in

accordance with the present invention.

Even though, above, it has been described that the coordinates of location of impur-
ities M on the mantles of the rolls are measured both in the axial direction and in the
circumferential direction, the invention can, of course, also be applied so that just

one of the coordinates is detected.

The scope of the invention also includes applications in which the coordinates of the
cause of the vibration are not at all determined, but exclusively the roll is deter-
mined, in particular a soft-faced roll 11...16, and in Fig. 2 expressly the first soft
roll 11, in connection with which the contamination M is present and to which, thus,

the cleaning operations, such as doctoring by means of the devices 35, are applied.

As said devices 35 for cleaning and/or conditioning of the roll face or of the face of
a corresponding band or felt, it is possible to use doctors in themselves known
and/or, for example, nozzle devices of the sort described in the US Patent
5,603,775, which traverse in the axial direction of the roll and which spray a

cleaning medium.

In a preferred embodiment of the invention, which has been sketched in Fig. 2, the
doctor is controlled to clean expressly the roll, the roll 11 in Fig. 2, on whose soft

face 10 a contamination M has been detected.

In accordance with the present invention, a source M of disturbance can also be
located so that the rotation of all or several rolls to be monitored is observed, which
rolls have, as a rule, different diameters, as compared with one another, and
vibration is measured from any suitable point whatsoever, for example from the
frame 100 of the machine, by means of at least one vibration detector 40. In such a
case, the disturbance M can be located on a contaminated roll by comparing the

cycle time T, of the repetition of the measured vibration with the speeds of rotation
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of the rolls measured by means of the detectors 50. Thus, it is possible to take action
in order to eliminate the disturbance either by cleaning said contaminated roil or by
replacing said roll before further damage is produced. In the unit 30, it is possible
to collect and to create information data bases by whose means it is possible to
determine the optimal time of replacement of the different rolls, for example, by
classifying the seriousness of the disturbance and by, in connection with each
replacement of roll, storing the necessary data in the memory of the system 30.
Thus, a docile system 30 is produced, and the seriousness of a disturbance can be
identified by means of the history data collected in said system, and action can be

taken at the correct moment.

When detectors fitted in connection with revolving mantles of calender rolls are
employed in stead of, or in addition to, stationary vibration detectors, the transfer of
data from the mobile detectors can be arranged in ways in themselves known. For
the transfer of measurement signals f,(t), fi(t) and f.(t) from revolving rolls, a
number of different solutions are known from the prior art, which can be applied in
connection with the present invention. These prior-art solutions include various glide
rings and transfer of signals by the radio. Glide rings are possible, but they are often
susceptible of disturbance, and typically they require an abundance of space on the
roll axles. For wireless transfer of signals, radio apparatuses are available commer-
cially. The prior-art solutions related to said transfer of signal are not described in
more detail in this connection, but in their respect, reference is made, by way of
example, to the Patent Application EP-A1-0075620 and to the applicant’s FI Patent
92,771.

In the following, the patent claims will be given, and the various details of the
invention can show variation within the scope of the inventive idea defined in said

claims and differ from what has been stated above by way of example only.
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Claims

1. A method for detecting contamination and/or damaging of a face (10) that runs
through a nip or nips (N;...Nyg) in a calender for paper, in which method vibrations
occurring in connection with the constructions (18,100) of a calender are detected
and processed, characterized in that said vibrations are detected by means of at least
one vibration detector (40;41...46;41a...46a,41b...46b) fitted in connection with the
bearing supports of calender rolls (11...16) or in connection with constructions
(18;100) related to said bearing supports, by means of which vibration detector(s)

the calender roll(s) (11...16) is/are identified from which the vibration derives.

2. A method as claimed in claim 1, characterized in that, in the method, the
rotation of several, preferably all, rolls to be monitored is observed, and vibration
is measured from any suitable point whatsoever, for example from the frame (100)
of the machine, and that at least one vibration detector (40) is employed, and the
cycle time (T,) of the vibration signal obtained from said detector(s) is compared
with the speeds of rotation of the rolls to be monitored, and thereby the source of

the disturbance is determined, and action is taken to eliminate the disturbance.

3. A method as claimed in claim 1 or 2, characterized in that, in connection with
the bearing supports (18) of the soft-faced (10), preferably polymer-coated, rolls
(11...16) in a stack of calender rolls (11...16,21...26), or in connection with
constructions (100) related to said bearing supports, said vibration detector(s)
(40;41...46) has/have been fitted, by whose means the soft-faced calender roll
(11...16) is determined whose soft coating (10) has been contaminated and/or

damaged.

4. A method as claimed in any of the claims 1 to 3, characterized in that the
method is applied in a multi-roll calender, in which there are alternating hard-faced
(20) metal rolls (21...26) and corresponding soft-coated, preferably polymer-coated
(10) rolls (11...16) placed one above the other, which rolls form calendering nips

(N;...Nyo) with each other, and that, in connection with the bearing supports (18)
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of said soft-faced (10) calender rolls (11...16), vibration detectors (41...46) have
been fitted, from which vibration signals (f{(t)...fg(t)) have been passed to the units

(30...35) which process vibrations.

5. A method as claimed in any of the claims 1 to 4, characterized in that the
method is applied in a calender in which there is a so-called reversing nip (N,)
formed by two soft calendering rolls (13,14), that at each of said soft-faced rolls
(13,14), which have preferably different diameters, as compared with one another,
there is a detector (50) which monitors the speed of rotation of the roll, that a
vibration detector (43/44) is fitted in connection with one of said rolls (13,14) only,
and that a disturbance is located as being present on either one of said rolls (13,14)

by making use of the cycle time (T,) of repetition of the disturbance.

6. A method as claimed in any of the claims 1 to 5, characterized in that, in the
method, vibrations in the roll frame and/or roll bearings of a roll or rolls that
forms/form a calendering nip or nips (N;...N;) are detected by means of at least
one pair of detectors, and that the location of the source (11) of disturbance in the
axial direction of said roll is determined based on the phase difference (¢) of the
vibrations arriving in the different detectors (41...46) in a pair of detectors (41a,

41b...46a,46b).

7. A method as claimed in claim 6, characterized in that, by means of the
detectors (41...46) placed in connection with the bearings of the rolls (11...16) to be

monitored, additionally the condition of the bearings in the calender is monitored.

8. A method as claimed in any of the claims 1 to 7, characterized in that the
location of the source of disturbance (M) in the circumferential or machine direction
of the face (10) to be monitored is determined by making use of an impulse detector
(50) that records the revolutions of the face (10) to be monitored and by making use
of the point of time of the impulse obtained from said detector as compared with the

time of detecting of the disturbance (M).
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9. A method as claimed in any of the claims 1 to 8, characterized in that, in the
method, by means of a high-pass filter and/or by means of a band-pass filter, the
interfering signals placed outside the measurement window and arising from unbal-
ance of rolls (11...16), fabrics and/or bands and from other vibrations are separated

from the signals (f,(t),f;,(t)) detected by means of the- vibration detectors.

10. A method as claimed in any of the claims 1 to 9, characterized in that, in the
method, a certain amount of measurement signals are collected in the memory,
which signals are averaged, and, based on the signals thus obtained, at least one

coordinate of the source of disturbance on the face to be monitored is determined.

11. A method as claimed in any of the claims 1 to 10, characterized in that, in the
method, the vibration signals and the signal (f(t)) that indicates the by-passing and
the speed of the reference point on the face (10) to be monitored are passed to a unit
(30) or to a computer, which is provided with a program (32) that controls the
measurement and analyzes the measurement results, and that from said unit (30) or

equivalent the measurement results are passed to display and/or alarm means (33).

12. A method as claimed in any of the claims 1 to 11, characterized in that, based
on the coordinates of location of the sources of disturbance, such as the impurities
(M), the devices (35) that clean the face (10) to be monitored are controlled so that
they apply the cleaning operation, such as doctoring, to the contaminated calender

roll, in particular to a soft-faced roll (11...16).

13. A method as claimed in any of the claims 1 to 12, characterized in that the
signals received from the vibration detectors are subjected to a spectral analysis, on
whose basis conclusions are drawn concerning the nature of the disturbance and/or

effects of outside sources of disturbance are reduced.

14. A method as claimed in any of the claims 11 to 13, characterized in that, in
said unit (13), a data base is collected and created, by whose means the optimal

times of replacement of different rolls are determined preferably by classifying the
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seriousness of the disturbance an by storing the necessary data in the memory of the

system (30) in connection with each replacement of roll.
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