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FIG. 10

(57) Abstract: Collecting data includes generating a sensor signal from each of a plurality of sensors located on a sensing roll,
wherein each signal is generated when each sensor enters a region of a nip between the sensing roll and mating roll during each rota-
tion of the sensing roll; wherein a web of material travels through the nip and a continuous band contacts a region of the web of ma-
terial upstream from or at the nip. A periodically occurring starting reference is generated associated with each rotation of the con-
tinuous band and the signal generated by each sensor is received so that the one of the plurality of sensors which generated this sig-
nal is determined and one of a plurality of tracking segments associated with the continuous band is identified. The signal is stored
to associate the respective sensor signal with the identified one tracking segment.
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SYSTEM AND METHOD FOR MONITORING A BAND

RELATED APPLICATIONS
The present application is related to U.S. Patent Application Serial No.
entitled MONITORING MACHINE WIRES AND FELTS {Attorney
Docket No. TEC-064269) filed concurrently herewith, U S, Patent Application Serial No.
entitled MONITORING UPSTREAM MACHINE WIRES AND FELTS

{Attorney Docket No. TEC-064731) filed concurrently herewith, U.S. Patent Application Serial
No. entitled MONITORING APPLICATOR RODS (Attorney Docket
No. TEC-064888) filed concurrently herewith, U.S. Patent Application Serial No.

entitled MONITORING APPLICATOR RODS AND APPLICATOR
ROD NIPS (Attorney Docket No. TEC-064270) filed concurrently herewith, and U.S. Pateot
Application Serial No. entitled MONITORING OSCILLATING
COMPONENTS (Attorney Docket No. TEC-064271) filed concurrently herewith, the

disclosures of which are incorporated by reference herein 1o thewr entirety.

FIELD
The present mvention relates generally to papermaking and, more particularly to

monttoring one or more components i the papermaking process.

BACKGROUND

Nipped rolls are used 1n a vast number of continuous process industries including, for
example, papermaking, steel making, plastics calendaring and printing. In the process of
papermaking, many stages are required to transform headbox stock into paper. The imtial stage
1s the deposition of the headbox stock, commonly referred to as "white water," onto a paper
machine forming fabric, commonly referred to as a "wire." Upon deposition, a portion of the
white water flows through the interstices of the forming fabric wire leaving a mixture of hiquid
and fiber thereon. This muxture, referred to in the industry as a "web,” can be treated by
equipment which further reduce the amount of moisture content of the finished product. The
fabric wire continucusly supports the fibrous web and transfers 1t to another fabric called a felt

which advances it through the various dewatering equipment that effectively removes the desired
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amount of hiquid from the web. Water from the web 1s pressed mto the wet felt and then can be
removed as the wet felt passes a suction box. Dry felts can also be used to support the fibrous
web through steam dryers.

One of the stages of dewatering is effected by passing the web through a pair or more of
rotating rolls which form a nip press or series thereof, during which hiquid 1s expelled from the
web via the pressure being applied by the rotating rolls. The rolls, in exerting force on the web
and felt, will cause some liquid to be pressed from the fibrous web into the felt. The web can
then be advanced to other presses or drying equipment which further reduce the amount of
moisture in the web. The "nip region" 1s the contact region between two adjacent rolls through
which the paper web passes.

The condition of the various wires and felts can cause vanations in the amount of hguid
and other materials that are removed from the web which can, 10 turn, alter an amount of p
pressure applied to the web in a nip region. Other components in the papermaking process such
as size application stations, coating stations, doctor blades, and oscillating showers can also
affect the characteristics of the web. Even nip pressure axially along the roll and stable in time 15
beneficial in papermaking and contributes to moisture content, caliper, sheet strength and surface
appearance. For example, a lack of uniformity tn the nip pressure can often result in paper of
poor quality. Thus, there remains a need to monitor various components of the papermaking

process and account for their potential effect on nip pressure at one or more mp regions.

SUMMARY

One aspect of the present invention relates to a system associated with a sensing roll and
a mating roll for coliecting roll data. The sensing roll and mating roll are located relative to one
another to create a nip therebetween, wherein a web of material travels through the nip from an
upstream direction to a downstream direction and a continuous band, arranged to travel around in
a loop pattern, contacts at least a region of the web of material at the nip or upstream from the
nip. A plerality of sensors are located at axially spaced-apart locations of the sensing rol,
wherein each sensor enters a region of the nip during each rotation of the sensing roll to generate
a respective sensor signal. The system also includes structure for generating a periodically
occurring starting reference assoctated with each rotation of the continuous band around the loop

pattern; and a processor to receive the periodically occurring starting reference and the respective
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sensor signal generated by each sensor. The processor upon receiving the respective sensor
signal operates to: a) determine a particular one of the plurality of sensors which generated the
respective sensor signal, b) based upon a value occurring between when the respective sensor
signal was generated and a most recent starting reference, wdentify one of a phurality of tracking
segments associated with the continuous band, wherein each of the plurality of tracking segments
is, respectively, associated with a different value, and ¢) store the respective sensor signal to
associate the respective sensor signal with the identified one tracking segment.

In accordance with one related aspect of the invention, the plurality of tracking segments
associated with the continuous band can be either a) a plurality of circumferential segments on
the continuous band, or b) a plurality of time segments of a period of the continuous band.

In accordance with related aspects of the invention each of the respective sensor signals
comprises a pressure value. In accordance with other aspects of the invention the continuous
band comprises a press felt or a wire mesh. Also, in accordance with at least some aspects, the
continuous band does not travel through the rp although, in different embodiments, it may travel
through the mip.

In accordance with a related aspect of the present invention, the starting reference
comprises a time reference; the value occurring between when the respective sensor signal was
generated and a most recent starting reference 1s calculated from an amount of time that has
elapsed between when the respective sensor signal was generated and a most recent time
reference; and each of the plurality of tracking segments 15, respectively, associated with a
different amount of elapsed time.

In accordance with other related aspects of the invention, the continuous band can include
a plurality of detectable marks along at least a portion of a surface of the continuous band,
wherein at least one distinctive mark of the phurality of detectable marks s different than all of
the other marks. In at least some embodiments, the plurality of marks may be evenly spaced.
Additionally, the structure for generating a pertodically occurring starting reference includes a
detector proximate to the surface of the continuous band for detecting each of the plorality of
detectable marks traveling by the detector, wherein each of the plurality of detectable marks
traveling by the detector defines a respective event; and a signal generator in communication
with the detector for generating the starting reference each time the one distinctive mark 1s

detected. The detectable marks can, for example, be optically detectable, magnetically
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detectable, detectable using infra-red radiation, detectable using sonic waves, detectable using X-
rays, or detectable based on radicactive emissions.

In another related aspect of the invention, the starting reference can be a starting count
and the value occurring between when the respective sensor signal was generated and the most
recent starting reference 1s calculated from a number of events that has occurred between when
the respective sensor signal was generated and the starting count. Accordingly, each of the
plurality of tracking segments can be, respectively, associated with a different number of the
events. Also, generating the starting reference comprises resetting the counter to the starting
count.

Another aspect of the present invention relates to a method associated with a sensing roll
and a mating roll for collecting roll data that includes generating a respective sensor signal from
each of a plurality of sensors located at axially spaced-apart locations of the sensing roll, wherein
each respective sensor signal 1s generated when each sensor enters a region of a nip between the
sensing roll and the mating roll during each rotation of the sensing roll; the sensing roll and
mating roll located relative to one another to create the nip therebetween, wherein a web of
matenial travels through the nip from an upstream direction to a downstream direction and a
continuous band, arranged to travel around 1n a loop pattern, contacts at least a region of the web
of material at the nip or upstream from the nip. The method also ncludes generating a
periodically occurring starting reference associated with each rotation of the continuous band
around the loop pattern and receiving the respective sensor signal generated by each sensor.
Then, upon recetving the respective sensor signal, a} determining a particular one of the plurality
of sensors which generated the respective sensor signal, b} based upon a value cccurring between
when the respective sensor signal was generated and a most recent starting reference, 1dentifying
one of a plurality of tracking segments associated with the continuous band, wherein each of the
plurality of tracking segments 1s, respectively, associated with a different value, and ¢) storing
the respective sensor signal to associate the respective sensor signal with the identified one

tracking segment.

BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particularly pointing out and distinctly

claiming the present invention, it is believed that the present mvention will be better understood
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from the following description in conjunction with the accompanying Drawing Figures, in which
like reference numerals 1dentify like elements.

Fig. 11s an end, schematic view of a nip press, in accordance with the principles of the
present invention, showing the formation of a web nipped between the nip rolls, the nip width of
the nip press being designated by the letters "N'W "

Fig. 2 1s a side elevation view of a sensing roll showing the placement of a line of sensors
in accordance with the principles of the present invention.

Fig. 3 illustrates how a rotation of the sensing roll and the mating roll can change a
circumferential segment of the mating roll that enters a nip region coincidentally with a sensor
on each rotation of the sensing roll, in accordance with the principles of the present invention,

Figs. 4A and 4B illustrate a table of how collecting x sensor readings from a sensor
would be associated with the different circumferential segments of the mating roll, in accordance
with the principles of the present invention.

Fig. 5 1s a schematic drawing showing the basic architecture of a particular monttoring
system and paper processing line i accordance with the principles of the present invention.

Figs. 6, 7, and 8 depict matrices of different values that can be calculated for various
axial segments and circamferential segments of a mating roll in accordance with the principles of
the present invention.

Fig. 9 illustrates an exemplary process configuration 1n accordance with the principles of
the present invention in which each of the various circles represents a rotating component {e.g. a
roll) that help propels a web of material 904 through the process.

Fig. 10 illustrates a detailed view of wet felt station in accordance with the principles of
the present mvention.

Fig. 11 dlustrates a flat portion of a felt loop in relation to a sensing roll in accordance
with the principles of the present invention.

Figs. 12A-C illustrate a wet felt station with a pressing region having a sensing rofl that is
downstream from a wet felt station that does not have a press region with a sensing roll 1n
accordance with the principles of the present invention.

Figs. 12D, 12E and 12F tllustrate detatled views of an alternative wet felt station in

accordance with the principles of the present invention.
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Fig. 13 illustrates a sensing roll associated with the nip of a pressing region of a felt
station that 1s closest o and downstream from a wire mesh, 11 accordance with the principles of
the present invention.

Figs. 14A-14C illustrate a table of how collecting sensor readings from a sensor would be
associated with the different tracking segments of a felt in accordance with the principles of the
present invention.

Figs. 15A-15C illustrate tables of how collecting sensor readings from a sensor would be
associated with the different tracking segments of a different felt in accordance with the
principles of the present mnvention.

Fig. 16 illustrates different time-synchronized arrangements of the same sensor data
readings in accordance with the principles of the present mvention.

Fig. 17 1s a flowchart of an exemplary method of time-synchronizing data in accordance

with the principles of the present invention.

DETAILED DESCRIPTION

The present application is related to each of the following: U.S. Patent Application Serial
No. 14/268,672 entitled METHOD AND SYSTEM ASSOCIATED WITH A SENSING ROLL
AND A MATING ROLL FOR COLLECTING ROLL DATA, filed May 2, 2014; U.S. Patent
Application Serial No. 14/268,700 entitled METHOD AND SYSTEM ASSQCIATED WITH A
SENSING ROLL AND A MATING ROLL FOR COLLECTING DATA INCLUBING FIRST
AND SECOND SENSOR ARRAYS, filed May 2, 2014; and U.S. Patent Application Serial No.
14/268,737 entitled METHOD AND SYSTEM ASSOCIATED WITH A SENSING ROLL
INCLUDING PLURALITIES OF SENSORS AND A MATING ROLL FOR COLLECTING
ROLL DATA, filed May 2, 2014, the disclosures of which are incorporated by reference herein
in their entirety.

In the following detailed description of the preferred embodiments, reference is made to
the accompanying drawings that form a part hereof, and in which 1s shown by way of illustration,
and not by way of hmitation, specific preferred embodiments in which the invention may be
practiced. It is to be understood that other embodiments may be utilized and that changes may

be made without departing from the spirit and scope of the present invention.
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As illustrated in Fig. 1, a sensing roll 10 and a mating roll 11 define a nip 12 recetving a
fibrous web 16, such as a paper web, to apply pressure to the web 16, It 1s contemplated that, in
some cases, a continuous band felt may support the web such that the felt and the web enter the
nip 12. The sensing roll 10 comprises an inner base roll 20 and an outer roll cover 22, As shown
in Fig. 2, a set 24 of sensors 26 1s disposed at least partially in the roll cover 22, The set 24 of
sensors 26 may be disposed along a line that spirals around the entire length of the roll 10 ina
single revolution to define a helical pattern, which is a common sensor geometry arrangement for
roll covers. However, the helical pattern is merely an example and any arrangement 1s
contemplated in which at least one sensor 1s placed at each axial position, anywhere along the
circumterence, at which data 1s to be collected. Each sensor 26 can, for exarple, measure the
pressure that is being exerted on the sensor when it enters a region of the nip 12 between the rolls
10 and 11, In particular, the set 24 of sensors 26 may be positioned in the sensing roll 10, for
example, at different axaal locations or segments along the sensing roll 10, wherein the axial
segents are preferably equally sized. In the illustrated embodiment, there are fourteen axial
segments, labelled 1-14 in Fig. 2, each having one sensor 26 located therein. Ttis also
contemplated that the set 24 of sensors 26 may be linearly arranged 50 as to define a line of
sensors, 1.e., all sensors reside at the same circumferential location. One of ordinary skill will
readily recognize that more than fourteen, or less than fourteen, axial segments may be provided
as well along with a corresponding equal number of axially-spaced sensors located on the
sensing roll. Also, in the description below, each sensor 26 may be referred to as a pressure
sensor, for example, but other types of sensors are also contemplated such as, for example,
temperature Sensors.

Because having even nip pressure is beneficial during paper manufacturing, correctly
calculating and displaying the nip pressure profile are also beneficial since any corrections or
adjustments to be made to the rotating rolls based on an inaccurate calculated mip pressure profile
could certainly exacerbate any operational problems. There are three primary measurements of
variability. The nip pressure profile has variability that can be termed cross-directional
variability as 1t is the variability of average pressure per cross-direction position across the nip.
Another type of variability represents the variability of the high speed measurements at each
position in the single line of sensors. This variability represents the variability of other

equipment in the paper making process such as, for example, wires and felts and also including
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the rotational variability of the mating roll, 1.2, the roll nipped to the sensing roll. The third
variability in the nip profile includes the vanability of multiple sensors, discussed below, at each
cross-directional position of the roll. This variability represents the "rotational variability” of the
sensing roll as it rotates through its plurality of sensing positions and can only be seen by having
a plurality of sensors in the same position.

One benefit of embedding a single set of sensors in covered rolls is to measure the real-
time pressure profile and adjust loading pressures and roll crowns or roll curvature (using, for
example, internal hydraulic cylinders) to achieve a flat pressure profile. As an alternative to a
single set of sensors, two pluralities or arrays of sensors can be included on a sensing roll as
described more fully in the earlier referenced U.8. Patent Application Serial No. 14/268,672
which is incorporated herein by reference in its entirety. The sensing roll can, for example, be
separated into 14 axial segments. First and second pluralities of sensors, respectfully, are
disposed at least partially in the roll cover. Each of the first plurality of sensors 1s located 10 one
of the 14 axial segments of the sensing roll. Likewise, each of the second plurality of sensors is
located in one of the 14 axial segments of the sensing roll. Each sensor of the first plurality has a
corresponding sensor from the second plurality located 1n a same axial segment of the sensing
roll. The first plurahity of sensors can be disposed along a hine that spurals around the entire
iength of the roll in a single revolution to define a helical pattern. In a similar manner, the
second plurality of sensors can be disposed along a line that spirals around the entire length of
the roll in a single revolution to define a helical pattern. The first and second pluralities of
sensors can be separated from one another by 180 degrees. Each sensor measures the pressure
that 18 being exerted on the sensor when 1t enters a region of a mip. It is contemplated that the
first and second pluralities of sensors may be linearly arranged so as to define first and second
lines of sensors, which are spaced approximately 180 degrees apart. Various alternative
configurations of a plurality of sensors are also contemplated. For example, a plurality of
sensors could be helically arranged 1n a line that spirals, in two revolutions, around the entire
length of roll.

Typically, the sensing roll 10 and the mating roll 11 are sized differently, 1.¢., they have a
different size radially and circumferentially. Fach roll may have variations in iis size

circumferentially across the axial dimension. Further, as the roll rotates, the distance from the
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central axis (radial dimension} to the outer surface may vary for each axial position at the same
angle of rotation even were the circumferential dimensions to be the same for each axial position.

For example, rolls are periodically ground which results 1s small arbitrary changes in
diameter from the manufacture’s specification. There may also be slippage with one or more of
the rolls resulting in the sensing roll surface traveling at a speed that 1s different than the mating
roll surface. Consequently, i s rare that two rolls would have exactly the same period of
rotation or have periods that are exact harmonics.

Thus, as the sensing roll 10 and mating roll 11 travel through multiple rotations relative
to one another, a particular sensor 26 may not always enter the region of the nip 12 with the same
circurnferential portion of the mating roll 11 as 1 did in a previous rotation. This behavior can
be utilized to create data maps corresponding to the surface of the mating roll 11, Datferent
average pressure matrices, each collected and built during different periods of time can be
compared with one another to investigate how they vary from one another. Varnability between
the different data maps can indicate possible problems with the mating roli 11, such as roll
surface irregularities, bearing wear, and roll flexing  Variability analysis of the sensor data may
also indicate possible problems with upstream or downstream processing equipment, e.g.,
upstream rolls, an upstream forming wire, an upstream felt or downstream rolls.

The sensing and mating rolls 10 and 11 may be each separated into 14 axial segments.
Al of the axial segments on the sensing roll 10 may or may not be of the same length, and all of
the axial segments on the mating roll 11 also may or may not be of the same length. In the
dlustrated embodiment, it 1s presumed that all of the axial segments on the sensing roll 10 are of
the same length and all of the axial segments on the mating roll 11 are of the same length. The
axial segments on the sensing roli 10 may be aligned with the axial segments on the mating roll
11. Furthermore, the mating roll 11 may be separated into individual circumferential segments
such as, for example, 22 circumferential segments, all of substantially the same dimension.

Fig. 3 illustrates how rotation of the sensing roll 10 and the mating roll 11 can change a
circumferential segment of the mating roll 11 that enters a nip region coincidentally witha
sensor on each rotation of the sensing roll 10. Fig 3 is presented as series of position snapshots
from 1 to 23 of the rotating sensing roll 10 which also correspond to 22 rotations of the sensing
roll 10 and 23 rotations of the mating roll 11, The left-most portion of Fig. 3 shows a starting

position {1.e., where a first sensor reading is collected) and the right-most portion represents a
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position of the two rolis 10 and 11 after 22 rotations of the sensing roll 10 after the {first sensor
reading was collected. At the starting position, circumferential segment #1 of the mating roll 11
1s positioned in the region of the nip 12 along with the sensor 26 A, The mating roll 11, in this
example, 1s rotating shightly faster than the sensing roll 10 such that at a second position snapshot
following a complete rotation from the starting position, the sensor 26A is once again positioned
m the region of the nip 12 but the mating roll 11 has rotated so that circumferential segment #2 1
in the region of the nip 12. The values of Fig. 3 are selected just as examples to illustrate with
concrete numbers operating principles of the present invention. In accordance with the example
values of Fig. 3, when the sensing roll had completed 22 rotations, the mating roll 11 has
completed 23 rotations. Thus, after 21 rotations from the starting position (indicated by position
#22 1n Fig. 3}, the sensor 26A of the sensing roll 10 has been able to collect 22 sensor readings,
presurming it collected a reading at the starting position, and has "seen" all portions of the
circumference of the mating roll 11, Therefore, 22 circumferential segments can be selected as
an example number of circumferential segments. One of ordinary skill will recognize that the
mating roll 11 could be broken into more circumferential segments but that it would take more
than 22 rotations of the sensing roll 10 to collect data from sensor 26A that corresponds to each
of the different circumferential segments.

It would be rare that the period of the mating roll would be an integer ratio of the period
of the sensing roll. Hence it is very unlikely that a stationary pattern would be maintamed
between these rolls and this would tend to even out the sampling of tracking segments, discussed
below.

Because the one sensor 26A enters the region of the mip 12 concurrently with different
circumferential segments of the mating roll 11 in the llustrated embodiment, the nip pressure
measured by the one sensor 26A may vary during sequential roll rotations due to the change in
pressure caused by the mating roll 11, Aspects of the present invention contemplates mapping
readings, or signals, from each sensor 26 of the set 24 over time to see how the pressure
readings, or signals, vary for each sensor due to each sensor entering the region of the nip 12
concurrently with different circumferential segments of the mating roll 11, As noted above, the
mapped data may be used to determine possible problems with the mating roll 11 and, as more

fully described below, data collection can be performed involving possible problems related to

10
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upstream or downstream processing equipment other than the sensing roll 10 and the mating roll
11,

Hence, the present invention contemplates using sensors 26 to measure for rotational
variability that is generated by the high speed rotation of the mating roll 11 when pressure
signals, or readings, from the sensors 26 are time synchronized to the mating roll position. In
order to measure for rotational variability, the mating roll 11 must have some impact on the
pressure in the nip 12 to be measured. The dominant impact on the sensed nip pressure will
likely be that of the mating roll 11 which directly presses against the sensing roll 10. However, it
may be possible to synchronize sensor measurements with upstream rolls {not shown) which
form another nip and impact the water content and thickness of the web which attect the nip
pressure seen by the sensing roll 10, Furthermore, as rolls {not shown) in a downstream nip may
pull the web and cause changes in web tension, it may be possible to also synchronize sensor
measurements with these rolls. The sensing and mating rolis 10 and 11 will be used to lustrate
the principles of this invention; however all principles are applicable to upstream and
downstream processing equipment, such as upstream and downstrearo rolls, an upstream forming
wire or an upstream felt.

Continuing the example of Fig. 3, the mating roll 11 may have rotational characteristics
that generate, for example, a sinusoidal pressure pattern which 13 8 pounds per square inch (psi)
peak-to-peak. In the ilustrated example of Figs. 4A and 4B, to start, the pressure pattern 13 "0"
when circumferential segment #1 of the mating roll 11 1s in the region of the nip 12, Figs. 4A
and 4B are a table of how collecting 51 sensor readings from sensor 26A would be associated
with the different circumferential segments of the mating roll 11, The left column 402 1s the
sequential number assigned to the sensor reading and the maddle column 404 represents a
pressure reading value from sensor 26A according to the sinusoidal pattern described above and
right column 406 1s the circumferential segment of the mating roll 11 in the region of the nip
when a corresponding pressuring reading is taken from the sensor 26A. Each pressure reading
value 1s time-synchronized with the period of rotation of the mating roll 11 by associating that
value with one of the circumferential segments of the mating roll 11 that was in the region of the
nip 12 when the pressure reading was sensed.

One convenient way to characterize the difference in pertodicity is using units-of-

measure that measure that difference m terms of time segments, e.g., 22 time segments in the
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Hlustrated embodiment. The length of each time segment 1s the mating roll period divided by the
number of predefined time segments. As discussed below, the predefined number of time
segments may correspond to a predefined number of mating roll circumferential segments. A
pertod of the sensing roll 10 can be described as being x time segments smaller/larger than a
period of the mating roll 11, For example, according to Fig. 3, the sensing roll 10 may have a
period that 1s 1.0 mating roll time segment more than the pertod of the mating roll 11
(equivalently, the mating roll 11 can have a pertod that 1s 1.0 mating roll time segment smaller
than the period of the sensing roll}. In such an example, as the sensing roll 10 makes one
complete revolution, the mating roll 11 will make more than a complete revolution by an amount
equal to 1.0 mating roll time segment due to 1t having a smaller period than the sensing roll 10,

As noted above, the 22 time segments of the mating roll period can correspond to 22
circurnferential segments around the mating roll 11, Thus, even though, at a conceptual level, it
15 the period of the mating roll 11 that 1s being separated nto a plurality of time segments, that
concept can correspond to a physical circumference of the mating roll 11, wherein each
ndividual time segment of the mating roll period also corresponds to a circumferential segment
around the mating roll 11, Accordingly, differences in rotational periods between the sensing
roll 10 and the matimg roll 11 measured in units of "time segments" can just as easily be
considered n units of "circumferential segments.” In the description of at least some
embodiments of the present mvention below, reference to "circumferential segments” 1s provided
as an aid m understanding aspects of an example embodiment of the present invention.
However, one of ordinary skill will recognize that "time segments" and mating roll periodicity
could be utilized as well without departing from the scope of the present invention. The
"circumferential segments” and "time segments" can also be referred to generically as "tracking
segmenis"; this latter term encompassing both types of segments associated with the mating roll
11 and other periodic components as described below.

As mentioned above, data similar to that of Figs. 4A and 4B is captured for each sensor
26 of the set 24. Thus, as each sensor 26 arrives at the region of the nip 12 and senses a pressure
reading, a particolar mating roll outer surface portion at an axial location corresponding to that
sensor and at one of the 22 circumferential segments of the mating roll 11 will also be in the nip
12, Determining the mating roll segment that is in the nip 12 can be accomplished n a variety of

different ways. One way involves indexing a particular one of the 22 mating roll segments with
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a trigger signal that is fired each time the mating roll 11 completes one revolution; a time period
since the last trigger signal can be used to determine which of the 22 segments {(measured
relative to the indexed segment) s in the nip 12, For example, if the time between each firing of
the trigger signal 1s 220 ms, then each time segment 15 10.0 ms, which corresponds to one of the
22 mating roll circumferential segments. A pressure signal generated by a sensor 26 in the nip
region occurring at 30 ms after the trigeer signal would be assigned to time segment 3 as three
10.0 ms segments will have passed, e.g , the nip region, from when the trigger signal is made to
when the pressure signal 1s generated.

In Fig. 5, a processor 903 can be present that can generate a real-time nip profile. In
addition, the processor 903 can also receive a trigger signal 901 related to the rotation of the
mating roll 11, As just described, some circumferential segment or position 907 of the mating
roll 11 can be mndexed or encoded such that a signal generator 900 detects the encoded segment
907 and generates the trigger signal 901 each tume the signal generator 900 deternunes that the
segment 907 of the mating roll 11 completes another full rotation. When the mating roll 11 18
rotated such that the circumferential position or segment 907 1s aligned with a detector portion of
the signal generator 900, then the one of the 22 circumterential segments that happens to be
posttioned in the nip region can arbitrarily be labeled as the first circumferential segment such
that the other circumferential segments can be numbered relative to this first segment. This
particular rotational position of the mating roll 11 can be considered a reference position. As the
mating roll 11 rotates, its rotational position will vary relative to that reference posttion and the
amount of this variance determines which of the 22 circumferential segments will be positioned
in the nip region. Accordingly, based on the rotational position of the mating roll 11 relative to
that reference position a determination can be made as to which of the 22 circumferential
segments 1s in the nip region when a particular sensor 26 generates a pressure signal. Fig. 5
illustrates the overall architecture of one particufar system for monitoring paper production
product gquality. The system of Fig. 5 includes the processor 903, noted above, which defines a
measurement and control system that evaluates and analvzes operation of the roll 11, The
processor 903 comprises any device which receives input data, processes that data through
computer instructions, and generates output data. Such a processor can be a hand-held device,
laptop or notebook computer, desktop computer, microcomputer, digital signal processor (DSP},

mainframe, server, other programmable computer devices, or any combination thereof. The
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processor 903 may also be implemented using programmable logic devices such as field
programmable gate arrays (FPGAs) or, alternatively, realized as application specific integrated
circuits {ASICs) or similar devices. The processor 903 may calculate and display the real-time
average pressure profile calculated at the end of the prior collection session. For example, the
pressure measurements from the sensors 26 can be sent to a wireless receiver 905 from
transmiiter(s} 40 located on the sensing roll 10. The signals can then be communicated to the
processor 903, It is contemplated that the processor 903, in addition to calculating a real-time
average pressure profile, may use the real-time average pressure profile to automatically adjust
crown and loading mechanisms to achieve a flat pressure profile. Crown and loading
mechanisms may also be adjusted manually by an operator using information provided by the
real-titne average pressure profile.

There are other ways to determine the position of the mating roll 11, One way 1sto use a
high precision tachometer that divides the rotation of the roll 11 into a number of divisions,
perhaps 440, In this example, each time segment would be 20 positions on the high precision
tachometer. All methods of determining the position of the mating roll are included 1n this
invention.

In an example environment in which there are 14 axsally arranged sensors 26, each of
which can be uniquely referred to using an axial segment index value that ranges from "17 to
"14" and there are 22 circumferential segments on the mating roll 11 {or time segments), each of
which can be uniquely referred to using a tracking segment index value ranging from "1" to "22",
there are 308 (1.e, 22 x 14 = 308) unique permutations of pairs consisting of a sensor number
and a circumferential segment number (or time segment number}, wherein each permutation s
identifiable by a two-element set comprising a respective axial segment index value and a
respective tracking segment index value. In the illustrated embodiment, the sensor numbers also
correspond to the mating roll axial segments. Theretore the data collected can be considered a
22 x 14 matrix as depicted in Fig. 6. Each row of Fig. 6 represents one of the 22 mating roll
circumferential segments {or time segmenis) and each column represents one of the 14 axually
arranged sensors 26 and, thus, each cell represents one of the possible 308 permutations. Each
column also corresponds to a mating roll outer surface portion at an axial location aligned with
and corresponding to the sensor 26 assigned that column. Each cell represents a combination of

a sensor number (or axial segment number} and a particular mating roll circumferential segment
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{or time segment}. For example, cell 100 represents a value that will relate to a pressure reading
that occurred when sensor number 14 (number 14 of the 1-14 sensors defining the set 24) entered
the region of the nip 12 concurrently with a mating roll outer surface portion at an axial location
corresponding to sensor number 14 and mating roll circumferential segment number 1 {or time
segment number 1}, Thus, each cell of the matrix represents a unique permutation from among
all the possible permutations of different axial segment numbers {e.g., 1-14) and circumferential
segment numbers (e.g., 1-22} {or time segments 1-22). A value stored in a particular matrix
element s thereby associated with one particular permutation of possible axial segment numbers
and circumferential segment numbers (or time segments).

The matrix of Fig. 6 can, for example, be a "counts" matrix wherein each cell represents
the number of times a particular sensor and a particular mating roll outer surface portion at an
axial location corresponding to that sensor and a particular mating roll circumferential segrment
were concurrently 1n the region of the nip 12 to acquire a pressure reading value. Fig 7
illustrates a similarly sized matrix {1.e., 22 x 14} but the values within the matrix cells are
different from those of Fig. 6. The cell 200 still represents a value that s related to sensor
number 14 (or axial segment 14, out of 1-14 axial segments, of the mating roll 11) and
circumferential segment 1 but, 1 this example, the value is a cumulative total of pressure
readings, e.g., in pounds/inch?, acquired by the sensor for that circumferential segment during a
plurality of rotations of the sensing roll 10. Thus, each time sensor number 14 happens to enter
the region of the nip 12 along with the mating roll circumterential segment number 1, the
acquired pressure reading value 1s summed with the contents already 1n the cell 200, Each of the
308 cells in this matrix of Fig. 7 15 calculated in an analogous manner for their respective,
associated sensors and segments.

/
/

From the matrices of Fig. 6 and Fig. 7, an average pressure matrix depicted in Fig. 8 can
be calculated. For example, cell 100 includes the number of pressure readings associated with
sensor number 14 (or axial segment 14 of the mating roll 11} and circumferential segment
number 1 while cell 200 includes the total or summation of all those pressure readings. Thus,
dividing cell 200 by cell 100 provides an average pressure value for that particufar permutation

of sensor number and mating roll circumferential segment number which entered the region of

the nip 12 concurrently.

15



WO 2016/201042 PCT/US2016/036592

As a result, the matrix of Fig. 8 represents an average pressure value that s sensed for
each particular sensor number and mating roll circumferential segment number. The length of
time such data is collected determines how many different pressure readings are used in such
calculations.

The raw pressure readings, or pressure signals, from the sensors 26 can be affected by a
variety of components in the system that move the web of matenial. In particular, the average
values in the average pressure matrix of Fig. 8 are related to variability synchronized to the
mating roll 11. However, there may be other variability components that are not synchronized
with the mating roll 11 such as variability in a cross direction (CD), shown in Fig. 2. One
measure of thus CD variability 1s captured by calculating an average for each column of the
average pressure matrix. Thus, the average pressure matrix of Fig. 8 can also include a row 302
that represents a column average value. Each of the 14 colurns may have 22 cells that can be
averaged together to calculate an average value for that column. For example, cell 304 would be
the average value in the 22 cells of the second column of the average pressure matrix.

Individual collection sessions of pressure readings to fill the matrices of Figs. 6, 7, and 8
may be too short to build robust and complete matrices due to data buffer and battery ife
hmitations of data acquisition systems 1n communication with the sensing roll 10, In such cases,
consecutive collection sessions can be combined by not zeroing the matrices {1.e., counts and
summation matrices) upon starting a new collection session or combining the separate matrices
collected i a post hoe fashion. Consequently, collections may be stopped and restarted without
loss of data fidelity as long as the synchronization of the mating roll 13 mamntained. In particular,
combining multiple collection sessions that are separated by gaps in time can be beneficial to
help populate the matrices. For example, if the period difference between the two rolls were
closer to 2.001 mstead of 1.0 time or circumferential segments, the collection would have a
tendency to collect only evenly numbered time/circumferential segments 1n the short term {1.e,,
evenly numbered segments are those that are offset an even number of segments from a starting
segment) untif sufficient time has passed to move the collection into the odd numbered
ume/circumferential segments. Combining collection sessions separated by a long time delay
may help to shift the collection so that data 1s more uniformly captured for all the different
time/circumferential segments because there is no expectation that the period of the mating roll

will be related to arbitrary time gaps between collection sessions.
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The press of Fig. 1 can be located at a number of different positions within the chain or
serial sequence of different components that are part of @ modern paper processing operation.
Fig. 9 illustrates an exemplary process and system configuration in accordance with the
principles of the present invention in which each of the various circles represents a rotating
component {e g. a roll) that helps propel a web of material 904 through the process/system. The
process starts at a headbox 902 where a fiber slurry 1s distributed over a wire mesh 906 which
allows hiquid to readily drain from the slurry. From the wire mesh 906, the web of material 904
travels to a first wet felt station 908 that helps dry the web of material 904. A felt 909 at the first
station 908 is a continuous band arranged to travel in a loop pattern around a plurality of rolls
940. In the example of Fig. 9, there are four rolls 940, The felt 909 enters a press area 916
between one of the rolls 940 and a sensing roll 918 with the web of material 904. The sensing
roll 918 may operate similar to the sensing roll 10 of Fig. 1. Downstream from the wet felt
station 908 1s another wet felt station 910 having its own felt 911 traveling in a loop patiern
around another set of four rolls 941, There 1s also a second press region 920 having a press roll
922, which, in the illustrated embodiment, 1s not a sensing roll. The last wet felt station 912 has
a felt 913 traveling in a loop pattern around another set of four rolls 942 The felt 913 together
with the web of material 904 1s pressed by one of the rolls 942 and a second sensing roli 926 mma
third press region 924, The felts 909, 911, 913 are pressed into the web of material in their
respective press regions 916, 920, 924 to absorb liquid from the web of material 904, In this
manner, the web of material 904 1s drier after passing through the wet felt stations 908, 910, 912
By “drier" 1t 1s meant that the fibers in the web of material 904 have a higher percentage by
weight of fibers after the wet felt stations than before. Additional drying can be performed,
however, by separate drvers 914 before the web of material 904 progresses further downstream
in the process of Fig. 9. The various felts and rolls of Fig 9, and the spacing between the
different stations are not shown to scale but are provided to simplify description of various
aspects of different embodiments of the present invention. For example, the web of material 904
does not travel unsupported for long distances. Typically, the web of material 904 will be
removed from one felt and be picked up by a next-downstream felt. In additional, the web of
material can be supported by other supporting rolls and by tension between various rolls.

A felt (e g, 909) can have variations in its material that cause different effects on the web

of material 904. For example, seams, worn spots, or even holes, may not be as effective at
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removing liquid from the web of material 904 as portions of the felt 909 that are i good
condition. Thus, some regions of the web of material 904 may have more or less water relative
to other regions of the web of material 904 due to variations in the felt 909, 1 e, a worn portion
of the felt 909 may not remove as much moisture from a region of the web of material that it
engages as compared to a portion of the felt that is in good condition and engages another region
of the web material. When a wetter region of the web of matenial travels through a nip in one of
the press regions {e.g. 916}, a pressure sensed by a sensor on a sensing roll {e.g., 918) may be
greater than when a drier region of the web material 904 passes through the nip. Also, the felts
909, 911, 213 may be porous in construction and, thus, some portions of a felt may become
clogged with debris, fibers, or other contanunants. When a clogged portion of a felt is pressed
into, or otherwise interacts with, and affects a region of the web of material 904, not as much
motsture will be removed from that region of the web of material as compared with other regions
of the web of material 904 that were pressed into portions of the felt that were not clogged, or not
as clogged. When that region of the web of matenial that did not have as much moisture
removed travels through a nip in one of the press regions {e.g. 916), a pressure sensed by a
sensor on a sensing roll {e.g., 918) may be greater than when the other regions that expenienced
more moisture being removed pass through the mip. Further, when a clogged portion of a felt
travels through the nip in one of the press regions (e.g., 916), a pressure sensed by a sensor on a
sensing roll {e.g., 918} may be greater than when a non-clogged portion of the felt passes through
the nip. Thus, a pressure reading sensed in a mip can reveal effects that a felt had on the web of
material 904 upstream of that nip n addition to revealing effects from a felt passing through the
nip.

Fig. 10 illustrates a detailed view of the wet felt station 912 illustrated in Fig. 9 in
accordance with the principles of the present invention. The felt 913 extends in a cross-machine
direction into the plane of the drawing sheet and, as described earlier, the felt 913 1s a continuous
band arranged to travel around 1n a loop pattern around the four rolls 942 in a direction shown by
arrow 1001, Accordingly, the felt 913 has a regular period of rotation around this loop pattern.
Thus, different portions of the felt 913 each periodically travel through a region of the mip 1201
along with the web of material 904. The region of the nip 1201 is formed between the sensing
roll 926 and a mating roll 942 A similar to the arrangement described earlier with respect to Figs.

1-3.
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The felt 913 may be separated into a predefined number of axial segments, such as 14 in
the illustrated embodiment, such that the 14 axial segments of the felt 913 are axially aligned
with 14 axially spaced apart sensors 26 provided on the sensing roll 926

The felt station 912 can have a period of rotation that can be divided into different
tracking segments in the same manner as the period of rotation of the mating roll 11 was divided
mto 22 tracking segments as described earlier. Thus, the tracking segments related to the felt
913 can etther be a plurality of time segments of the period of rotation of the continuous felt
band 913 around the loop pattern or a plurality of physical circumferential segments on the
continuous felt band 913, The segments of the felt, only segments 1004A, 10048, 1004C,
1004AA are designated in Fig. 10 with the remaining segments not being specifically identified,
may, for example, be separate circumferential segments with each having an index relative to a
fixed reference position 1006 on the felt 913,

As an example, the reference position 1006 can make 1 complete rotation around the loop
patiern in the same amount of time that the sensing roll makes 31 rotations. Accordingly, the felt
913 can be segmented into 31 different physical circumferential segments 1004A — 1004AE or,
equivalently, the period of rotation of the felt 913 around its loop can be segmented into 31 time-
based segments. In other words, because the respective portions of the felt 913 and the sensing
roll 926 at a region of the nip 1201 are travelling at substantially the same hinear speed the
circumference of the loop of felt 913 will, for this example, be about 31 times greater than the
circumference of the sensing roll 926. In the drawings, as mentioned earhier, various rolls, loops
of felt, and wire meshes are not drawn to scale but, instead, are presented so as not to obscure
aspecis of the present invention.

Using the same principles as used when describing the mating roll 11 of Fig. 3, the felt
913 can be segmented into 31 tracking segments, for example. As an example and as will be
discussed further below, there can be a portion 1002 of the felt 913 located at a circomferential
segment 1004AA of the felt 913 that defines tracking segment #27 and at an axial location
aligned with a pressure sensor 26A {one of 14 pressure sensors on the sensing roll 926 in the
dhustrated embodiment} on the sensing roll 926 that causes an ncrease in pressure in the region
of the nip 1201 of approximately 4 psi as compared to a pressure increase of about 0 psi for all
other portions of the felt 913 at different axial and circumferential locations. In a manner simular

to how data in Figs. 4A and 4B was collected m a manner ime-synchronized with the rotational
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period of the mating roll 11, sensor readings from the region of the nip 1201 defined by the
sensing roli 926 and the mating roll 942 A can also be collected in a manner time-synchronized
with the period of rotation of the felt 913,

In Fig. 10, a processor 903 can be present that can receive a trigger signal related to the
rotation of the felt 913, Some circumferential segment or position 1006 of the felt 913 can be
mdexed or encoded such that a signal generator 900A detects the encoded segment 1006 and
generates a trigger signal each time the signal generator 900A deternmunes that the segment 1006
of the felt 913 completes another full rotation. When the felt 913 is rotated such that the
circumferential position or segment 1006 1s aligned with a detector portion of the signal
generator 900A, then the one of the 31 circumferential segments that happens to be positioned in
the nip region can arbitrarily be labeled as the first circumferential segment such that the other
circumferential segments can be numbered relative to this first segment. This particular
rotational posttion of the felt 913 can be considered a reference position. As the felt 913 rotates,
its rotational position will vary relative to that reference position and the amount of this variance
determunes which of the 31 circumferential segments will be positioned in a region of the nip
1201, Accordingly, based on the rotational position of the felt 913 relative to that reference
position a determination can be made as to which of the 31 circumferential segments 1s in the nip
region when a particular sensor 26A generates a pressure signal.

Figs. 14A-14C 13 a table of how collecting 86 sensor readings from sensor 26A {one of
14 pressure sensors on the sensing roll 926 in the dlustrated embodiment) would be associated
with the different tracking segments {e.g., 31 tracking segments n the tllustrated embodiment
with only segments 1004A, 10048, 1004C and 1004AA being designated in Fig. 10) of the felt
913. The data in Figs. 4A and 4B and 14A-14C 1s simulated data and, as noted before, could be
generated by rolls and felts having different relative sizes as compared to those depicted in the
figures. As a simulation, the data 1s nicely behaved and the tracking segments advance one
segment per sensing roll rotation. Actual data may not be this well behaved as there may be no
relation to the tracking segment fength and sensing roll rotation pertod. Actual collections
therefore are hike to have skips {consecutive readings in non-consecutive tracking segments} and
repeats (consecutive readings in the same tracking segment). The result of this is that the
tracking segments are not evenly sampled. However, as discussed in more detail in U.S. Patent

Application Serial No. 14/268,672 entitled METHOD AND SYSTEM ASSOCIATED WITH A
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SENSING ROLL AND A MATING ROLL FOR COLLECTING ROLL DATA, filed May 2,
2014, which was incorporated by reference above, if data is collected for a sufficient amount of
time, it is unlikely that any tracking segments will not have corresponding sensed data even if
there 1s unevenness in the data sampling per tracking segment. Similar to Figs. 4A and 4B, the
left column 402A s the sequential number assigned to the sensor reading and the next column
404 A represents a raw nip pressure reading value when the pressure sensor 206A enters the region
of the nip 1201 defined by the sensing roll 926 and the mating roll 942A  As discussed above,
each pressure reading value in column 404 A can be time-synchronized with the period of
rotation of the mating roll 942 A by associating that value with one of the 22 circumferential
segments, see column 4064, of the mating roll 942 A that was in the region of the nip 1201 when
the pressure reading was sensed. In addition, each pressure reading value in column 404A can
also be time-synchronized with the period of rotation of the felt 913 by associating that value
with one of the 31 tracking segments, in column 1402, of the felt 913 that was in the region of
the nip 1201 when the pressure reading was sensed.

Similar to the mating roll 11 being segmented mnto axial segments corresponding to the
ditferent locations of the sensors 26 on the sensing roll 10, the felt 913 can be segmented mnto
cross-machine direction {(or axial) segments as well, as noted above. Fig. 11 tllustrates a felt 913
i relation to a sensing roll 926 1 accordance with the principles of the present invention. In
particular, the view of Fig. 11 15 from the perspective of being below the sensing roll 926 and
fooking upwards towards the felt 913, The felt 913 has a width W2 that 15 substantially sumalar
to a width W1 of the web of material 504 that are both typically smaller than the length L of the
sensing roll 926, Thus, either or both of the web of material 904 and the felt 913 can be broken
mto multiple axial segments 1102 that each correspond to one of the sensor locations on the
sensing roll 926, e g, 14 axial segments 1n the illustrated embodiment. Accordingly, similar

LI )

matrices of "counts", "sums" and "averages” as described in Figs. 6-8 can be constructed for the
data from Figs. 14A-14C but arranged in a manner time-synchronized with the period of the felt
913. In the example provided above, each such matrix would have (31x14), or 434, cells.

In the example stations of Fig. 9 and as noted above, not every wet felt station 908, 910,
912 necessarily has a press region 916, 920, 924 that includes a sensing roll. Fig. 12A illustrates

the wet felt station 912 with the press region 924 having the sensing roll 926 that i1s downstream
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from the wet felt station 910 that does not have a press region with a sensing roll in accordance
with the principles of the present invention.

In Fig. 12A, the sensing roll 926 1s associated with the region of the nip 1201 of the press
region 924 while the press region 920 of the wet felt station 910 may not necessarily include a
sensing roll. However, the felt 911 of the wet felt station 910 still rotates as a continuous band in
a loop pattern similar to the manner described with respect to the felt 913 of Fig. 10,
Accordingly, the felt 911 has a regular pertod of rotation around this loop pattern. Thus,
different portions of the felt 911 each periodically contact a region of the web of material 904
upstream from the region of the nip 1201 even though the felt 911 uself does not travel through
the region of the nip 1201

In Fig. 12A, a portion 1207 of the felt 911 (having corresponding axial and
circurnferential locations on the felt 911} 1s shown that contacts the web of material 904 10 a
periodic manner as the web of material 904 passes through the region of the nip 1203 of the press
region 920, Regions 1206, 1208, 1210 and 1214 (each having corresponding axial and
circumferential positions on the web of material 904), evenly spaced by a distance d in the
circurnferential direction, of the web of material 904 that were in the region of the nip 1203
concurrently with the portion 1207 of the felt 911 are shown in Fig. 12A, 1.¢, 1n the illustrated
embodiment the felt portion 1207 engages each of the web of material regions 1206, 1208, 1210
and 1214 at different occurrences or times when in the nip 1203, When those web of material
regtons 12006, 1208, 1210 and 1214 travel through the region of the mp 1201 of the downstream
felt station 912, the pressure readings from the sensing roll 926 in the downstream felt station
912 can be affected by the impact that the felt portion 1207 had on the web of material regions
1206, 1208, 1210 and 1214 that it contacted 1 the upstream nip 1203, As explained earlier, the
condition of the felt 911 as it 1s pressed into the web of material 904 can affect, for example, the
amount of moisture that is drawn out from the contacted region of the web of material 904 or
other characteristics of the web of material 904. Thus, some regions of the web of material 904
may be wetter or drier relative to one another and cause higher or lower pressure readings when
passing through the region of the mip 1201,

The felt station 910 can have a period of rotation that can be divided into different time-
based tracking segments of the period of rotation of the continuous band around the loop pattern

of the four rolls 941, Also, the felt 911 can be divided into a plurality of physical circumferential
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tracking segments on the continuous band. In the illustrated embodiment, the felt 911 comprises
37 physical circumferential segments, with only four segments 12024, 1202B, 12020, 1202G
being designated 1n Fig. 12A. The 37 physical segments, may, for example, be separate
circumferential segments with each having an index relative to a fixed reference position 1205
onthe felt 911, As discussed below, a particular time-based tracking segment, e g., #5, may not
correspond to a physical circumferential segment having that same index value.

Returning to Figs. 14A-14C, each of the simulated raw pressure readings from the region
of the nip 1201 that are shown in column 404 A can be associated with a specific single time-
based tracking segment of the period of rotation of the felt 911, These time-based tracking
segments can then be correlated to a specific physical circumferential segment of the felt 911 as
well. Thus, the table of Figs. 14A-14C also shows how collecting 86 sensor readings from the
sensor 26A (one of 14 pressure sensors on the sensing roll 926) would be associated with
different time-based tracking segments, shown in column 1404 which, 1o turn, can be correlated
to the different physical circumferential tracking segments (e.g., 37 physical tracking segments
with only 1202A, 1202B, 1202C, 12026 bemg designated in Fig. 12A) of the felt 911, As
described earlier, the left column 402A 1s the sequential number assigned to the sensor reading
and the next column 404 A represents a simulated raw pressure reading sensed at the region of
the nip 1201 by the sensor 20A on the sensing roll 926. Each such pressure reading will have a
value that 1s related to the regions of the web of material 904 passing through the nip 1201, As
an example, see Fig. 12A, the portion 1207 of the felt 911 1s located at the circumferential
segment 1202 of the felt 911, which segment 1202G may define physical circumferential
segment #7, and at an axial location that s axaally aligned with the pressure sensor 26A on the
sensing roli 926 i the downstream nip 1201, The felt portion 1207 may be damaged such that it
does not remove as much moisture from a region of the web of material 904 it contacts as
compared to other felt portions that remove a greater amount of moisture from the web of
material regions they contact. Hence, because the felt portion 1207 removes less motsture
content from a corresponding web of matenal region that it contacts, that web of material region,
in turn, causes an increase in pressure in the region of the nip 1201, e.g., of approximately 2 psi
m the illustrated example, as compared to a pressure increase of about O pst for all other web of

material regions.
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Time-synchronizing the values in column 404 A with the period of rotation of the felt 911
can be accomplished by associating that pressure reading value with one of the 37 time-based
tracking segments of the period of rotation of the felt 911 that correspond to when the pressure
reading was sensed.

As an example, the reference posttion 1205 on the felt 911 can make 1 complete rotation
around the loop pattern around the rolls 941 in the same amount of time that the sensing roll 926
in the downstream nip 1201 makes 37 rotations. Thus, the felt 911 advances by the length of one
of the physical tracking segments {(e.g., 1202A) for every rotation of the sensing roll 926. Asan
example and as mentioned above, the portion 1207 of the felt 911 1s located at the
circumterential segment 1202G of the felt 911, which segment 1202G may define the physical
circumferential segment #7 and at an axial location that 1s axially aligned with the pressure
sensor 26A on the sensing roll 926 in the downstream nip 1201

Thus, a signal generator 900B generates a periodic time reference signal when the
reference position 1205 of the felt 911 15 adjacent the signal generator 900B. Thas s the
reference signal from which a time-based tracking segment of the period of rotation of the felt
911 can be calculated as the sensor 26A on sensing roll 926 passes through the region of the nip
1201, As one example, when a pressure reading 1s sensed and generated by the pressure sensor
26A of the sensing roll 926, the processor 903 will determine the elapsed time period in 1/37
mcrements since the last reference signal was generated by the signal generator S00B. If a
pressure reading was generated by the sensor 26A of the sensing roll 926 twenty-five (1/37) time
mcrements from when the last reference signal was generated, this would correspond to 25/37 of
the total period of rotation of the felt 911, Thus, the pressure reading sensed at the nip 1201 can
be associated with time-based tracking segment #25. Thus, the felt rotational period can
comprise m time-based tracking segments, each having a respective, unique index value x 1n the
rangeof 1,2, . m{eg,m=37)}

In a manner similar to how data in Figs. 4A and 4B and Figs. 14A-14C was arranged, or
stored, in a manner time-synchronized with the rotational period of the mating roll 942A and the
felt 913, sensor readings from the region of the nip 1201 could also be arranged, or stored, ina
manner time-synchronized with the period of rotation of the felt 911,

For the felt 911, the time-based tracking segment numbers {e.g., time-based tracking

segment #25) refer to logical segments of the period of rotation of the felt 911 which have
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occurred from when the reference signal was generated by the signal generator 900B until a
pressure reading 1s sensed and generated by the pressure sensor 26A of the sensing roll 920,
However, these initial time-based tracking segment numbers do not necessarily correspond to an
identical physical circumferential segment on the felt 911 as measured from the reference
location 1205, In other words, a region of the web of material in the region of the nip 1201
concurrently with sensor 26A may arrive at the 25™ time segment of the period of rotation of the
felt 911 but that region of the web of material 904 was not necessarily pressed in the nip region
1203 by the physical 25" circumferential segment of the felt 911 as measured from the reference
location 1205, There 1s a delay between felt 911 and nip 1203 impacting the properties of the
web and the sensing of this change at a region of the nip 1201, In general, vaniations in the felt
911 while 1n the nip 1203 can impact the amount of moisture in the region of the web of material
904 concurrently in the nip 1203 and also the thickness of caliper of the web. These differences
in moisture and thickness can impact pressure values sensed at the nip 1201 as the regions of the
web of material 904 with different amounts of moisture enter a region of the rup 1201
concurrently with a sensor 26A. Thus, the variations in the felt 911 impact pressure values
sensed in a region of the nip 1201

In addition to the time-~based technigue described above for identifving different tracking
segments, alternative techniques are contemplated as well. For example, the rotating felt 911
could mclude multiple, evenly-spaced marks that could be detected {e.g., optically) as each such
mark passes a sensor location. The marks would function so as to separate the felt 911 {or 913)
mto different segments and a counter, or sumilar circuttry, would increment a count each time a
mark was detected so that any collected data could be associated with one of the segments of the
felt 911. A reference mark could be distinctive from all the other marks such that when the
sensor detects the reference mark, the counter circuttry resets and starts counting from an mitial
value (e.g., "0" or "1"). As an example, each evenly-spaced mark could be a single tick mark, a
tick mark of a particular width, or a mark of a particular color. The reference mark could be a
double-tick mark, a thicker {or thinner) tick mark, or a mark of a unique color. If the techniques
of segmenting the felt 911 just described were utilized, then it would be unnecessary to explicitly
measure an elapsed time since the most recent generation of a reference timing signal that is

generated each revolution of the felt 911, The detectable marks can, for example, be optically
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detectable, magnetically detectable, detectable using infra-red radiation, detectable using sonic
waves, detectable using X-rays, or detectable based on radioactive emissions.

Fig. 12B provides an exemplary method for relating a time-based tracking segment of the
felt 911 to a corresponding physical circumferential tracking segment on the felt 911, Felis, such
as 911 and 913 can vary n length, or circumference, between 50 to 300 feet for example. Inan
example embodiment, the diameter of the sensing roll 926 1s 2 feet which makes its
circumference approximately 6.28 feet. Felt 911 has, in this example, 37 physical
circumferential segments each being equivalent in length to the circumference of the sensing roll
926. Thus, the felt 911 15 a little more than 232 feet in length, Ly, The felt 911 also rotates as a
continuous band around the rolls 941 with a period of rotation p. Tn a simple example, the region
of the nip 1201 1s located downstream a distance from the region of the nip 1203 that is an
integer multiple of the felt length Ly, As Fig. 12B shows, when the reference location 1205 15 at
its position to generate a new time reference signal, there is a segment (e.g., segment #24) that 18
touching the web of material 904, In the dlustrated embodiment, because segment #24 is the
only felt segment ever 1n the nip 1203 each time a new time reference signal 15 generated, it is
designated as a “felt touch reference segment.” There are also two other regions 1260, 1262
shown on the web of material 904 that were previously n the region of the nip 1203 concurrently
with the "felt touch reference segment” #24. That 1s, the web material region 1260 was n the
region of the nip concurrently with the “felt touch reference segment” # 24 during one prior
rotation of the felt 911 and the web material region 1262 was 1 the region of the nip
concurrently with the “felt touch reference segment” # 24 during two prior rotations of the felt
911.

Relative to the web of material region 1260 and subsequent to the region 1260 being in
the nip 1203, there is an adjacent web of matenial region 1272 that was in the region of the nip
1203 concurrently with circumferential segment #25 of the felt 911 and adjacent that region 1272
1s a web of maternial region 1270 that was in the region of the nip 1203 with circumferential
segment #26 of the felt 911. Ahead of the web of material region 1260, there is an adjacent
region 1274 of the web of material that was in the region of the nip 1203 concurrently with
circumferential segment #23 of the felt 911 and a web of material region 1276 was in the region

of the nip 1203 concurrently with circumferential segment #22 of the felt 911, Each web of
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material region 1260, 1270, 1272, 1274, 1276 has a length of 1/37™ of the length Ly of the felt
911 corresponding to a time pertod p/37 long.

In Fig. 12B, at the sensing roll 926, the region 1262 of the web of material 904 is shown
m the region of the nip 1201 with the sensor 26A. Based on the reference signal from the
generator 9008, which in the Hlustrated embodiment 1s always generated concurrently with the
felt touch reference segment #24 of the felt 911 being in the nip 1203, the sensed reading of the
sensor 26A on the sensing roll 926 occurs during a first time-based period tracking segment (e.g.,
(0 <t< 5}; x p} ), which first time-based period tracking segment starts concurrently with the
generation of the reference signal by the generator 900B and the value "t" represents an amount
of time since generation of that reference signal. If the sensor 20A, however, was in a position to
arrive in the nip 1201 durning the next time-based segment of the period of rotation of the felt
911, x = 2, then the reference location 1205 would have moved by a distance equal to one
circumferential segment of the felt 911 and the web of material 904 would have moved forward
substantially the same distance so that a region just behind region 1262 (and analogous to region
1272} would have entered the region of the nip 1201, Accordingly, if the sensed reading occurs
during the second time pertod tracking segment {e.g,, (-3; *p <t < -5-7- * p) }, then the region of
the web of material 904 that is in the region of the nip 1201 was also previously in the region of
the nip 1203 concurrently with the circumferential tracking segment #25 of the felt 911

Accordingly, each time-based tracking segment can be easily correlated to a physical
circumferential tracking segment of the felt 911, If the reading of the sensor 26 A on the sensing
roll 926 takes place between { 33:;1- *p St < ;{7- * p), wherein “x” 13 the index value of a time-
based tracking segment of the rotational period of the felt 911 measured from the last generated
reference signal from the generator 900B, which time-based tracking segment occurs
concurrently with the sensor 26A being in the region of the nip 1201, then the region of the web
of material 904 in the region of the nip 1201 was also previcusly in the region of the nip 1203
concurrently with the physical circumferential segment of the felt 911 indexed by an index value
g, where g = ((# of felt touch reference segment (i.e., #24 in the illustrated embodiment)) + (x — 1))
as measured from the reference location 1205, This index value would, of course wrap around to

begin again at "1" when it exceeds "37", the number of physical circumferential segments.
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Fig 12C illustrates a shight modification to the arrangement of Fig. 12B in which the
region of the nip 1201 happens to be, for example purposes, a distance from the region of the nip
1203 that 1s not an integer multiple of the length Ly of the felt 911, As compared to the
arrangement of Fig. 12B, the distance between the region of the nip 1201 and the region of the
nip 1203 in Fig 12C has an additional span or distance v. In the illustrated embodiment, the
amount of time 1t takes the web of material 904 to travel the extra distance v equals { -;-% *p). A
sensor reading from the region of the nip 1201 occurring during the first time-based tracking
segment (0 <t < ;1; * p) will involve a region of the web of material 904 that was also
previously in the region of the nip 1203 concurrently with the circumferential segment #14 (e g,
10 time segments before the “felt touch reference segment” (1.e., #24 1n the iflustrated
embodiments of Fig. 12B and 12C) was in the region of the nip 1203, So, more generally:

a) if the distance between the region of the nip 1201 and the region of the nip 1203 13
ereater by a span y than a multiple mteger of the length of the felt 911 (wherein the units of

measure for v 1s in terms of physical circumferential tracking segments), and

b) if the sensor reading takes place at a time, t, wherein (%} *p St < ;36-7- * o),

then the region of the web of material 904 n the region of the rup 1201 was also previously in
the region of the nip 1203 concurrently with physical circumferential tracking segment of the felt
911 indexed by the index value ¢, where g = ((# of felt touch reference segment) +{(x —

1) — v) as measured from the reference location 1205, Thus, the data (e g, sums, counts,
averages) segregated into 37 time-based tracking segments can be translated into 37
circumferential tracking segments as well.

Thus, the felt 911, or more generally a continuous band, can comprise m {e.g., # = 37)
physical circamferential tracking segments relative to a reference location on the continuous
band, each having a respective, unique index value g n the range of 1, 2, .., m, wherein each of
the s time-based tracking segments can be associated with a corresponding one of m physical
circumferential tracking segments. As described above, the index value x of a particular time-
based tracking segment can be calculated independently from calculating the index value g of the
corresponding circumferential tracking segment (i.e., calculating x of a time-based tracking
segment does not depend on first determining g of a corresponding physical circumferential

segment}.
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Additionally, referring back to FIG. 12B and the equation above, each physical
circumferential tracking segment #1 - #37 of the felt 911 contacts the web of material 904 at an
upstream location from the region of the nip 1201; and the index value g of each physical
circumferential tracking segment #1 - #37 can be calculated based on a) a distance between the
region of the nip 1201 and the upstream location (e.g., the nip 1203}, and b) the index value x of
the corresponding time-based tracking segment. More specifically, one particular
circumferential tracking segment contacts the web of material 904 at the upstream location
substantially concurrently with the signal generator generating the trigger signal and can be
considered a felt touch reference segment, and the index value ¢ of each circumferential tracking
segment {e.g., #1 - #37) can be calculated based on a) a distance between the region of the nip
1201 and the upstream location (e.g., nip 1203), b) the index value of the one particular
circurnferential tracking segment (e.g., #24, the felt touch reference segmeny), and ¢) the mdex
value x of a corresponding time-based tracking segment. In each of the two scenarios for
calculating a particular physical circurferential segment index value, g, based on a time-based
tracking segment index value, x, just described, a distance between the region of the nip 1201
and the upstream location {e.g., mip 1203} was used in the calculation. As described earlier, it
may be beneficial to consider the distance between the region of the nip 1201 and the upstream
iocation {e.g., the nip 1203} to be an mteger multiple of the length Ly of the felt 911 plus some
additional span or distance y, wherein the unit of measure for y is in terms of physical
circumferential tracking segments.

In addition to the time-~based technigue described above for identifving different tracking
segments, alternative techniques are contemplated as well. Figs. 12D, 12E and 12F illustrate an
alternative wet felt station 912A with a wet felt 913 A traveling around four rollers 1250 ina
direction shown by arrow 1270, In this alternative wet felt station 912A, attributes of the felt
913 A are used to determing tracking segments. For example, the rotating felt 913A could
mclude multiple, evenly-spaced marks that could be detected (e.g., optically} and counted as
each such mark passes a location of a sensor or detector 1254, Each time one of the marks
travels by and is detected by the sensor or detector 1254, the detection of the mark could be
considered an "event.” Thus, the detector 1254 can also include counter circuitry that
communicates with a processor 903B and counts or tracks the events that occur. The marks

could also be metallic wires or threads that are detectable with magnets or similar switches. The
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marks would function so as to separate the felt 913 A (or the felt 911) mto different segments and
a counter, or similar circuitry, would increment a count each time a mark was detected {e.g., an
event} so that any collected data could be associated with one of the segments of the felt 913A.
It 1s also contemplated that the marks may not be evenly spaced.

In Fig. 12D, the felt 913 A may have 37 physical circumferential segments 1260A —
1260AK, of which, segments 12604, 1260X, 1260Y, 12607, 1260 AJ and 1260AK are explicitly
referenced in Fig. 12D, Separating each physical circumferential segment 1260 1s a mark 1264
{e.g., marks 1264A, 1264X, 1264Y, 12647, 1264AJ are explicitly shown i Fig. 12D). A
reference mark 1262 could be distinctive from all the other marks 1264A — 1264AJ such that
when the detector 1254 senses the reference mark 1262, the counter circuitry 1254 resets and
starts counting from an nitial value, or “starting count,” {e.g., "0" or "1"). Alternately, the
reference marks can all be unique and specifically mark certain positions on the felt.

In the wet felt station 9124, one ot the rollers 1250 forms a nip 1252 with a sensing roll
926 that has a wireless device 40A for communicating with the processor 903B and an array of
sensors 26A {e.g., 14 sensors) spaced axially along the sensing roll 926, When the sensor 26A in
one of the axially positions on the sensing roll 926 enters a region of the nip 1252 and senses a
pressure reading, then that pressure value can be count synchronized with the rotation of the wet
felt 913 A by associating the sensor readings at that axial position with a current value of the
counter 1254, When the marks 1264 are spaced an equal distance apart circumferentially, the
pressure value can also be considered to be time synchromzed with the rotation of the felt 913A
by associating the sensor reading at that axial position with a current value of the counter 1254,

Each time the distinctive reference mark 1262 1s detected by the detector 1254, a starting
reference signal can be generated that 18 associated with each rotation of the wet felt 913A. The
starting reference signal may, for example, be resetting the value of the counter 1254 to a starting
count such as, for example, "1". Whenever a pressure reading is sensed by the sensor 26A in the
region of the nip 1252, the number of tick mark counts, or the number of events, detected by the
detector/counter 1254 since that most-recent starting reference signal, or the starting count, is an
mdication of an amount the wet felt 913 A has rotated around its loop pattern between when the
counter 1254 was reset and the pressure reading in the region of the nip 1252 occurred.
Accordingly, each count (e.g., "1","2", ... "37") can be associated with one of a plurality of

count-based tracking segments wherein each count-based tracking segment 1s associated with a
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different physical circumferential segment 1260A — 1260AK of the wet felt 913A in one
embodiment of the present invention. In the illustrated embodiment, each count-based tracking
segment is equal to the count or value of the counter. If the tick marks 1264 are evenly spaced,
then the count-based tracking segments can correspond to time-based tracking segments of the
period of rotation of the wet felt 913 A or correspond to physical circumferential segments of the
wet felt 913A

Simular to the techniques described above that involved time synchronizing sensor
readings for each axially-spaced sensor 26A with one of 37 possible time-based tracking
segments, associating each of these sensor readings with one of 37 count-based tracking
segents, when the marks 1264 are evenly spaced apart, also time synchromizes the pressure data
with the rotation of the wet felt 913 A.

In the example embodiment of Fig. 12D, the wet felt 913 A travels along with the web of
material 904 through the nip 1252 formed with the sensing roll 926, In such an embodiment, a
particular value of the detector/counter 1254 when a corresponding one particular physical
circumferential segment (e.g., 1260A — 1260AK) of the wet felt 913 1s m the region of the nip
1252 1s associated with one of the plurality of count-based tracking segments. As noted above,
each count-based tracking segment corresponds to a different physical circumferential segment
1260A-1260AK of the wet felt 913A. Hence, when a sensor reading is generated by one of the
axially spaced apart sensors, the processor 903B associates that sensor reading with a current
value of the counter 1254, associates the count generated by the counter 1254 with a
corresponding count-based tracking segment and stores that sensor reading with a tracking
segment corresponding to the count generated when sensor reading occurred.

Fig. 12E illustrates the felt 913 A of Fig. 12D after it has rotated to a different position
and the sensor 26A generates a sensed pressure signal of the region of the nip 1252, In
particular, the felt 913 A has rotated an amount such that the tick marks 1262, 1264A, 12648 and
1264C have been detected and counted by the detector/counter 1254, Thus, if the counting of the
tick marks starts with "1" as the distinctive tick mark 1262 is detected, an example count for the
position of the felt 913 A of Fig. 12E would be "4" when the sensor reading from sensor 26A 13
captured. This count value would correspond to one of the 37 (for example) tracking segments
that each of the sensor readings will be associated with and each such tracking segment (or count

value) would correspond to a different physical circumferential segment 1260A-1260AK of the
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wet felt 913A. As shown in Fig. 12E, corresponding to this count value of "4", the physical
circumferential segment 1260F of the felt 913 A 1s in the region of the nip 1252, Accordingly, a
plurality of sensed pressure readings from the region of the nip 1252 associated with the tracking
segment, or count reading, of "4" could all be associated with the physical circumferential
segment 1260F of the felt 913A. Continuing with the example of Fig. 12E, when the felt rotates
such that the tick mark 1264D s detected and counted, the tracking segment, or count value, will
be "5" and will correspond to pressure readings sensed when physical circumferential segment
1260G 1s in the region of the mip 1252,

The embodiment of Fig. 12A could be modified as well such that the felt 911 includes
tick marks and the wet felt station 910 includes a counter/detector instead of the time-based-
signal generator 900B. The pressure readings sensed in the region of the nip 1201 could by
count synchronized with the rotation of the wet felt 911 based on a count value rather than an
elapsed time. Thus, the count-based tracking segment determination and count synchronization
described with respect to Fig. 12D could be applied to either a felt that travels through a nip
where pressure values are sensed or a felt that 1s upstream from the rup where the pressure values
are being sensed.

Fig. 12F depicts a portion of the wet felt 913 A that is traveling around 1o a loop pattern 1
a direction shown by the arrow 1270, The portion of the felt 913A i Fig. 12F shows a
distinctive reference mark 1262 and four other nearby marks 12644, 12648, 1264AF and
1274 A1 that are evenly space relative to circumferential segments 1260A, 12608, 1260A1, and
1260AK of the wet felt 913A. As an example, each evenly-spaced mark could be a single tick
mark {e.g., 1264A, 12648, 1264At and 1274A1), a tick mark of a particelar width, or a mark of a
particular color. The distinctive reference mark 1262 could be a double-tick mark, a thicker (or
thinner} tick mark, or a mark of a unique color. Such tick marks can also be used to encode
positional information (such as the numbers 1 to 37) associated with each segment. If the
technigues of segmenting the felt 913 A (or 911) just described were utilized, then it would be
unnecessary to explicitly measure an elapsed time since the most recent generation of a reference
timing signal that 1s generated each revolution of the felt 913 A; instead, detection and counting
of tick marks {e.g., 1264A — 1264AJ) since the distinctive reference mark 1262 could be used to

define a plurality of count-based tracking segments.
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The position of the marks, 1262, 1264A, 12648, 1264AJ, and 1264AK i Fig. 12F 18
provided merely by way of example. They can extend along the entire axial width of the felt
913A, be localized next to one or both edges of the felt 213 A, or be located in the nuddle of the
felt 913A. They are located such that they can be detected by the detector/counter 1254 as the
felt 913 A travels past a location proximate to the detector/counter 1254,

One of ordinary skill in this technological field will recognize that identifiable tick marks
or other types of markings can be provided in a variety of different ways without departing from
the scope of the present invention. For example, each mark may be encoded such that each 1s
uniquely identifiable. An appropriate sensor would, therefore, not necessarily "count” the tick
marks but merely identify which tick mark 13 presently passing by the sensor. Thus, each tick
mark could be associated with or define a value, possibly a unique value, that can be sensed
between when a most recent starting reference was generated and when a sensor {(e.g., 20A)
enters a region of a nip where a pressure reading, or other reading, 1s being sensed. Accordingly,
one of a plurality of tracking segments associated with the continuous band can be dentified
based on this value.

In addition to being on a surface of one of the felts, the tick marks, or similar marks or
openings, could be mncluded on a disk coupled to a rotating shaft or on the shatt itself associated
with one of the multiple rotating components that help drive the felt around s continuous loop.
Such an arrangement may be used to provide a rotary encoder beneficial in identifying respective
tracking segments of a felt or other continuous band. As one example, a shaft encoder of this
type could provide a value that corresponds to a count of the number of tick marks or openings
that were detected between when a most recent starting reference was generated and when a
sensor {e.g., 20A) enters a region of a nip where a pressure reading, or other reading, is being
sensed. Accordingly, one of a plurality of tracking segments associated with the continuous
band can be 1dentified based on this value.

In addition to the above examples, each respective tracking segment of a continuous
band, which could be either time-based segments of a period of rotation of the band or physical
circumferential segments of the band, can also correspond to a value that occurs between whena
most recent starting reference was generated and when a sensor (e.g., 26A) enters a region of a
nip where a pressure reading, or other reading, 1s being sensed. Fach such tracking segment

could correspond to a different value such as, for example, an index number of the tracking
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segment as measured from a reference such as a time-based reference signal or a reference
location or position of the band.

Returning to the felt 911 of Fig. 12A, the felt 911 can be segmented into cross-machine
direction (or axial} segments similar to the felt 913 being segmented into axial segments
corresponding to the different locations of the sensors 26A on the sensing roll 926, Thus, the felt
911 can be broken into multiple axial segments that each correspond to one of the sensor
locations on the sensing roll 926 and data similar to that of Figs. 14A-14C can be collected for
each axial segment. Accordingly, similar matrices of "counts”, "sums" and "averages” as
described in Figs. 6-8 can be constructed for the data similar to Figs. 14A-14C for each axial
segment but arranged in a manner time-synchronized with the period of rotation of the felt 911,
In the example provided above, each such matrix would have (37x14), or 518, cells because the
felt 911, or more generally a continuous band, comprises # axial segments, having respective
index values: 1, 2, ., n {e.g., n = 14) and the felt rotational period comprises m time-based
tracking segments, each having a respective, unique index value x intherange of: 1,2, ., m
(e.g., m =37) which creates {# times ) unique permutations that are dentifiable by a two-
element set comprising a respective axial segment index value and a respective time-based
tracking segment mdex value. So, as mentioned above, for a plurality of respective sensor signals
and for one or more of the possible (n times m) permutations, each cell of a matrix can be
calculated that represents an average of all the plurality of respective sensor signals associated
with an axial segment and time-based tracking segment matching each of the one or more
permutations.

The pressure readings in column 404A of Figs. 14A-14C involve less than only 100
different sensor readings from one sensor 26A. However, if data from over 1000, 2000 or even
5000 sensor readings from each of the sensors in a sensing roll is collected, then the time-
synchronization of data can reveal effects that different stations, e.g., wet felt stations 908, 910
and 912, in the process/system line of Fig. 9 can have on those pressure readings. The values in
column 404A correspond to different sequential sensor readings as numbered 1in column 402A.
However, depending on how those pressure reading values are associated with periodically
repeating tracking segments, patterns in the pressure readings may become apparent.

As shown by element 1412 1n column 406A, there can be 22 mating roll tracking

segments such that each pressure reading (from column 404 A) 1s assoctated with one of those
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tracking segments. As described earlier with respect to the matrices of Figs. 6-8, each sensor
reading in column 404 A can be associated with only one axial position {or sensor position of the
one sensor generating those pressure readings) and any one of a number of tracking segments
{e.g., 1-22) of a monitored component in the process/system of Fig. 9. In the following
discussion, an assumption is made that the example axial segment is "Axial Segment #1". Every
pressure reading in column 404 A that is associated with mating roll tracking segment 1 15 added
together. The number of those segments can then be divided into the sum to arrive at an average
pressure reading for tracking segment 1. A simular average can be calculated for each of the 21
other mating roll tracking segments as well. Similar averages can be calculated for all of the 21
mating roll tracking segments corresponding to the remaining axial segments, 1.e., Axial
Segment #2 through Axial Segment #14. Thus, an average pressure matrix, such as the one
described with respect to Fig. 8, can be constructed for the mating roll 942A.

Fig 15A ilustrates an average pressure matrix for the mating roll 942 A constructed by
extending the simulation data of Figs. 14A-14C 1o 5,000 pressure readings. Column 1502
represents the tracking segments of the mating roll 942 A with each row representing one of those
22 racking segments. Fach colummn 1506 represents one of the axial positions of the sensors 26
{for example, 14 axial positions). The extended pressure reading data in column 404A of Figs.
14A-14( represents one particular axial position such as "Axial Segment 1" and, thus, 1s used to
calculate the value in a single column 15004 of the matrix of Fig. 15A. A value 1508 imrow 5
of the matrix 1s an average of all the pressure readings of column 404A that are associated with
tracking segment 5 of the mating roll 942A.

Fig. 15B illustrates an average pressure matrix for the felt 913 constructed by extending
the simulation data of Figs. 14A-14C to 5,000 pressure readings. Column 1512 represents the
tracking segments of the felt 913 with each row representing one of those 31 tracking segments.
Fach column 1516 represents one of the axial positions of the sensors 26. The extended pressure
reading data in column 404A of Figs. 14A-14C represents one particular axial position such as
"Axial Segment 1" and, thus, is used to calculate the value 1n a single column 1516A of the
matrix of Fig. 15B. A value 1518 in row 27 of the matrix 1s an average of all the pressure
reading of column 404 A that are associated with tracking segment 27 of the felt 913, In

particular, the average value in row 27 1s significantly higher than the values in the other rows of
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column 1516 and could represent a defect of the felt 913 such as a plugged spot that 1s
periodically causing lower water removal.

Fig. 15C illustrates an average pressure matrix for the felt 911 constructed by extending
the simulation data of Figs. 14A-14C to 5,000 pressure readings. Column 1522 represents the
time-based tracking segments of the felt 911 with each row representing one of those 37 tracking
segments. Fach column 1526 represents one of the axial positions of the sensors 26. The
extended pressure reading data in column 404A of Figs. 14A-14C represents one particular axial
position such as "Axial Segment 1" and, thus, 1s used to calculate the value in a single column
1526A of the matrix of Fig. 15C. A value 1528 in row 25 of the matrix is an average of all the
pressure reading of column 404 A that are associated with time-based tracking segment 25 of the
felt 911. The time-based tracking segment 25 does not necessarily correspond to physical
circurnferential tracking segment 25 of the felt 911 being 1n the nip 1203 concurrently.

However, as described above, the physical circumferential segment of the felt 911 in the nip
1203 corresponding to the time-based tracking segment 25 can be calculated. In particular, the
average value in row 25 15 approximately 2 psi higher than many of the values in the other rows
and could represent a defect in the felt 911, such as a region of the felt that is plugged or a thin
spot of the felt 911 that does not remove water as readily as surrounding areas of the felt 911,
that 15 periodically affecting the web of material 904,

FIG. 16 1llustrates graphically the different time-synchronized arrangements of the same
sensor data readings in accordance with the principles of the present mvention. In particular the
waveforms of Fig. 16 represent the 5000 sensor readings taken by a single sensor 26A on the
sensing roll 926 used to construct columns 1506A, 1516A and 1526A of the matrices of Fig,
15A- 15C.

The waveform 1602 has the mating roll tracking segment index as its x-value and the
corresponding average pressure reading from column 1506A of the matrix of Fig. 15A for that
segment index as the y-value. The waveform 1604 has the felt tracking segment index of the felt
913 as 1ts x-value and the corresponding average pressure reading from column 1516A of the
matrix of Fig. 15B for that segment index as the y-value. The waveform 1608 has the felt 911
time-based tracking segment index as its x-value and the corresponding average pressure reading

from column 1526A of the matrix of Fig. 15C for that segment index as the v-value. The peaks
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of the waveforms 1604 and 1608 correspond to the values 1518 and 1528 from Fig. 15B and Fig.
15C.

As mentioned above, the average pressure matrices, or their corresponding waveforms,
can be analyzed to identify potential 1ssues with one or more stations m the process/system of
Fig. 9 The waveform 1602 reveals a sinusoidally changing pressure value based on which
tracking segment of the mating roll 942 A 1s traveling through the region of the nip 1201 at an
axial location corresponding to pressure sensor 26A, which sensor 26A corresponds to Axial
Segment 1. This, for example, could be caused by the mating roll 942A having an oval cross-
sectional shape at that axial position, rather than a circular cross-section. The waveform 1604
reveals a significant pressure pulse associated with tracking segment #27 of the felt 913 atan
axial location corresponding to pressure sensor 20A as compared to the other 30 tracking
segments of the felt 913 at that axial location. The waveform 1608 reveals an identifiable
pressure pulse associated with time-based tracking segment #25 of the period of rotation of the
felt 911 at an axial location corresponding to pressure sensor 26A as compared to the 36 other
tracking segments of the felt 911 at that same axial location.

In Fig. 13, the sensing roll 918 15 associated with a region of a nip 212A of the pressing
region 916 of the felt station 908 that, in this example, is closest to the wire mesh 906, However,
pressure values can be sensed at other, further downstream stations as well without departing
from the scope of the present invention. Sumular to the felts 911 and 913, the wire mesh 906
rotates as a continuous band m a loop pattern around rolls 1302 and 1304, Accordingly, the wire
mesh 906 has a regular period of rotation around thus loop pattern. Thus, different portions of
the wire mesh 906 each periodically contact corresponding regions of the web of material 904
upstream from the region of the nip 212A even though the wire mesh 906 itself does not travel
through the region of the nip 212A. The region of the nip 212A 1s formed between the sensing
roll 918 and a mating roll 940A in the wet felt station 908, The sensing roll 918 includes a
wireless transmitter 40B (substantially similar to the wireless devices 40, 40A described above)
and a sensor array having a plurality of axially spaced apart sensors 1302 (substantially similar to
each sensor 26 described above), with only a single sensor 1302 A at one corresponding axial
location illustrated in Fig. 13, In a similar manner to that described with respectto Fig. 5, a
processor 903 A receives signals from a signal generator 900C and the wireless device 40B in

order to time synchronize sensor readings from the sensing roll 918 with the periodic time
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reference signal from the signal generator 900C. In the example embodiment of Fig. 13, a
simple, single wire mesh 906 is described; however, other elements may be associated with the
wire mesh 906 such as a top wire and/or a vertical former. One of ordinary skill will recognize
that a variety of other elements can be associated with the wire mesh 906 of Fig. 13 such as
additional rolls that contact an inner surface of the mesh 906 to carry the mesh 906 evenly and
prevent it from sagging and vacuum boxes and foils (not shown) can be provided to pull
moisture from the shurry through the mesh 906.

In Fig. 13, a portion 1309 of the wire mesh 906, having a corresponding axial and
circumferential location, 15 shown that contacts the web of material 904 in a periodic manner as
the web of material 904 1s carried by the wire mesh 906. Identified web of maternial regions 1310
and 1312 are evenly spaced and were in contact with the portion 1309 of the wire mesh 906,
When one of those web of material regions travels through the region of the nip 212A, the
pressure reading from the sensing roll 918 can be affected by the impact that the wire mesh
portion 1309 bad on the web of material 904 that 1t contacted. Sumular to the explanation relating
o felts, the condition of the wire mesh 206 that contacts the web of material 904 can affect, for
example, the amount of moisture that 1s able to drain from the contacted region of the web of
material 904, Thus, some regions of the web of material 904 may be wetter or drier relative to
one another and cause higher or lower pressure readings when passing through the region of the
mp 212A. Changes to the web of material 904 are caused by gravity, vacuum and foils and
vacuum pulling water from the slurry through the wire mesh 906, Both water weight {(moisture)
and dry weight of the slurry can be impacted. Plugs in the wire mesh 906 may cause solids of
the shurry to shift position. Holes of worn areas in the wire mesh 906 may cause solids in the
sturry to be lost and pass through the mesh 906 and result in a hight weight region.

The wire mesh 906 can have a period of rotation that can be broken into different time-
based tracking segments in the same manner as the period of rotation of the felt 911 was broken
mto 37 time-based tracking segments as described earlier which each could also be transiated
nto a corresponding one physical circumferential tracking segment of the felt 911, Thus, the
tracking segments related to the wire mesh 906 can either be a plurality of time-based segments
of the period of rotation of the continuous band around the loop pattern or a plurality of physical

circumferential segments on the continuous band. Segments 1307, as shown in Fig. 13, may, for
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example, be separate physical circumferential segments with each having an index relative to a
fixed reference position 1308 on the wire mesh 906.

As an example, the reference position 1308 can make 1 complete rotation around the loop
pattern in the same amount of time that the sensing roll 918 makes 43 rotations. For example, if
the sensing roll 918 is about 6 feet in circumference, then in this example, the circumference of
the wire mesh 906 would be about 258 feet (e.g., 6 * 43). Using the same principles as used
when describing the felt 911 of Fig. 12A, the mesh 906 can be segmented into 43 tracking
segments, for example. As an example, the portion 1309 of the wire mesh 906 that, for example,
has a circumferential tracking segment and an axial location, may cause a pressure pulse in the
region of the nip 212 A as compared to all other portions of the wire mesh 906 if 1t 1s plugged or
a pressure dip in the region of the nip 212A as compared to all other portions of the wire mesh
906 if 1t has a hole worn in it

Thus, a signal generator 900C generates a periodic time reference signal when a reference
position 1308 of the wire mesh 906 15 adjacent the signal generator 900C. This 1s the reference
signal from which a time-based tracking segment can be calculated as the sensor 1302A passes
through the region of the nip 212A. As one example, when any of the web of material regions
1310 or 1312 passes through the mip 212A and 15 sensed, the processor 903 A can determune the
elapsed time pertod since the last reference signal was generated in a manner simular to that
described above with respect to felt 911 in Figs. 12B and 12C. Thus, the pressure readings
sensed at those times can all be associated with the same time-based tracking segment of the
period of rotation of the mesh 906, The portion 1309 of the wire mesh 906 that corresponds to
this time-based tracking segment can be calculated in a manner similar to that described above
with respect to felt 911 in Figs. 12B and 12C. Thus, the pressure readings from the region of the
nip 212A that are associated with different time-based tracking segments can also be associated
with corresponding circomferential tracking segments of the mesh 906 relative to the reference
position 1308,

In a manner simular to how data in Figs. 4A and 4B, Figs. 14A-14C and Fig. 15A-15C
was collected in a manner time-synchronized with the rotational period of the mating roll 11, the
felt 913, and the felt 911, sensor readings from the region of the nip 212A could also be collected
in a manner time-synchronized with the period of rotation of the wire mesh 906, Also, similar to

the tick marks and count-based tracking segments described in Fig. 12D and Fig. 12E with
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respect to the felt 913 A, a similar count-based technique can be utilized with respect to the wire
mesh 906 in order to collect sensor data in a manner time-synchronized with the rotation of the
wire mesh 906,

Fig. 17 1s a flowchart of an exemplary method of time-synchronizing data in accordance
with the principles of the present invention. In particular, the method can be associated with a
sensing roll and possibly upstream felts and wires. The method begins in step 1702 by
generating a respective sensor signal from each of a plurality of sensors located at axially
spaced-apart locations of the sensing roll. More particularly, each respective sensor signal 1s
generated when each sensor enters a region of a nip between the sensing roll and the mating roll
during each rotation of the sensing roll. This 1s because the sensing roll and mating roll are
located relative to one another to create the nip therebetween and there 1s also a web of matenal
that travels through the nip from an upstream direction to a downstream divection. Furthermore
there 1s a continuous band arranged to travel around in a loop pattern that contacts at least a
region of the web of material at the nip or upstream from the nip. The method continues in step
1704 by generating a periodically occurring time reference associated with each rotation of the
continuous band around the loop pattern. Next, in accordance with the method, the respective
sensor signal generated by each sensor s received in step 1706, In step 1708, upon recetving the
respective sensor signal, the method mvolves three different actions: a) determining a particular
one of the plurality of sensors which generated the respective sensor signal, b) identifying one of
a plurality of tracking segments associated with the continuous band based upon an amount of
time that elapsed between when the respective sensor signal was generated and a most recent
time reference, and ¢) storing the respective sensor signal to associate the respective sensor
signal with the identified one tracking segment. Of particular note, each of the plurality of
tracking segments is, respectively, associated with a different amount of elapsed time. In
accordance with the method of Fig. 17, the continuous band can comprise either a press feltora
wire mesh. Furthermore, the continuous band may pass through the nip or merely contact a
region of the web of material upstream from the nip.

While particular embodiments of the present invention have been illustrated and
described, it would be obvious to those skilled in the art that various other changes and

modifications can be made without departing from the spirit and scope of the invention. Itis
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therefore intended to cover in the appended claims all such changes and modifications that are

within the scope of this invention.
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CLAIMS

1. A system associated with a sensing roll and a mating roll for collecting roll data comprising:
the sensing roll and mating roll located relative to one another to create a nip
therebetween, wherein a web of material travels through the nip from an upstream directionto a
downstream direction and a continuous band, arranged to travel around in a loop pattern,
contacts at least a region of the web of material at the nip or upsiream from the nip;
a plurality of sensors located at axially spaced-apart locations of the sensing roll, wherein
each sensor enters a region of the nip during each rotation of the sensing roll to generate a
respective sensor signal;
structure for generating a periodically occurring starting reference associated with each
rotation of the continuous band arcund the loop pattern; and
a processor to receive the periodically occurring starting reference and the respective
sensor signal generated by each sensor and, after receiving the respective sensor signal, the
processor operates to:
determine a particular one of the plurality of sensors which generated the
respective sensor signal,
based upon a value occurring between when the respective sensor signal was
generated and a most recent starting reference, identify one of a plurality of tracking segments
associated with the continuous band, wherein each of the plurality of tracking segments 1s,
respectively, associated with a different value, and
store the respective sensor signal to associate the respective sensor signal with the

identified one tracking segment.

2. The system of claim 1, wheremn:

the starting reference comprises a time reference;

the value occurring between when the respective sensor signal was generated and the
most recent starting reference is calculated from an amount of time that has elapsed between
when the respective sensor signal was generated and a most recent time reference; and

each of the plurality of tracking segments i3, respectively, associated with a different

amount of elapsed time.
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The system of claim 2, wherein the continuous band comprises a press felt.

(43

4. The system of claim 2, wherein the continuous band comprises a wire mesh.

(A%

The system of claim 2, wherein the continuous band travels through the nip.

6. The system of claim 2, wherein the received sensor signal comprises a pressure value.
7. The system of claim 1, wherein the plurality of tracking segments associated with the
continuous band comprise one oft

a plurality of circumferential segments on the continuous band, and

a plurabity of time segments of a period of rotation of the continuous band.

8. The system of claim 1, wherein:
the continuous band comprises a plurality of detectable marks evenly spaced along at

least a portion of a surface of the continuous band.

9. The system of claim 1, wherein
the continuous band comprises a plurality of detectable marks along at least a portion of a
surface of the continuous band, wherein one distinctive mark of the plurality of detectable marks

15 different than all of the other marks.

10. The system of claim 9, wherein the structure for generating the starting reference
comprises:

a detector proximate to the surface of the continuous band for detecting each of the
plurality of detectable marks traveling by the detector, wherein each of the plurality of detectable
marks traveling by the detector defines a respective event; and

a signal generator in communication with the detector for generating the starting

reference each time the one distinctive mark is detected.

11. The system of claim 10, wherein:
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the starting reference comprises a starting count;

the value occurring between when the respective sensor signal was generated and the
most recent starting reference is calculated from a number of events that has occurred between
when the respective sensor signal was generated and the starting count; and

each of the plurality of tracking segments is, respectively, associated with a different

number of the events.

12. The system of claim 11, wherein generating the starting reference comprises resetting the

counter to the starting count.

13. The system of claim 11, wherein the continuous band comprises a press felt.

14, The system of claim 11, wherem the continuous band comprises a wire mesh.

15, The system of claim 11, wherein the continuous band travels through the nip.

16, The system of claim 11, wherein the continuous band does not travel through the nip and

contacts the web of material upstream of the nip.

17. The system of claim 11, wherein the received sensor signal comprises a pressure value.

18. The system of claim 11, wherein the plurality of tracking segments associated with the

continuous band comprise a plurality of circumferential segments on the continuous band.

19. A method associated with a sensing roll and a mating roll for collecting roll data comprising:

generating a respective sensor signal from each of a plurality of sensors located at axially
spaced-apart locations of the sensing roll, wherein each respective sensor signal is generated
when each sensor enters a region of a nip between the sensing roli and the mating roll during
each rotation of the sensing roll; the sensing roll and mating roll located relative to one another
to create the nip therebetween, wherein a web of material travels through the nip from an

upstream direction to a downstream direction and a continuous band, arranged to travel around in
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a loop pattern, contacts at least a region of the web of material at the nip or upstream from the
nip;
generating a periodically occurring starting reference associated with each rotation of the
continuous band around the loop pattern; and
recetving the respective sensor signal generated by each sensor and, upon receiving the
respective sensor signal:
determining a particular one of the plurality of sensors which generated the
respective sensor signal,
based upon a value occurring between when the respective sensor signal was
generated and a most recent starting reference, wdentifving one of a plurality of tracking segments
associated with the continuous band, wherein each of the plurality of tracking segments 1s,
respectively, associated with a different value, and
storing the respective sensor signal to associate the respective sensor signal with

the identitied one tracking segment.
20. The method of claim 19, wherein:

the starting reference comprises a time reference;

the value occurring between when the respective sensor signal was generated and the
most recent starting reference is caleulated from an amount of time that has elapsed between
when the respective sensor signal was generated and a most recent time reference; and

each of the plurabity of tracking segments 1s, respectively, associated with a different
amount of elapsed time.
21. The method of claim 20, wherein the continuous band comprises a press felt.
22. The method of claim 20, wherein the continuous band comprises a wire mesh.

23. The method of claim 20, wherein the continuous band travels through the nip.

24. The method of claim 20, wherein the received sensor signal comprises a pressure value.
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25. The method of claim 19, wherein the plurality of tracking segments associated with the
continuous band comprise one oft
a plurality of circumferential segments on the continuous band, and

a plurality of time segments of a period of the continuous band.

26. The method of claim 19, wherein:
the continuous band comprises a plurality of detectable marks evenly spaced along at

least a portion of a surface of the continuous band.

27. The method of claim 19, wherein
the continuous band comprises a plurality of detectable marks along at least a portion of a
surface of the continuous band, wherein one distinctive mark of the plurality of detectable marks

i5 different than all of the other marks.

28. The method of claim 27, comprising:
detecting, with a detector proximate to the surface of the continuous band, each of the
plurality of detectable marks traveling by the detector as a respective event; and

generating the starting reference each time the one distinctive mark is detected.

29. The method of claim 23, wherem:

the starting reference comprises a starting count;

the value occurring between when the respective sensor signal was generated and the
most recent starting reference 1s calculated from a number of events that has occurred between
when the respective sensor signal was generated and the starting count; and

each of the plurality of tracking segments is, respectively, associated with a different

number of the events.

30. The method of claim 29, wherein generating the starting reference comprises resetting the

counter to the starting count.

31. The method of claim 29, wherein the continuous band comprises a press felt.
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32. The system of claim 29, wherein the continuous band comprises a wire mesh.

33. The method of claim 29, wherein the continuous band travels through the nip.

34. The method of claim 29, wherein the continuous band does not travel through the nip and

contacts the web of material upstream of the nip.

35 The method of claim 29, wherein the recetved sensor signal comprises a pressure value,

36. The method of claim 29, wherein the plurality of tracking segments associated with the

continuous band comprise a plurality of circumferential segments on the continuous band.
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83 -7.918571535 17 21 g

&4 -7.918571535 18 22 10

85 -7.277055863 19 23 11

86 -6.045906585 20 24 12

FIG. 14C
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GENERATE A RESPECTIVE SENSOR SIGNAL FROM EACH 707
OF A PLURALITY OF SENSCRS LOCATED AT AXIALLY  }°
SPACED-APART LOCATIONS CF THE SENSING ROLL

GENERATING A PERIODICALLY OCCURING TIME 1704
REFERENCE ASSOCIATED WITH EACH ROTATIONOF - %"
THE CONTINUGUS BAND AROUND THE LOOP PATTERN

RECEIVING THE RESPECTIVE SENSOR 1706
SIGNAL GENERATED BY EACH SENSCR

UPON RECEIVING THE RESPECTIVE SIGNAL:

DETERMINING A PARTICLAR ONE OF THE PLURALITY OF SENSORS WHICH
GENERATED THE RESPECTIVE SENSOR SIGNAL BASED UPON AN AMOUNT OF
TIME THAT ELAPSED BETWEEN WHEN THE RESPECTIVE SENSOR SIGNAL - | ~17086
WAS GENERATED AND A MOST RECENT TIME REFERENCE, IDENTIFYING ONE CF
A PLURALITY OF TRACKING SEGMENTS ASSOCIATED WITH THE CONTINUOUS

BAND AND STORING THE RESPECTIVE SENSCR SIGNAL TO ASSCCIATE THE
RESPECTIVE SENSOR SIGNAL WITH THE IDENTIFIED ONE TRACKING SEGMENT

FIG. 17
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