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SYSTEM AND METHOD FOR MONITORING AN OSCILLATING
COMPONENT

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. entitied COUNT-BASED MONITORING MACHINE WIRES
AND FELTS {Attorney Docket No. TEC-064732) filed concurrently herewith, U.S. Patent
Application Serial No. entitled MONITORING APPLICATOR RODS
{Attorney Docket No. TEC-0648838) filed concurrently herewith, and U.S. Patent Application
Serial No. entitled MONITORING APPLICATOR RODS AND
APPLICATOR ROD NIPS (Attorney Docket No. TEC-064270) 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



WO 2016/200794 PCT/US2016/036193

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 is beneficial in
papermaking and contributes to moisture content, caliper, sheet strength and surface appearance.
For example, a lack of uniformity in the nip pressure can often result in paper of poor qualbity.
Thus, there remains a need to monitor various components of the papermaking process and

account for their potential effect on mip pressure at one or more nip regions.

SUMMARY

In accordance with one aspect of the present invention a system associated with a sensing
roll and a mating roll for collecting roll data includes 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 direction to a downstream direction and an osciliating component,
upstream from the nip, 1s arranged relative to the web of material such that it periodically
osciliates relative to the web of material; and 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. The system also mcludes structure for
generating a perodically occurring starting reference associated with each oscillation of the

oscillating component; and a processor to receive the periodically occurring starting reference
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and the respective sensor signal generated by each sensor. 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 oscillating component, 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 aspect of the present invention the oscillating component
comprises etther a doctor blade or an oscillating shower. In accordance with related aspects of
the invention each of the respective sensor signals comprises a pressure value.

In a related aspect of the present invention the processor recetves the respective sensor
signal for each of the plurality of sensors during each rotation of the sensing roll, and a plurality
of the respective sensor signals occur during a plurality of rotations of the sensing roll. For each
one of the plurality of the respective sensor signals, the processor identifies an agsociated sensing
roll axial segment and the identified one tracking segment.

In yet another related aspect, the sensing roll comprises » axial segments, having
respective index values: 1, 2, ., #; the oscillating component’s pertod of oscillation comprises m
tracking segments, having respective index values: 1, 2, ., m, such that there are (i times )
unigue permutations that are identifiable by a two-element set comprising a respective axial
segment ndex value and a respective tracking segment index value. A respective average
pressure value can be associated with each of the (» times m} unique permutations, each of the
respective average pressure values based on previously collected pressure readings related to the
nip.

The one tracking segment may be identified based upon the value and a time period
occurring from when a portion of the mating roll, the sensing roll or another element moves from
adjacent the osciilating component to the nip.

In accordance with yet another aspect of the present invention, a method associated with
a sensing roll and a mating rolf for collecting roll data 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 is generated when each sensor enters a region of a nip
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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 a nip therebetween, wherein a web of
material travels through the nip from an upstream direction to a downstream direction and an
oscillating component, upstream from the nip, is arranged relative to the web of material such
that it periodically oscillates in a direction transverse to the travel of the web of material. The
method also includes generating a periodically occurring starting reference associated with each
oscillation of the oscillating component; and receiving the respective sensor signal generated by
each sensor. After receiving the respective sensor signal, the method continues with 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, identifying one of a plurality of tracking segments associated with the
oscillating component, 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 clatms particularly pointing out and distinetly
claiming the present invention, it 13 believed that the present mvention will be better understood
from the following description in conjunction with the accompanying Drawing Figures, 1 which
iike reference numerals identify like elements.

Fig. 115 an end, schematic view of a mup 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 "NW."

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 comncidentally 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.
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Fig. 5 1s a schematic drawing showing the basic architecture of a particular monitoring
system and paper processing line in 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 circumferential segments of a mating roll in accordance with the principles of
the present invention.

Fig. 9 illustrates an exemplary process configuration in accordance with the principles of
the present invention 1n 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.

Figs. 10A — 10C illustrate an oscillating doctor blade that affects sensed nip pressures in
accordance with the principles of the present invention.

Figs. 11A — 11D dlustrate an oscillating cleaning shower that affects nip pressures in
accordance with the principles of the present invention.

Fig 12A illustrates one specific axial segment affected by an oscillating cleaning show in
accordance with the principles of the present invention,

Fig. 12B dlustrates a conceptual depiction of a path of a cleaning shower relative to all
the axial segments during one complete oscillation in accordance with the principles of the
present invention,

Figs. 13A(1} -13E illustrate how sensor readings can be collected so as to be associated
with different tracking segments of an oscillating component 1o accordance with the principles of
the present invention,

Fig. 14 15 a flowchart of an exemplary method of time-synchronizing data n 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; UK. Patent
Application Serial No. 14/268,706 entitled METHOD AND SYSTEM ASSOCIATED WITH A
SENSING ROLE AND A MATING ROLL FOR COLLECTING DATA INCLUDING FIRST
AND SECOND SENSOR ARRAYS, filed May 2, 2014; and U S. Patent Application Serial
No.14/268,737 entitled METHOD AND SYSTEM ASSOCTATED WITH A SENSING ROLL
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INCLUDING PLURALITIES OF SENSGRS 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 s shown by way of illustration,
and not by way of limitation, 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.

As tllustrated 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, n
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 mnner base roll 20 and an outer roll cover 22, As shown
mn Fig. 2, a set 24 of sensors 26 15 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 a
single revolution to define a helical pattern, which is a common sensor geometry arrangement for
roll covers. However, the helical pattern s merely an example and any arrangement 13
contemplated in which at least one sensor 1s placed at each axial position, anywhere along the
circumference, at which data 1s to be collected. Each sensor 26 can, for example, measure the
pressure that is being exerted on the sensor when 1t enters a region of the nip 12 between the rolls
10and 11, In particular, the set 24 of sensors 26 may be positioned in the sensing roll 10, for
example, at different axial locations or segments along the sensing roll 10, wherein the axial
segments are preferably equally sized. In the ilustrated embodiment, there are fourteen axial
segments, labeled 1-14 1n Fig. 2, each having one sensor 26 located therein. It 15 also
contemplated that the set 24 of sensors 26 may be linearly arranged so as to define a line of
sensors, i.e., all sensors reside at the same circumferential location. One of ordinary skifl 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.
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Because having even nip pressure 1s beneficial during paper manufacturing, correctly
calculating and displaying the mip pressure profile are also beneficial since any corrections or
adjustments to be made to the rotating rolls based on an maccurate calculated nip 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 it 1s the vanability 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
the rotational varability of the mating roll, 1.e, the roll nipped to the sensing roll, and the
osciliating variability of, for example, a doctor blade or cleaning shower. The third varability
the nip profile includes the variability of multiple sensors, discussed below, at each cross-
directional position of the roll. This vanability represents the "rotational variability” of the
sensing roll as 1t 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 1s 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 U8, Patent Application Serial No. 14/268,672
which s incorporated herem by reference 1n 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 is located in 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 in a same axial segment of the sensing
roll. The first 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. 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
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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 in 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.e, 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
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, rolis are periodically ground which results is small arbitrary changes in
diameter from the manufacture’s specification. There may also be slippage with one or more of
the rolls resulting m the sensing roll surface traveling at a speed that 15 different than the mating
roll surface. Consequently, it is 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
circumferential portion of the mating roll 11 as it did in a previous rotation. This behavior can
be utilized to create data maps corresponding to the surface of the mating roll 11, Different
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. Vanability between
the different data maps can indicate possible problems with the mating roll 11, such as roll
surface irregularnities, 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 axaal segments.
All 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. 1n the
illustrated embodiment, it is 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
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axial segments on the sensing roll 10 may be aligned with the axial segments on the mating roll
11. Fusthermore, 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 with a
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
position of the two rolls 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
is positioned in the region of the rup 12 along with the sensor 26A. 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 1s once again positioned
in the region of the nip 12 but the mating roll 11 has rotated so that circumferential segment #2 1s
in the region of the nip 12, The values of Fig. 3 are selected just as examples to tlustrate 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 in Fig. 3}, the sensor 26A of the sensing roll 10 has been able to collect 22 sensor readings,
presuming 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 maintained
between these rolls and this would tend to even out the sampling of tracking segments, discussed

below.
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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 inveniion 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
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 15 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
Iikely be that of the mating roll 11 which directly presses against the sensing rolf 10. However, 1t
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 affect the mip
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 illustrate
the principles of this invention; however all principles are applicable to upstream and
downstream processing equipment, such as upstream and downstream 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 patiern which 1s 8 pounds per square inch (psi)
peak-to-peak. In the illustrated example of Figs. 4A and 4B, to start, the pressure pattern is "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 is the

10
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sequential number assigned to the sensor reading and the middle 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. Fach pressure reading
value i1s 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 periodicity is using units-of-
measure that measure that difference in terms of time segments, e.g., 22 time segments in the
illustrated embodiment. The length of each time segment is the mating roll period divided by the
number of predefined time segments. As discussed below, the predefined number of ime
segments may correspond to a predefined number of mating roll circumferential segments. A
period 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 havea
period that 1s 1 0 mating roll time segment more than the period of the mating roll 11
{equivalently, the mating roll 11 can have a period 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 it 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
circumferential segments around the mating roll 11, Thus, even though, at a conceptual level, 1t
1s the period of the mating roll 11 that is being separated into a plurality of time segmenis, that
concept can correspond to a physical circumference of the mating roll 11, wherein each
mdividual time segment of the mating roll period also corresponds to a circumferential segment
around the mating rolf 11. Accordingly, differences in rotational periods between the sensing
roll 10 and the mating roll 11 measured in units of "time segments” can just as easily be
considered in units of "circumferential segments.” In the description of at least some
embodiments of the present invention below, reference to "circumferential segments” is 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
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"circumferential segments” and "time segments” can also be referred to generically as "tracking
segments”; 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 particular 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 in a variety of
different ways. One way involves indexing a particular one of the 22 mating roll segments with
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) is i the nip 12. For example, if the time between each furing of
the trigger signal 1s 220 ms, then each time segment 15 10.0 ms, which corresponds to one of the
22 mating roll circumnferential segments. A pressure signal generated by a sensor 26 in the nip
region occurring at 30 ms after the trigger signal would be assigned to time segment 3 as three
10.0 ros segments will have passed, e g., the nip region, from when the trigger signal 15 made to
when the pressure signal 1s generated.

In Fig. §, a processor 903 can be present that can generate a real-time nup 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 circuomferential segment or position 907 of the mating
roll 11 can be mdexed or encoded such that a signal generator 900 detects the encoded segment
907 and generates the trigger signal 901 each time the signal generator 900 determines that the
segment 907 of the mating roll 11 completes another full rotation. When the mating roll 11 i
rotated such that the circumferential position or segment 907 is aligned with a detector portion of
the signal generator 900, then the one of the 22 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 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 position and the
amount of this variance determines which of the 22 circumferential segments will be positioned

m the nip region. Accordingly, based on the rotational position of the mating roll 11 relative to

12



WO 2016/200794 PCT/US2016/036193

that reference position a determination can be made as to which of the 22 circumferential
segments is in the nip region when a particular sensor 26 generates a pressure signal. Fig. 5
illustrates the overall architecture of one particular system for monitoring paper production
product quality. The system of Fig. 5 includes the processor 903, noted above, which defines a
measurement and control system that evaluates and analyzes 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),
maintrame, server, other programmable computer devices, or any combination thereof. The
processor 903 may also be implemented using programmable logic devices such as field
programimable gate arravs (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 recetver 903 from
transmuitter(s) 40 located on the sensing roll 10. The signals can then be conunumicated to the
processor 903, Tt s 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-time average pressure profile.

There are other ways to determine the position of the mating roli 11, One way istousea
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 in this
mvention.

In an example environment in which there are 14 axially arranged sensors 26, each of
which can be uniquely referred to using an axial segment index value that ranges from "1 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 {1e, 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 is
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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. Therefore 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 segments) and each column represents one of the 14 axaally
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. Fach cell represents a combination of
a sensor number {or axial segment number) and a particular mating roll circumferential segment
{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 1s 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 segment
were concurrently in the region of the nip 12 to acquire a pressure reading value. Fig. 7
ltustrates a similarly sized matrix {(Le., 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 is 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, in this example, the value 15 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 circumferential segment number 1, the

acquired pressure reading value is summed with the contents already in the cell 200, Fach of the
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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 particular permutation
of sensor number and mating roll circumferential segment number which entered the region of
the nip 12 concurrently.

Other matrices, not shown, can be calculated based on the sensor data used to build the
matrices of Figs. 6, 7, and 8. For example, squaring the pressure values used 1o build the matrix
of Fig. 7, and then summung those squared values can be done to build a sum-squared matrix
which can be useful in partitioning of vanability into cross-directional (CD) variability,
rotational variability, 2-dimensional vanability, and residual variability. The varability
partitions can be trended for operational and/or mamtenance purposes.

As a result, the matrix of Fig. 8 represents an average pressure value that is sensed for
each particular sensor number and mating roll circumferential segment number. The length of
time such data 15 collected deternines 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 m the system that move the web of material. In particular, the average
values in the average pressure matrix of Fig. 8 are related to vanability 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 this CD variability 15 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 columns 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 life
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limitations of data acquisition systems in 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 in a post hoc fashion. Consequently, collections may be stopped and restarted without
loss of data fidelity as long as the synchronization of the mating roll s maintained. In particular,
combining multiple collection sessions that are separated by gaps in time can be heneficial to
help populate the matrices. For example, if the period difference between the two rolls were
closer to 2.001 instead of 1.0 time or circumferential segments, the collection would have a
tendency to collect only evenly numbered time/circumferential segments in the short term (1 e,,
evenly numbered segments are those that are offset an even number of segments from a starting
segment) until sufficient time has passed to move the collection into the odd numbered
time/circumferential segments. Combining collection sessions separated by a long time delay
may help to shift the collection so that data 15 more uniformly captured for all the different
time/circumferential segments because there 1s no expectation that the period of the mating roll
will be related to arbitrary time gaps between collection sessions.

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 a 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 15 distributed over a wire mesh 906 which
allows hiquid to readily drain from the sharry. 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 is another wet felt station 910 having its own felt 911 traveling in a loop pattern
around another set of four rolls 941, There is also a second press region 920 having a press roll
922, which, 1n the illustrated embodiment, is 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
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with the web of material 904 15 pressed by one of the rolls 942 and a second sensing roll 926 ina
third press region 924. The felts 909, 911, 913 are pressed into the web of material in thetr
respective press regions 916, 920, 924 to absorb liguid 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" it 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 dryers 914 before the web of material 904 progresses further downstream
i 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 mvention. 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 transferred 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
removing hiquid from the web of material 904 as portions of the felt 909 that are m 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 504 due to vanations in the felt 909, 1.e., a worn portion
of the felt 909 may not remove as much mosture from a region of the web of matenal that it
engages as compared to a portion of the felt that 15 10 good condition and engages another region
of the web material. When a wetter region of the web of material travels through a nip in one of
the press regions {e.g. 916}, a pressure sensed by a sensor on a sensing roll {(g.g., 918) may be
greater than when a drier region of the web material 904 passes through the nip. Also, the felts
909, 911, 913 may be porous in construction and, thus, some portions of a felt may become
clogged with debris, fibers, or other contamuinants. 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
moisture 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 material 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 sensorona

sensing roll {e.g., 918} may be greater than when the other regions that experienced more
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moisture being removed pass through the nip. Further, when a clogged portion of a felt 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 non-clogged portion of that felt passes through the
nip. Thus, a pressure reading sensed in a nip can reveal effects that a felt had on the web of
material 204 upstream of that nip in addition to revealing effects from a felt passing through the
nip.

The description of various components in a papermaking process with respect to Figs. 1-
9 provides an explanation of how a sensing roll can have a plurality of sensors spaced-apart in an
axial direction that can sense conditions {e g, pressure) occurring at various positions along an
outside surface of the sensing roll as it rotates. In some particular instances, these values can be
sensed at different axial regions of a nip that the sensing roll forms with other components such
as, for example, a mating roll. Furthermore, these sensed values can be collected and arranged in
a manner that 1s synchronized with a rotation of a rotating component {e.g., a mating roll) n
order to analyze a potential effect that the rotating component may have on the papermaking
process.

In addition to rotating components such as the mating roll, a felt, or a wire mesh, there
can also be components in the papermaking process that oscillate in the cross-direction. In other
words, such a component has a period of oscillation but the direction of oscillation 1s transverse,
e.g., inand out of the plane of paper i Fig. 9, to the direction that the web of material 904 15
traveling. This type of oscillating component has a period of oscillation such that it repeatedly
travels between two extreme, or terminal, positions in a regular manner and, accordingly, the
travel of the oscillating component can be segmented nto tracking segments that are either
segments corresponding to different times, equally defined time segments, within the period of
oscillation or segments corresponding to different physical locations between the two extreme
POoSHions.

As explained in more detail below, data from a sensing roll can be collected and
synchronized with an oscillating component and associated with different tracking segments
related to the oscillating component. Thus, matrices similar to the counts, sums and averages
matrices of Figs 6-8 can be constructed with respect to the oscillating component in a manner

analogous to how these matrices were constructed for the rotating mating roll.
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Fig. 10A iilustrates the press region 924 having the sensing roll 926 and a mating roll 942
that create a nip 1004 through which the felt 913 and the web of material 904 can travel. Also,
each of a plurality of axially spaced-apart pressure sensors 26A, at a corresponding axial section
of the sensing roll 926, passes through a region of the nip 1004 once each rotation of the sensing
roll 926, There is also a doctor blade 1002 that forms a nip 1006 with the sensing roli 926 as
well. The doctor blade 1002 may be constructed from a relatively hard material such as an
elastomer, polyurethane, metal, or similar material. In Fig. 10A, the doctor blade 1002 extends
mto the plane of the drawing along an axial direction of the sensing roll 926 and a holder (not
shown} holds the doctor blade 1002 in place against the surface of the sensing roll 926 to form
the nip 1006, The doctor blade 1002 may have a length in an axial direction that 1s substantially
the same as the size of the roll which it 1s associated with and such rolls, for example, can have a
length of between about 30 inches and 400 mnches. Typically, though, the length of the doctor
blade 1002 may be less than the length of the associated roll by an amount that may depend on
an amount of cross-direction (CD) travel of the doctor blade 1002 while it oscillates. To help the
doctor blade 1002 wear more evenly, the holder (not shown) can also oscillate the position of the
doctor blade 1002 m a cross or axial direction.

Fig. 10B 15 a view looking at the nip 1006 that shows how the doctor blade 1002
oscillates 1n the cross direction between two extreme first and second positions 1010A, 1010B.
The amount of travel 1012 between the two positions 1010A, 1010B may be on the order of 1 to
10 inches. As for a period of oscillation, the time 1t take for the doctor blade 1002 to travel
between the two extreme positions 1010A, 1010B may be 15 or 75 times as long as the period of
rotation of the sensing roll 926. For example, the period of rotation of the sensing roll 926 may
be between about 0.2 seconds and 1 second and the period of osciliation for the doctor blade
1002 from a home position, for example, the first position 1010A, to the second position 10108
and back to the first or home position may be about 10 seconds to about 20 seconds.

Each time when the doctor blade 1002 is positioned {e.g., in position 1010A) such that it
is adjacent a signal generator 900A, the signal generator 900A produces a starting reference
signal that 1s communicated to a processor 903A. Accordingly, upon each complete oscillation
of the doctor blade 1002, a new starting reference signal will be generated. Also, a wireless
transceiver 40A can be included on the sensing roll 926 to communicate sensor reading

mformation to the processor 903A. A location of the doctor blade 1002 or, equivalently, an
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amount the doctor blade 1002 has traveled from a reference point, when a sensor reading 18
captured depends on an amount of time that has elapsed between when the sensor reading is
captured and the most recently generated starting reference signal. Thus, the oscillation of the
doctor blade 1002 can be segmented into a plurality of tracking segments that each can be
represented by a) a different fragment or segment of the period of oscillation of the doctor blade
1002 or b} a different physical location of the doctor blade 1002, e ¢., a defined point on the
blade 1002, between the two extreme positions 1010A, 10108,

Another alternative technique for determining where the doctor blade 1002 is positioned
in a particular oscillation could utilize an image capturing device {e.g., a camera} and an image
analyzer (e g., software, hardware, or a combination of both). The image capturing device could
be positioned so as to have a field of view that includes an edge or other point of the doctor blade
1002 over its entire amount of oscillating travel. Alternatively, an optically-detectable mark
could be mcorporated with the doctor blade 1002 and the image capturing device’s field of view
would include that optically-detectable mark over its entire range of oscillating travel. The
image capturing device would capture a series of images of the doctor blade 1002 and an image
analysis process could then analyze an image to determine at which tracking segment the doctor
blade 1002 1s located based on a position of the edge, pont or the optically-detectable mark
within an 1mage frame. By comparison of a position of the doctor blade 1002 in a current image
frame with its position 1 a previous image frame, the image analysis process could determine
which direction the doctor blade 1002 1s traveling, as well. This 1s beneficial because the doctor
blade 1002 will occupy substantially the same position at two different times i a single
oscillation. Further, detectable marks, other than optically-detectable marks can be used and can
mclude, for example, marks that are magnetically detectable, detectable using infra-red radiation,
detectable using sonic waves, detectable using X-rays, or detectable based on radicactive
emissions.

In addition to the image-related examples provided above, various contact switches,
actuators, linear vanable differential transformers (LVDTs), potentiometers or other sensors that
generate an output value that can vary based on a changing position of the doctor blade could all
be used to determine a position of the doctor blade within its range of oscillating travel. For
example, notches or ridges could be present on a portion of the doctor blade that sequentially

close/open an electrical switch so that a counter value can be used to indicate a position of the
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doctor blade. Further, monitoring a motor's current that is used to move the doctor blade can,
based on polarity, indicate a direction of travel of the doctor blade and the period of time since
that polarity has changed can provide an indication of the doctor blade's axial position.

The described sensors can not only interact with the doctor blade but can also interact
with supporting structure such as a holder or arm that moves the doctor blade. For example, a
shaft that drives the oscillating motion of the doctor blade, or a holder that loads the doctor blade
against the roll, can have a portion that extends axially outside of the boundaries of the web of
material 904, Image analysis or detecting movement of that portion of the shaft or holder may
avoid some of the dirt, contaminants and other fouling that might occur closer to the web of
material 904,

As the doctor blade 1002 oscillates between the two extreme positions 1010A, 1010B,
ditferent regions, e.g , region 2002A, of an axial front edge 1002 A of the doctor blade 1002 that
forms the nup 1006 will be positioned 1n alignment with varying axial locations of the sensing
roll 926. Thus, as the sensing roll 926 rotates and the doctor blade 1002 oscillates, different
cross-direction regions of the doctor blade 1002 will periodically be aligned with different axaal
locations or segments, and sensors 20A, of the sensing roll 926. If there 1s a variance, 1.€., a
defective region, along the edge 1002A of the doctor blade 1002, 1.e., the doctor blade edge
1002A may have high and low areas worn to i, that forms the nip 1006, then the blade 1002
may clean different portions of the surface of the sensing roll 926 differently. For example, at a
region 20028 of the doctor blade front edge 1002A that 1s worn compared to ancther region
20024 of the front edge 1002A, the worn front edge region 2002B may not clean portions of the
surface of the sensing roll 926 as well as other doctor blade front edge regions clean portions of
the sensing roll surface. When that sensing roll surface portion(s) that is less clean enters a
region of the nip 1004 a higher pressure reading may be sensed because of additional dirt and
material that is present at that sensing roll surface portion.

As described earlier with respect to the mating roll 11 and sensing roll 10, each sensor
reading value from each of the sensors 26A on the sensing roll 926 15 generated as each sensor 1
in the region of the nip 1004 and can be associated with one of the plurality of tracking
segments. In the example of Fig. 10A, these tracking segments are based on the oscillation of
the doctor blade 1002, Each sensor reading is associated with a concurrently occurring time

based tracking segment when the tracking segments are time based or a concurrently sensed
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physical tracking segment when the tracking segments are based on a physical location on the
blade 1002, As shown in Figs. 10A and 108, the region 2002 A of the front edge 1002A of the
doctor blade 1002 may mteract with an axial segment 926A of an outer circumferential surface
of the sensing roll 926 that 1s aligned with one of the sensors 26A when the doctor blade 1002 1s
at a first CD physical location 1010A or after a first amount of time has elapsed since a most
recently generated starting reference signal by the signal generator 900A However, a pressure
reading value is not sensed by the sensor 20A until it enters a region of the nip 1004, Because
there 1s distance between where the doctor blade 1002 contacts the sensing roll 926 and the nip
1004, there 1s a delay from when a circumferential portion of the outer surface of the sensing roll
926 at the axial segment 926A that moved under the doctor blade 1002 rotates around and enters
the nip 1004, Accordingly, in one emnbodiment, the particular tracking segment that will be
associated with the sensor reading when the sensor 20A enters a region of the nip 1004, 15 not
determined based on when the sensor 26A moved under the doctor blade 1002, but 15 1nstead
based on an elapsed time period between the most recently generated starting reference signal
and the sensor 26 A entering the region of the nip 1004 (for time-based tracking segments) or is
based on a physical CD location of the doctor blade 1002 when the sensor 26A enters the region
of the muip 1004 (for physical tracking segments). Hence, the particular tracking segment
associated with the sensor reading when the sensor 26A enters a region of the nip 1004 may not
correspond to the time when an axial region on the doctor blade 1002 engaged the axial and
circumferential portion of the sensing roll 926 including and surrounding the sensor 26A, e,
when that sensing roll portion including the sensor Z6A passed beneath the doctor blade 1002,
In other words, the region 2002A of the front edge 1002A of the doctor blade 1002 may
have an effect on an axial segment of an outer circumferential surface of the sensing roll 926
aligned with the sensor 26A, but that effect 1s not sensed as a pressure reading, and associated
with a particular tracking segment, until the sensor 26A enters a region of the nip 1004,
Alternatively, the particular tracking segment that will be associated with the sensor reading
when the sensor 26A enters a region of the nip 1004, can be determined so as to correspond to
the time when an axial region on the doctor blade 1002 engaged the axial and circumferential
portion of the sensing roll 926 including and surrounding the sensor 26A, 1.e., when that sensing
roll portion including the sensor 20A passed beneath the doctor blade 1602, In particular, for

time-based tracking segments for example, the amount of time that elapses between when that
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sensing roll portion passed beneath the doctor blade 1002 and when the sensor 26A enters the
region of the nip can be used to determine when that sensing roll portion passed beneath the
doctor blade. A period of oscillation of the doctor blade 1002 can be divided into, for example,
20 equal time segments that each defines a time-based tracking segment. If, when the sensor
26A enters the region of the mip 1004, an amount of time, tiom pr, has elapsed since the last
starting reference signal occurred, then the tracking segment associated with that sensor reading

can be calculated according to the formula:
BQ. 1 (tracking segment number) = INT (TSDB . (W)) +1
DB

where: INT( ) 15 a function that extracts just an integer part of a non-integer number,
TSpg 15 an mteger number of tracking segments related to the oscillation of the
doctor blade 1002, and in one example embodiment equals "20";
tiomi DB 18 the amount of time between when a most recent starting reference signal
has occurred and when the sensor 20A enters the region of the nip 1004, and
ppg 1s the period of oscillation of the doctor blade 1002.
The time period tu1 ps can be considered to have two components 41 pp and tgry pe such
that
Ceotat pB = U1 pp T Laeiay DB
where: 41 pp is an amount of time between when the most recent starting reference signal
has occurred and when the sensing roll portion around the sensor 20A passed beneath the doctor
blade 1002, and
taclay DB 18 the amount of time that elapses between when that sensing roll portion
passed beneath the doctor blade 1002 and when the sensor 26A enters the region of the nip 1004,
The value of tyu,y pp s assumed to be much shorter (e.g., half as short or even less) than ppg.

When the value for tyaqy vy 15 known, the value for t; pp can be calculated according to:
typp = (fmtaz,_pg - tdelay_j)}_%).' when tioa ps > taelay g OF
L pg = ((fmmzw + opr) — tdelagv(_,’_)B)r when 01 ps < taelay pe

and the tracking segment associated with the sensor reading when the sensor 26A enters the

region of the nip 1004 can be calculated according to:

BQ. 2 (tracking segment number) = INT (TSDB . (L;DE>) + 1.
DB

S
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in this way the tracking segment associated with the sensor reading from sensor 26A can be
based on when the sensing roll portion around the sensor 26A was beneath the doctor blade
1002.

When an exact value for sy pp 15 not known, or it is substantially zero, then the above
equation for calculating a tracking segment can still be used by assuming tyuay pe 15 equal to "0".
Under these circumstances, t; ps will be the same value as tw pe and the tracking segment

associated with the sensor reading when the sensor 26A enters the region of the nip will not take

Ldela y.DB

into account a rotational offset, , that represents a ratio between a) the amount of time 1t

takes for a portion of the sensing roll to rotate from beneath the doctor blade 1002 to a region of
the nip 1004 (1.e., tyeay pe) and b} the total period of oscillation, ppy, of the doctor blade 1002.
This ratio remains substantially unchanged for minor changes in the speed of rotation of the
sensing roll 926 and when muitiplied by the total number of tracking segments (e.g., 20}
produces the number of tracking segments that occur during teay ps.

A similar calculation can be accomplished for physical tracking segments as well where:

Liotat_pe 1s a distance the doctor blade 1002 has moved since a most recent starting
reference signal;

Lgetay pw s a distance the doctor blade 1002 moves during the time 1t takes the
sensing roll portion around the sensor 26A to travel from beneath the doctor blade 1002 to the
region of the nip 1004;

L: pr s a difference calculated by subtracting Legmy pp from Ly pe; and

Dy s the total amount of CD travel of the doctor blade during one complete
oscillation (i.e., to the right and to the left).

Thus, the tracking segment associated with the sensor reading when the sensor 26A
enters the region of the nip 1004 can be calculated according to:

/ N

BQ. 3 (tracking segment number) = INT (TSDB . (L;DB)) + 1.
‘pB

50 that the tracking segment associated with the sensor reading from sensor 26A can be based on
when the sensing roll portion around the sensor 20A was beneath the doctor blade 1002.

The pressure reading values for all sensors 26A at the corresponding axial segments of
the sensing roll 926 can be collected over a period of time to build a nip profile for the nip 1004

by constructing matrices similar to those of Figs. 6-8. By synchronizing the data used to
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construct this nip profile with the oscillations of the doctor blade 1002, effects on pressure values
within the nip 1004 due to the doctor blade 1002 may be more easily identified.

The doctor blade 1002 1s depicted in Fig. 10A and Fig. 10B as forming the nip 1006 with
the sensing roll 926 so as to clean the surface of the sensing roll 926. One of ordinary skill in the
art will recognize that the doctor blade 1002 may alternatively be located so as to clean the outer
surface of the mating roll 942, Thus, vanations in the doctor blade 1002 would cause variations
at different regions of the surface of the mating roll 942 that could be detected as varying
pressure readings as the mating roll 942 rotates through the nip 1004 formed with the sensing roll
926.

A doctor blade 1020 may also be located next to the felt 913 so that a surface of the felt
913 1s cleaned, see Fig 10C. A portion of the felt 913 that has more dirt, debris, fibers or other
contaminants than other portions of the felt may not be as effective at removing water from a
region of the web of material 904 when that contaminated portion of the felt comes into contact
with that region of the web of material 904, As a result, that region of the web of material with a
higher moisture content which was 10 contact with that contanmunated portion of the felt 913 may
cause a higher pressure reading at one of the regions of the nip 1004 as that region of the web of
material passes through the nip 1004,

Another component in the papermaking process of Fig 9 that can oscillate in the cross
direction 15 a cleaning shower device 1102 as shown in Fig. 11A. The shower device 1102 can,
for example, be located above the felt 913 and direct a shower of water, or other fluid, onto the
surface of the felt 913, Oune of ordinary skill in the art will recognize that the shower device
1102 can also output steam, for example, and operate at a vanety of different pressures. The
cleaning shower device 1102 helps remove unwanted dirt, debris, fibers or other contaminants
from the felt 913 so that the felt 913 can effectively remove moisture from the web of material
904 when the felt 913 is pressed into the web of material 904

Fig. 11B 1s a side view of the shower device 1102 showing a cross section of the felt 913,
The shower device 1102 includes a plorality of different shower heads 1101A — 1101 that each
provides a respective spray pattern 1110A — 11104 that impacts a different axial section of the
felt 913 In the examples described below, seven shower heads 1101A — 1101G are depicted and
described; however, this number of shower heads is merely an example and the shower device

1102 may be designed to include fewer or more shower heads without departing from the scope
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of the present invention. The shower device 1102 can be, for example, a wire mesh high
pressure shower or a felt high pressure shower. The shower heads, or nozzles, 1101A - 1161G
can, for the wire mesh high pressure shower, be spaced at about 2 to 3 inches on center with a
shight overlap in adjacent ones of the spray patterns 1110A — 1110G, where the spray patterns
1110A — 1110G contact the wire mesh 906, Thus, each of the spray patterns 1110A — 1110G can
be between about 2.5 to 3.5 inches in diameter at their largest. Also, for a wire mesh high
pressure shower, the stroke length of the shower device 1102 in the axial direction can be about 8
to 10 inches and have a period of about 4 to 5 nunutes. Alternatively, the shower heads, or
nozzles, 1101A — 1101G can, for the felt high pressure shower, be spaced at about 6 inches on
center with a shight overlap in adjacent ones of the spray patterns 1110A — 1110G. Thus, each of
the spray patterns 1110A — 1110G can be between about 6.5 to 7 inches in diameter at thew
largest. Also, for a felt high pressure shower, the stroke length of the shower device 1102 1n the
axial direction can be about 12-18 mches and have a period of about 3 to 4 nunutes.

Fig. 11C 15 a downward view of the felt 913 from above the shower device 1102 with the
shower device 1102 being omitted from the drawing so as not to obscure the spray patterns
1110A — 1110G at the point when the patterns 1110A-1110G strike the felt 913, Ttis
contemplated that a shower device 1102 could be located at position 960, as shown 1 Fig. 9, and
used to clean the wire mesh 906 during tts return path.

In Fig. 11C, the shower device 1102 15 located so that the spray patterns 1110A - 1110G
are all located in a leftmost position corresponding to the shower device 1102 being located in a
first or home leftmost position relative to the felt 913 while in Fig. 11D the shower device 1102
1s located so that the spray patterns 1110A — 1110G are all located 1 a rightmost position
corresponding to the shower device 1102 being located in a second or rightmost postiion relative
to the felt 913, In the examples of Figs. 11C and 11D, the extent of the spray patterns 1110A —
11100, as they travel from the leftmost position to the rightmost position, may of may not reach
the furthest edges of the felt 913, The shower device 1102 oscillates between these two extreme
first leftmost and second rightmost positions. The amount of travel left-to-right of the spray
device 1102 used to clean a felt, as well as each of the spray patterns 1110A — 1110G, may be
about 12-18 inches and the period of a complete oscillation between the two extreme first and
second positions may be about 10 times the period of rotation of the sensing roll 926 (shown 1in

Fig. 9). As mentioned above, for example, the period of rotation of the sensing roll 926 may be
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between about 0.2 seconds and 1.0 second and the period of oscillation for the shower device
1102 used to clean a felt from the first extreme position, to the second extreme position and back
to the first extreme position may be about 3 minutes to about 4 minutes. The amount of travel
left-to-right of the spray device 1102 used to clean a wire mesh, as well as each of the spray
patterns 1110A — 1110G, may be about 8-10 inches and the period of oscillation between the two
extreme first and second positions may be hundreds of times the period of rotation of the sensing
roll 926 (shown in Fig. 9). For example, the period of rotation of the sensing roll 926 may be
between about 0.2 seconds and 1 second and the period of oscillation for the shower device 1102
used to clean a wire mesh from the first extreme position, to the second extreme position and
back to the first extreme position may be about 4 nunutes to about 5 minutes.

One of ordinary skill will recognize that the oscillating spray patterns 1110A - 1110G
may be accomplished using a shower device 1102 comprising a rigid shower head holder 1102A
fixed to the shower heads 1101 A-1101G, see Fig. 118, that moves all of the seven shower heads
T10TA — 1101 G back and forth in the cross direction simultaneously. Alternatively, there could
be multiple shower devices 1102, each with a respective spray pattern that covers only a portion
of the CD. For example, in Fig. 11C, one oscillating shower device could provide the spray
patterns 1110A — 1110D and a second, separately oscillating shower device could provide the
spray patterns 1110E — 1110G. One of ordinary skill will readily recognize that each such
osciliating shower device could provide from between 1 and » spray patterns wherein 7 18
determined by the CD length of the felt 913 {or wire mesh 906} and a size of each of the spray
patterns.

A particular position of the shower device 1102 can be considered as a reference position
and each time when the shower device 1102 1s positioned such that it is in the reference position
{e.g., in the home or leftmost position of Fig. 11C}, a signal generator 900B {See Fig. 11A)
produces a starting reference signal that 1s communicated to a processor 903A. Accordingly,
upon each complete oscillation of the shower device 1102, a new starting reference signal will be
generated. Also, a wireless transceiver 40A can be incloded on the sensing roll 926 to
communicate sensor reading information to the processor 903A. A location of the shower device
1102 or, equivalently, an amount the shower 1102 has traveled from the reference position, when
a sensor reading is captured depends on an amount of fime that has elapsed between when the

sensor reading is captured and the most recently generated starting reference signal. Thus, the
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oscillation of the shower device 1102 can be segmented into a plurality of tracking segments that
each can be represented by a} a different fragment or portion of the period of osciliation of the
shower device 1102 or b) a different physical location of the shower device 1102 between the
two extreme positions of Fig. 11C and 11D,

Another alternative technique for determining where the shower device 1102 1s
positioned in a particular oscillation could utilize an image capturing device {e.g., a camera} and
an image analyzer (e.g., software, hardware, or a combination of both}. The image capturing
device could be positioned so as to have a field of view that includes an edge of or point on the
shower device 1102 over its entire amount of oscillating travel. Alternatively, an optically-
detectable mark could be incorporated with the shower device 1102 and the image capturing
device’s field of view would include that optically-detectable mark over its entire range of
oscillating travel. The image capturing device would capture a series of images of the shower
device 1102 and an image analysis process could then analyze an image to deternune at which
tracking segment the shower device 1102 1s located based on a position of the edge, point or the
optically-detectable mark within an image frame. By comparison of a position of the shower
device 1102 in a current image frame with is position in a previous image frame, the image
analysis process could determune which direction the shower device 1102 1s traveling, as well.
This 15 beneficial because the shower device 1102 will occupy substantially the same position at
two different times in a single oscillation. Further, detectable marks, other than optically-
detectable marks can be used and can include, for example, marks that are magnetically
detectable, detectable using infra-red radiation, detectable using sonic waves, detectable using X-
rays, or detectable based on radioactive emissions.

As described above with respect to determining a position of a doctor blade 1in the CD, or
axial direction, various sensors, switches, current monttors, and electrical circuits can be utilized
to sense portions of the shower device 1102 or other structure that 1s affixed to the shower device
1102 and travels in the same oscillatory patiern as the shower device 1102.

As described earbier with respect to the mating roll 11 and sensing roll 10, each sensor
reading value from each of the sensors 20A on the sensing roll 926, as each sensor 1s in the
region of the nip 1004, its generated reading value can be associated with one of the plurality of
tracking segments. Inthe example of Figs. 11A — Fig. 11D, these tracking segments are based

on the oscillation of the shower device 1102,
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Because, as shown in Fig. 11A, there is distance between where the shower device 1102
is located over the felt 913 and the nip 1004, there 1s a delay from when a portion 980 of the felt
1s impacted by one of the spray patterns 1110A — 1110G and when that portion 980 of the felt
913 eventually rotates around and enters the nip 1004. Accordingly, the particular tracking
segment that will be associated with the sensor reading when the sensor 26A enters a region of
the nip 1004, 1s not determined, in one embodiment, based on when the portion 980 was
umpacted by the spray pattern, but is instead based on an elapsed time period between the most
recently generated starting reference signal and the sensor 26A entering the region of the nip
1004 (for time-based tracking segments) or 1s based on a physical CD location of the shower
device 1102 when the sensor 26A eventually enters the region of the nip 1004 {for physical
tracking segments).

Alternatively, the particular tracking segment that will be associated with the sensor
reading when the sensor 26A enters a region of the nip 1004, can be determined 50 as to
correspond to the time when felt portion 980 passed beneath the shower device 1102, In
particular, for time-based tracking segments, for example, the amount of time that elapses
between when the portion 980 of the felt 913 passed beneath the shower device 1102 and when
the sensor 20A enters the region of the nip 1004 concurrent with that portion 980 can be used to
determine when that portion 980 passed beneath the shower device 1102, A penod of oscillation
of the shower device 1102 can be divided nto, for example, 200 equal time segments that each
defines a time-based tracking segment. I, when the sensor 20A enters the region of the nip
1004, an amount of time, fow_sp, has elapsed since the last starting reference signal occurred,
then the tracking segment associated with that sensor reading can be calculated according to the
formula:

osp

EQ. 4 (tracking segment number) = INT (TSSD . (M>) + 1

where. INT{ '} 15 a function that extracts just an integer part of a non-integer number,
T8¢p 1s an integer number of tracking segments related to the oscillation of the
shower device 1102, and 1n one example embodiment equals "200";
totr_sp 1S the amount of time between when a most recent starting reference signal
has occurred and when the sensor 20A enters the region of the nip 1004, and

psp s the pertod of oscillation of the shower device 1102.
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The time period tiow_sp can be considered to have two components t; sp and faay so such

that
trotaisp = Ui sp + Lgelay sp

where: t sp 1s an amount of time between when the most recent starting reference signal
has occurred and when the portion 980 of the felt 913 passed beneath the shower device 1102,
and

taelay_sp 15 the amount of time that elapses between when that portion 980 passed
beneath the shower device 1102 and when the portion 980 enters the region of the nip 1004.

An example period for the felt 913 may be between about 2 to 5 seconds {depending
upon a length of the felt 913 and the speed at which it 1s traveling). Assuming the shower device
1102 1s positioned shortly after the nip, the delay period tyasy sp would at most be 2 to 5 seconds
and, as mentioned above, the typical period pgp for a felt shower 15 around 3 to 4 mmutes and the
typical period psp for a mesh, or wire, shower 15 around 4 to S munutes.  Thus, even when an
exact value for faeay sp 1S not known, {ey gp can be assumed to typically be less than pgp. Under
these circumstances, the above equation can still be used to calculate a tracking segment value if
taclwy_sp 18 assumed to equal "0". Thus, t1_sp will be the same value as tw sp and the tracking
segment associated with the sensor reading when the sensor 20A enters the region of the nip will

Lae lay SD

not take into account a rotational offset ratio, , that represents a ratioc between a} the

amount of time 1t takes for a portion of the felt 913 to travel from beneath the shower device
1102 to a region of the mip 1004 (i.e., teeiy sp) and b the total period of oscillation, pgp, of the
shower device 1102, This ratio remains substantially unchanged for minor changes in the speed
of rotation of the sensing roll 926, and/or the speed of travel of the felt 913, and when multiphed
by the total number of tracking segments (e g., 200) produces the number of tracking segments
that occur during tgesy so.

As just mentioned, the value of tay sp 1s assumed to be much shorter {e.¢., half as short
or even less) than psp. However, when the value for ta.y sp 1s longer than the oscillation period
pso of the shower device 1102, the value tiowa sp can be calculated 1in a way that ignores psp and,
instead, relies on the difference between tyasy sp and pgp or some mteger multiple of pgp. Thus,
the time period tew_sp can more generically be considered to have two components £ sp and
taiff SD such that

Ciorarsp = b sp t taisp sp
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where: t) sp 1s an amount of time between when the most recent starting reference signal
has occurred and when the portion 980 of the felt 913 passed beneath the shower device 1102,
and
taier sp 18 the amount of time that tesy sp exceeds an integer multiple of psp and
can calculated according to:
tairrsp = MOD(tyoay spr Psp)
where MOD(') 1s a function that returns the remainder when its first argument is

.o . . tdelav SD
divided by tts second argument (1.e., ——=);
f1sp

When the value for tysr sp 15 known, the value for t; g can be calculated according to:
— h - .
s = {rotatsp — tdi,f',ﬂ_.ﬁ?[))i wnen o so = tairr sp 07
5 - ~ " &
tisp = ((ttotalgp + pspl) — 5diff_si)>: when tyoior sp < Laifr sp
and the tracking segment associated with the sensor reading when the sensor 26A enters the

region of the nip 1004 can be calculated according to:

EQ. 5 (tracking segment number) = INT (TSSD . (t;”)) + 1.
In this way the tracking segment associated with the sensor reading from sensor 26A can be
based on when the portion 980 of the felt was beneath the shower device 1102,

When tey sp and tag sp are not known, then the associated tracking segment can be
calculated using the earlier formula based on tww sp rather than the above formula based on t; sp
respect to Figs 12B and 13A(1)-13E, the tracking segments are calculated according to EQ. §
such that the particular tracking segment that will be associated with the sensor reading when the
sensor 20A enters a region of the nip 1004, can be determined so as to correspond to the time
when felt portion 980 passed beneath the shower device 1102,

A simifar calculation can be accomplished for physical tracking segments as well where:

Liomi_sp 15 a distance the shower device 1102 has moved since a most recent
starting reference signal;

Lgeiay_sp 18 a distance the shower device 1102 moves during the time 1t takes the
sensing roli portion around the sensor 2Z6A to travel from beneath the shower device 1102 to the

region of the nip 1004,
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L1 s 1s a difference calculated by subtracting Laciy sp from Ligw sp; and
D 1s the total amount of CD travel of the shower device 1102 during one
complete oscillation {(1.e., to the right and to the left).
Thus, the tracking segment associated with the sensor reading when the sensor 26A

enters the region of the nip can be calculated according to:

EQ. 6 (trucking segment number) = INT (TSSD . ( Ll”)) + 1.

. Dsp

50 that the tracking segment associated with the sensor reading from sensor 26A can be based on
when the portion 980 of the felt 913 was beneath the shower device 1102,

These pressure reading values for all sensors at all of the axial segments of the sensing
roll 926 can be collected over a period of time to build a nip profile for the nip 1004 by
constructing matrices similar to those of Figs. 6-8 and also a sum-squared matrix as described
earlier. By synchronizing the data used to construct this nip profile with the oscillations of the
shower device 1102, effects on pressure values within the nip 1004 due to the shower device
1102 may be more easily identified.

Fig. 12A 15 a conceptual itllustration showing the felt 913, a single oscillating spray
pattern 1110D from the shower head 1101D of the shower device 1102, with the spray pattern
1110D shown in solid line at a leftmost location 2110D and in phantom at a nightmost location
31100 and the sensing roll 926 arranged 1n a manner that dlustrates how the various elements
align n the axial direction or cross direction.

As mentioned earlier, the sensing roll 926 includes a plurality of axially spaced apart
sensors 20A that each pass through a different axial region of the nip 1004 {See Fig. 10B}. Each
of these sensors 20A is aligned with a respective axial segment 1208A — 1208N such that each of
the sensors 20A corresponds to one of the plurality of axial segments 1208A — 1208N. The axial
segments 1208A — 1208N can be used to refer to any element that extends in the cross direction
such as the sensing roll 926 or the felt 913, Accordingly, the axial segments 1208A — 1208N are
shown conceptually in Fig. 12A as extending from the sensing roll 926 to and along the felt 913
in order to illustrate how the axial segments 1208A — 1208N correspond to one another for all
the elements (e g., sensing roll 926, shower device 1102, felt 913, etc.}.

In Fig. 12A, one particular felt axial segment 1208F (e.g.. the 6™ axial segment from the

left) 15 shown that 1s impacted by the oscillating shower spray pattern 1110D that oscillates
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between its leftmost location 21100 and its rightmost location 3110D. The spray pattern 1110D
moving between the spray pattern locations 2110D, 3110D {and all the intermediate spray
pattern locations between these two) operates so as to clean portions of the axial segment 1208F
of the felt 913 as well as portions of nearby axial segments 1208E and 1208G — 12081, When a
portion of the felt axial segment 1208F enters a region of the nip 1004 along with the sensor 26A
at a corresponding axial location, a pressure reading at that axial region of the nip sensed by the
sensor 26A can be affected by how well the spray pattern 1110D moving between the locations
2110D and 3110D was able to clean the felt axial segment 1208F.

For example, when the spray pattern 1110D moving between the locations 2110D and
3110D 15 able to clean portions of the axial segment 1208F of the felt 913, which portions the
spray pattern 110D strikes, then those cleaned portions of the axial segment 1208F of the felt
913 may be able to absorb more moisture as compared to if those portions had vot been cleaned
such that when a cleaned portion of the felt axial segment 1208F travels through the nip 1004
along with the web of material 904, a reduced pressure reading 15 sensed. It i1s noted that
moisture 18 pulled from the felt 913 via vacuum prior to the felt 913 passing through the nip
1004, In contrast, when the spray pattern 1110D or other spray patterns are unable to clean
portions of the axial segment 1208F of the felt 913, then uncleaned portions of the felt axial
segment 1208F may not be able to absorb much moisture from the web of material 904, Thus,
when an uncleaned portion of the felt axial segment 1208F travels through the nip 1004 along
with the web of material 904, an increased amount of moisture being present in the web of
material and/or solids {e.g., ash and fiber) in the felt may result in an elevated pressure reading
being sensed.

Fig. 12B illustrates a conceptual depiction of paths of the spray patterns 1110A-1110G
relative to all of the felt axial segments 1208A-1208N, during one complete oscillation of the
shower device 1102 in accordance with the principles of the present invention. Figs. 13A{1)-
13A(6) are a table of simulated data that corresponds to the arrangement illustrated in Fig. 12ZA
and Fig. 12B for a single oscillating spray pattern 1110D from the shower head 1101D of the
shower device 1102,

Fig. 12B shows conceptually how axial positions of the spray patterns 1110A - 1110G
vary during one oscillation of the shower device 1102 by depicting the 14 (for example) axial

segments 1208A-1208N along the x-axis and 200 (for example) tracking segments 1215 along
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the y-axis. Focusing on the 4™ from the left spray pattern 1110D, for example, at the top of the
v-axis and corresponding to tracking segment 1, the shower device 1102 1s at its leftmost
position such that the spray pattern 1110D is covering the sixth felt axial segment 1208F. More
particularly, the spray pattern 1110D is covering a central portion 1250 of the sixth felt axial
segment 1208F. This central region 1250 represents the general area of the sixth felt axial
segment 1 208F that has a significant effect on the pressure readings sensed by the sensor 26A
aligned with the sixth axial segment 1208F.  As the shower device 1102 oscillates to the right,
this corresponds to later tracking segments 1215 which are higher in number and lower on the y-
axis.

At around tracking segment 35, the third spray patiern 1110C starts to increase its
coverage of the central portion 1250 as the coverage of the fourth spray pattern over the central
portion 1250 decreases. At tracking segment 50, the fourth spray pattern 1110D 1s no longer
covering any part of the central portion 1250 of the sixth felt axial segment 1208F. Instead, the
third spray pattern 1110C is now covering the central portion 1250 of the sixth felt axial segment
1208F. The third spray pattern 1110C continues to cover the sixth felt axial segment 1208F as
the shower device 1102 continues its oscitlation to its right most position (i.e , tracking segment
100} and then starts traveling back to the left. When the shower device 1102 returns to a position
corresponding 1o the tracking segment 150, the third spray pattern 1110C starts to no longer fully
cover the central portion 1250 of the sixth felt axial segment 1208F while the fourth spray
pattern 1110D begins to cover more and more of the central portion 1250 of the sixth felt axial
segment 1208F between tracking segments 150 10 165, From tracking segment 165 to 200, the
central portion 1250 of the sixth felt axial segment 1208 1s covered by the fourth spray pattern
1110D.

As mentioned above, the associating of a pressure reading with a tracking segment occurs
based on an oscillation time period {or position) of the shower device 1102 when a sensor 26A
enters a region of the nip 1004 and because the shower device 1102 1s located at a particular
distance from the nip 1004, there is a delay between when the shower device affects or impacts a
portion 980 (See FIG. 11A) of the felt 913 and when that portion 980 travels to and enters a
region of the nip 1004, This delay, however, can be accounted for by calculating the tracking
segment to associate with a sensor reading according to EQ. S above. Accordingly, the

lustration of Fig. 12B and the discussion below of Figs. 13A(1)-13E, for this example, 15
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conceptual in nature in that a portion of the felt 913 that is being cleaned by the shower device
1102 when the shower device 1102 1s in its leftmost position is considered to be associated with
tracking segment #1 even though that portion of the felt 913 will not actually enter a region of
the nip 1004 until a later time.

The table of Figs. 13A(1}-13A(6) corresponds to simulated data sensed by sensor 26A
aligned with the sixth felt axial segment 1208F if only a single shower head 1101D s providing
a spray pattern that cleans that felt axial segment 1208F (1.e, spray pattern 1110D}. For
example, such a situation may occur if the third shower head 1101C is clogged so that there is no
spray pattern 1110C in Fig. 12B. The oscillation of the shower device 1102 and hence, also of
the spray pattern 1110D between the locations 2110D and 3110D, is broken into 200 tracking
segments. In this example, the 200 tracking segments comprise an equal portion or segment of
the period of oscillation of the shower device 1102, For purposes of the simulated data of Figs.
13A(1)-13A(6), the convention used in Fig. 12B continues such that the first tracking segment
corresponds to when the spray pattern 1110D is at its leftmost location 2110D. In the dlustrated
ernbodiment, the alignment of the showerhead 1101D 1s such that at the leftmost location 2110D
the spray pattern 1110D 1s spraying, or cleaning, the central portion 1250 of the sixth felt axial
segment [ 208F that 1s aligned with the sensor 26A shown in Fig. 12A and Fig. 12B. As the
oscillating travel of the spray pattern 11 10D continues to the night, eventually the central portion
1250 of the felt axial segment 1208F 15 no longer being sprayed by the spray pattern 1110D.
Upon the spray pattern 1110D reaching the right most position 3110D, the spray pattern 1110D
reverses direction and travels to the left where 1t will eventually returns to a position where 1t 18
spraying the central portion 1250 of the sixth felt axial segment 1208F. The spray pattern
11100 wall oscillate from the leftmost spray pattern location 2110D to the rightmost spray
pattern location 31100 and back to the leftmost spray pattern location 21100 to complete an
osciliation with 200 tracking segments occurring at evenly spaced apart time intervals during
each complete oscillation of the shower device 1102 1n an embodiment of the present invention.
As the one sensor 26A at an axial location corresponding to sixth felt axial segment 1208F enters
a region of the nip 1004 (see Fig. 10A and 12A), a sensed pressure reading is associated with one
of the 200 tracking segments.

In the earlier example involving Figs. 6-8, there were 14 different axial segments or

sensors 26A. The column of simulated data 1304 of Figs. 13A(1}-13(6) 1s analogous to one of
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the 14 columns of Fig. & (e.g., the 6™ column). Accordingly, a full “averages” matrix for a
profile of the nip 1004 would include 200 rows and 14 columns so as to have 2800 distinct
elements. The one column of simulated data 1304 1n Figs. 13A(1}-13A(6) 15 data sensed by the
sensor 20A located at an axial location corresponding to the sixth felt axial segment 1208F
Each row i the leftmost column 1302 of the simulated data of Figs. 13A(1)-13A(6)} corresponds
to one of the 200 tracking segments of the shower device 1102

Returning briefly to Fig. 12A and Fig. 12B, the spray pattern 1110D sprays only a limited
number of the felt axial segments 1208E-12081 in 1ts complete range of travel and adjacent spray
patterns 1110C and 1110E will likely overlap some of those felt axial segments 1208E-12081 as
well, as depicted in Fig. 12B. Thus, if the data sensed with sensor 20A indicates that there may
be a problem with how well portions of the felt 913 are being cleaned at the felt axial location
1208F, this problem can be traced to just a lumited number (e.g., 1101C and 1101D) of the
shower heads 1101A — 1101G of the shower device 1102, Accordingly, an mvestigation can be
made into whether one or more shower heads are defective or clogged, whether adjacent spray
patterns overlap sufficiently, whether shower heads should be spaced closer together, whether
more water pressure of the shower spray would be beveficial, and whether the oscillating speed
of the shower device 1102 should be changed, e.g., slowed.

The simulated data of Figs. 13A(1)-13(6) simulates collecting data during a substantial
number of oscillations of the shower device 1102, e.g., 100 gscillations, with only the shower
head 1101D providing a spray pattern 1110D, sach that most or all of the elements 1306 in the
column 1304 contain a value representing an average pressure value associated with a particular
axial segment (e.g., corresponding to and aligned with felt axial segment 1208F) and a particular
one of the 200 tracking segments {e.g., #2).

In the example embodiment described above, the first tracking segment corresponds to
when the spray pattern 1110D is at its leftmost location 2110 and the 100" tracking segment
corresponds to when the spray pattern 1110D s at its rightmost location 31105, see Fig. 12ZA.
This particular correlation between spray pattern location and tracking segment 1s merely an
example which is based on the leftmost location 2110D being a reference location from which
each oscillation is considered to begin. Thus, there i1s no requirement that the shower heads be

aligned in a particular way with the axial segments at the rightmost or leftmost position.
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One alternative to the above example with tracking segment #1 corresponding to the
leftmost position would be to consider an oscillation to start when the spray pattern 1110D 18 1in-
between the two extreme positions 2110D, 3110D. For example, if the starting position was
considered to be centered between the leftmost and the rightmost positions, then the tracking
segment #1 occurs at this center position and, assuming the oscillation travels from left to right,
the 50" tracking segment corresponds to when the spray pattern 1110D is at its rightmost
position 3110D. Also, the 150™ tracking segment corresponds to when the spray pattern 11108
is at 1ts lefimost position 21100,

The graphs of Fig. 13B — 13E illustrate a progression of collecting simulated data
involving 20,000 sarmples for the one sensor 26A aligned with and corresponding to the felt axial
segment 1208F, again with only the shower head 1101D providing a spray pattern 1110D. In
Fig. 13B, raw data signals 1310 are collected (e g., 1000 sequential samples) that represent a
pressure value sensed by sensor 206A as it travels through a region of the nip. It 1s these samples
1310 that are associated with one of the 200 tracking segments in order to be time synchronized
with the oscillating period, or position, of the shower head. For example, in Fig. 13C, the x-axis
spans from tracking segment #1 1320 to tracking segment #200 1322, The v-axis represents an
average pressure reading (in pounds/in®) for each of the 200 tracking segments for an axial
segment corresponding to the sixth felt axial segment 1208F. The average pressure readings for
each of the 200 tracking segments 1s mfluenced by the felt 913 traveling through a region of the
nip 1004, the web of matenal traveling through the region of the nip 1004 and, also, by the
rotating mating roll 942, Accordingly, the time synchromzed signal 1312 of Fig. 13C which
only includes 1,000 samples sensed by the sensor 26A may not clearly show a pattern that 1s
correlated with the osciliation of the shower head 1101D.

As more samples are collected and used to build the matrices similar to Figs. 6-8 having
200 tracking segments, a pattern correlated with the oscillation of the shower head 1101D can
become clearer. As shown in Fig. 13D, the signal 1314 representing the 200 tracking segments
for sensor 26A aligned with the sixth felt axial segment, or axial location, 1208F has a region
1313 that is seemingly relatively higher in value than the two side regions 1311 and 1315, This
pattern becomes clearer in the graph of Fig. 13E corresponding to 20,000 samples.

A lower pressure reading corresponds to a pressure value sensed when a portion of the

felt 913 traveling through a region of the nip 1004 1s relatively clean. Conversely, a higher
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pressure reading corresponds to a pressure value sensed when a portion of the felt 913 traveling
through the mip 1004 1s not relatively clean and contains dirt, debris, fibers or other contaminants
and, hence, a corresponding portion of the web of material has a higher amount of moisture. The
presence of the contaminants and/or the additional moisture may result in this higher pressure
reading.

The simulated data of Fig. 13C — 13E assumes that tracking segment #1 1320, as
mentioned above, corresponds to when the spray pattern 1110D 15 at location 21 10D and s
spraying, or cleaning the central portion 1250 of the axial segment 1208F aligned with the sensor
26A. A second assumption s that spray pattern 1110D at location 2110D corresponding to the
tacking segment #1 affects a portion of the web of material 904 such that when that portion of
the web of material eventually reaches a region of the nip 1004 and a pressure 15 sensed, that the
sensed pressure 15 associated with tracking segment #1. This 1s possible by calculating tracking
segments according to EQ. 5 above which essentially calculates:

a) a total time or value between a starting reference signal and when a portion of the felt
913 enters a region of the nip along with a sensor 26A,

b} a delay time period from when that portion of the felt 913 passed under the shower
device 1102 and entered the region of the nip 1004, and

¢ a tracking segment based on the difference between a} and b}

Thus, the simulated data of Fig. 13E starts at tracking segment #1 1320 when the spray
pattern 1110D 15 at the leftrmost location 2110D and 1s spraying, or cleaning, the axial segment
1208F ahigned with the sensor 26A. The spray pattern 1110D then moves relative to that irutial
alignment to the rightmost location 3110D at tracking segment #100 where 1t 1s no longer
cleaning, or sprayving, the axial segment 1208F aligned with the sensor 26A. The spray pattern
1110D then travels so as to return to the initial spray pattern location 21100, Accordingly, for
tracking segment #1 1320 and tracking segment #200 1322, the spray pattern 1 110D s located at
its lefimost location 21100,

As mentioned above, the simulated data of Fig. 13E corresponds to a single shower head
1101D providing a single spray patiern 1110D on portions of axial segment 1208F because the
adjacent shower head 1101C 1s faulty. Thus, the simulated data can more clearly show the effect
of a spray pattern on pressure values sensed by the sensor 26A. If the adjacent spray pattern

1110C were operational, 1t would also have an effect on some of the pressure values sensed by

38



WO 2016/200794 PCT/US2016/036193

the sensor 26A corresponding to felt axial segment 1208F. The simulated data of Fig. 13K
iltustrates that when the spray pattern 1110D 1s located near spray pattern location 21100, the
average pressure reading for nearby tracking segments are relatively low. However, the further
the spray pattern 1110D travels towards the rightmost spray pattern location 3110D, higher
average pressure readings occur. In Fig. 13E, graph regions 1330 and 1338 include tracking
segments that correspond to repeating, relatively clean portions of the felt 913 at the particular
felt axial location 1208F that are cleaned, or sprayed, by the spray pattern 1110D. Comparing
Fig. 12B with Fig. 13E, the region 1330 of Fig. 13E corresponds to the region above tracking
segment 35 of Fig. 12B. The region 1338 of Fig. 13F simuilarly corresponds to the region below
tracking segment 165 of Fig. 12B.

The graph region 1334 includes tracking segments that correspond to repeating, relatively
unclean portions of the felt 913 at the particular felt axial location 1208F that are not sprayed, or
cleaned, by the spray pattern 1110D. This graph region 1334 would correspond to the region of
Fig. 12B between the tracking segments 50 and 150 where the spray pattern 1110C from
hypothetically non-functional shower head 1101C 1s mussing and failing to clean the central
portion 1250 of the sixth axial segment 1208F. The graph regions 1332 and 1336 include
tracking segments that are in a transition region between the spraved and unsprayed portions.
The region 1332 corresponds to the region of Fig. 12B between tracking segments 35 to 50 and
the region 1336 of Fig. 13E corresponds to the region of Fig. 12B between tracking segments
150 and 165,

Thus, the simulated data of Fig. 13F suggests that corrective action with the shower
device 1102 can be taken which improves the cleaning of the felt axial segment 1208F. In
particular the spray pattern 1110D striking the felt axial segment 1208F can be adjusted so as to
be wider. Alternatively, or in addition to that corrective action, a neighboring spray pattern can
be adjusted so as to overlap the felt axial segment 1208F or an adjacent shower head {e.g.,
1101C) may be plugged or maifunctioning and appropriate corrective action taken. In the above
example, it is this latter scenario which is the problem.

In addition to the time-based techniques described above for identifying different
tracking segments associated with an oscillating component, alternative techniques are
contemplated as well. For example, an oscillating component could include multiple, evenly-

spaced marks that could be detected {e.g., optically) and counted as each such mark passes a
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location of a sensor or detector. A reference mark could be provided and would be distinctive
from all the other marks such that when the sensor detecis the reference mark, the counter
circuitry 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. The marks would function so as to separate the oscillation of
the oscillating component into different segments and a counter, or similar circuitry, would
mcrement a count each time a mark was detected so that any collected data could be associated
with one of the segments of the oscillating component. Accordingly, there may be structure for
generating a starting reference that includes a detector proximate to the surface of the oscillating
component for detecting each of the plurality of marks traveling by the detector; and a signal
generator in communication with the detector for generating the starting reference each time the
distinctive reference mark is detected. Furthermore there may also be a counter n
communication with the detector for counting a number of the plurality of marks that have been
detected since the most recent starting reference, wherein a value related to an amount the
oscitlating component has oscillated 1s equal to the number of the plurality of marks that have
been detected since the most recent starting reference. Also, as an example, the generating of the
starting reference can be accomplished by resetting the counter to an mtial value (e.g., "0" or "1"
as mentioned above). If the techmques of segmenting the oscillation of the oscillating
component just described were utilized, then 1t would be unnecessary to explicitly measure an
elapsed time since the most recent generation of a reference timing signal that 13 generated each
oscillation of the oscillating component; mstead, detection and counting of tick marks could be
used to define a plurality of count-based tracking segments. Such a "count-based” technigue for
synchronization of pressure data is more fully described in related patent application, U.S. Patent
Application Serial No. entitted COUNT-BASED MONITORING
MACHINE WIRES AND FELTS {Attorney Docket No. TEC-064732), the disclosure of which

is incorporated herein by reference in its entirety. Also, as described above, any of a wide
variety of other techniques imvolving position feedback, such as potentiometers or linear variable
differential transformers, could be used as well to track a position of an oscillating component

such as a doctor blade or cleaning shower.

40



WO 2016/200794 PCT/US2016/036193

Fig. 14 1s a flowchart of an exemplary method of time-synchronizing data in accordance
with the principles of the present mvention. In particular, the method can be associated with a
sensing roll and oscillating components such as doctor blades and cleaning showers. The
method begins in step 1402 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 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. This is because the
sensing roll and mating roll are located relative to one another to create the nip therebetween and
there is also a web of material that travels through the nip from an upstream direction to a
downstream direction. Furthermore there is an oscillating component arranged to oscillate ina
direction transverse to the direction of travel of the web of material. The method continues in
step 1404 by generating a periodically occurring time reference associated with each oscitlation
of the oscillating component. Next, in accordance with the method, the respective sensor signal
generated by each sensor 1s received 1o step 1406, In step 1408, upon receiving the respective
sensor signal, the method involves three different actions: a) determining a particular one of the
plurality of sensors which generated the respective sensor signal, by identifying one of a plurality
of tracking segments associated with the oscillating component 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 can be, respectively, assoctated with a different amount of elapsed time, a different
position of the oscillating component along 1ts path of travel, or a different number of counts that
have occurred since a starting reference signal.

It 1s contemplated that the present invention may be used in combination with the spray
head set out in UK. Patent No. 2,300,909, entitled “Reciprocating Shower,” by Broughton,
issued on November 3, 1942 and/or the doctor blade set out in 1.8, Patent No. 3,863 453,
entitled “Oscillator System for Paper Machine,” by Mercier, 1ssued on February 4, 1975, the
disclosures of which are incorporated by reference herein.

While particular embodiments of the present invention have been ulustrated 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. It is
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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 mip from an upstream direction to a
downstream direction and an oscillating component, upstream from the mip, 1s arranged relative
to the web of material such that it periodically oscillates relative to the web of matenal;
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
oscillation of the oscillating component; 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 oscillating component, 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.

2. The system of claim 1, wherein the oscillating component comprises a doctor blade.

3. The system of claim 1, wherein the oscillating component comprises a cleaning shower.

4. The system of claim 1, wherein a pertod of oscillation of the oscillating component 1s longer

than a period of rotation of the sensing roll.
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5. The system of claim 1, wherein the received sensor signal comprises a pressure value.

6. The system of claim 1, wherein the processor receives:

the respective sensor signal for each of the plurality of sensors during each rotation of
the sensing roll, and

a plurality of the respective sensor signals occurring during a plurality of rotations of the

sensing roll

7. The system of claim 6, wherein, for each one of the plurality of the respective sensor signals,
the processor wdentifies its 1dentified one tracking segment and an associated axial segment of the

sensing roll.

& The system of claim 7, wherein:

the sensing roll comprises » axial segments, having respective index values: 1, 2, ., n;

an oscitlating component oscillation period comprises m tracking segments, having
respective index values: 1,2, ., m, and

wherein there are {(» times m) unique permutations that are identifiable by a two-element
set comprising a respective axial segment index value and a respective tracking segment index

value.

9. The system of claim 8, wherein, for the plurality of respective sensor signals and for one or
more of the possible (n times m) permutations, the processor determines an average of all the
plurality of respective sensor signals associated with an axial segment and tracking segment

matching each of the one or more permutations.

10. The system of claim 1, wherein the structure for generating a periodically occurring starting
reference comprises:
a signal generator to generate a trigger signal on each oscillation of the oscillating

component when the oscillating component 1s located at a reference position, wherein the
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processor identifies the identified one tracking segment relative to the reference position based

on a most-recently-generated trigger signal.

11. The system of claim 1, wherein the plurality of tracking segments associated with the
oscillating component comprise one of’

a plurality of positions along a path of movement of one oscillation of the oscillating
component, and

a plurality of time segments of a period of the oscillating component

12, The system of claim 1, wherein the oscillating component oscillates 1n a direction transverse

to a travel direction of the web of material.

13. The system of claim 1, wherein the one tracking segment 1s identified based upon the value
and a time period occurring from when a portion of the mating roll, the sensing roll or another

element moves from adjacent the oscillating component to the nip.

14. 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 axzally
spaced-apart locations of the sensing roll, wherem 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 rolt and mating roll located relative to one another
to create a nip therebetween, wherein a web of matenial travels through the nip from an upstream
direction to a downstream direction and an oscillating component, upstream from the nip, 18
arranged relative to the web of material such that it periodically oscillates in a direction
tranaverae to the travel of the web of material;

generating a periodically occurring starting reference associated with each oscillation of
the oscillating component; and

receiving the respective sensor signal generated by each sensor and, after receiving the
respective sensor signal:

determining a particular one of the plurality of sensors which generated the

respective sensor signal,
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based upon a value occurring between when the respective sensor signal was
generated and a most recent starting reference, identifying one of a plurality of tracking segments
associated with the oscillating component, wherein each of the plurality of tracking segments is,
respectively, associated with a different value, and

storing the respective sensor signal to associate the respective sensor signal with

the identified one tracking segment.

15. The method of claim 14, wherein the oscillating component comprises a doctor blade.

16. The method of claim 14, wherein the oscillating component comprises a cleaning shower,

17. The method of claim 14, wherein a period of oscillation of the oscillating component s

longer than a period of rotation of the sensing roll.

18. The method of claim 14, wherein the received sensor signal comprises a pressure value.

19. The method of claim 14, comprising;

receiving the respective sensor signal for each of the plurality of sensors during each
rotation of the sensing roll, and

recerving a plurality of the respective sensor signals occurring during a plurality of

rotations of the sensing roil.

20. The method of claim 19, comprising:
for each one of the plurality of the respective sensor signals, identifying its identified one

tracking segment and an assoctated axial segment of the sensing roll.

21. The method of claim 20, wherein:
the sensing roll comprises # axial segments, having respective index values: 1,2, ., n;
an oscillating component oscillation period comprises m tracking segments, having

respective index values: 1,2, .., m, and
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wherein there are (» times »1) unique permutations that are identifiable by a two-element
set comprising a respective axial segment index value and a respective tracking segment index

value.

22. The method of claim 21, comprising:

for the plurality of respective sensor signals and for one or more of the possible (» times
m) permutations, determining an average of all the plurality of respective sensor signals
associated with an axial segment and tracking segment matching each of the one or more

permutations.

23. The method of claim 14, wherein generating a periodically occurring starting reference
COMprises:

generating a trigger signal on each oscillation of the oscillating component when the
oscillating component 1s located at a reference position, wherein the processor wentifies the
identified one tracking segment relative to the reference position based on a most-recently-

generated trigger signal.

24. The method of claim 14, wherein the one tracking segment 1s identified based upon the
value and a time pertod occurring from when a portion of the mating roll, the sensing roli or

another element moves from adjacent the oscillating component to the nip.
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GENERATE A RESPECTIVE SENSOR SIGNAL FROM EACH -
\ DAL NE CENSN VA AT AVI \ fjé}a)i
OF A PLURALITY OF SENSORS LOCATED AT AXIALLY
SPACED-APART LOCATIONS OF THE SENSING ROLL

GENERATING A PERIODICALLY OCCURING TINE
, S 1404
REFERENCE ASSOCIATED WITH EACH OSCILLATION

OF THE OSCILLATING COMPONENT

RECEIVING THE RESPECTIVE SENSOR 1400
SIGNAL GENERATED BY EACH SENSOR

UPON RECEIVING THE RESPECTIVE SIGNAL:

DETERMINING A PARTICLAR ONE OF THE PLURALITY OF SENSORS WHICH
GENERATED THE RESPECTIVE SENSCR SIGNAL BASED UPON AN AMOUNT OF
TIME THAT ELAPSED BETWEEN WHEN THE RESFECTIVE SENSCR SIGNAL 1405

WAS GENERATED AND A MOST RECENT TIME REFERENCE, IDENTIFYING ONE OF A
PLURALITY OF TRACKING SEGMENTS ASSOCIATED WITH OSCILLATING COMPONENT

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

FIG. 14
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