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(57) Abstract: Multiple groups of sensors are circumferentially spaced apart at each cross-directional position along a sensing roll of
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strategically-placed sensors are designed to measure the pressure being placed against the web that is being advanced through the nip
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the nip pressure profile can be obtained and better adjustments made to reduce nip pressure profile variability. In addition, the nip
variability profile may be used as a predictor of cover or bearing failures, resonant frequencies and other roll anomalies.
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METHOD AND APPARATUS FOR MEASURING AND REMOVING

ROTATIONAL VARIABILITY FROM A NIF PRESSURE PROFILE

OF A COVERED ROLL OF A NIP PRESS

BACKGROUND OF THE INVENTION

{0081} The present invention relates generally to nip presses used to exert pressing forces on
moving webs for the formation of, for example, paper, textile material, plastic foil and other
related materials.  In particular, the present invention s directed to methods and apparatas for
measuring and removing the effects of rotational variability from the nip pressure profile of nip
presses which utilize imbedded sensors in covered rolls. While prior art presses which utilize
rolls with imbedded sensors may be capable of detecting variations in pressure along the length
ot the roll, these same imbedded sensors may not be capable of measuring and compensating for
rotational variability that can be generated by the high speed rotation of the covered roll. The
present invention provides a method and apparatus for measuring and removing rotational
variability from the nip pressure profile of the covered roll so as to obtain a more true profile of

the nip pressure being developed in the nip region.

{6002} Nipped rolls arc used in a vast number of continucus process industrics including, for
example, papermaking, steel making, plastics calendering and printing. The characteristics of
nipped rolls are particularly important in papermaking. In the process of papermaking, many
stages arc required to transform headbox stock into paper. The initial stage is 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, the a portion of the white water flows
through the interstices of the forming fabric wire lcaving a mixture of liquid and fiber thercon.
This mixture, 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 continuously
supports the fibrous web and advances 1t through the various dewatering equipment that

cffectively removes the desired amount of iquid from the web.

[0003] One of the stages of dewatcring is cffected by passing the web through a pair or more

of rotating rolls which form a nip press or serics thercof, during which iquid 15 expelled from the
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weh via the pressure being applicd by the rotating rolls. The rolls, in exerting force on the web
and fabric wire, will causc some liquid to be pressed from the fibrous web, The web can then be
advanced to other presses or dry cquipment which further reduce the amount of moisture in the
web. The "nip region” is the contact region between two adjacent rolls through which the paper
web passes. One roll of the nip press is typically a hard stecl roll while the other 15 constructed
froma a metallic shell covered by a polymeric cover. However, in some applications hoth roll may
be covered. The amount of iquid to be pressed out of the web s dependent on the amount of
pressure being placed on the web as if passes throogh the nip region. Later rolls in the process at
the machine calender are used to control the caliper and other characteristics of the sheet.
Covered rolls are at times used at the calender. The characteristics of the rolls are particularly
faportant in papermaking as the amount of pressure applied to the web during the nip press stage

can be critical in achieving uniform sheet characteristics.

[6004] One conumnon problem associated with such rolls can be the lack of uniformity in the
pressure being distributed along the working length of the roll. The pressure that is exerted by
the rolls of the nip press is often referred to as the "nip pressure.” The amount of nip pressure
applicd to the web and the size of the nip can be tmportant in achieving uniform sheet
characteristics. Even nip pressure along the roll 18 important in papermaking and contributes to
moisture confent, caliper, sheet strength and swrface appearance. For example, a lack of
uniformity in the nip pressure can often result in paper of poor quality. Excessive nip pressure
can cause crushing or displacement of fibers as well as holes in the resulting paper product.
Improvements to nip loading can lead to higher productivity through higher machine speeds and

lower breakdowns (unplanned downtime).

{6005} Conventional rolls for use in a press section may be formed of one or more layers of
material,  Roll deflection, commonly due to sag or nip loading, can be a source of uncven
pressure and/or nip width distribution. Worn roll covers may also introduce pressure variations.
Rolls have been developed which monitor and compensate for these deflections. These rolls
generally have a floating shell which surrounds a stationary core. Underncath the floating shell

are movable surfaces which can be actuated to compensate for uneven nip pressure distribution.
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{0006} Previously known techniques for determining the presence of such discrepancics in
the nip pressure required the opcerator to stop the roll and place a long picce of carbon paper or
pressure sensitive film in the nip. This procedure is known as taking a "nip impression.” Later
techniques for nip impressions involve using mylar with sensing clements to clectronically
record the pressures across the nip. These procedures, although useful, canvot be used while the
nip press is m operation. Moreover, temperatore, roll speed and other related changes which

would affect the uniformity of nip pressure cannot be taken into account,

{0007} Accordingly, nip presses were developed over the years to permit the operator to
measure the nip pressure while the rolls were being rotated. One such nip press is described in
U.S. Pat. No. 4,509,237, This nip press otilizes a roll that has position sensors to determing an
uneven disposition of the roll shell. The signals from the sensors activate support or pressure
cleroents underncath the roll shell, to equahize any uneven positioning that may exist duc fo
pressure varnations., The pressure clements comprise conventional hydrostatic support bearings
which are supplied by a pressurized oil infeed line. The roll deseribed in ULS. Pat. No, 4,838,012
similarly attempts to address this problem by incorporating sensors on the roll to determine the
nip pressure profile of a press nip. Yet another nip press is disclosed in U.S. Pat. No. 4,729,153,
This controlled deflection roll further has sensors for regulating roli surface temperatore in a
narrow band across the roll face. Other controlled defiection rolls such as the one described i
ULS. Pat. No. 4,233,011, rely on the thermal expansion properties of the roll material, to achieve

proper roll fexure.

{0608} Further advancements in nip press technology included the development of wireless
sensors which are imbedded in the sensing roll covers of nip presses as is disclosed in U.S. Pat,
Nos. 7,225.688; 7,305,494, 7,392,715, 7,581,456 and 7,963,188 to Moore et al. These patents
show the use of nomerous sensors imbedded in the roll cover, commonly referred to as a
"sensing roll” which send wireless pressure signals to a remote signal receiver. ULS. Pat. No.
5,699,729 to Moschel discloses the use of a helical sensor for sensing pressure exhibited on a
roll. Paper machine cquipment mamufacturers and supplicrs such as Voith GmbH, Xerum
Technologies, Inc. and its subsidiary Stowe have developed nip presses which utilize sensors
imbedded within the sensing roll cover. These nip press gencrally utilize a plurality of sensors

connected in a single spiral wound around the roll cover in a single revolution to form a helical
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pattern. An individual sensor is designed to extend into the nip region of the nip press as the
sensing roll rotates. In this fashion, the helical pattern of sensors provides a different pressure
signal along the cross-directional region of the nip press to provide the operator with valuable
information regarding the pressure distribution across the nip region, and hence, the pressure that

is being applied to the moving web as it passes through the nip region.

{0009} Control instrumentation associated with the nip press can provide a good
representation of the cross-directional nip pressure {commonly referred to as the "nip pressure
profile” or just "nip profile”"} and will allow the operator to correct the nip pressure distribution
should # arisc. The control instruments usually provide a real time graphical display of the nip
pressure profile on a computer screen or monitor. The nip profile is a compilation of pressure
data that is being received from the sensors located on the sensing roll. Bt usually graphically
shows the pressure signal in terros of the cross~-directional position on the sensing roll. The y-axis
usually designates pressure in pounds per Hnear inch while the x-axis designates the cross-

directional position on the roll.

{6018} While a single hne of sensors on the sensing roll may provide a fairly good
representation of nip pressure cross-directional variability, these same sensors may vot properly
take into account the variability of pressure across the nip region caused by the high speed
rotation of the sensing roll. The dynamics of a cvlinder/roll rotating at a high angular speed
{high RPMs} can cause slight changes to the pressure produced by the cyhinder/roll that are not
neeessarily detectable when the cylinder/roll is at rest or rotating at a low speed. Such dynamic
changes could be the result of centrifugal forces acting on the evlinder/roll, roll flexing, roll
balance, eccentric shaft mounting or out-or round rolls and could possibly be influenced by
environmental factors. The dynamic behavior of a typical high speed rotating cylinder/roll is
often characterized by a development of an unbalance and bending stiffness variation. Such
variations along the cylinder/roll are often referred to as rotational variability. Unbalance can be
observed as a vibration component at certain rotating frequencies and also can cause unwanted
bending of the flexible cylinder/roll as a function of the rotating speed. Since the lengths of the
sensing rolls used in paper manufacturing can be quite long, unbalance in the rotating rolls can
pose a serious problem to the paper manufacturer since a loss than even nip pressure profiic may

be created and displayed by the control cquipment. Any unwanted bending of the sensing roll



WO 2014/163775 PCT/US2014/016228

can, of course, change the amount of pressure being exerted on the web as it travels through the
nip roller. Again, since even nip pressure 18 highly desired during paper manufacturing, 1t would
be highly beneficial to correctly display the nip pressure profile since any corrects to be made to
the rotating roll based on an inaccurate nip pressurc profile could certainly exaccrbate the
problem. A single scosor located at an individual cross-divectional position on the seosing roll
may not be able to compensate for the effect of rotational variability at that sensor's position and
may provide less than accurate pressure readings. There are three primary measurements of
variability. The true nip pressure profile has variability that can be iferm cross-directional
variability as it is the variability of average pressure per cross-direction position across the nip.
Fach sensor in a single line of sensors may have some variability associated with it that may bhe
calculated as the data is collected at high speed. Thus particular vaniability profile represents the
variability of the high speed measurements at cach position in the single line of sensors, This
variability contains the variability of other equipment in the paper making process inclading the
rotational variability of the roll nipped to the sensing roll. The third variability profile is the nip
profile variability of multiple sensors at cach cross-directional position of the roll. This
variability represents the "rotational variability” of the sensing roll as it rotates through its

slurality or sensing positions.
o

{011} One of the problems of rotational variability is the creation of "high spots™ and "low
stops” at various locations along the sensing roll. A single sensor located at a cross-directional
position where a high spot or low spot is found could provide the processing equipment with an
inaccurate pressure reading being developed at that location. This is due to the fact that the
overall pressure that is developed at the sensor's location as the roll fully rotates through a
complete revolution will be lower that the measured "high spot” reading.  Accordingly, a nip
pressure profile which is based on the reading of a sensor located at a high or low spot will not
be indicative of the average pressure being developed that that location. The processing
cquipment, in relving on this single, inaccurate reading, will calculate and display a nip pressure
profile which is at least partially inaccurate. If a number of single sensors are located at
numerous high or low spots, then the processing cquipment will display a nip pressure profile
which has numcrous inaccuracics. The operator of the papermaking machinery may not even be

aware that the processing system is displaying an inaccuratc nip pressurc profile.  Further,
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attempts to correct the sensing roll based on an inaccurate nip pressure profile could lead to cven

greater inaccuracies.

{8012} Therefore, it would be beneficial if the manufacturer could detect and measure any
rotational variability along the length of the covered roll of a nip press and compensate for @t
when a real time nip pressure profile is being caleulated and displayed. The present invention
provides a better measurement of the truc nip pressure profile and is also capable of providing a
previously unmeasurcd nip profile variability of the rotation (rotational varigbility).
Furthermore, certain arrangements of sensing clements will provide information on the wear of
the cover. Compensation for any rotational variability should produce a nip pressure profile
which 18 a more accurate representation of the pressure being developed along the nip region of

the press. The present inventions satisty these and other needs.

SUMMARY OF THE INVENTION

[0813] The present invention provides apparatus and methods for accurately detecting,
measuring and at least partially removing any effects of rotational variability from a covered roll
{also referred to as a "sensing roll”) used in nip presses. The present invention compensates for
this cffect allowing a more accurate display of the nip pressure profile to be calculated and
displaved. The present nvention thus provides the machine operator with a more accurate
representation of the actual pressore distribotion across the nip press. The present invention
could be used in collaboration with correcting instrumentation which can climinate or
compensate for pressure variability at locations across the sensing roll of the press. The data
obtained from the arrangement of sensors along the sensing roll allows for the calculation and
display of a rotational variability profile which can provide the operator with additional real time
information concerning the dynamics of the pressure readings in order to obtain a more accurate
nip pressure profile. The present invention can compensate for rotational variability in the
sensing mechanism by calculating, for example, an average pressure valuc at cach cross-
directional ("CD"} position along the sensing roll. The present invention also could calculate

and obtain a more accurate nip pressure profile utilizing other models, such as curve fitting.

{601 4) The present invention uses multiple sensors circumferentially spaced at various cross-

directional positions along the sensing roll in order to cancel the effects of rotational variability
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which may, or may not, be acting on the sensing roll. These strategically-placed scunsors arc
designed to measurc the pressurc being placed against the web that is being advanced through
the nip press. Provicus work has demonstrated that roll rotational variability principally occurs
at 1 times the rotational frequency of the roll and occasionally at 2 times the rotational
frequency, primarily near the edges of the roll. Higher frequencies are rarely seen and then
normoally only at the extreme edges of the roll. In additional, cycles at cach cross-directional
position may be in phase where the highs and lows occur simultancously across the entire roll
width (known as "barring™} or the phasing of the highs and lows may vary across the roll as it
rotates, Analysis of these variability patterns has demonstrated that the average of measurements
of two sensors spaced 180° circumferential apart at a cross-directional position of a covered roll
should provide a good measurement of the actual pressure being developed and would cancel, or
at least partially cancel, any rotational variability of 1 times the rotational frequency that might
develop at this position. Similarly the average of measurements of three sensors spaced 120° or
four sensors spaced 907 circumferential apart at 2 cross-directional position of a covered roll
should provide a good measurement of the actual pressure being developed and would cancel, or
at least partially cancel, any rotational variability of 2 times the rotational frequency that might
develop at this position.  Alternate positioning of multiple sensors to remove the effect of
rotation 18 possible. In this manner, a more true measurement of the pressure distribution across
the nip region should be obtainable. Information on higher frequency barring which is indicative
of cover wear and has been scen at calender stacks may be obtained by spacing the sensing
clements at different rotational positions. The difference between individual sensing clements
and the average of the group of sensing clements at the same cross-direction progression
provides a measure of the roundness of the roll and shape of the cover. The progression of this

differcnce as the cover ages is an indicator of cover wear,

{6015} The present invention provides advantages over sensing rolls and system which
utilize a single sensor assigned to measure the pressure at a particular cross-directional position.
Sensing rolls which just utilize a single sensor disposed at a cross-directional position on a roll
lack the ahility to take sccondary measurements at the same cross-directional position for
purposes of comparison to determine if there is any unbalance at that particular cross-directional
position. As a result, such a sensing roll may provide inaccurate readings for calculating and

displaying the nip profile. If the single sensor 18 placed at a position where there is a high or low
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spot, caused by rotational imbalance, then that sensor's pressure reading will not be guite
accurate and its reading would lead to the calculation of an inaccurate nip pressure profile.
Additionally, the usc of single scnsors at cach CD position cannot gencrate the necessary data to
allow for the calculation and display of a rotational variability profile which could provide the
operator with additional real time information in order to obtain a more accurate nip pressure
profile.  The present invention allows for the calculation and display of such a rotational

variability profile, along with the nip pressure profile.

[B016] In onc aspect, the sensing roll for usc in a nip press inchudes strategically-placed
sensors including a first set of sensors disposed in a particular configuration along a roll cover
that overlies a cylindrical member. Each sensor of this first set is located at a particular lateral
position {cross-directional position} on the roll cover. The sensing roll further includes additional
sets of sensors which are likewise disposed in a particular configuration on the roll cover, each
sensor of the second set being likewise disposed at a particular cross-directional position. Each
sensor of the first set of sensors has a corresponding sensor in the additional sets to define the
CD group of sensors that are utihzed to take the pressure readings at a particular cross-
directional  position. Again, cach sensor at the cross-directional position is  spaced
circumferentially apart from the other. Multiple corresponding scnsors can be strategically
placed at different cross-divectional positions along the length of the sensing roll, cach pair of
sensors designed to measure the pressure being developed at that cross-directional position. Each
sensor will measure the pressure as it enters the nip region of the press. In theory, each
corresponding sensors of a CD group should measure the same pressure at the particular cross-
directional position if the sensing roll is truly balanced. If the pressurc measurements for the two
corresponding sensors are significantly different, then the measurements would indicate some
variability that may be caused by the dynamics of the rotating sensing roll. The present invention
allows the sensing roll to take multiple, not just one, pressure measurgments at cach cross-
directional posttion during cach 360° revolution of the sensing roll. These multiple measurements
are utilized to obtain a more accurate nip pressure profile and a rotational variability profile. In
onc aspect of the invention, the readings at cach sensor can be averaged to determine an average
pressure measurcment at that particular cross-directional position. This averaged measurement
can then be used in computing and displaying the nip pressure profile. The same readings can be
used to calculate and display the rotational variability profile of the operating nip press. The

8
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variability of the readings at cach position will be monitored and displayed to determine if the
roll rotational variability is stable or increasing. There are many possible measures of this
variability including variance, standard deviation, 2 sigma, percent of process, co-variance, peak
to peak. Increasing variability using any measure may be indicative of a potential failure in the

bearings or roll cover or other roll problerus,

{8017} In another aspect, multiple scts of scnsors are disposed so as a particular pattern of
Hined-up sensors are created. For example, the pattern could be a continuous helical configuration
which extends around the sensing roll in one revolution forming a helix around the sensing roll.

The sensors of several sets can be aligned in a number of different patierns along the length of

-

he sensing roll in order to develop a good representative nip pressore profile. In another aspect,
the continuous line of sensors can exiend only partially around the seonsing roll, for example, in
one half (1/2) revolution. A sccond set of sensors would also extend around the sensing roll in
one halt (1/2) revolution. To this manner, only a partial helix is formed arcund the sensing roll
16, This arrangement of sensors still allows a pair of sensors to be assigned to a particular CD
position. These sets of sensors would be spaced 180° circumfcrential apart from cach other, In a
similar manner three helixes may be wound 120° each, four 90° each or v helixes 360%/n cach.
The particular advantage of this arrangement of sensors is in sensing short wavelength bars that

may be associated with cover wear as ¢ach sensing element is at a different rotational position.

{6018} In another aspect, a system for calculating and displaying a nip pressure profile and
rotational variability profile for a nip press includes a sensing roll configured with a second roll
in a nip arrangement, the sensing roll and the second roll adapted to rotatingly press matter
therchetween 1n a nip region. The sensing roll has a plurality of cross-directional positions
defined along its length. The sensing roll inclading a first set of pressure-measuring sensors and
additional sets of pressure-measuring sensors, ¢ach sensor of the phlural sets of sensors being
disposed at a particular cross-directional position along the sensing roll.  Each sensor is
configured to sense and measure pressure when the sensor enters the nip region of the nip press.
Again, cach sensor of the first set has corresponding sensors in the additional sets which are
located at the samge cross-dircctional position but arc spaced apart circumferentially on the
sensing roil to provide multiple pressure readings at cach cross-dircctional position.  The

plurality of readings can be used to calculate and formulate the nip pressure profile and rotational
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variability profile for the press. In one aspect, an average pressure reading at cach location can be

calculated to obtain a more accurate nip pressure profile,

10019] A transceiver can be attached to the sensing roll and to cach of the sensors of the

multiple sets for transmitting data signals from the scnsors to a recciver unit. A processing unit
for calculating the nip pressure distribution based on the pressure measurements of cach CD
group of corresponding sensors of the first and additional sets of sensors can be coupled to the
sensing roll. A display unit also could be coupled to the processing unit to provide a visual

display of the nip pressure profile and the rotational variability profile.

10028} A mcthod for sensing and removing the cffocts of rotational variability from the nip
pressure profile of a scnsing roll of a nip press includes providing a sensing roll having a
working length and a number of cross-directional positions disposed along the working length.
Multiple pressurc-measuring sensors are placed at cach of the cross-directional positions, the
sensors of cach cross-directional position being spaced apart circurnferentially from ecach other.
The pressure being exerted on each sensor of each CD group as the sensor moves into the nip
region of the nip press is then measured with the pressure measurements of cach sensor at that
cross-directional position being calcolate to obtain an average pressure measureroent at the
respective cross-directional position. The obtained pressure measurements calculated at cach

cross-directional position can then be utilized to create a nip pressure profile for the nip press.

18021} In vet another aspect, a method for measuring and removing the effects of rotational
variability from the nip pressure profile of a scosing roll of a nip press includes measuring the
pressure exerted on a first sensor disposed at a particudar cross-divectional position on the sensing
roll of the nip press as the first sensor enters the nip region of the press. The pressure exerted on
additional se¢nsors is also measured as the second sensor enters the nip region of the press. The
additional sensors are located at the same cross-directional position as the first sensor but spaced
apart circumferentially from the first sensor. The pressure measurements of the multiple sensors
are used to calenlate and display the uip pressure profile and rotational vanability profile
Multiple pluralitics of sensors could be placed at varions cross-directional positions along the
sensing roll in order to measure pressures at multiple offset locations for cach cross-directional

position. The pressure measurements from the multiple sensors for cach cross-directional

10
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position are averaged and used to calculate and display the nip pressure profile that is developed
across the nip region. The method may include providing corrective procedurcs to the sensing

roll in order to adjust for high or low pressure spots along the nip pressure profile.

{06022} These and other advantages of the present invention will become apparent from the
following detailed description of preferred embodiments which, taken in conjunction with the

drawings, illustrate by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. | is a perspective view showing a nip press which utilizes a particular

cmbodiment of a sensing or covered roll made in accordance with the present invention,

10024} FIG. 2 18 an end, schematic view of the nip press of FIG. 1 showing the formation of
a web nipped between the nip rolls, the nip width of the nip press being designated by the letters

TNW.

{8025] FIG. 3A is a side clevational view of a particular embodiment of a sensing roll made
in accordance with the present invention which shows the placement of two sets of sensors along

the length of the roll,

{0026} FIG. 3B 1s an end view of the sensing roll of FIG. 3A showing the placement of the

first and second sets of sensors some 1809 apart circumferentially on the sensing roll.

18027} FIG. 4 is a side elevational view showing the placement of the two lines of scnsors
along the length of the sensing roll with sensors disposed within the nip region which is

designated by a pair of dotted linges.

{6028} FIG. 5 is a side clevational view showing the placement of the two lines of sensors
along the length of the sensing roll after the sensing rol has rotated 180 from its initial posttion

shown in FIG. 4.

16929] FIG. 6A is a side view of a particular embodiment of a sensing roll made in
accordance with the present invention which shows the placement of three sets of sensors along

the length of the roll.
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{0030} FIG. 68 18 an end view of the sensing roll of FIG. 6A showing the placement of the

first, second and third scts of sensors some 1207 apart circumferentially on the sensing roll,

{0031} FIG. 7A is a side view of a particular cmbodiment of a sensing roll made in
accordance with the present invention which shows the placement of four scts of sensors along

the length of the roll.

{6032} FIG. 7B is an end view of the sensing roll of FIG. 7A showing the placement of the

first, sccond, third and fourth sets of sensors some 20° apart circumferentially on the sensing roli.

{0633} FIG. 8A is a side view of a particular embodiment of a sensing roll made in
accordance with the present invention which shows the placement of two sets of sensors wound

180° circumfercntially along the length of the roll.

{0834} FIG. B 1s an end view of the sensing roll of FIG. A showing the placement of the

first and second sets of sensors some 1809 apart circumferentially on the sensing roll.

16035] FIG. 9A is a side view of a particular embodiment of a sensing roll made in
accordance with the present invention which shows the placement of three sets of sensors wound

120° circumferentially along the length of the roll.

{0636} FIG. 9B is an end view of the sensing roll of FIG. 9A showing the placement of the

sots of sensors some 120° apart circumferentially on the sensing rofl.

{6037} FIG. I0A 15 a side view of a particular embodiment of a seunsing roll made in
accordance with the present invention which shows the placement of four scts of sensors wound

90° circumferentially along the length of the roll.

[B038] FIG. 0B is an end view of the sensing roll of FIG. 10A showing the placement of the

sets of sensors some 907 apart circumferentially on the sensing roli.

{8039} FIG. 11 is a schematic drawing showing the basic architecture of a particular
monitoring system and paper processing line which could implement the sensing roll of the

present invention.
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10040} FIG. 12 s a graphical display showing a plot of normalized error versus profile
position for a single sensor array and two scnsor array showing a helical pattern of in-phase

variability over one cycle.

{0041} FIG. 13 s a graphical display showing a plot of normalized crror versus profile
position for a single sensor array and two scensor array {180°) showing a helical pattern of out of

phase variability over one cyele.

10042} FIG. 14 s a graphical display showing a plot of normalized error versus profile
position for a singlc sensor array, a two sensor array (180°%) and three sensor array (120%)
showing a hclical pattern of out of phasc varigbility over onc cycle/rotation center and 2

cycles/rotation edges.

[0043] FIG. 15 is a graphical display showing a comparison of nip pressure versus profilc

position for 3 sensor arrays for array H{0%), array 2(%0° and array 3(150°).

DETAILED DESCRIPTION OF THE PREFVERRED EMBODIMENTS

10044} The present invention relates to rolls for use particularly in nipped roll presses, in
which rolls exert pressing forces on webs for forming paper, textile material, plastic foil and
other related materials, Although the present invention may be used in the above industries, the
discussion to follow will focus on the function of rolls for use particularly in the manufacture of
paper and particularly to a nip press for dewatering a fibrous web, comprising a sensing roll
disposed s0 as to rotatingly cooperate with another roll in the nip press. Figures 1-5 depict the
erobodiment wherein two sensors are positioned 180" circumferentially across the width of the
roll at cach cross-directional location as this provides the simplest ilustration. Additional
erobodiments with roultiple sensors at each CD location can be exirapolated, as is shown n

FIGS. 6-8B.

[0045] As shown in FIG. 1, a schematic perspective view shows a sensing roll 10 made in
accordance with the present invention as a portion of a nip press 12 which includes a second roll
14 that cooperates with the sensing roll 10 to produce pressure on a fibrous web 16 that is
advanced between the two rolls 10, 14, The sensing roll 10 and second roll 14 rotate, as s

indicated by arrows in FI1G. 2, and are spaced apart at a nip region 18 where the two rolls 10, 14
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somewhat mect in order to place pressure on the fibrous web 16 so as to remove some of the
liguid suspended in the web 16, The letters NW in FIG. 2 indicate the formed "nip width" of the
nip region 18, This nip region 18 extends along the entire cross-directional length of the sensing
roll 10 and sccond roll 14, The scnsing roll 10 may inchude an inner base roll 20 and the outer
roll cover 22 may comprise materials suitable for use in making a press roll. The inner base roll
20 may inclade one or more lower layers, with the outer roll cover 22 being the top layer. This
composite sensing roll 18 with the roll cover 24 1s commonly known as a "covered roll” in the
industry. The second roll 14 may be an uncovered roll or also coroprise of a number of layers of
materials and a base roll as well, If multiple covered rolls are contained in the nip, cach may
have sensors and produce nip profiles and variability profiles. The nip profiles or the two
covered rolls may be averaged together for greater accuracy in making nip profile adjustments.
However, the variability profiles of cach covered rolf provide information about the condition of
that specific roll. It shounld be appreciated that while the present embodiments focuses only ina
single nip, it is possible to utilize single rolls involved in bi-nip, tri-nip or multi-nip interactions
which are common in the paper industry. One two rolls 18, 14 are depicted to more clearly
describe the advantages associated with the present invention. However, multiple nip profiles can

be generated with cach independent sensing roll utilizes in the nip press.

[8046] Referring now to FIGS. 1 and 3, a first set 24 of sensors 26 is associated with the
sensing roll 10 along with a second set 28 of sensors 38, Sensors 26 of the first set 24 are
designated by a circle while sensors 30 of the second set 28 are designated by a square. Circles
and squarcs have been used for case in identify the sensors constitiiting the first set 24 of sensors
from the second sct 28 of sensors. However, in practice, these sensors 26 and 30 can be the exact
same sensing device. Also, one or both of the rolls 10, 14 may have sensors associated with the
roll. For purposes of illustration, however, this discussion will focus on only one of the rolls

having sensing and measuring capabilitics.

{0847} These sensors 26 and 30 may be at least partially disposed within the roll cover 22
which forms the portion of the sensing roll 10. Each of the sensors 26 and 30 arc adapted to
sense and measure a particular data paramecter, such as, for ¢xample, the pressure that is being
exerted on the sensor when it enters the nip region 18, As can be best scen in FIG. 3A, the first

sot 24 of sensors 26 is shown disposed in a particular configuration along the sensing rofl 10,
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cach scnsor 26 being located at a particular lateral position (referred to as the "cross-dircctional
position” or "CD position") on the sensing roll 10, Each cross-directional position is a particular
distance from the first ond 32 of the scnsing roll 10, As can be scen in the particular embodiment
of FIG. 3A, the first sct 24 of sensors 26 are disposced along s line that spirals around the entire
length of the sensing roll in a single revolution forming a helix or helical pattern. The second set
28 of sensors 30 15 hikewise disposed along a line that spirals around the entire length of the
sensing roll in a single revolution creating the same helix or helical patiern except that this
second set 28 of scnsors 30 is separated apart from the first set 24 some 180° circurnferentially
around the sensing roll 10, FIG. 3B shows an end view of the first set 24 spaced approximately
180° apart from the second set 28. The use of these two Hoes of sensors 26, 30 allows a large
arnount of the outer surface of the sensing roll 10 fo be measured while the roll 10 is rotating.
While the particular pattern of the first set 24 and second set 28 is shown herein in a helical
pattern around the roll 16, it should be appreciated that these sets 24, 28 of sensors can be
disposed in other particular configurations to provide pressure measurements all along the

sensing roll 10,

180438 Each sensor 30 of this sccond set 28 is disposed at a particular cross-directional
position on the sensing roll 18, Each sensor 26 of the first set 24 has a corresponding sensor in
the second set 28 with each corresponding sensor of the first and second set being located at the
same cross-directional posttion along the sensing roll.  In this manner, cach cross-directional
position of the sensing rofl has a pair of sensors which measure the pressure at two different
circumfcrential positions. Each pair of corresponding sensors are located along the sensing roll
10 at a cross-directional position to provide two sensor readings when the sensing roll completes
a full 36{° rotation. The average of these two readings can then be utilized to calculate and

display the nip pressure profile that 18 being developed on the rotating nip press 12.

16049 The manner in which the pressure measurements can be made is best explained by
referring to FIGS. 4 and 5. FIGS. 4 and 5 show side elevational views of the sensing roll 10 as it
would be viewed looking direetly into the nip region 18 which is depicted by a pair of dotted
lines. FIG. 4 shows a typical view in which the sensing roll 10 has a pair of sensors 26, 30
directly in the nip region ready to take a pressure measurement. A grid located at the bottom of

the sensing roll 10 for illustrative purposes shows fourteen (14) individual cross-directional
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positions along the working length L of the sensing roll 10, In FIG. 4, the first sct 24 of sensors
26 can be seen depicted positioned at cross-directional positions numbered 1-7. Likewise, the
sccond sct 28 of sensors 30 are shown in cross-directional positions numbered 8-14 in FIG. 4.
The other sensor 26 of the first sct 24 are disposcd in cross-dircctional positions 8-14 but cannot
be seen in FIG. 4. Likewise, the remaining sensors 30 of the second set 28 are in positions 1-7
but cannot be scen in FIG. 4 since they are at the reverse side of the sensing roll, I should be
appreciated that only fourteen cross-directional positions are shown in these drawings to provide
a simple explanation of the manner in which the present invention operates. In actual operation,
there can be many more cross-directional positional positions associated with a sensing roll

given the long lengths and widths that are associated with these rolis,

[6050] Only the sensor 26 located o the 4% cross-directional position and the sensor 30
located in the 11th cross-directional position are in proper position for taking the pressure
measurement as they are located in the nip region NR. Once these two sensors 26, 30 enter the
nip region NR, the pressure being exerted on the sensor is measured. As the sensing voll 10
continues to rotate, the other sensors in the 5% and 12" cross-ditectional positions will then be
located in the nip region NR and will be able to measure the pressure at these particular
positions. Further rotation of the sensing roll 10 places the sensors in the 6™ and 13% cross-
directional positions into the nip region NR for pressure measurements. Eventually, the sensing
roll 10 rotates 180° from its initial position shown in FIG. 4 and will again have sensors in the 4
and 11" cross-directional positions. This arrangement of sensors 26, 30 is shown in FIG. §.
The only difference is that a sensor 30 of the sccond sct 28 is now in the 4" cross-directional
position and a sensor 26 of the first set 24 is in the 11" cross-directional position. These sensors
26 and 30 shown in FIGS. 4 and $ are corresponding sensors which read the pressure at the 4%
cross-directional position. Likewise, sensor 26 of the first set 24 in FIG. § is now in the 117
cross-directional position ready to measure the pressure at that location. The sensor 30 in the
1™ cross-directional position shown in FIG. 4 and the sensor 26 in the 11™ cross-directional
position of FIG. 5 constitute corresponding sensors which provide pressure readings at that
particular location on the scnsing roll. The system which processes the pressure measurements
can take the average of the readings of cach pair of corresponding scnsors at a particular cross-
dircctional position and calculate the nip profile at that position based on an average reading.
For example, if the sensors 26, 30 in the 4™ cross-directional position both read 200 bs per lincar

16



WO 2014/163775 PCT/US2014/016228

inch (PLI) then their average would be 200 PLI. This would indicate that there is little, or no,
pressure variation caused by the rotation of the sensing roll 10, The average 200 PLI rcading
would then be used to caleunlate and display the nip pressure profile at that particular cross-
directional position. For example, if the sensor 30 in the 11™ cross-directional position, as
shown in FIG. 4, reads 240 PLT and the sensor 26 in the 11™ position shown in FIG. § reads 160
PLI, then the average pressure would be 200 PLL These two different readings at the 11™ cross-
directional position would indicate a pressure variation that most likely would be atiributed to the
high speed rotation of the sensing roll 10. However, in processing the nip pressure profile for the
11™ cross-directional position, the average pressure measurement of 200 PLT would be utilized
since this average will cancel, or nearly cancel, the effect of rotational variability that is
occurring along the sensing roll 10, The average of the two measurements will result in a more
accurate representation of the pressure being developed at that particular cross-directional

position,

10051} In prior art sensing rolls which utilize a single scosor at cach cross-directional
position, the processing unit would have single sensors at each cross-directional positions. A
prior art sensing roll which has a single sensor at the 11" cross-directional position in the
ihustrated example above could only rely on a single reading at that position in order to calculate
and display the nip pressure profile. A prior art roll would then use either the 240 PLI or 168
PLI reading for determining and displaving the nip pressure profile at this location. Such a
reading would be less than accurate as the sensing roll full rotates in a 360° revolution.
Accordingly, the calcuiated nip pressure at this position will be less than accurate. However, the
processing unit would display a nip pressure profile would appear to be accurate but in reality
would be less than accurate, If adjustments are made to the sensing roll by the machine operator
or through automatic adjustment cquipment to compensate for high or low pressure readings,
then the sensing roll could be adjusted to develop even more incorrect pressures at various

locations in the nip region.

{6052} As the roli 10 rotates placing different sensors into the nip region, the respective
sensors measure the pressure which is then transmitted to the processing unit. The processing
unit associated with cach sensing roll 10 can then calculate the average pressure of ¢ach pair of

corresponding sensors at the varigus cross-directional positions and produce a nip pressure
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profilc which can be visualized on a monitor or other visual screen. Computer cquipment well
known in the art could be utilized to process the pressure readings that are being made in

milliseconds.

{0053} One method of the present invention for scnsing and removing the cffects of
rotational variability from the nip pressure profile of a sensing roll of a nip press thus includes
providing a sensing roll having a working length and a plurality of cross-directional positions
disposcd along the working length and the placement of pairs of pressurc-measuring sensors at
cach cross-dircctional positions. In the particular embodiment shown in FIGS. 3A-5, the method
utilizes sensors being spaced apart 180° circumferentially from cach other. This allows for two
different pressure measurements to be made at cach cross-directional position. The pressure
exerted on cach sensor of cach pair as the sensor moves into the nip region of the nip press can
then be measured and the average of cach of the two sensors at cach cross-directional position
can be calculated to deterroine an average pressure measurement.  The average pressure
measurements at cach cross-directional position can then be used to provide a nip pressure

profile for the nip press.

[0054] It shouid be appreciated that while the present mvention discloses matheratical
modeling that otilizes the direct averaging of the measurements taken by cach corresponding
sensor, it could be possible to obtain a composite average measurement utilizing other types of
models which can obtain and calculate an averaged measurement at each cross-directional
position. For example, the operating equipment {data progcessors) could utilize another model
such as "curve fitting” which also can provide the more accurate nip pressure profile. Still other
models known in the art could be utilized with the multiple pressure readings from the various

sensors to obtain the more accurate nip pressure profile.

{8055} Variations of the sensing roll are disclosed in FIGS. 6-8. Referring initially to FIGS.
6A and 6B, three different sets of sensors are utilized and extend around the sensing roll 10, As
can be seen in the disclosed embodiment of the sensing roll 10, a first set 24 of sensors 26, a
second set 28 of sensors 30 and a third set 32 of sensors 34 are shown as continuous lings of
sensors which extend around the sensing roll in one full revolution, cach set 24, 28, 32 forming a

helix around the sensing roll 10, Sensors 34 are shown as a triangle to distinguish that particular
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scnsor from the sensors 26, 30 of the other two sets 24, 28, Adjacent sets 24, 28 and 30 of
sensors are spaced 120° circumferential apart from cach other (sce FIG. 6B) at a cross-directional
position of the sensing roll 10 to provide a good measurcment of the actual pressure being
developed and would cancel, or at lcast partially cancel, any rotational variability of 2 times the
rotational frequency that might develop at this CD position. Again, the measurements from cach
of the corresponding sensors at cach CD position can be averaged to provide an averaged
measurement which provides a more accurate representation of the nip pressure being developed

at that CD position.

10056} It should be appreciated that the working length of the sensing roll can be quite long
and may reguire each set of sensors to be wound more than one times around the roll. Again,
such a patiern is satisfactory as long as the pattern allows for three sensors to be use at each
cross-directional position {spaced 120° apart) in order to produce three separate pressure readings

which are then processed fo produce a base reading.

{6057} eferring now to FIGS. 7A and 7B, a fourth set 36 of sensors 38 has been added to
the sensing roll 10 to provide yet another sensor at each CD position. Adjacent sets 24, 28, 30, 36
are spaced 30° circumferential apart from cach other (see FIG. 7B) at a cross-directional position
of the sensing roli 10 to provide 8 good measureroent of the actual pressure being developed and
would cancel, or at least partially cancel, any rotational variability of 2 times the rotational
frequency that might develop at this CD position. Again, It should be appreciated that the
working length of the sensing roll can be quite long and may require cach set of sensors to be
wound more than one times around the roll. Such a pattern is satisfactory as long as the pattern
allows for four sensors to be use at cach cross-directional position {(spaced 80° apart} in order to

produce four separate pressure readings which are then processed to produce a base reading.

{B058] Referring now to FIGS. BA and KB, a first sct 24 of sensors 26 is shown as a
continuous line of sensors which extend around the sensing roll in one half (1/2) revolution.
Likewise, a second set 28 of sensors 30 extend arcund the sensing roll in one half (1/2)
revohution. In this manner, only a partial helix s formed around the sensing roll 10, This
arrangement of sensors 26, 39 still allows a pair of sensors to be assigned to a particular CD

position. Like the sensing rofl 10 shown in FIGS. 3A-5, adjacent scts 24, 2¥ are spaced 18(°
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circumferential apart from cach other {sce FIG. §B). The resulting structure creates a sensing
roil that has only onc scnmsor enfering the nip region at any given time.  This particular
emabodiment of the sensing roll 10 should provide a good measurement of the actual pressure
being developed and would cancel, or at lcast partially cancel, any rotational variability of 2

times the rotational frequency that might develop at this CD position.

[6059] In a similar manner three helixes may be wound 120° cach, four 90° cach or n helixes
360°n cach. The particular advantage of this arrangement of scnsors is in sensing short
wavelength bars that may be associated with cover wear as cach sensing clement 1s at a different
rotational position. FIGS. 9A and 9B show three continnous lines 24, 28 and 32 of sensors 26, 30
and 34 which extend around the sensing roll in a partial revolution {a 120° revolution). In this
manner, only a partial helix is formed around the sensing roll 10 by cach set 24, 28 and 32, This
arrangement of sensors 26, 30 and 34 allows group of sensors to be assigned to a particular CD
position. Like the sensing roll 10 shown in FIGS. 6A and 6B, adjacent sets 24, 28 and 32 are
spaced 120° circumiercntial apart from each other along the voll {see FIG. 9B). FIGS. 104 and
10B show four contimpous lines 24, 28, 32 and 36 of sensors 26, 30, 34 and 38 which extend
around the sensing roll in a partial revolution {(a 90° revolution). Again, only a partial helix is
formed around the sensing roll 10 by each set 24, 28, 32 and 36. This arrangement of sensors 26,
30, 34 and 3& allows group of sensors to be assigned fo a particular CB position. Like the
sensing roll 10 shown in FIGS. 7A and 7B, adjacent sets 24, 2&, 32 and 36 are spaced 90°
circumferential apart from cach other {sce FIG. 10B). The resulting structure creates a sensing
roll that has only onc scnsor entering the nip region at any given time. This particular
embodiment of the sensing roll 10 should provide a good measurement of the actual pressure
being developed and would cancel, or at least partially cancel, any rotational variability of 2
times the rotational frequency that might develop at this CD position. Similar lines of sensors
could be disposed along the length of the sensing rofl 10 such that n lines of sensors forming
partial helixes are formed and placed 360°n along the length of the roll 10. Adjacent lines of

sensors would be spaced 360°/n circumferentially apart from cach other along the roll.

{0060} The methods for sensing and removing the effeets of rotational variability from the
nip pressure profile of a sensing rolf of a nip press utilizing the embodiments of FIGS. 6A-10B

includes providing a sensing roil having a working length and a phlurality of cross-directional
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positions disposed along the working length and the placement of pairs of pressure-mcasuring
sensors at cach cross-directional positions, The method will calculate an average pressure
measurcment utilizing the number of sensors placed at cach CD position. In the embodiments of
FIGS. 6A and 6B and FIGS. 9A and 9B, threc sensors located a CD position are averaged.
Likewise, the readings from the four sensors of the embodiments of FIGS 7A and 7B and FIGS.
10A and 10B are utilized to produce an average pressure measurement. The embodiment of
FIGS. BA and 8B, like the embodiment of FIGS. 3A-5, utilize a pair of sensor measurements at
cach CD position. The average pressure measurements at each cross-directional position can then

be used to provide a nip pressure profile for the nip press.

{8861} The sensors used in the various sets can be electrically connected to a transmitier unit
40 which also can be attached to the sensing unit 10, The transmutier unit 40 can transmut
wircless signals which can be received by a wireless receiver located at a remote location. The
wireless receiver can be a part of a system which processes the signals, creates the nip profile
and sends corrective signals back to the sensing roll 18, Sensors may be collected in the same
collection period and average together for immediate use. However, the additional wireless
transmission may reduce the battery life of the wireless unit.  As the rotational variability
changes slowly, alternating the collection between the sensors and averaging together the
collections in the alternate collection pertods will provide comparable information and may save

battery life.

18062] One particular system for processing the signals is shown in FEG. 11 and will be
discussed in greater detail below, Wireless fransmission ¢an be carried out via radio waves,
optical waves, or other known remote transmussion methods. If a direct wired transmission is
desired, slip ring assemblics and other well-known electrical coupling devices (not shown} could

be utilized.

HHURT FIG. 11 illustrates the overall architecture of one particular system for monitoring of a
product quality variable as applied to paper production. The system shown in FIG. 11 includes
processing equipment which calculates and displays the nip pressure profile. For example, the
pressure measurements can be sent to the wircless received from the transmitter(s) located on the

sensing roll.  The signals arc then sent to the high resolution signal processor to allow the
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average pressure measurcments to be calculated and utilized to create and display the nip
pressure profile. Data can be transferred to the process control which can, for example, send
signals back to the sensing roll to correct pressure distribution across the nip region. One such
nip press which is capable of real time correction is described in U.S. Pat. No. 4,509,237,
incorporated herein by reference in s entivety. This nip press utilizes a roll that has position
sensors to determine an uneven disposition of the roll shell. The signals from the scosors activate
support or pressure elements underncath the roll shell, to equalize any uneven positioning that
may exist due to pressure variations, Other known equipment which can correct the roll cover

could also be used.

{0864] The sensors can take any form recognized by those skilled in the art as being suitable
for detecting and measuring pressure. Pressure sensors may inclode piezoeleciric sensors,
piczoresistive sensors, force sensifive resistors (FSRs), fiber optic sensors, strain gage based load
cells, and capacitive sensors. The invention is not to be limited to the above-named sensors and
may inchide other pressure sensors known to those of ordinary skl in the art. It should he
appreciated that data relating to the operational parameter of interest, other than pressure, could
be utilized with the present invention. In this case, the sensors could be used to measure
temperature, stratn, moisture, nip width, etc. The sensors would be strategically located along
the sensing roll as described above. Depending on the type of sensor, additional clectronies may
be required at each sensor location. The design and operation of the above sensors are well

known in the art and need not be discussed further herein.

{8065} The processor unit is typically a personal computer or similar data exchange deviee,
such as the distributive control system of a paper mill that can process signals from the sensors
into useful, casily understood information from a remote location. Suitable exemplary processing
units are discussed in U.S. Pat. Nos. 5,562,027 and 6,568,285 1o Moore, the disclosures of which

are hereby incorporated hercin in their ontirctics.

{866} Referring now to FIGS. 12-18, graphical displays are provided which further explains
and presents typical mapping of roll variability which can develop during operation. Roll
surfaces were mapped pursuant to the methods and apparatus described in U.S. Patent No.

5,960,374 using paper propertics sensors that were related to nip pressure. The mappings used an
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array of 5,000 clements broken into 100 CD positions and 50 rotational positions. The mappings
confirmed that most roll variability occurs in 1 cycle per revolution in-phase across the roll or
out-of-phasc (the phase shifis with profile position). A 2 cycle per revolution pattern is
sometime noted at the edges of the roll. Higher frequencies (such as 3 cycles per revolution) are
rarely seen and theo only at the extreme edges and have hittle impact. Three roll surface maps
were normalized (scaled on 0-1009) and helical scan paths were saperimposed over the surface
maps. The true nip pressure profile was determined by averaging the 50 rotational positions at
cach of the 100 CD positions. The helical scan paths and the averages of two or more of these
paths at various separation angles were used to develop estimates of the nip pressure profile.
These estimates were then subtracted from the true nip profile to obtain the error in ecach
estimate. FIGS. 12 and 13 demonstrate that two sensor arrays across the width of the roll and
separated by 180° circumferentially are sufficient to remove most of the rotational variability
when the variability is 1 cycle per revolution. FIG. 14 demonstrates that 2 arrays are not
sufficient to handle the 2 cyele per revolution variability at the edges as the estimate difference
from the true nip profile is an large at the edges as the single helical scan. For this case a
minimum of 3 arrays separated by 120° would be needed. A larger number of arrays per
revohition may further reduce the measurement error, but at a higher cost.  Therefore, the
embodiment of three (3} arrays (lings) of sensors separated by 128° circumferentially insures that
alt 1 cycle/revolution and 2 cycle/revolution variability is reduced. However, 2 arrays may be
sufficient for many rolls without 2 cvele/revolution variability and more than 3 arrays may give

superior variability measurement and reduction but at a higher cost,

{0867} FIG. 15 shows nip pressure profiles collected on a roll using the various embedded
sensors.  The data show clear differences in the profile between the 3 arrays. Most notably,
arrays | & 3 (separated by 180°) show a significant difference in shape, especially in profile

position 14-28.

18068] While there have been described herein what are considered to be preferred and
cxemplary embodiments of the present invention, other modifications of the invention shalf be
apparent to those skilled in the art from the teachings herein and, it is therefore, desired to be
secured in the appended claims all such modifications as fall within the true spirit and scope of

the invention. Thus, any modification of the shape, configuration and composition of the

[
(98]



WO 2014/163775 PCT/US2014/016228

clements comprising the invention is within the scope of the present invention. Accordingly,
what is desired to be secured by Letters Patent of the United States is the invention as defined

and differentiated in the following claims.
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WHAT IS CLAIMED:

I A sensing roll for use in a nip press, comprising:

a substantially cylindrical member having an outer surface and adapted for
rotational movement;

a roll cover circumfcrentially overlying the outer surface of the cylindrical
member; and

a sensing system associated with the roll cover, comprising:

g first set of pressure-measuring sensors disposed in a particular configuration
along the roll cover, cach sensor of the first set being located at a particular cross-directional
position on the roll cover; and

at least one additional sct of pressurc-measuring scnsors disposed in a particular
configuration along the roll cover, cach sensor of the second set being located at a particular
cross-directional position on the roll cover, wherein cach sensor of the first set has a
corresponding sensor in the second set which is located at the same cross-directional position but

is spaced apart circurnferentially 1o an evenly spaced or unevenly spaced manner.

~

2. The sensing roll of claim 1, wherein the first set of sensors are aligned in a helical

configuration around the cylindrical member.

3. The sensing rol of claim 2, wherein multiple scts of sensors are aligned in g

helical configuration around the cylindrical member.

4. The sensing roll of ¢laim 1, wherein the first set of sensors is aligned around the

circumference of the cover roll in a single revolution.

5. The sensing roll of claim 4, wherein multiple sets of sensors are aligned around

the circumference of the cover roll in a single revolution.

6. A sensing roll of claim 5, where the multiple sets of multipie sensors are located
at cach cross-directional position, separated circumferentially in an even spaced or unevenly

spaced manner.

[N~
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7. The sensing roll of claim 1, including a transceiver attached to the cylindrical
member and cach of the sensors of the plurality of scts for transmitting data signals from the

SCIISOLES.

8. The sensing roll of claim 1, wherein the pressure being applicd to a scusor from
the plurality of sets of sensors i1s measured when these sensors enter the nip region of the nip

Press.

9. The scnsing roll of claim 1, whercin the at least one additional set of pressure-
measuring sensors includes a second set and a third sct, wherein cach sensor of the first set has a
corresponding sensor in the second and third sets which is located at the same cross sectional

position but is spaced 120° apart circumferentially.

10, The scnsing roll of claim 1, whercin the at least one additional set of pressure-
measuring sensors includes a second set, wherein cach sensor of the first sct has a corresponding
sensor in the second set which is located at the same cross scctional position but is spaced 180°

apart circumferentially.

it The scnsing roll of claim 1, whercin the at least one additional set of pressure-
measuring sensors includes a sccond set, a third set and a fourth sct, whercin cach sensor of the
first set has a corresponding sensor in the sccond, third and fourth scts, cach corresponding
sensor being located at the same cross scctional position but is spaced #0° apart circumferentially

from an adjacent sensor,

12. A system for calculating and displaying a nip pressure profile for a nip press,
COMmMprising:

a sensing roll configured with a second roll in a nip press, the sensing roll and the
sccond roll adapted to rotatingly press matter therebetween in a nip region, the sensing roll
having a plurality of cross-directional positions along its length, the sensing roll including a
plurality of sets of pressurc~-measuring sensors, each sensor of the plurality of sets of sensors
being disposed at a cross-directional position along the sensing roll, cach sensor configured to
sense and measure pressure when the sensor enters the nip region of the nip press, wherein cach

sensor of the plurality of sets has a corresponding sensor in each of other sets which is located at
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the same cross-directional position but is spaced apart circumferentially on the sensing roll, cach
of the corresponding sensors of the plurality of scts providing a measurement of pressure at the
respective cross-dircctional position which is averaged to supply an average measurement to
processing equipment which calculates and displays a nip pressure profile for the nip press and

nip rotational variability profile.

13. The system of claim 12 wherein g mathematical model is used to analyze the
plurality of sensor readings at cach cross-directional position to correct the nip pressure and

calculate the nip rotational variability profile.

4, The system of claim 12, further including a transceiver attached to the sensing roll
and to cach of the sensors of the plurality of scts for ransmitting data signals from the sensors to

a recetver unii.

I5. The systom of claim 14, further including a processing unit for calculating the nip
pressure distribution based on the average of the pressure measurcments of cach plurality of
corresponding scnsors of the multiple scts of sensors and displaying the nip pressure profile and

nip variability profile on a display unit.

16, The system of claim 12, wherein the sensors of the cach sct are disposed in a

certain pattern along the sensing roll.

17. The systern of claim 16, wherein cach of the plurality of sets of sensors is

disposcd in a continuous helical configuration around the sensing roll.

18. A method for sensing and removing the effects of rotational variability from the
nip pressure profile of a sensing roll of a nip press, comprising:
measuring the pressure cxerted on a first sensor disposcd at a particular cross-
directional position on the sensing roll as the first sensor enters the nip region of the nip press;
measuring the pressure excerted on additional sensors at the same cross-directional
locations as they enter the nip region of the press, the additional sensors being located at the
same cross-directional position as the first sensor but spaced apart circumferentially from the

first sensor; and
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averaging the pressure measurement of the first sensor and the pressure

measurement of the additional sensors and determining the nip variahility profile.

19, The method of claim 18, further including:
displaying the nip pressure profile based on the calculated average pressure

measurements of the first and second sensors.

24, The method of claim 18, further including:
displaying the nip pressure profile and nip variability profile based upon a

mathematical model of the plurality of pressure readings at cach cross-dircctional position.

21, The method of claim 18, further including:

adjusting the sensing roH to reduce the variability of the pressure profile.

22, A mcthod for sensing and removing the effects of rotational variability from the

nip pressure profile of a sensing roll of a nip press, comprising:

placing multiple sets of sensors on the sensing roll, cach sensor of the mulitiple
sets of sensors being disposed around the sensing roll for sensing pressure exhibited on the
sensing roli at that sensor's location and for providing a pressure signal representative thereof,
cach of the sensors of the multiple sets being disposed a particular cross-directional position
along the sensing roll, cach sensor of the multiple sets having a corresponding sensor in the other
sets which is located at the same cross-directional position and is spaced apart circumferentially
on the sensing roll;

measuring the pressure exerted on cach sensor of the multiple sets when the
sensing roll is rotating and the sensors are in the nip region of the nip press; and

comparing the pressure readings of each sensor of the multiple sets with the

pressure readings of the correspounding sensors of the additional sets of sensors.

23. The method of claim 22, wherein the sensors of the plurality of sets are disposed

along the sensing roll such that a sensor of the first set will be in the nip region of the nip press

when a sensor of the second set is also in the nip region of the nip press.

24, The method of claim 22, wherein a pressure measurement is made to cach sensor

of cach sets as the sensors enter the nip region.
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25, The method of claim 22, wherein the measurements of the sensors are transmitted

wirclessly by a device attached to the sensing roll.

26. The method of claim 22, wherein each sensor of the first set is located at different

cross-directional position from another sensor of the first set.

27. The method of claim 22, wherein:
the first set of sensors and the additional sets of sensors are disposed in a helical
configuration along the scnsing roll and spaced apart circumferential from cach other evenly or

unevenly spaced.

28, The method of claim 22, further including

adjusting the sensing roH to reduce the variability of the nip pressure profile.

]
WG

The method of claim 22, wherein:
the first set of sensors are disposed along the sensing roll in a particular pattern

and the additional scts of sensors are disposed in the same pattern.

30. A method for sensing and removing the effocts of rotational variability from the

nip prossure profife of a sensing roll of a nip press, comprising:

providing a sensing roll having a working length and a plurality of cross-
directional positions disposed along the working length;

placing multiple pressurc-measuring sensors at cach cross-dircctional position, the
plurality of sensors being spaced apart circumferentially from the other;

measuring the pressure exerted on cach sensor at cach cross-directional location
as the sensor moves into the nip region of the nip press;

averaging the pressure measurements from cach sensor of g pair to determinge an
average pressure measurement at cach cross-directional position; and

utilizing the average pressure measurements from cach cross-directional position

to provide a nip pressure profile for the nip press.

31 The sensing roll of claim 1, wherein the at least one additional set of pressure-

measuring sensors includes a second set and a third set, wherein cach sensor of the fust set has a

29
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corresponding sensor in the second and third sets which is located at the same cross sectional
position but is spaced 120° apart circumferentially, cach st of sensors forming a partial helix

which cxtends about 120° around the sensing roll.

32. The sensing roll of claim 1, wherein the at lcast onc additional sct of pressure-
measuring scnsors includes a second sct, wherein cach sensor of the first set has a corresponding
sensor inn the second set which is located at the same cross sectional position but is spaced 18(°
apart circumferentially, cach sct of scnsors forming a partial helix which cxtends about 180°

around the sensing roll.

33. The scnsing roll of claim 1, whercin the at least one additional set of pressure-
measuring sensors includes a sccond set, a third set and a fourth sct, whercin cach sensor of the
first set has a corresponding sensor in the sccond, third and fourth scts, cach corresponding
sensor being located at the same cross scctional position but is spaced #0° apart circumferentially
from an adjacent sensor, each set of sensors forming a partial helix which extends about 90°

around the sensing roll.

34, The scnsing roll of claim 1, whercin the at least one additional set of pressure-
measuring sensors includes n sets of sensors, whercin cach sensor of the n scts has a
corresponding sensor in the remaining n scts, cach corresponding sensor being located at the
same cross sectional position but is spaced 360°%n apart circumferentially from an adjacent
sensor, each set of v sensors forming a partial helix which extends about 360°n arcand the

sensing roll.
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