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Description

TECHNICAL FIELD

[0001] The present disclosure pertains to strip material
processing and, more particularly, to an apparatus for
monitoring and conditioning strip material.

BACKGROUND

[0002] Many products such as construction panels,
beams and garage doors are made from strip material
that is pulled from a roll or coil of the strip material and
processed using rollforming equipment or machines. A
detailed description of a rollforming machine may be
found in U.S. Patent 6,434,994,. A rollforming machine
typically removes strip material (e.g., a metal) from a
coiled quantity of the strip material and progressively
bends and forms the strip material to produce a product
profile and, ultimately, a finished product.
Uncoiled rolled metal or strip material may have certain
undesirable characteristics such as, for example, coil set,
crossbow, buckling along one or both outer edges, mid-
edges or a center portion, etc. As a result, the strip ma-
terial removed from a coil typically requires conditioning
(e.g., flattening and/or leveling) prior to subsequent
processing in a rollforming machine. Typically, the strip
material is conditioned by flattener or a leveler to have a
substantially flat condition. However, in some applica-
tions it may be desirable to condition the strip material to
have a non-flat condition. For example, the strip material
may be conditioned to have a particular bowed condition
to facilitate a subsequent rollforming process in which
the conditioned strip material may be cut, bent, punched,
etc. to produce a finished product.
[0003] Strip material removed from coils is often con-
ditioned (e.g., flattened) using a leveler, which is a well
known type of apparatus. A leveler typically includes a
plurality of work rolls. Some of the work rolls are adjust-
able to enable the stresses applied by the work rolls to
the strip material being processed to be varied across
the width of the strip material. In this manner, one or more
selected longitudinal regions or zones (e.g., outer edges,
mid-edges, a center portion, etc.) of the strip material can
be permanently stretched to achieve a desired finished
material condition (e.g., flatness).
[0004] To achieve a desired material condition, the set-
tings of the adjustable work rolls are usually initially se-
lected based on the type and thickness of the material
to be conditioned. For example, a control unit coupled to
the leveler may enable an operator to enter the material
type and thickness. Based on the material type and thick-
ness information entered by the operator, the control unit
may retrieve appropriate default work roll settings. The
operator may then vary the default work roll settings prior
to conditioning the material and/or during the conditioning
process to achieve a desired finished material condition.
For example, an operator at an inspection point near the

output of the leveler may visually detect an undesirable
material condition such as a crossbow condition, a coil
set condition, a buckle or wave along one or both of the
outer edges, mid-edges, the center, or any other longi-
tudinal region or zone of the strip material being proc-
essed, etc. Unfortunately, manually configuring or ad-
justing a leveler in this manner to condition strip material
to achieve a desired condition can be a time consuming
and error prone process, particularly due to the high de-
gree of human expertise and involvement required.
[0005] Using a leveler to process strip material may
additionally or alternatively involve a certification proc-
ess. For example, quantities of cut sheets of the strip
material processed by a leveler may be bundled for ship-
ment. A plurality of sheets may be sampled from each
bundle and the sampled sheets may be visually inspect-
ed and manually measured by an operator. The visual
inspection and quantitative measurements may be used
to generate, for example, flatness information for the
sampled sheets. In turn, the flatness information for the
sampled sheets selected from each bundle may be used
as statistical information for purposes of certifying the
bundles from which the sheets were selected. However,
as is the case with known leveler adjustment apparatus
and methods, known certification processes are very
time consuming and prone to error due to the high degree
of human expertise and involvement required.
[0006] EP 0 865 839 A2 discloses an apparatus for
straightening a metal strip including guide rolls arranged
parallel to one another and a straightening roll located in
the wedge-contoured gap between the two guide rolls.
Through the strip the guide and straightening rolls are in
indirect contact with one another in the zone of their mu-
tual tangent surfaces. This makes it possible to straighten
even high-strength strip without the need to apply tensile
loads which exceed the magnitude needed to transport
the strip through the apparatus.
[0007] DE 101 32 105 A1 discloses a device for im-
proving the planarity of a steel strip rolled in a roll stand
comprises planarity measuring rollers and a tension lev-
eling machine connected to the roll stand. A first planarity
measuring roller is arranged between the roll stand and
the tension leveling machine, and a second planarity
measuring roller is arranged after the tension leveling
machine.
[0008] The objection of the present invention is to pro-
vide enhanced solutions for conditioning material.
[0009] To this end, the present invention provides a
system according to the independent claim, wherein pre-
ferred embodiments thereof are defined in the dependent
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 illustrates an example of a strip material
being pulled from a coiled quantity of the strip material.
[0011] FIG. 2 illustrates example areas of compression
and tension on a section of strip material passing over a
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work roll.
[0012] FIG. 3 generally illustrates the relationship be-
tween work roll diameter and the relative sizes of the
compression and tension areas imparted by a work roll
on a strip material.
[0013] FIG. 4 illustrates the effect of strip material ten-
sion on plastic deformation of a strip material.
[0014] FIG. 5 illustrates the manner in which decreas-
ing the horizontal center distance between work rolls for
a given work roll plunge increases the tensile stress im-
parted to a strip material.
[0015] FIG. 6 illustrates the manner in which increasing
the plunge for a given horizontal work roll center distance
increases tensile stress imparted to the strip material.
[0016] FIG. 7 generally illustrates that portions of a
strip material associated with relatively wavy and/or
buckled areas are longer than portions of the strip mate-
rial associated with relatively flat areas.
[0017] FIG. 8 generally illustrates an example manner
in which backup bearings may be used to support work
rolls.
[0018] FIG. 9 illustrates an example manner in which
work rolls may be set to flatten a strip material having a
buckled region or zone.
[0019] FIG. 10 is a block diagram of an example sys-
tem for automatically monitoring and conditioning strip
material.
[0020] FIG. 11 is a more detailed diagrammatic view
of an example manner in which the example system
shown in FIG. 10 may be implemented.
[0021] FIG. 12 is a block diagram of an example proc-
essor-based system that maybe used to implement one
or both of the example conditioner control unit and the
material monitoring and conditioning feedback unit
shown in FIGS. 10 and 11.
[0022] FIG. 13 is flow diagram generally depicting an
example manner in which the example material monitor-
ing and conditioning feedback unit of FIGS. 10 and 11
may be configured.
[0023] FIG. 14 is a more detailed flow diagram depict-
ing one manner in which the monitor/condition method
of FIG. 13 may be implemented.
[0024] FIG. 15 is a more detailed flow diagram depict-
ing one manner in which the read sensors method of FIG.
14 may be implemented.
[0025] FIG. 16 is a more detailed flow diagram depict-
ing one manner in which the calculate deviations method
of FIG. 14 may be implemented.
[0026] FIGS. 17 and 18 are a more detailed flow dia-
gram depicting one manner in which the determine zone
changes method of FIG. 14 may be implemented.
[0027] FIGS. 19-25 are more detailed flow diagrams
depicting an example manner in which the adjust condi-
tioner method of FIG. 14 may be implemented.

DETAILED DESCRIPTION

[0028] In general, the example system described here-

in receives encoder signals and distance sensor data in
order to automatically monitor and/or condition strip ma-
terial. If an undesirable material condition (e.g., cross-
bow, coil set, buckles or waves in one or more regions
or zones of the strip material, etc.) is detected, one or
more work rolls in a material conditioner (e.g., a leveler)
may be adjusted to achieve a desired material condition
(e.g., flatness). Alternatively or additionally, the example
system described herein may automatically produce cer-
tification information for predetermined quantities (e.g.,
individual bundles of sheets) of the strip material.
[0029] FIG. 1 illustrates an example of a strip material
100 being pulled from a coiled quantity 102 of the strip
material. The strip material may be a metallic substance
such as, for example, steel or aluminum, or may be any
other desired material. As the strip material 100 is re-
moved from the coiled quantity 102, it assumes an un-
coiled condition or state 104. Coiled strip material fre-
quently manifests undesirable material conditions that
are the result of longitudinal stretching of the strip material
during coiling and as a result of remaining in a coiled
condition for a period of time. In particular, the coil winding
process is usually performed under high tension, which
may cause a condition commonly referred to as coil set.
If significant, coil set may also manifest itself as a condi-
tion commonly referred to as crossbow. Both of these
undesirable conditions are manifest in the uncoiled con-
dition or state 104.
In addition, during a cold mill reduction process, rolling
mill conditions and settings may manifest themselves as
imperfections in the finished coil. These imperfections
appear as waves when they occur near the peripheral
zones or regions (e.g., the outer edges) of the strip ma-
terial 100 and as buckles when they occur near the cen-
tral zone or region (e.g., the center) of the strip material
100. In a case where the uncoiled condition or state 104
exhibits coil set, the stretching that has occurred is typi-
cally uniform across the width of the strip material 100.
For example, with over-wound coils, the outer surface is
uniformly stretched slightly more than the inner surface.
Thus, the uncoiled portion 104 of the strip material 100
usually curves toward the inside wrap. As the uncoiled
portion 104 is pulled straight, the longer upper surface
will cause the shorter inner surface to curl slightly inward
(i.e., crossbow).
[0030] Undesirable material conditions such as coil set
and crossbow can be substantially eliminated using lev-
eling or flattening techniques. Leveling or flattening tech-
niques are based on the predictable manner in which the
strip material 100 reacts to stress (i.e., the amount of load
or force applied to a material). The structure and char-
acteristics of a strip material change as the load and,
thus, stress is increased. For example, with most metals,
as the load or force increases from zero the metal sup-
porting the load bends or stretches in an elastic manner.
When the load or force applied remains within the elastic
load region of the metal and is removed, the metal returns
to its original shape. In such an instance, the metal has
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been flexed, but has not been bent.
[0031] At some point, an increase in the load or stress
applied to the strip material causes the strip material to
change properties so that it is no longer able to return to
its original shape. When it is in this condition, the strip
material is in a plastic load region. In the plastic load
region, small increases in the force or load applied to the
strip material cause relatively large amounts of stretching
(i.e., deformation) to occur. Further, when a metallic strip
material is in plastic state or condition, the amount of
stretch that results is time dependent. In particular, the
longer the metal is held under a given load (when plastic)
the greater the amount of deformation (i.e., permanent
stretch).
[0032] The amount off force required to cause a metal
to change from an elastic condition to a plastic condition
is commonly known as yield strength. With a specific for-
mulation of a particular metal, the yield strength is always
the same. The higher the yield strength, the stronger the
metal. Because leveling or flattening requires a portion
of the metal to become plastic, yield strength is as im-
portant as thickness when determining appropriate work
roll geometries and settings.
[0033] Factors such as the percent of elongation cause
various metals to react differently to increased load. For
example, aluminum will generally stretch much more
(i.e., is more elastic) than steel, even if the aluminum and
steel have the same yield strength. As a result, most alu-
minum, in comparison to steel, requires deeper work roll
plunge (discussed in detail below) to achieve the same
result. In other words, aluminum has to be stretched to
a greater degree even though it has the same yield
strength as steel. These differences in elasticity can be
so significant that many metals such as aluminum appear
to require more work than higher strength steels because
of the deeper work roll plunge required to achieve a de-
sired material condition.
[0034] Conditioning a strip material depends strongly
on the reaction the strip material 100 has to being bent
around a work roll. FIG. 2 illustrates example areas of
compression and tension on a section of the strip material
100 passing over a work roll 200. When wrapped around
the work roll 200, compressive stresses occur in the por-
tion of the strip material 100 closest to the work roll 200
and tensile stresses occur in the portion of the strip ma-
terial 100 farthest away from the surface of the work roll
200. When the strip material 100 is pulled flat, the center
is the neutral axis 202, which is neither in compression
nor tension.
[0035] Although a strip material such as a metal is typ-
ically a homogenous substance, the conditioning con-
cepts described herein may be easier to understand if
the stresses are described as occurring in layers. As
shown in FIG. 2, the greatest tension is in the outermost
layers of the strip material 100. Unless sufficient tension
is imparted to the strip material 100, the stresses will
result in only elastic strain, and the strip material 100 will
return to its original shape after passing over the work

roll 200. However, if sufficient tension is imparted to the
strip material 100, the outer surface layers are subject to
sufficient stress to reach the yield strength of the strip
material 100. The surface layers stretch enough to be-
come plastic and, when the tension is removed, retain a
new shape. The plastic deformation is greatest at the
surface of the strip material 100 farthest from the work
roll 200. The tension imparted to the strip material varies
across its thickness and, in particular, diminishes toward
the neutral axis 202. For the layers of the strip material
100 that are near to or on the neutral axis 202, the tension
is low enough that those layers of the strip material 100
are in an elastic state and, thus, are not deformed as a
result of passing over the work roll 200.
[0036] The relationship between the diameter of the
work roll 200 and thickness of the strip material 100 is a
significant factor in the ability of a conditioner (e.g., a
leveler) to condition the strip material 100 in a desired
manner. For example, if the diameter of the work roll 200
is too large, the resulting stresses produce only elastic
strains. In such an instance, after the strip material 100
passes over the work roll 200, the strip material 100 re-
turns to its original shape.
[0037] FIG. 3 generally illustrates the relationship be-
tween work roll diameter and the relative sizes of the
compression and tension areas imparted by a work roll
on the strip material 100. In general, as the diameter of
a work roll decreases, the ratio of the tension surface
area (i.e., the surface area of the strip material 100 far-
thest from the work roll) to the compression surface area
(i.e., the surface area of the strip material 100 closest to
the work roll) increases. Thus, smaller diameter work rolls
can impart greater stresses to the strip material 100 at
any given wrap angle.
[0038] The practical limits to the reduction of the
workroll diameter are mechanical. At some point, the
work rolls 200 became too small to transmit the torque
required to work the strip material 100. Another consid-
eration is the ability of the workroll 200 to span the gap
between backup bearings without significant deflection.
Because of these and other mechanical limitations, ma-
terial conditioners (e.g., levelers) are typically designed
to have a variety of work roll diameters. For any given
work roll diameter, the thinnest material that can be ef-
fectively worked is limited by the relationship of the
workroll diameter to the strip material thickness and the
resulting ability to create tension on the outer surface of
the strip material 100 by wrapping the strip material 100
around that diameter. The thickest strip material 100 is
limited by the mechanical strength constraints of the work
rolls 200, backup bearings (discussed in detail below),
drive train and the force the frame and adjustment system
can apply to the strip material 100.
[0039] A leveler (i.e., a particular type of material con-
ditioner) typically nests a series of work rolls 200 resulting
in a material path that wraps above and below alternating
work rolls 200. Without strip tension, the strip material
100 would bridle around the work rolls 200 (as shown in
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FIG. 4) with the neutral axis 202 at its center dividing
areas of minimal compression and minimal tension. As
tension is increased, the neutral axis 202 moves from
the center of the strip material 100 toward the surface of
the work roll 200, thereby significantly increasing the area
of tensile stress causing greater plastic deformation of
the strip material 100.
[0040] Three things happen as a result of having mul-
tiple work rolls 200 in a leveler. First, multiple work rolls
200 allows for multiple passes. This results in more op-
portunity to yield the strip material 100. Second, by alter-
nately passing the strip material 100 over and under the
work rolls 200, the stresses are equalized at the upper
and lower surfaces of the strip material 100. This facili-
tates production of a flat strip material 100 that is relatively
free of pockets of distortion. Third, alternating work rolls
200 allows strip tension to be controlled. The surface
friction of the bridle path creates strip tension. The control
and selective application of that tension allows the strip
material 100 to be stretched as it passes through the
leveler. By careful control of the path length, the strip
material 100 can be selectively stretched, producing de-
sired changes in the shape or condition of the strip ma-
terial 100.
[0041] FIG. 5 illustrates the manner in which decreas-
ing a horizontal center distance 502 between work rolls
for a given work roll plunge (i.e., the vertical center sep-
aration or distance) increases the tensile stress imparted
to the strip material 100. In general, for any given work
roll plunge, a decreased horizontal center distance 502
increases the tensile stress imparted to the strip material
100 and, thus, the potential for plastic deformation which,
when properly controlled, improves the ability to condition
the strip material 100.
[0042] FIG. 6 illustrates the manner in which increasing
the plunge (i.e., decreasing a vertical center distance 602
between work rolls) for a given work roll horizontal center
distance increases tensile stress imparted to the strip
material 100. Typically, an operator and/or a control sys-
tem (discussed in detail below) controls the strip tension
through the selective application of the work roll plunge
602. As illustrated in FIG. 6, for a given horizontal center
distance, an increased plunge 602 (i.e., a smaller vertical
center distance) increases tensile stress in the strip ma-
terial 100 and, thus, increases the potential for plastic
deformation.
[0043] In a flattener, which is another type of material
conditioner, the centers of all of the work rolls 200 are
typically held parallel at all times. The upper work rolls
200 are plunged into the lower work rolls 200 to cause a
wave-like bridle effect as the strip material 100 passes
through the flattener. The shorter surface of the strip ma-
terial 100 is stretched slightly down its length and uni-
formly across its width. Most of the work is done in the
first few workroll clusters with feathering to a flat finish
occurring throughout the rest of the flattener.
[0044] Flattener work rolls 200 are normally mounted
in journal end bearings. Occasionally, non-adjustable

center support backup bearings are added to minimize
deflection of the center of the work rolls 200. The work
rolls 200 used in a flattener are typically large in diameter
and have widely spaced centers. Flatteners are typically
used to remove undesirable strip material conditions
such as coil set and crossbow. However, flatteners are
not equipped with adjustable backup bearings to provide
differential leveling or conditioning, which is needed to
eliminate other types of material conditions, including
waves and buckles that may occur along one or more
longitudinal regions or zones of a strip material. On the
other hand, a leveler (a type material conditioner de-
scribed above) may be used to perform such differential
conditioning, as well as the simple flattening operations
that are performed by flatteners.
[0045] The cold reduction process may produce me-
tallic strip material that has a non-uniform thickness
across its width. If the strip material 100 having such a
non-uniform thickness across its width were pulled from
a coil and slit into many parallel strands down its length
and flattened, the strips from the wavy or buckled areas
of the strip material 100 would be longer than the strips
from the flat areas of the strip material 100. FIG. 7 illus-
trates this by aligning one end of the strips. A material
conditioner (e.g., a leveler) may be used to stretch the
short lengths to approximately match the long lengths of
the strip material 100, thereby substantially flattening the
strip material 100. If the non-uniform thickness is the re-
sult of deflection or crown in the cold reduction rolls, the
relatively thin areas of the strip material 100 will be longer
(down the length of the coil) than the thick areas of the
strip material 100. These thin areas result in a wave 702
if, near the edge of the strip material 100, or a buckle 704
(or multiple buckles) if captured in the center of the strip
material 100.
[0046] Unlike a flattener, all of the work roll centers of
a leveler are not intended to be held parallel. The work
rolls 200 of a leveler typically have a relatively small di-
ameter to provide a high tension surface to compression
surface ratio. The small diameter of leveler work rolls 200
in a leveler also allows the work rolls 200 to flex under
load. Typically, the centers of the top work rolls 200 of a
leveler are held in a co-axial relationship, but the centers
of the bottom work rolls 200 of the leveler are not neces-
sarily held in such a co-axial relationship.
[0047] FIG. 8 generally illustrates an example manner
in which backup bearings 800 may be used to support
the work rolls 200. In some material conditioners, such
as a leveler, the work rolls 200 are small in diameter and
must be backed up along their length to prevent unwant-
ed deflection. As depicted in FIG. 8, top work rolls 200
are typically backed up rigidly with non-adjustable flights
of bearings 800a. Bottom work rolls 200 may be support-
ed with a series of adjustable backup bearings 800b
mounted below the work rolls 200 and set on the same
spacings as the upper backup bearings 800a. By adjust-
ing the bottom backup bearings 800b differently across
the width of the work rolls 200, differential conditioning

7 8 



EP 1 894 643 B1

6

5

10

15

20

25

30

35

40

45

50

55

across the width of the strip material 100 may be
achieved. Each numbered position in FIG. 8 corresponds
to a flight of backup bearings.
[0048] As discussed above, the strip material 100 hav-
ing the center buckle 704 is longer in the center of the
strip material 100 than on the edges of the strip material
100. If the outermost flights of the backup bearings 800
are set to have more plunge 602 (i.e., a smaller vertical
work roll center distance or separation) than the center
flights of backup bearings 800, the strip material 100 will
follow a longer path at its edge than at its center (see
FIG. 9). The strip material 100 may be stretched if tensile
stress exceeding the yield strength of the strip material
100 is imparted to the strip material 100 (i.e., plastic de-
formation). If the path is longer at the edges (i.e., the
peripheral regions or zones) of the strip material 100, the
leveler will stretch or lengthen the peripheral regions or
zones (i.e., the outermost edges) of the strip material. In
this manner, the leveler may be used to stretch the pe-
ripheral regions or zone of the strip material 100 to a
length that approximately matches the length of the cen-
tral longitudinal region or zone of the strip material 100.
When this is done, the coil set is removed, and the strip
material 100 will be conditioned to be substantially flat.
Of course, the backup bearings 800 may be set in differ-
ent manners to achieve any other desired material con-
dition (i.e., other than substantial flatness).
[0049] FIG. 10 is a block diagram of an example sys-
tem 1000 for automatically monitoring and conditioning
the strip material 100. As set forth in greater detail below,
the example system 1000 may be used to condition strip
material pulled from, for example, a coil of the strip ma-
terial, to achieve a desired material condition. For exam-
ple, the example system 1000 may be used to substan-
tially flatten or level the strip material 100, thereby sub-
stantially eliminating material conditions such as, for ex-
ample, coil set, crossbow, waves and/or buckles extend-
ing along one or more longitudinal regions or zones (e.g.,
outer edges, mid-edges, etc.) of the strip material 100.
Alternatively or additionally, the example system 1000
may be used to achieve any other desired non-flat ma-
terial condition. More specifically, the example system
1000 uses a plurality of sensors to develop topographic
data representing the deviations of the surface of the strip
material 100 from a desired condition (e.g., a flat condi-
tion). The topographic data is developed across the width
and along the length of the strip material 100. The topo-
graphic data may then be used to automatically adjust
settings on a material conditioner to achieve the desired
material condition. Additionally or alternatively, the top-
ographic data may be used to develop certification infor-
mation related to one or more material conditions (e.g.,
flatness) for predetermined quantities of the strip material
(e.g., a sheet, a bundle of sheets, etc.) of the strip material
100.
[0050] Now turning in detail to FIG. 10, the example
system 1000 includes a material conditioner 1002. For
the example system 1000 described herein, the material

conditioner 1002 is described as being a leveler, which
is a well known type of material conditioner. However,
those of ordinary skill in the art will readily appreciate that
other types of material conditioners could be used in-
stead. For example, the apparatus and methods de-
scribed herein could be advantageously applied to a flat-
tener or to other types of rollforming equipment.
[0051] As shown in FIG. 10, the material conditioner
1002 may include work rolls 1004 that are supported by
backup bearings 1006. Some of the backup bearings
1006 may be non-adjustable or relatively fixed in place,
thereby fixing the ones of the work rolls 1004 supported
by those non-adjustable ones of the backup bearings
1006 in place. Other ones of the backup bearings 1006
may be adjustable, thereby enabling the ones of the work
rolls 1004 supported by the adjustable ones of the backup
bearings 1006 to be adjusted or moved relative to the
fixed ones of the work rolls 1004. Adjustment of the mov-
able ones of the work rolls 1004 may enable substantially
continuous or stepwise variation of the plunge of the work
rolls 1004, thereby enabling a substantially continuous
or stepwise variation of the stress imparted to the strip
material 100. Preferably, but not necessarily, the mova-
ble or adjustable ones of the backup bearings 1006 are
arranged in independently movable or adjustable flights.
In this manner, the plunge and, thus, the stress imparted
to the strip material 100 can be varied across the width
of the strip material 100. Varying the stresses applied to
the strip material 100 across its width, enables the per-
formance of the material conditioning operations de-
scribed in greater detail below in which the stresses ap-
plied to the material may be varied as needed within dif-
ferent longitudinal regions or zones of the strip material
and over time to achieve a desired material condition.
[0052] The backup bearings 1006 may be actuated us-
ing hydraulics 1008 and the position or location (e.g., the
plunge) of the backup bearings 1006 may be sensed by
transducers 1010. The transducers 1010 may include
linear voltage displacement transformers (LVDTs) or any
other suitable position sensing device or combination of
devices. A conditioner control unit 1012 is communica-
tively coupled to the hydraulics 1008 and the transducers
1010. The conditioner control unit 1012 receives the
backup bearing position or location information from the
transducers 1010 and sends commands or other signals
to the hydraulics 1008 to cause the adjustable ones of
the backup bearings 1006 to be moved to a desired lo-
cation, position, plunge setting, etc.
[0053] As the strip material 100 is processed by the
material conditioner 1002, the sensors 1014 detect
changes in the condition (e.g., deviations from the flat
condition) of the strip material 100, both across its width
and along its length as the strip material 100 moves
through the material conditioner 1002. As described in
greater detail below in connection with FIG. 11, the sen-
sors 1014 may include a plurality of distance sensors
spaced across the width of the strip material 100 such
that each of the distance sensors corresponds to a par-
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ticular longitudinal region or zone of the strip material
100. For example, the regions or zones may be peripheral
or outer edges, mid-edges, a center portion, etc. of the
strip material 100.
[0054] The sensors 1014 may also include one or more
length or travel sensors that provide information related
to the amount or length of the strip material 100 that has
passed through the work rolls 1004. In this manner, the
deviation information collected by the sensors 1014 can
be associated with locations along the length of the strip
material 100, thereby enabling generation of topograph-
ical data related to the condition of the strip material 100.
[0055] The sensors 1014 are communicatively cou-
pled to a material monitoring and conditioning feedback
(MMCF) unit 1016 that processes signals or information
received from the sensors 1014 such as, for example,
material condition deviation information and length infor-
mation (e.g., the amount of the strip material 100 that
has passed through the work rolls 1004) to generate top-
ographical data associated with one or more conditions
of the strip material 100. The MMCF unit 1016 may then
use the topographical data to generate corrective feed-
back information that is conveyed via a communication
link 1018 to the conditioner control unit 1012. The con-
ditioner control unit 1012 may use the corrective feed-
back information to make adjustments to the work rolls
1004 via movements of the hydraulics 1008 and the back-
up bearings 1006 to achieve a desired material condition
for the strip material 100. For example, the MMCF unit
1016 may generate corrective feedback information to
achieve a substantially flat condition for the strip material
100.
[0056] Alternatively or additionally, the MMCF unit
1016 may generate certification information such as, for
example, flatness information for predetermined quanti-
ties of the strip material 100. For example, the MMCF
unit 1016 may use the topographical information or data
to generate flatness data for each cut sheet of the strip
material 100 and, for each bundle of sheets, may gener-
ate certification information to be associated with the bun-
dles by, for example, applying a label containing the cer-
tification information to each of the bundles.
[0057] The communication link 1018 may be based on
any desired hardwired media, wireless media, or any
combination thereof. In addition, any suitable communi-
cation scheme or protocol may be used with the link 1018.
For example, the link 1018 may be implemented using
an Ethernet-based platform, telephone lines, the Inter-
net, or any other platform using any desired communi-
cation lines, network and/or protocol.
[0058] Although the example system1000 depicts the
conditioner control unit 1012 and the MMCF unit 1016
as being separate units that are communicatively cou-
pled via the link 1018, the functions performed by the
units 1012 and 1016 could be combined into a single
device if desired. However, in some cases separation of
the functions performed by the units 1012 and 1016 may
be advantageous. For example, a separate MMCF unit

1016 may be easily retrofit to existing material condition-
ers and conditioner control units, thereby enabling ex-
pensive equipment having substantial useful life to real-
ize the advantages of the apparatus and methods de-
scribed herein.
[0059] FIG. 11 is a more detailed diagrammatic view
of an example manner in which the example system 1000
shown in FIG. 10 may be implemented. As depicted in
FIG. 11, the strip material 100 passes through the work
rolls 1004, one of which is depicted as being fixed and
the other of which is depicted as being adjustable. For
purposes of clarity, only two work rolls are shown. How-
ever, more than two work rolls may be used if desired. A
plurality of distance sensors 1102, 1104, 1106 and 1108
detect the distance to a surface of the strip material 100.
The distance sensors 1102-1108 may be implemented
using any desired contact and/or non-contact sensor
technology or combination of technologies, including ca-
pacitive sensors, ultrasonic sensors, laser-based or oth-
er optical devices, riding needle sensors, etc.
[0060] Regardless of the particular technologies em-
ployed by the distance sensors 1102-1108, the sensors
1102-1108 may be calibrated to a predetermined fixed
distance using, for example, a known substantially flat
surface. Such an absolute calibration enables the dis-
tance sensors 1102-1108 to detect material conditions
(e.g., crossbow, buckles, waves, etc.) that are evidenced
as deviations from a known flat condition across the width
and along the length of the strip material 100.
[0061] The example implementation of the system
1000 shown in FIG. 11 depicts five distance sensors (i.e.,
the sensors 1102-1108) that, starting from the outer edg-
es of the strip material 100, are spaced substantially
equally across the width of the strip material 100. How-
ever, a different number of distance sensors and different
spacing between such distance sensors may be used if
desired. Further, it should be understood that while the
methods described below in connection with FIGS. 17-25
are based on the MMCF unit 1016 receiving distance or
deviation information from five sensors corresponding to
five longitudinal regions or zones along the strip material
100, more or fewer sensors and zones or regions may
be used instead.
[0062] Still further, it should be recognized that there
is not necessarily a one-to-one correspondence between
the regions or zones associated with the distance sen-
sors 1102-1108 and the adjustment zones or regions
across the adjustable ones of the work rolls 100. For ex-
ample, the material conditioner 1002 (FIG. 10) may have
more or fewer sets of adjustable ones of the backup bear-
ings 1006 (FIG. 10) than sensor zones. Thus, the MMCF
unit 1016 may map the distance sensors 1102-1108 to
adjustable ones of the backup bearings 1006 (FIG. 10)
so that each of the five regions or zones defined by the
distance sensors 1102-1108 corresponds to at least one
adjustable set of the backup bearings 1006 (FIG. 10). In
this manner, sensor zones are mapped to material con-
ditioner control zones or regions. For example, a first
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adjustable flight of the backup bearings 1006 may cor-
respond to a first sensor zone along an outer edge of the
material (e.g., the zone associated with the distance sen-
sor 1102), a second adjustable flight of the backup bear-
ings 1006 may correspond to a second sensor zone along
a first mid-edge of the strip material (e.g., the zone as-
sociated with the distance sensor 1104), a third adjust-
able flight of the backup bearings 1006 may correspond
to a third sensor zone along a center portion of the strip
material 100 (e.g., the zone associated with the distance
sensor 1106), and so on. On the other hand, multiples
flights of adjustable ones of the backup bearings 1006
may correspond to each of the sensor zones or regions.
[0063] Preferably, but not necessarily, the distance
sensors 1102-1108 are spaced equally across the width
of the strip material 100. However because the width of
the strip material 100 processed by the system 1000 may
vary over different production runs, the distance sensors
1102-1108 may be moved accordingly and, thus, will not
always correspond to the same one or more material
conditioner control zones (i.e., adjustable flights of the
backup bearings 1006).
[0064] As is also depicted in FIG. 11, the example sys-
tem 1000 includes an encoder 1110 for the purpose of
measuring an amount or length of the strip material 100
that has moved through the work rolls 1004. For example,
the encoder 1110 may be implemented using a twelve
inch encoder wheel that rides on the strip material 100
as the strip material 100 moves. In that case, each time
the wheel of the encoder 1110 makes a complete revo-
lution, the strip material 100 has traveled twelve inches.
The encoder 1110 may be radially divided into a plurality
of signal points. For example, if a twelve inch encoder is
divided into twelve signal points, the encoder 1110 would
produce a signal every time the strip material 100 travels
one inch. In practice, the encoder 1110 may be divided
into any number of signal points (e.g., 1200 per revolu-
tion).
[0065] Thus, by spacing the sensors 1102-1108
across the strip material 100 and periodically taking dis-
tance measurements (i.e., at a predetermined time inter-
val) as the strip material 100 is moved through the con-
ditioner 1002, the MMCF 1016 can acquire data indica-
tive of the overall topography of the strip material 100.
However, the strip material 100 may be moved through
the conditioner 1002 at different rates of speed. As a
result, the time between readings of the distance sensors
1102-1108 may not be an accurate indication of distanc-
es traveled down the strip material 100. Thus, the length
or distance traveled information can be supplied by the
encoder 1110 to eliminate the inaccuracies that could
otherwise result if the measurement interval time were
used to estimate the strip material length between read-
ings of the distance sensors 1102-1108.
[0066] FIG. 12 is a block diagram of an example proc-
essor-based system 1200 that maybe used to implement
one or both of the example leveler control unit 1012 and
the MMCF unit 1016 shown in FIGS. 10 and 11. The

example system 1200 may be based on a personal com-
puter (PC) or any other computing device. The example
system 1200 illustrated includes a main processing unit
1202 powered by a power supply 1204. The main
processing unit 1202 may include a processor 1206 elec-
trically coupled by a system interconnect 1208 to a main
memory device 1210, a flash memory device 1212, and
one or more interface circuits 1214. In one example, the
system interconnect 1208 is an address/data bus. Of
course, a person of ordinary skill in the art will readily
appreciate that interconnects other than busses may be
used to connect the processor 1206 to the other devices
1210-1214. For example, one or more dedicated lines
and/or a crossbar may be used to connect the processor
1206 to the other devices 1210-1214.
[0067] The processor 1206 may be any type of well
known processor, such as a processor from the Intel Pen-
tium® family of microprocessors, the Intel Itanium® family
of microprocessors, the Intel Centrino® family of micro-
processors, and/or the Intel XScale® family of microproc-
essors. In addition, the processor 1206 may include any
type of well known cache memory, such as static random
access memory (SRAM). The main memory device 1210
may include dynamic random access memory (DRAM)
and/or any other form of random access memory. For
example, the main memory device 1210 may include
double data rate random access memory (DDRAM). The
main memory device 1210 may also include non-volatile
memory. In an example, the main memory device 1210
stores a software program which is executed by the proc-
essor 1206 in a well known manner. The flash memory
device 1212 may be any type of flash memory device.
The flash memory device 1212 may store firmware
and/or any other data and/or instructions.
[0068] The interface circuit(s) 1214 may be implement-
ed using any type of well known interface standard, such
as an Ethernet interface and/or a Universal Serial Bus
(USB) interface. One or more input devices 1216 may
be connected to the interface circuits 1214 for entering
data and commands into the main processing unit 1202.
For example, an input device 1216 may be a keyboard,
mouse, touch screen, track pad, track ball, isopoint,
and/or a voice recognition system.
[0069] One or more displays, printers, speakers,
and/or other output devices 1218 may also be connected
to the main processing unit 1202 via one or more of the
interface circuits 1214. The display 1218 may be a cath-
ode ray tube (CRT), a liquid crystal displays (LCD), or
any other type of display. The display 1218 may generate
visual indications of data generated during operation of
the main processing unit 1202. The visual indications
may include prompts for human operator input, calculat-
ed values, detected data, etc.
[0070] The example system 1200 may also include
one or more storage devices 1220. For example, the ex-
ample system 1200 may include one or more hard drives,
a compact disk (CD) drive, a digital versatile disk drive
(DVD), and/or other computer media input/output (I/O)
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devices.
[0071] The example system 1200 may also exchange
data with other devices 1222 via a connection to a net-
work 1224. The network connection may be any type of
network connection, such as an Ethernet connection, dig-
ital subscriber line (DSL), telephone line, coaxial cable,
etc. The network 1224 may be any type of network, such
as the Internet, a telephone network, a cable network,
and/or a wireless network. The network devices 1222
may be any type of network devices. For example, the
network device 1222 may be a client, a server, a hard
drive, etc., including another system similar or identical
to the example system 1200. More specifically, in a case
where the MMCF unit 1016 and the conditioner control
unit 1012 are implemented as separate devices coupled
via the link 1018, one of the units 1012 and 1016 may
correspond to the example system 1200, the other one
of the units 1012 and 1016 corresponds to the network
device 1222 (which may also be implemented using a
system similar or identical to the system 1200), and the
link 1018 corresponds to the network 1224.
[0072] FIGS. 13-25 described in detail below an ex-
ample manner in which the example system 1000 of FIG.
10 may be configured to produce certification data or
information for the strip material 100 and/or to adjust a
material conditioner (e.g., the example material condi-
tioner 1002 of FIG. 10) to achieve a desired material con-
dition (e.g., a substantially flat condition) for the strip ma-
terial 100. Preferably, the methods depicted in FIGS.
13-25 are embodied in one or more software programs
or instructions that are stored in one or more memories
and executed by one or more processors (e.g., processor
1206 of FIG. 12) in a well known manner. However, some
or all of the blocks shown in FIGS. 13-25 may be per-
formed manually and/or by another device. Additionally,
although the methods depicted in FIGS. 13-25 are de-
scribed with reference to a number of example flow dia-
grams, a person of ordinary skill in the art will readily
appreciate that many other methods of performing the
methods described therein may be used. For example,
the order of many of the blocks may be altered, the op-
eration of one or more blocks may be changed, blocks
may be combined, and/or blocks may be eliminated.
[0073] Now turning in detail to FIG. 13, a flow diagram
generally depicts an example manner in which the ex-
ample system 1000 of FIG. 10 may be configured. Ini-
tially, the system 1000 (FIG. 10) determines if strip ma-
terial is present in the material conditioner 1002 (block
1300). The presence of the strip material 100 may be
detected using the sensors 1014 (e.g., the distance sen-
sors 1102-1108 and/or the encoder 1110 shown in FIG.
11) or may be detected in some other manner via the
conditioner control unit 1012. If the presence of the strip
material 100 is not detected, the system 1000 remains
at block 1300.
[0074] On the other hand, if the system 1000 detects
the presence of the strip material 100 at block 1300, the
system 1000 resets data buffers containing, for example,

data that may have been previously obtained from the
sensors 1014 and/or random data that may be present
in the data buffers following a power-up operation or the
like (block 1302). The data buffers may be located within
the MMCF unit 1016 and, in particular, in the case where
the MMCF unit 1016 is implemented using a processor-
based system such as the example processor-based
system 1200 shown in FIG. 12, the data buffers may be
implemented within one or more of the flash memory
1212, the main memory 1210 and/or the processor 1206.
[0075] Following the reset of the data buffers at block
1302, the system 1000 may then determine if the material
conditioner 1002 is operational or running (block 1304).
Such a determination may be made using, for example,
the sensors 1014. In particular, time-based variations in
readings (e.g., time-varying distance, deviation and or
length values or signals) would normally indicate that the
strip material 100 is moving through the material condi-
tioner 1002. In particular, time-variant information sup-
plied by the encoder 1110 (FIG. 11) and/or the distance
sensors 1102-1108 (FIG.11) would be indicative of
movement of the strip material 100 through the material
conditioner 1002 (FIG. 10). Of course, other methods of
detecting the movement of the strip material through the
material conditioner 1002 could be used instead.
[0076] If the material conditioner 1002 is not operation-
al or running at block 1304, the system 1000 stops ad-
justing the settings of the material conditioner 1002
and/or waits (block 1306). On the other hand, if the ma-
terial conditioner 1002 is operational or running at block
1304, control is passed to block 1308. At block 1308 the
system 1000 initializes the settings associated with the
conditioner control unit 1012 and the material conditioner
1002. Such an initialization may involve receiving infor-
mation associated with the strip material 100 such as,
for example, material type information, material thick-
ness information, etc. An operator may enter such ma-
terial information via, for example, one or more of the
input devices 1216 (FIG. 12), which may be communi-
catively coupled to one or both of the MMCF unit 1016
and the conditioner control unit 1012. The material infor-
mation may, in turn, be used to select appropriate default
settings (e.g., work roll plunge, adjustable work roll profile
and/or backup bearing height settings, etc.) for the ma-
terial conditioner 1002. Such default settings may be
stored in one or both of the MMCF unit 1016 and the
conditioner control unit 1012.
[0077] Once the conditioner settings have been initial-
ized at block 1308, the system 1000 may then monitor
the condition of the strip material 100 for purpose of gen-
erating certification data and/or for purpose of adjusting
the material conditioner 1002 to achieve a desired ma-
terial condition (e.g., a substantially flat condition) (block
1310). At the conclusion of the monitor/condition process
(block 1310), control is returned to block 1312, at which
the monitored information (e.g., the data buffers, dis-
played data, etc.) may be cleared prior to a cessation of
operations.
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[0078] FIG. 14 is a more detailed flow diagram depict-
ing one manner in which the monitor/condition method
(depicted as block 1310 of FIG. 13) may be implemented.
Upon starting the monitor/condition method (block 1310),
the system 1000 reads the sensors 1014 (block 1400).
In particular, distance or deviation information may be
read from the distance sensors 1102-1108 (FIG. 11) at
predetermined time intervals so that multiple sets of data
are collected from the sensors 1102-1108 at block 1400.
Likewise, linear distance or travel length information or
data may be received from the encoder 1110 (FIG. 1)
during each time at which distance information or data
is collected from the distance sensors 1102-1108. A more
detailed description of the manner in which the sensors
1014 may be read at block 1400 is provided in connection
with FIG. 15 below.
[0079] After the sensor data is read or collected at
block 1400, the system 1000 calculates deviations in the
collected data (block 1402). In particular, the system
1000 may calculate distance value variations within each
of the longitudinal zones or regions of the strip material
100 as well as variations between the zones or regions.
A more detailed discussion of one manner in which such
deviations may be calculated and used to determine oth-
er parameters indicative of a material condition is provid-
ed below in connection with FIG. 16.
[0080] After the data deviations have been calculated
at block 1402, the system 1000 determines if the zones
or regions monitored by the sensors 1014 are substan-
tially equal to a target material condition (block 1404). In
particular, the system 1000 may compare the average
deviations of the zones to each other and/or to one or
more predetermined threshold values to determine if the
individual zones are at the desired target condition. For
example, if the desired target condition is a substantially
flat condition, then the average deviations for each of the
zones may be compared to each other (i.e., to determine
the degree of similarity between the zones) and/or the
average deviations of all of the zones may be compared
to a predetermined threshold indicative of a substantially
flat condition.
[0081] If the system 1000 determines at block 1404
that the zones or regions are not at the desired target
conditions, zone changes are then determined at block
1406. In general, zone changes are generated by com-
paring the relative material conditions (e.g., the flatness)
of the zones monitored by the sensors 1014 (FIG 10).
Certain patterns of material conditions are recognized
and appropriate adjustment values for use by the material
conditioner 1002 are determined based on the patterns.
A more detailed description of one manner in which the
five distance sensors 1102-1108 shown in FIG. 11 may
be used to adjust five zones or regions of the strip material
100 to achieve a desired material condition is described
below in connection with FIGS. 17 and 18.
[0082] Once the required zone changes have been de-
termined at block 1406, those changes are then used by,
for example, the conditioner control unit 1012 (FIGS. 10

and 11) to adjust the material conditioner 1002 by, for
example, varying the profiles one or more of the work
rolls 1004 via the backup bearings 1006 and the hydrau-
lics 1008. In general, the adjustments to the work rolls
1004 may be made in a step-wise fashion based, at least
in part, on the degree to which the zones deviate from
the desired condition. A more detailed description of one
manner in which adjustments to the settings of the ma-
terial conditioner 1002 may be made is provided below
in connection with FIGS. 19-25.
[0083] Following the conditioner adjustments at block
1408, or if at block 1404 the system 1000 determines
that the zones are substantially equal to their target con-
ditions, the system 1000 logs the zone information or
data to the buffer (block 1410). After logging the data in
the buffer at block 1410, the system 1000 determines if
a sheet of the strip material 100 is to be cut (block 1412).
A cut sheet determination may be made based on infor-
mation from the conditioner control unit 1012. Regardless
of where the cut sheet information or signal is generated,
if a sheet is cut, the system 1000 (e.g., the MMCF unit
1016) calculates one or more quality parameters asso-
ciated with that sheet (block 1414). In particular, as de-
scribed in greater detail in connection with FIG. 16, the
quality parameters may include, for example, one or
more I-units values for the sheet. I-units are a well-known
measure that represents the degree to which a material
deviates from a flat condition. Of course, different or ad-
ditional quality parameters may be calculated at block
1414.
[0084] After calculating the quality parameters at block
1414, the sheet count is incremented at block 1416. Fol-
lowing the incrementing of the sheet count at block 1416
or if a cut sheet is not indicated at block 1412, the system
1000 determines if a sufficient quantity of sheets has
been formed to generate a bundle of sheets (block 1418).
If the system 1000 determines that a bundle is to be
formed at block 1418, the system 1000 prints a bundle
label, which is affixed or otherwise associated with the
bundle, containing certification information for that bun-
dle. Quality parameters associated with the highest qual-
ity sheet and the lowest quality sheet within the bundle
may be printed on the label. For example, such quality
parameters may include the I-units, which are a well
known flatness standard, for each of these sheets. One
example manner in which the system 1000 may calculate
I-units is described in greater detail below in connection
with FIG. 16. After the bundle label is printed, the bundle
information including, for example, the quality parame-
ters associated with that bundle (all or some of which
may also appear on the bundle label) are logged for pos-
sible later retrieval (block 1422). The quality information
and the sheet count information stored in the buffer(s) of
the system 1000 may then be reset (e.g., set to zero or
some other predetermined value) (block 1424).
[0085] Following the reset of the quality and count val-
ues at block 1424 or if the system 1000 determines at
block 1418 that a bundle is not being completed, the sys-
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tem 1000 determines if there is a fault (e.g., a mechanical
and/or software failure) (block 1425). If there is no fault
at block 1425, control returns to block 1400. On the other
hand, if there is a fault at block 1425, then control returns
to block 1312 of FIG. 13.
[0086] FIG. 15 is a more detailed flow diagram depict-
ing one manner in which the read sensors method (block
1400) of FIG. 14 may be implemented. Initially, the sys-
tem 1000 determines if the data buffer is full (block 1500).
If the data buffer is full, the buffer index is reset to a pre-
determined value (e.g., zero) (block 1502). On the other
hand, if the data buffer is not full at block 1500, control
is passed to block 1504.
[0087] At block 1504, the system 1000 (e.g., the MMCF
1016) reads the zones. In particular, the system 1000
may acquire distance or deviation information from each
of the distance sensors 1102-1108 (FIG. 11) and the en-
coder 1110 (FIG. 11) over a predetermined number of
sampling intervals. For example, each of the distance
sensors 1102-1108 (FIG. 11) may be polled or read on
a periodic basis (i.e., at fixed time intervals or some other
predetermined times) by the MMCF unit 1016 (FIG. 11).
The information received by the MMCF unit 1016 may
correspond to the individual distances between the sen-
sors 1102-1108 and the upper surface of the strip mate-
rial 100 underlying the sensors 1102-1108.
[0088] Preferably, but not necessarily, the sensors
1102-1108 are calibrated so that the surface of the ma-
terial conditioner 1002 opposite the sensors 1102-1108
and across which the strip material 100 moves through
the material conditioner 1002 (e.g., the tops of the work
rolls 1004) is equal to a zero distance or other predeter-
mined distance value. In this manner, any deviation of
the material condition of the strip material 100 (e.g.,
waves, buckles, crossbow, etc.) may be detected as pos-
itive (i.e., greater than zero) distance variations across
zones (e.g., crossbow) and/or distance variations along
one or more of the longitudinal regions or zones of the
strip material 100 (e.g., a wave along an edge).
[0089] In each instance that zone distance information
is read from the sensors 1102-1108 (FIG. 11), length
information is read from the encoder 1110 (FIG. 11) and
is associated with the distance information. Thus, the
zone information (e.g., distance information and length
information) may be envisioned as a data table in which
each column of the table uniquely corresponds to one of
the sensors 1102-1108 and the encoder 1110, and each
of the rows represents a sampling event or time. The
number of sampling events or times (e.g., rows of data)
may be selected to suit the particular needs of a given
material monitoring and/or conditioning application. For
example, in some applications more than a thousand
sampling events may take place at block 1504. However,
other applications may require more or fewer sampling
events.
[0090] After the zone data has been read at block 1504,
the system 100 (e.g., the MMCF unit 1016) determines
the minimum and maximum deviation or distance read-

ings within each zone (block 1506). At block 1508, the
system 1000 determines the total length of the strip ma-
terial 100 that has passed through the conditioner 1002
during the collection of zone data at block 1504. For ex-
ample, the MMCF unit 1016 (FIG. 11) may determine the
change in the count values or other signals received from
the encoder 1110 (FIG. 11) and may convert that count
value into a length value. For example, in the case where
the encoder 1110 is a twelve inch encoder (i.e., has a
twelve inch circumference) and outputs a signal or incre-
ments its count once per inch traveled, a count change
of one hundred indicates that one hundred inches of the
strip material 100 have passed through the material con-
ditioner 1002 during the zone readings taken at block
1504. After the length has been determined at block
1508, the system 1000 increments the buffer index (block
1510).
[0091] FIG. 16 is a more detailed flow diagram depict-
ing one manner in which the calculate deviations method
(block 1402) of FIG. 14 may be implemented. Initially,
the system 1000 (FIG. 10) determines if the buffer is full
(block 1600). If the buffer is not full at block 1600, then
the system 1000 increments the buffer index (block 1602)
and control is passed to block 1404 of FIG. 14. On the
other hand, if the buffer is full at block 1600, then control
is passed to block 1604.
[0092] At block 1604, the system 1000 (e.g., the MMCF
unit 1016) determines the average of the deviation or
distance values currently stored in the buffer. In the case
where the MMCF unit 1016 obtains the deviation or dis-
tance information from the distance sensors 1102-1108
and the sensors 1102-1108 are calibrated so that any
measured deviations (i.e., distance changes) are positive
(i.e., greater than zero) with respect to a surface of the
material conditioner 1002 underlying the strip material
100, then the zone averages are representative of the
degree to which each zone deviates from a flat or other
desired condition. In general, larger average values for
a given zone are indicative of a greater deviation from a
flat condition within that zone. While the examples de-
scribed herein use zone averages to detect, monitor or
measure the deviation of the strip material 100 from a
substantially flat condition, different or additional statis-
tical proxies could be used if desired. For example, some
fraction of the average values could be used, a maximum
deviation value(s) could be used, a square root of a sum
of squares of deviations could be used, etc.
[0093] Furthermore, it should be recognized that, if cal-
ibrated in the above-described manner, the distance
readings obtained from the sensors 1102-1108 (FIG. 11)
would be offset by an amount equal to the thickness of
the strip material 100. As a result, in a case where the
zone averages are all substantially non-zero and equal
to each other and offset from zero by an amount sub-
stantially equal to the thickness of the strip material 100,
those averages are, indicative of a substantially flat con-
dition. More generally, as described in greater detail be-
low, a substantially flat condition for the strip material
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corresponds to a condition in which the averages for all
of the zones (e.g., all five zones for the example imple-
mentation shown in FIG. 11) are substantially equal.
[0094] After the zone averages have been determined
at block 1604, the system 1000 may determine the min-
imum and maximum average values across all zones
(block 1606). The system 1000 may then determine if
the current calculation of deviations is a first pass (i.e.,
the first time for the strip material 100 being processed
by the material conditioner 1002) (block 1608). If the sys-
tem 1000 determines that the current deviation calcula-
tions are being made during a first pass at block 1608,
the system 1000 performs a first pass initialization (block
1610). Such a first pass initialization may include initial-
ization of variables that require initialization following a
system power up or the like. If the current deviation cal-
culations are not part of a first pass (block 1608), then
the system 1000 may initialize system variables contain-
ing values such as the minimum and maximum deviation
or distance readings for each zone, the inverse of the
average length between peaks (which is similar to a fre-
quency of the deviations) for each zone, as well as any
other variables desired (block 1612).
[0095] The system 1000 may then determine the min-
imum and maximum distance or deviation readings for
each of the zones (block 1614). For example, in the case
where the five sensors 1102-1108 (FIG. 11) and, thus,
five zones, are used, the minimum and maximum read-
ings within the buffer for each of the zones are deter-
mined. The number of peaks within each of the zones is
then calculated (block 1616). For example, for each zone,
peaks may be found by identifying those distance or de-
viation readings that are preceded and followed by small-
er values. Of course, any other desired manner of de-
tecting peak values may be used instead. The length of
the strip material 100 corresponding to the zone readings
in the buffer is then determined (block 1618). For exam-
ple, the length may be calculated by subtracting the max-
imum and minimum encoder readings (e.g., from the en-
coder 1110 of FIG. 11) and converting the encoder read-
ings difference to a length based on the known charac-
teristics of the encoder 1110 (FIG. 11).
[0096] The system 1000 may then calculate the peak
value (e.g., the overall wave height) for each of the zones
stored in the buffer (block 1620). For example, the peak
value for each zone may be determined by multiplying
the average value for the zone by two and subtracting
the known thickness of the strip material 100. Of course,
other methods of calculating a peak value for each zone
may be used instead. The system 1000 then calculates
an intermediate parameter "S" for each of the zones (i.e.,
the zone data stored in the buffer) as defined in Equation
1 below (block 1622).
[0097]

[0098] The variable "Peak Value" is the peak value cal-
culated at block 1620 and the variable "Span" is calcu-
lated by dividing the length value for each zone (calcu-
lated at block 1618) by the number of peaks counted for
each zone (calculated at block 1616). The S parameter
for each zone may then be used to calculate the I-units
for each zone using the well-known equation set forth
below as Equation 2 (block 1624). As is well known, the
I-units for a zone are indicative of the shape or flatness
of a material zone or region. In general, a lower I-units
value corresponds to a higher degree of flatness.
[0099]

[0100] After calculating the I-units for each of the zones
(i.e., the zone data stored in the buffer), the minimum
and maximum I-units for each of the zones are deter-
mined (block 1626) and control returns to block 1404 of
FIG. 14.
[0101] FIGS. 17 and 18 are a more detailed flow dia-
gram depicting one manner in which the determine zone
changes method (block 1406) of FIG. 14 may be imple-
mented. In the example method of FIGS. 17 and 18, five
sensing, material condition monitoring and/or adjustment
zones are used. In particular, zone 1 corresponds to the
distance sensor 1102 (FIG. 11) and a first outer edge of
the strip material 100. In a similar manner, zones 2, 3, 4
and 5 correspond to the distance sensors 1104, 1106
and 1108, respectively, and to longitudinal regions of the
strip material 100, including a first mid-edge, a center, a
second mid-edge and a second outer edge, respectively.
In addition, for purposes of clarity, the material condition-
er 1002 (FIG. 10) is described as having five correspond-
ing adjustment zones (i.e., adjustment zones 1 through
5 that correspond to the five longitudinal regions of the
strip material 100 and the sensor zones 1 through 5. How-
ever, it should be recognized, as noted above, that there
does not necessarily have to be a one-to-one corre-
spondence between the number and/or location of ad-
justment zones (e.g., adjustable backup bearings) and
the number and/or location of the sensor zones. For ex-
ample, each sensor zone and/or material zone may be
mapped to or may correspond to two or more adjustment
zones of the material conditioner 1002 (FIG. 10).
[0102] Continuing with the example zone definitions
as set forth above, the system 1000 initially determines
if the all of the zones (i.e., zones 1 through 5) associated
with the strip material 100 are substantially flat (block
1708). Such a flatness determination may be made by,
for example, comparing the average deviation and/or the
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maximum I-units for each of the zones to a predetermined
threshold value corresponding to a desired or substan-
tially flat condition. If the system 1000 determines at block
1708 that all of the zones are substantially flat, then con-
trol is passed to block 1408 of FIG. 14.
[0103] On the other hand, if the system 1000 deter-
mines at block 1708 that all of the zones are not substan-
tially flat (i.e., at least one of the zones is not substantially
flat), then the system 1000 determines if zone 1 is sub-
stantially flat (block 1710). If zone 1 is substantially flat,
then control is passed to block 1812 of FIG. 18. At block
1812, a determination is made whether zone 3 is sub-
stantially flat. If zone 3 is substantially flat, then the sys-
tem 1000 determines that zone 3 should be adjusted by
an amount equal to the average deviation for zone 3
(block 1814) and control is returned to block 1408 (FIG.
14). On the other hand, if zone 3 is substantially flat (block
1812), then the system 1000 determines if zone 4 is flatter
(e.g., has smaller I-units value and/or average deviation
value) flatter than zone 5 (block 1816). If zone 4 is not
flatter than zone 5 (block 1816), then the system 1000
determines that zone 4 is to be adjusted by the average
deviation of zone 4 (block 1818) and control is returned
to block 1408 (FIG. 14). If zone 4 is flatter than zone 5
(block 1816), then the system 1000 determines whether
zone 4 is flatter than zone 3 (block 1820). If zone 4 is not
flatter than zone 3 (block 1820), then the system 1000
determines that zone 5 is to be adjusted by the average
deviation of zone 5 (block 1822) and control returns to
block 1408 (FIG. 14). On the other hand, if zone 4 is
flatter than zone 3, then the system 1000 determines that
zone 3 is to be adjusted by the average amount of devi-
ation of zone 3 (block 1824) and control is returned to
block 1408 (FIG. 14).
[0104] If it is determined at block 1710 (FIG. 17) that
zone 1 is not substantially flat, then the system 1000 de-
termines if zone 2 is substantially flat (block 1726). If zone
2 is substantially flat (block 1726), then control is passed
to block 1828 of FIG. 18. At block 1828, the system 1000
determines if zone 5 is substantially flat. If zone 5 is sub-
stantially flat at block 1828, then the system 1000 deter-
mines that zone 1 is to be adjusted by an amount equal
to the average deviation of zone 1 (block 1830) and con-
trol is returned to block 1408 (FIG. 14). On the other hand,
if zone 5 is not substantially flat at block 1828, then the
system 1000 determines if zone 1 is flatter than zone 5
(block 1832). If zone 1 is flatter than zone 5 (block 1432),
then the system 1000 determines that zones 1 and 5 are
to be adjusted by an amount equal to the average devi-
ation for zone 5 (block 1834) and control is returned to
block 1408 (FIG. 14). On the other hand, if the system
1000 determines at block 1432 that zone 1 is not flatter
than zone 5 (block 1832), then the system 1000 deter-
mines that zones 1 and 2 are to be adjusted by an amount
equal to the average deviation for zone 5 (block 1836)
and control is returned to block 1408 (FIG. 14).
[0105] If the system 1000 determines at block 1726
that zone 2 is not substantially flat, then the system 1000

determines if zone 5 is substantially flat (block 1740). If
zone 5 is substantially flat (block 1740), then the system
1000 determines if zone 1 is flatter than zone 2 (block
1742). If zone 1 is flatter than zone 2 at block 1742, then
zones 1 and 2 are adjusted by an amount equal to the
average deviation of zone 2 (block 1744). On the other
hand, if zone 1 is not flatter than zone 2 at block 1742,
then the system 1000 determines at block 1746 that
zones 1 and 3 are to be adjusted by an amount equal to
the average deviation of zone 1 (block 1746) and control
is returned to block 1408 (FIG. 14). On the other hand,
if the system 1000 determines at block 1740 that zone 5
is not substantially flat, then the system 1000 determines
that zones 1 and 2 are to be adjusted by an amount equal
to the average deviation of zone 1 (block 1748) and con-
trol is returned to block 1408 (FIG. 14).
[0106] FIGS. 19-25 are more detailed flow diagrams
depicting an example manner in which the adjust condi-
tioner method (block 1408) of FIG. 14 may be implement-
ed. In general, the example methods depicted in FIGS.
19-25 receive the zone change information from block
1408 and generate appropriate adjustment commands,
instructions and/or signals that cause the material con-
ditioner 1002 (FIG. 10) to adjust its work rolls 1004 (FIG.
10) to achieve a desired material condition, which in this
is example is a substantially flat condition. In particular,
zone change information includes the zone(s) to be
changed and the amount of change required (e.g., the
average deviation of a particular zone). The particular
manner in which the zone change information is proc-
essed by the system 1000 is based on which zone(s) are
to be changed. Thus, adjustments to zones 3, 1 and 4
only are carried out using the methods of FIG. 19, 20 and
21, respectively. Simultaneous adjustments to zones 1
and 5 are carried out using the method depicted in FIG.
22. Simultaneous adjustments to zones 1 and 2 are car-
ried out using the method depicted in FIG. 23. Simulta-
neous adjustments to zones 1 and 3 are carried out using
the method depicted in FIG. 24, and adjustments to zone
5 are carried out using the method shown in FIG. 25.
[0107] Also, generally, the methods of FIGS. 19-25 de-
termine the relative size of the adjustment to be made
and select one of two adjustment step size sets based
on the size of the adjustment to be made. The step size
sets are amounts by which the adjustable backup bear-
ings 1006 (FIG. 10) and, thus, the work rolls 1004 (FIG.
10) of the material conditioner 1002 (FIG. 10) are moved
during an adjustment interval. The step size sets may be
selected to optimize the ability of the system 1000 (FIG.
10) to quickly change the work roll profiles to achieve a
desired material condition, without resulting in excessive
overshoot, oscillation, etc. In general, larger step sizes
enable a more rapid adjustment toward a desired mate-
rial condition, while smaller step sizes enable more ac-
curate control of the material condition. The methods of
FIGS. 19-25 use two different sets of step sizes so that,
initially, if the deviation from a desired material condition
(e.g., substantial flatness) is relatively large (e.g., the av-
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erage deviation value for a zone is relatively large), the
set having larger step sizes is used. If the average devi-
ation for a zone to be adjusted is initially relatively small
or is reduced via prior adjustments (e.g., using a large
step size adjustment), the set having the smaller step
sizes may be used. In this manner, the example methods
of FIGS. 19-25 provide the benefit of fast adjustment
when deviations from a desired material condition are
large and the benefits of greater precision as the devia-
tions are reduced.
[0108] Now turning in detail to FIG. 19, an example
manner by which a command or determination to adjust
zone 3 by an amount "AVG" initializes the settings of the
material conditioner 1002 (block 1900). At block 1902,
the system 1000 determines if the amount zone 3 is to
be adjusted (i.e., AVG) is greater than a threshold value
(i.e., Limit 2) representative of a relatively large adjust-
ment amount. If the value of AVG exceeds the threshold
value (Limit 2), then zone 1 is adjusted up by a first step
amount (STEP2) (block 1904), zone 2 is adjusted down
by a second step (STEP 1) (block 1906) and zone 5 is
adjusted up by the first step (Step 2) amount (block 1908).
[0109] At block 1910, the system 1000 determines if
the adjustment value AVG is greater than another limit
or threshold (Limit 2) representative of a relatively smaller
adjustment (i.e:, in comparison to the threshold used in
block 1902). If the adjustment value AVG is greater than
the other threshold (Limit 1), then zone 1 is adjusted up
by an amount equal to STEP 1, zone 3 is adjusted down
by an amount equal to STEP1/2, and zone 5 is adjusted
up by an amount equal to STEP1.
[0110] The methods of FIGS. 20-25 are similar to those
shown in FIG. 19 and, thus, are not described in addi-
tional detail herein. Any desired step sizes may be used
with the methods of FIGS. 19-25. However, in some ex-
amples, the value of STEP2 may be double the value of
STEP1, which is double the value of STEP1/2. Of course,
other relative step sizes or relationships and/or more than
or fewer than three step sizes may be used if desired.
[0111] Although the description herein discloses ex-
ample systems including, among other components,
software executed on hardware, it should be noted that
such systems are merely illustrative and should not be
considered as limiting. For example, it is contemplated
that any or all of the disclosed hardware and software
components could be embodied exclusively in dedicated
hardware, exclusively in software, exclusively in firmware
or in some combination of hardware, firmware and/or
software.

Claims

1. A system for conditioning a moving strip material
(100), the system comprising:

a first sensor (1102) positioned to measure a
first height value of a surface of the material at

a first longitudinal zone along the strip material
(100);
a second sensor (1104) positioned to measure
a second height value of the surface of the ma-
terial at a second longitudinal zone along the
strip material (100); and
a controller (1012) communicatively coupled to
the first and second sensors to determine a dif-
ference between the first height value and the
second height value;
characterized by :

a third sensor (1110) to acquire travel length
information associated with the material as
the material moves; and by
the controller to adjust a load applied to the
material as the material moves based on
the difference between the first and second
height values to modify the condition of the
material toward a desired condition.

2. A system as defined in claim 1, wherein the third
sensor acquires the travel length information by
measuring the travel length of the material as the
material moves.

3. A system as defined in claim 1, wherein the controller
is further to adjust the load applied to the material
as the material moves based on the travel length
information.

4. A system as defined in claim 1, wherein the controller
is further to generate topographical information as-
sociated with a surface of the material based on the
travel length information and the first and second
height values.

5. A system as defined in claim 1, wherein the travel
length information provided by the third sensor
(1110) relates to the length of the material, which
has moved, and is associated with the difference be-
tween the first and second height values.

6. A system as defined in claim 1, wherein the controller
is further to cause the generation of certification in-
formation associated with the material.

7. A system as defined in claim 6, further comprising a
printer operatively coupled to the controller to print
at least some of the certification information.

8. A system as defined in claim 6, further comprising a
display device operatively coupled to the controller
to display at least some of the certification informa-
tion.

9. A system as defined in claim 1, wherein the first and
second sensors include at least one of a contact sen-
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sor type or a non-contact sensor type.

10. A system as defined in claim 1, wherein the controller
causes an adjustment of a position of a workroll to
vary the load applied to the material.

11. A system as defined in claim 1, further comprising:

a roller (1004) configured to condition the mate-
rial; and
a hydraulic cylinder operatively coupled to the
controller and configured to adjust the roller
(1004) in response to the electrical signal.

12. A system as defined in claim 11, further comprising
a backup bearing operatively coupled to the hydrau-
lic cylinder and the roller, wherein the backup bearing
causes a change in a plunge associated with the
roller.

13. A system, as defined in claim 1, wherein the first
sensor comprises an acoustic sensor.

14. A system as defined in claim 1, wherein the first sen-
sor comprises an optical sensor.

Patentansprüche

1. System zum Konditionieren eines sich bewegenden
Bandmaterials (100), wobei das System umfasst:

einen ersten Sensor (1102), der positioniert ist,
einen ersten Höhenwert einer Fläche des Ma-
terials in einer ersten Längszone entlang des
Bandmaterials (100) zu messen;
einen zweiten Sensor (1104), der positioniert ist,
einen zweiten Höhenwert der Fläche des Mate-
rials in einer zweiten Längszone entlang des
Bandmaterials (100) zu messen; und
ein Steuergerät (1012), das kommunikativ mit
den ersten und zweiten Sensoren gekoppelt ist,
um einen Unterschied zwischen dem ersten Hö-
henwert und dem zweiten Höhenwert zu ermit-
teln;
gekennzeichnet durch
einen dritten Sensor (1110), um Bewegungs-
streckeninformation zu erfassen, die dem Ma-
terial zugeordnet ist, wenn sich das Material be-
wegt; und durch
das Steuergerät, um eine Belastung, die auf das
Material ausgeübt wird, wenn sich das Material
bewegt, auf der Grundlage des Unterschieds
zwischen den ersten und zweiten Höhenwerten
einzustellen, um den Zustand des Materials hin
zu einem gewünschten Zustand zu modifizie-
ren.

2. System nach Anspruch 1, wobei der dritte Sensor
die Bewegungsstreckeninformation durch Messen
der Bewegungsstrecke des Materials, wenn sich das
Material bewegt, erfasst.

3. System nach Anspruch 1, wobei das Steuergerät fer-
ner dazu dient, auf der Grundlage der Bewegungs-
streckeninformation die Belastung, die auf das Ma-
terial ausgeübt wird, wenn sich das Material bewegt,
einzustellen.

4. System nach Anspruch 1, wobei das Steuergerät fer-
ner dazu dient, basierend auf der Bewegungsstrek-
keninformation und den ersten und zweiten Höhen-
werten topografische Information zu erzeugen, die
einer Fläche des Materials zugeordnet ist.

5. System nach Anspruch 1, wobei die Bewegungs-
streckeninformation, die von dem dritten Sensor
(1110) bereit gestellt wird, die Länge des Materials,
das sich bewegt hat, betrifft und dem Unterschied
zwischen den ersten und zweiten Höhenwerten zu-
geordnet ist.

6. System nach Anspruch 1, wobei das Steuergerät fer-
ner dazu dient, die Erzeugung von Zertifizierungsin-
formation, die dem Material zugeordnet ist, zu be-
wirken.

7. System nach Anspruch 6, ferner mit einem Drucker,
der betriebsfähig mit dem Steuergerät verbunden ist,
um wenigstens einiges der Zertifizierungsinformati-
on zu drucken.

8. System nach Anspruch 6, ferner mit einer Anzeige-
vorrichtung, die betriebsfähig mit dem Steuergerät
verbunden ist, um wenigstens einiges der Zertifizie-
rungsinformation anzuzeigen.

9. System nach Anspruch 1, wobei die ersten und zwei-
ten Sensoren einen Berührungssensortyp und/oder
einen berührungslosen Sensortyp umfassen.

10. System nach Anspruch 1, wobei das Steuergerät ei-
ne Einstellung einer Position einer Arbeitswalze be-
wirkt, um die auf das Material ausgeübte Belastung
zu variieren.

11. System nach Anspruch 1, ferner umfassend:

eine Walze (1004), die konfiguriert ist, das Ma-
terial zu konditionieren; und
einen Hydraulikzylinder, der betriebsfähig mit
dem Steuergerät verbunden und konfiguriert ist,
die Walze (1004) in Antwort auf das elektrische
Signal einzustellen.

12. System nach Anspruch 11, ferner mit einem Siche-
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rungslager, das betriebsfähig mit dem Hydraulikzy-
linder und der Walze verbunden ist, wobei das Si-
cherungslager eine Änderung eines Eintauchens,
das der Walze zugeordnet ist, zu bewirken.

13. System nach Anspruch 1, wobei der erste Sensor
einen akustischen Sensor umfasst.

14. System nach Anspruch 1, wobei der erste Sensor
einen optischen Sensor umfasst.

Revendications

1. Système de conditionnement d’un matériau en for-
me de bande mobile (100), le système comprenant :

un premier capteur (1102) positionné pour me-
surer une première valeur de hauteur d’une sur-
face du matériau au niveau d’une première zone
longitudinale le long du matériau en forme de
bande (100) ;
un deuxième capteur (1104) positionné pour
mesurer une deuxième valeur de hauteur de la
surface du matériau au niveau d’une deuxième
zone longitudinale le long du matériau en forme
de bande (100) ; et
un contrôleur (1012) couplé en communication
aux premier et deuxième capteurs pour déter-
miner une différence entre la première valeur de
hauteur et la deuxième valeur de hauteur ;
caractérisé par
un troisième capteur (1110) destinée à obtenir
des informations de longueur de trajet asso-
ciées au matériau à mesure que le matériau se
déplace ;
et caractérisé par
le contrôleur destiné à ajuster une charge appli-
quée au matériau à mesure que le matériau se
déplace sur la base de la différence entre les
première et deuxième valeurs de hauteur afin
de modifier la condition du matériau vers une
condition souhaitée.

2. Système selon la revendication 1, dans lequel le troi-
sième capteur obtient les informations de longueur
de trajet en mesurant la longueur de trajet du maté-
riau à mesure que le matériau se déplace.

3. Système selon la revendication 1, dans lequel le con-
trôleur est en outre destiné à ajuster la charge ap-
pliquée au matériau à mesure que le matériau se
déplace sur la base des informations de longueur de
trajet.

4. Système selon la revendication 1, dans lequel le con-
trôleur est en outre destiné à générer des informa-
tions topographiques associées à une surface du

matériau sur la base des informations de longueur
de trajet et des première et deuxième valeurs de
hauteur.

5. Système selon la revendication 1, dans lequel les
informations de longueur de trajet délivrées par le
troisième capteur (1110) se rapportent à la longueur
du matériau qui s’est déplacé, et sont associées à
la différence entre les première et deuxième valeurs
de hauteur.

6. Système selon la revendication 1, dans lequel le con-
trôleur est en outre destiné à entraîner la génération
d’informations de certification associées au maté-
riau.

7. Système selon la revendication 6, comprenant en
outre une imprimante couplée en fonctionnement au
contrôleur afin d’imprimer au moins une partie des
informations de certification.

8. Système selon la revendication 6, comprenant en
outre un dispositif d’affichage couplé en fonctionne-
ment au contrôleur afin d’afficher au moins une partie
des informations de certification.

9. Système selon la revendication 1, dans lequel les
premier et deuxième capteurs comprennent au
moins l’un parmi un type de capteur de contact et un
type de capteur sans contact.

10. Système selon la revendication 1, dans lequel le con-
trôleur entraîne un ajustement d’une position d’un
cylindre de travail pour varier la charge appliquée au
matériau.

11. Système selon la revendication 1, comprenant en
outre :

un rouleau (1004) configuré pour conditionner
le matériau ; et
un cylindre hydraulique couplé en fonctionne-
ment au contrôleur et configuré pour ajuster le
rouleau (1004) en réponse au signal électrique.

12. Système selon la revendication 11, comprenant en
outre un palier d’amortissement couplé en fonction-
nement au cylindre hydraulique et au rouleau, dans
lequel le palier d’amortissement entraîne un chan-
gement dans une inclinaison associée au rouleau.

13. Système selon la revendication 1, dans lequel le pre-
mier capteur comprend un capteur acoustique.

14. Système selon la revendication 1, dans lequel le pre-
mier capteur comprend un capteur optique.
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