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(57) Abstract: The invention relates to a method for analyzing a layer of a metal working compound (50) on the surface of a product
to be shaped (40), especially of a metal strip, before and/or after a shaping process, especially a rolling process, for various measuring
variables. According to the invention, analysis of the metal working compound (50) is carried out by way of spectroscopic analysis.
The invention also relates to a method for carrying out the method according to the invention.

(57) Zusammenfassung: Die Erfindung bezieht sich auf ein Verfahren zum Analysieren einer Schicht eines Hilfsstoffes (50) auf
der Oberfldche eines Umformgutes (40), insbesondere eines Metallbandes, vor und/oder nach einem Umformprozess, insbesondere
einem Walzprozess, im Hinblick auf verschiedene MessgréBen. Es ist dabei erfindungsgemal vorgesehen, dass das Analysieren des
Hilfsstoffes (50) mit Hilfe einer Spektralanalyse erfolgt. Die Erfindung bezieht sich aulerdem auf eine Vorrichtung zur Durchfiih-
rung des erfindungsgemiBen Verfahrens.
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METHOD AND DEVICE FOR ANALYZING A LAYER OF A METAL

WORKING COMPOUND ON A PRODUCT TO BE SHAPED

The invention relates to a method of analyzing a layer of
a treatment liquid on the surface of a workpiece to be shaped,
particularly a metal strip, upstream and/or downstream of the
shaping process, especially a roll process, for various measuring
variables. The invention also concerns a apparatus with at least
one detector for generating scanning signals of a layer of the
treatment liquid on the surface of the workpiece to be shaped, the
detector being located upstream and/or downstream of a shaping
device, particularly a roll stand, and with an evaluator for
analyzing the scanning signal generated by the detector for various
specific measurement variables of the treatment liquid.

In principle, in shaping processes, there 1s a need for
the use of a treatment liquid for sufficient separation of the
rolling stock and the rolls. Should this separation not be
successful in the desired manner, metallic contact occurs between
the parts that are undergoing shaping, and based on their relative

displacement to one another, faults result in the desired surface

structure of the rolling stock.

Concerning this, several methods of the generic type are

known in prior art.

From DE 197 44 503 [US 6,089,069)], an apparatus and a

method are known for influencing frictional relationships between

the upper and lower roll in roll stands of warm broad strip or

cold-strip conveyor lines. This way, the method is essentially
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characterized in that the upper face of the strip and/or the lower
face of the strip of the rolling stock is wetted at the intake side
of the roll stand by a sprayer with a defined guantity of fluid,
and a controller regulates the gquantity specifications and
discharge of the fluid, a predetermined control variable or
calculated amount being used in connection with the actual roll
torque of the lower and/or upper roll. A method of this type
ensures 1in particular that between the upper face of the strip of
the rolling stock and the upper roll, as well as also between the
lower face of the strip of the rolling stock and the lower roll
nearly identical frictional relationships are created in order to
improve the degree of effectiveness of the rolling process as well
as to reduce wear of the upper and lower rolls and to continue
dampening the frequently occurring tendency of vibration at larger
reductions of thickness.

In this and other known methods there exists a basic need
to achieve greater production of high-quality metallic rolling
strip by saving steps in the process, so that better strip quality
can be achieved in a more stable rolling process, particularly by
adjusting the friction in the roll gap. Concerning this, German
patent application DE 10 2005 042 020.6 [CA 2,618,836], which has

older priority, belongs to the applicant and was not published,
suggests that on the intake side a minimum quantity of pure
lubricant without high water content with controlled viscosity
depending on a number of process data elements be applied

continually dosed online via a physical computer model.
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This results in a more stable roll process, in
particular, an adjustment of the friction is made possible in the
roll gap. Beyond that, i1t 1s advantageous that a subsequent
removal of residual 01l i1s no longer required and thereby,
additional process steps are saved, because minimal lubrication
means that only as much lubricant is applied at the intake side as
is necessary for achieving the desired product quality and as 1is
also actually consumed during the rolling process. Moreover,
devices for oil emulsions and related expenses for such, as well as
their disposals are eliminated.

Based on that, the invention is based on the problem that
the method that is known from the German patent application (File
number: DE 10 2005 042 020.6 [CA 2,618,836]) that has not undergone
prior publication, as well as a corresponding apparatus for
executing this method be developed further in such a way that a
specific and suitable measuring method and an apparatus for the
evaluation of the treatment liquid i1s made available on the
workpiece to be shaped, while retaining the previous advantages.

Concerning the method, this problem is solved according
to the invention in that the analysis of the treatment ligquid takes

place online with the aid of a spectroscopic analysis. The problem
with respect to the apparatus is solved according to the invention
by designing the evaluator as an online spectroscopic evaluator.
Within the framework of the description at hand, the term
treatment liquid describes a general substance that serves to

ensure sufficient separation between the workpiece to be shaped and
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the shaping apparatus, particularly working rolls in a shaping
process, particularly a roll process.

In one aspect of the present invention, three
different alternatives for the analysis of the treatment
liguid on the workpiece to be shaped are claimed, namely an
analysis before the shaping process, an analysis after the
shaping process and an analysis before and after the shaping
process.

The analysis of the treatment liquid on the
workpiece to be shaped that takes place before entering the
shaping process advantageously makes control of the quality of
the application of the metal working product possible, for
example, in the sense of, whether the application has taken
place homogeneously or - perhaps targeted — non-homogeneously.

Simply by analyzing the residual quantity of the
treatment liquid that remains on the surface of the rolling
stock after the shaping process 1t can advantageously be
determined whether this residual quantity is too large, too
small or acceptable; accordingly, the quantity of treatment
liquid that is applied to the workpiece to be shaped before
the shaping process can be decreased or increased or can
remain unchanged. The result of the analysis with respect to
the chemical composition of the treatment liquid on the
workpiece to be shaped after the shaping process can
advantageously be used for targeted adjustments - before the
shaping process - of the composition of the treatment liquid

and/or its temperature when it is applied to the workpiece to

be shaped.
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The mentioned third alternative, namely an analysis
of the treatment liquid before and after the shaping process
advantageously makes drawing a conclusion about the
consumption of treatment liquid during the shaping process
possible. The quantity consumed of the treatment liquid
determined in this way in turn makes it possible to draw a
conclusion about the thermal conditions during the shaping
process. In addition to the quantity consumed, the analysis
that is claimed with the aid of a spectroscopic analysis also
makes a comparison of the chemical composition of the
treatment liquid before and after the shaping process
possible, the comparison being the basis for a conclusion
concerning the consumption of certain components of the
treatment ligquid, such as, for example, additives or the
formation of reactants during the shaping process. Such
evidence having been determined can be supported in a targeted
manner if desired, i.e. in those cases in which the substances
relevant for shaping are only formed during the shaping
process, or they can be counteracted at an early stage.

Finally, a particularly favorable aspect of the
present invention to be mentioned is that the spectroscopic
analysis of the treatment liquid takes place online. The
results of the spectroscopic analysis of the treatment liquid
are thus available in real time and can be used directly, 1i.e.
even while the shaping process 1s running in order to
influence it. This 1influencing can take place in the form of
a targeted control or a feedback-controlled influence of the
shaping apparatus, or, as has been mentioned already, the

treatment liquid that has been applied.
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A preferred embodiment of the present invention
concerns the spectroscopic analysis of laser-induced, time-
induced fluorescent spectroscopic analysis or a spectroscopic
analysis in the infrared band. These are particularly
suitable measurement methods for analyzing a layer of
treatment liquid.

According to a further characteristic of an
embodiment of the present invention, it is provided that the
treatment liquid is, for example, a lubricant, a cooling
lubricant, a tempering agent or a wet tempering agent.

It is logical according to a further characteristic
of an embodiment of the present invention that the analyzed
measurement variables of the treatment liquid are, for
example, 1ts quantity per surface unit, its composition, and
the homogeneity of its distribution on the workpiece to be
shaped and/or its layer thickness. Concerning the advantages
that result thereby, reference is made to the explanations
that have already been made.

According to a further embodiment of the present
invention it is recommended that the measurement variables are
inputted to at least one control loop as control variables
which initiates an application of the treatment ligquid onto
the workpiece to be shaped according to the specifications of
predetermined set points, the set point values for the control
variables being specified in such a way that they lead to -
based on the previously known shaping process - setting
certain shaping parameters for the shaping process itself
and/or for forming quality characteristics to the respectively
desired degree in the shaped product. The shaping parameters

that can be influenced can be, in a preferred
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embodiment for example, the level of the roll-spreading force
or the strength of the vibrations of rolls in a shaping
device.

According to a further characteristic of the present
invention it is provided that the control loop — in the event
an undesired or erroneous, for example, contaminated
composition of the treatment liquid is captured - i1is designed
such that it is able - according to specified set points for
the composition of the treatment liquid - to subsequently mix
into or correct the treatment liquid even while the shaping
process 1s running by use of supplies of various components
from which the treatment ligquid is made.

It is logical, according to a further characteristic
of the present invention that for the calculation of the set
points, the shaping process be simulated by a mathematical
model.

According to a further characteristic of the present
invention it is provided that the quality characteristics for
the workpiece to be shaped are, for example, its flatness, its
shine or its texture, particularly the absence of fishbone
patterns.

According to an additional characteristic concerning
the method of the present invention, individual components of
the treatment ligquid, markers or tracer substances are added.

These marker and/or tracer substances can, i1if desired, be
added to the individual components of the treatment liquid in
order to adjust their signal strength in suitable manner.

In the preferred embodiment form of the present
invention with respect to the apparatus, at least one

irradiation means for irradiating the treatment liquid on the

workpiece to be shaped
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while 1t 1s being scanned is provided. The irradiation
activates or strengthens the effect of the marker and/or
tracer substances and generally improves the detection and
thereby the result of the spectroscopic analysis, for example,
the quantity distribution or the distribution of the
composition of the treatment liquid, even transversely of the
roll direction.

If the scanners or the irradiation source are only
upstream and/or downstream of the roll device and in
comparison to the width of the workpiece to be shaped of small
dimension, it 1is advantageous i1f they are made to be moveable
transversely of the roll direction in order to make an
analysis of the treatment liquid possible that covers the
entire width of the workpiece to be shaped. If the detector
is designed in the form of a number of irradiation elements
upstream of and/or downstream of the roll gap, these elements
are not required to be displaceable; however, it would be
advantageous 1f these elements were also located in a
direction transversely of the roll direction above the
workpiece to be shaped in order to make analysis of the
treatment liquid covering the entire width of the workpiece to
be shaped possible. The detector or the detection elements
are preferably designed as scanners.

Finally, according to a last characteristic of the
present invention, the evaluator 1s designed for executing the
method according to one of the claims relating to it.

In one aspect of the present invention, there 1is
provided a method of analyzing and modifying a rolling process

by correcting a chemical composition of a treatment liquid

applied on a surface
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of a workpiece to be shaped by said rolling process, sald
method comprises analyzing the chemical composition of the
treatment liquid before and after the rolling process by
spectroscopic analysis on line; comparing the analysis of the
composition of the treatment liquid before the rolling
process with the analysis of the composition of the treatment
liquid after the rolling process in order to determine a
consumption of predetermined components of the treatment
liquid during the rolling process; and correcting the
chemical composition of the treatment liquid applied to said
surface.

In a further aspect of the present invention, there

is provided a method of analyzing and modifying a rolling

said rolling process, said method comprises analyzing the
chemical composition of the treatment liquid with detection
elements before and after the rolling process by
spectroscopic analysis on line; comparing the analysis of the
composition of the treatment liquid before the rolling
process with the analysis of the composition of the treatment
liquid after the rolling process in order to determine a
consumption of predetermined components of the treatment
liquid during the rolling process; correcting the chemical
composition of the treatment liquid applied to said surface;
and wherein a measurement variable 1s inputted as a control
variable into at least one control loop that initiates an

application of the treatment ligquid on the workpiece to be

shaped according to a specification of predetermined set
points, the set points being dependent on at least one of

shaping parameters and quality characteristics of a finished

workpiece.
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Four figures are enclosed with the description, in
which:
FIG. 1 shows a first example of an embodiment of the

invention;

- 8b -
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FIG. 2 shows a variation of the design of the detector;

FIG. 3 shows a second example of an embodiment of the
invention; and

FIG. 4 shows a third example of an embodiment of the
invention.

In the following, the invention will be described in
detail in the form of examples by referring to the figures that
were mentioned. In all figures, identical technical elements are
identified with the same reference numbers. The addition "1" or
"r" to individual reference numbers signifies that the
correspondingly identified elements as seen in a roll direction R
are located either upstream of (-1l) or downstream of (-r) the roll
device 20. To keep it simple, the reference numbers in the
following description are used without these additions, as a rule,
to the extent this does not appear to be absolutely required for
showing a specific situation.

In general, the invention concerns a method and a
corresponding apparatus for analyzing a layer of a treatment liquid
on the surface of a workpiece to be shaped, which 1is fed into a
shaping process.

Concerning this, FIG. 1 shows a first example.
Specifically, FIG. 1 is a metal-shaping device 20 in the form of a
rolling plant that i1s shown schematically. A workpiece 40 to be
shaped i1s fed into the metal-shaping device 20 for shaping, for
example, for the purpose of thickness reduction. The workpiece 40
to be shaped runs through the metal-shaping device 20 in the roll

direction R.
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For simplification of the shaping process and to improve
the quality of the workpiece 40 to be shaped after the shaping
process with respect to certain quality characteristics, such as,
for example, flatness, shine, texture or the absence of fishbone
patterns, etc., a treatment liquid 50 i1s applied to the workpiece
to be shaped with the aid of a row of spray nozzles 30 before it is
fed into the metal-shaping device 20. The treatment liquid can be,
for example, a lubricant, cooling lubricant, a tempering agent or a
wet tempering agent. As FIG. 1 shows, the treatment liquid can be
applied to the upper surface of the workpiece 40 to be shaped or on
its underside (not shown, this also applies to all other examples

of embodiments that follow).

In the first embodiment of the invention shown in FIG. 1,
the treatment liquid that 1s applied to the surface of the
workpiece 40 to be shaped is analyzed with the aid of an apparatus
10 according to the invention before it enters metal-shaping device
20 together with the workpiece to be shaped. The apparatus in
accordance with the invention comprises a detector 12 for
generating a scan signal from a layer of the treatment liquid 50 on

the surface of the workpiece 40 to be shaped; detector 12 can be a
scanner, for example.
FIG. 2 shows an example of an embodiment for the spatial

design of a detector 12. It is shown there by way of example, that

the detector can consist of individual detection elements 12', 12"
Y, preferably scanner elements, that are fixed along a line L with
one component transversely of roll direction R. Alternative to

that, detector 12 can also only consist of a scanner element, which
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then, however, is preferably moveable with one component
transversely of the roll direction R and thus parallel to the width
of the workpiece to be shaped. Both alternative designs serve to
determine, for example, the quantities or the temperature
distribution of the treatment ligquid or the distribution of its
chemical composition even transversely of the roll direction R.

It can further be seen in FIG. 1, that the scan signal
generated by the detector 12 i1is inputted to an evaluator 14 in
order to be evaluated by it. The evaluator is a device for
spectroscopic analysis, that, for example, works in the infrared
band or according to the principle of laser-induced time-induced
fluorescent spectroscopic analysis. The evaluator 14 analyvzes the
scanning signal it receives from the detector 12 to determine
various measurement variables of the treatment liquid 50. These
analyzed measurement variables can be, for example, the quantity of
the treatment liquid per unit of surface area, its chemical
composition, the homogeneity of its distribution on the workpiece
40 to be shaped, for example, even transversely of the roll
direction R and/or the thickness of the layer of treatment liquid
50 on the workpiece 40 to be shaped.

The analysis of the treatment liquid 50 according to the
embodiment shown in FIG. 1 before its entry into the metal-shaping
device 20 with the aid of the detector described above with
reference to FIG. 2 preferably makes, for example, it possible to
determine whether the treatment liquid has been applied in the
direction of width, i.e. transversely of roll direction R onto the

surface of the workpiece 40 to be shaped in the desired manner. As
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a rule, an even homogeneous distribution 1s desired; alternatively,
a targeted non-homogeneous distribution may be desired as well.
The distribution relates particularly to the thickness of the layer
of the applied treatment liquid 50; but it can also be related to
its local composition. Should the spectroscopic analysis performed
by the evaluator 14 result 1n a distribution that deviates from the
desired quantity distribution, then the location shown in FIG. 1
makes 1t possible to initiate a targeted effect on the row of spray
nozzles 30, by, for example turning individual spray nozzles on or
off 1n a targeted manner. If required, the chemical composition of
the applied treatment liquid can perhaps also be influenced in a
corrective manner by increasing or decreasing the amount of the
components of this treatment liquid by using respective supplies
and custom mixing the treatment liquid. Based on the fact that the
spectroscopic analysis of the scan signal takes place online in
accordance with the invention, the corrective measures that have
been described by way of example can be made in real time, so to
speak, even while a shaping process is running.

During the scanning process, the treatment liquid 50 is
irradiated on the surface of the workpiece 40 to be shaped,

preferably with an irradiation means 16, in order to improve

recognition of the measurement variables of the treatment liquid by
the detector.

FIG. 3 shows a second example of an embodiment of the
present invention, the apparatus 10 in accordance with the
invention seen in the roll direction R being only downstream of the
shaping device 20. There, apparatus 10 makes it possible to

perform an analysis of the treatment liquid 50 on the surface of
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the workpiece 40 to be shaped after the shaping process has taken
place. Thus the possibility exists of i1n particular determining
the residual quantity of treatment liquid 50 that remains on the
surface after the shaping process. Preferably, the residual
quantity can, for example, be inputted to a feedback-type
controller of the quantity of treatment liquid 50 that regulates
the quantity of treatment liquid fed to the shaping device, for
example, a minimum quantity of lubricant that is fed into the
shaping device. The minimum quantity of lubricant is distinguished
in that at the input side of shaping device 20, only as much
treatment liquid 50 is applied as is needed during the shaping
process. Of course, the analysis of the treatment liquid 50
downstream of shaping device 20 in turn makes analysis of the
chemical composition of treatment liquid 50 and if needed, required
corrections of the chemical composition possible. As has already
been mentioned above in reference to FIG. 1, the chemical
composition can be controlled in a targeted manner by targeted
influence on quantities of components of the treatment liquid by
access us of respective supplies. Even eventual contamination in
the treatment liquid can be recognized in a timely manner and
perhaps eliminated. Contamination of treatment liquid 50 can take
place, for example, by hydraulic fluid mixing with the treatment
liquid 50 during the shaping process in the shaping device 20.
Moreover, as a result of the information about the
chemical composition of the residual quantity of the treatment

liquid on the surface of the workpiece 40 to be shaped after the

- 13 -
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shaping process, the temperature of the treatment liquid can

be addressed in a targeted manner.

Finally, FIG. 4 shows a third example of an
embodiment of the present invention, essentially showing a
combination of the first and second embodiment. The
combination 1s that in the third embodiment the apparatus 10
according to the invention is located upstream as well as
downstream of the shaping device 20. As a result of the
location of the apparatus on both sides it becomes possible to
determine the measurement variables for the treatment liquid
50 that are mentioned above before the shaping process, as
well as to compare them afterward. Thus, for example, from
the detected quantity of the treatment ligquid 50 upstream and
downstream of the shaping device 20, conclusions can be drawn
about the consumption of treatment ligquid during the shaping
process. The consumption in turn makes a conclusion
concerning the thermal conditiomns during the shaping process
possible and the thermal conditions in turn - when the shaping
process 1s known precisely - a conclusion about the quality of
the workpiece to be shaped after running through the shaping
process, 1.e. a conclusion about its shine, flatness, texture
or its depth of roughness.

A comparison of the chemical composition of the
treatment liquid 50 upstream of and downstream of the shaping
device 20 makes it possible to draw a conclusion about the
consumption of certain additives or the formation of reactants
during the shaping process. This behavior can be counteracted
or 1t can be amplified in a targeted manner, the latter in

cases where substances relevant for shaping are formed only

during the shaping process.

- 14 -
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For the execution of the comparison described just now
and for the execution of suitable influences on the treatment
ligquid 50 or the shaping process, a comparator or controller 1is
required that is identified in FIG. 4 at reference 70.

In particular, the controller 70 can be designed to
suitably regulate the entire shaping process based on mathematical
models that which can be set with reference to the above mentioned
quality characteristics that are defined beforehand for the
workpiece 40 to be shaped. To get these quality characteristics,
the controller 70 is fed suitable measurement variables that
represent actual values and that are typically compared with set-
point values.

Thus, the measurement variables that have been determined
by a reporting device 14 in accordance with the invention and
defined above, such as, for example, the quantity of the treatment
liquid 50 per surface unit, its temperature, its chemical
composition or its distribution on the surface of the workpiece to
be shaped are inputted into the controller 70 and evaluated
relative to a mathematical model of the shaping process. For
example, a measuring apparatus 60 in FIG. 4 measures the remaining
measurement variables as i1nitial measurement variables for
controller 70, which are not made available by the evaluator 14.
For developing the desired quality characteristics of the workpiece
to be shaped, the controller 70 1s designed to influence the
shaping process as desired after analyzing the measurement
varliables it has received by using the mathematical model.

Traditionally, this i1nfluence takes place particularly as a result
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of setting the roll-spreading force of the shaping device 20, but
it can also influence - i1n accordance with the present invention
and as described above by reference to the examples of embodiments
that have already been described - the quantity, the chemical
composition, the distribution or the temperature of applied

treatment liquid 50.
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WE CLAIM:

1. A method of analyzing and modifying a rolling
process by correcting a chemical composition of a treatment
liquid applied on a surface of a workpiece to be shaped by
sald rolling process, sald method comprises

analyzing the chemical composition of the treatment
liquid with detection elements before and after the rolling
process by spectroscopic analysis on line;

comparing the analysis of the composition of the
treatment liquid before the rolling process with the analysis
of the composition of the treatment liquid after the rolling
process in order to determine a consumption of predetermined

components of the treatment liquid during the rolling

process;

correcting the chemical composition of the
treatment liquid applied to said surface; and

wherein a measurement variable 1s inputted as a
control variable into at least one control loop that
initiates an application of the treatment liquid on the
workpiece to be shaped according to a specification of
predetermined set points, the set points being dependent on

at least one of shaping parameters and quality

characteristics of a finished workpiece.

2. The method according to claim 1, wherein the
spectroscopic analysis is selected from laser-induced, time-

resolved fluorescent spectroscopic analysis and a

spectroscopic analysis in an infrared band.

3. The method according to claim 1 or claim 2,

wherein the treatment liquid is selected from the group

- 17 -
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consisting of a lubricating agent, a cooling lubricant, a

tempering agent and a wet tempering agent.

4. The method according to any one of claims 1 to
3, wherein said measurement variable comprises at least one
of the composition of the treatment liquid, quantity per
surface unit, temperature, homogeneity of distribution on the
workpiece to be shaped and thickness of the treatment liquid

applied to said surface.

5. The method according to any one of claims 1 to
4, wherein said shaping parameters are selected from force
applied on said workpiece durilng said rolling process and

magnitude of vibrations of rolls 1in said rolling process.

6 The method according to any one of claims 1 to
5, wherein the at least one control loop is operable to add
various components which make up the treatment liquid by
using supplies of saild various components and subsequently

mixing said supplies corresponding TO specified targets into

the treatment liquid.

7  The method according to any one of claims 1 to
6, further comprising calculating the set points, said

calculating being determined by a mathematical model

simulating the rolling process.

8. The method according to any one of claims 1 to
7, wherein the quality characteristics are selected from the

group consisting of flatness, shine, texture and absence of

fishbone patterns.

- 18 -
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9. The method accerding to any one of claims 1 to
8, further comprising adding at least one of markers and
tracer substances in a targeted manner to individual

components of the treatment liquid applied to said surface.
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