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ABSTRACT

A method and a lubricant application device for regulating

the flatness and/or roughness of a metal strip 1in the

gu—e gy
 —

outlet of a cold rolling stand by suitable metering of the

—

amount of at least one lubricant per unit time applied to

the metal strip in the inlet of the cold rolling stand.

The applied amount of lubricant is metered 1n the form of a
quantitative distribution over the width of the metal strip
per unit time according to a detected control deviation
between an actual and a desired flatness distributlon over

the width of the metal strip in the outlet of the cold

rolling stand or a control deviation between an actual and

a desired roughness distribution over the width of the

metal strip in the outlet of the cold rolling stand or a

F

combination of the two control deviations.
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METHOD AND LUBRICATION APPLICATION DEVICE FOR REGULATING
THE FLATNESS AND/OR ROUGHNESS OF A METAL STRIP

pe

Field of the Invention

The 1invention relates to a method and a lubrication

application device for regulating the flatness and/or the

roughness of a metal strip in the outlet of a cold rolling

stand by suitable metering of the amount of at least one

lubricant per unit time applied to the metal strip 1n the

pria

inlet of the cold rolling stand.

F

Background of the Inventilon

Such a method is described, for example, 1n the non-prior-
published German patent application DE 10 2005 042 020 Al.

The Japanese document JpP 59 11 82 11 relates to the

g—

regulation of the flatness of a metal strip. Thils teaches

to measure the flatness at the outlet of a rolling stand

and to regulate the application of lubricant distributed

over the width of the metal strip in such a manner that a

i

desired flatness 1s achieved at the outlet of the rolling

stand.

Starting from this technical teaching, 1t 1s the object of

the invention to further develop a known method and a known

lubricant application device for regulating the flatness
and/or roughness of a metal strip in the outlet of a cold
rolling stand such that the quality of the cold-rolled
metal strip is further improved with regard to its flatness
and/or its roughness.

g

Summary of the Invention

Accordingly, it is an object of this invention to at least

partially overcome some of the disadvantages of the prior

art.
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This 1s characterised 1n that the applied amount of.

lubricant 1s metered 1n the form of a quantitative
distribution over the width of the metal strip per unit .
time according to a detected control deviation between an
actual and a desired flatness distribution over the width

of the metal strip 1n the outlet of the cold rolling stand

or a control deviation between an actual and a desired

roughness distribution over the width of the metal strip 1n

F
-

the outlet of the cold rolling stand or a combination of

the two control deviations.

Unlike the technical teaching of the patent applilication
cited 1initially, 1in the present patent application the

application of a suitable amount of lubricant on the inlet

side of the cold rolling stand 1s not made on a flat rate
basis but distributed over the width of the metal strip. In
this way, an individual amount of lubricant can
advantageously be supplied for each section 1n the width
direction of the metal strip, e.g. 1n the area of
application of an 1individual nozzle 1n order to thereby
adjust a predefined desired flatness 1n the respective

wlidth section.

The qguantity of applied lubricant lies 1n a range of 1-20

ml/minute/100 mm width of the metal strip. The quantity 1is

advantageously so low that 1t allows a specific change 1n

gritg,
pr——

the friction coefficient in the rolling gap of the cold

rolling stand with regard to the desired flatness or
desired roughness. The residual quantity of lubricant
remaining on the metal strip 1in the outlet 1s minimal; 1t
is advantageously so low that 1t need not be removed

separately.

The 1invention provides that the residual content of
lubrication on the metal strip on the outlet side of the
cold rolling stand is advantageously measured. The residual

content should on the one hand not fall below a predeflined
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P

lower threshold because otherwlise, there i1is a risk of rust

formatlon on the metal strip since the lubricants typically

used generally also have an anti-corrosion effect. On the

other hand, the residual content of lubricant should not

exceed an upper threshold value because otherwise there 1s

a risk of a lateral profile of the metal strip on a roller

g

table downstream of the cold rolling stand.

All the desired values predefined within the scope of the

present 1nvention are preferably based on empirical values

from practice.

For carrying out the method according to the 1nvention 1t
1s 1mportant that the lubricant 1s applied in a precisely
metered gquantity only on the 1nlet side. An additional
application of coolant in the rolling gap on the i1nlet side
of the cold rolling stand 1s not provided 1n the method

according to the 1invention since this would falsify the

specific adjustment of the friction coefficlent 1n the

rolling gap. In the method according to the 1nvention, an

pr—

application of coolant 1s therefore only provided, 1f at

all, on the outlet side of the cold rolling stand or on the

inlet side in such a manner that no coolant enters i1nto the

rolling gap.

P

A plurality of lubricants each having different friction-

P
e

coefficient changing properties 1n the rolling gap 1s

advantageously provided. Alternatively to a quantitative

g,

metering of a lubricant or a lubricant mixture, a precise

friction coefficient 1in the rolling gap <can then be

adjusted by a correspondingly suitable mixing ratio of the
various lubricants. The individual lubricants are
advantageously only mixed within the 1ndividual nozzles of
a nozzle beam; it 1s thereby possible to achieve a quite

=

specific adjustment of the friction coefficient 1n the

rolling gap for each width section of the metal strip. In
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addition, separate removal/storage of the unused lubricant

1s also possible.

In the present invention, the desired flatness or roughness

of the metal strip 1s expressly not adjusted by varying the

size of the rolling gap 1in the cold rolling stand; rather,

gt

the size o0of the rolling gap remains constant throughout the

entire duration of treatment of the metal strip or 1s

controlled by means of a separate control cilircuit which 1s

not the subject matter of the present 1nvention. In this

case, for example, the difference between the speed of the

metal strip 1n the 1nlet and 1n the outlet serves as a

measure for the size of the rolling gap or the reduction 1n

the strip.

The aforesalid object of the 1nventlion 1s furthermore
achieved by a computer program, a data carrier with this
computer program and a lubricant application device. The

advantages of these solutions correspond to the advantages

specified previously with reference to the method according

to the 1nvention.

In another aspect, the present 1inventlion resldes 1n a

method for regulating the flatness of a metal strip 1n the

outlet of a cold rolling stand by sulitable metering of the

g

amount of at least one lubricant applied to the metal strip

grone

in the form of a quantitative distribution over the width

of the metal strip per unit time 1n the inlet of the cold

rolling stand, wherein the metering 1s effected according

to a detected control deviation between an actual and a

g

desired roughness distribution over the width of the metal

strip in the outlet of the cold rolling stand.

In another aspect, the present invention resides 1n a

method for regulating the flatness of a metal strip 1n the

P

outlet of a cold rolling stand by sultable metering of the

P

amount of at least one lubricant applied to the metal strip
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in the form of a quantitative distribution over the width

of the metal strip per unit time 1in the 1nlet of the cold

rolling stand, according to a detected control deviation
between an actual and a desired flatness distribution over
the width of the metal strip in the outlet of the cold
rolling stand; wherein the metering 1s additionally

effected according to a detected control deviation between

an actual and a desired roughness distribution over the

width of the metal strip in the outlet of the cold rolling

stand.

In another aspect, the present invention resldes 1n a

m

~thod for regulating the roughness of a metal strip in the

outlet of a cold rolling stand by suitable metering of the

o

amount of at least one lubricant applied to the metal strip

in the inlet of the cold rolling stand per unit time,

wherein the applied amount of lubricant 1s metered 1n the

iy
p—

form of a quantitative distribution over the width of the

metal strip per unit time according to a detected control

deviation between an actual and a desired flatness

distribution over the width of the metal strip 1n the
outlet of the cold rolling stand or according to a control
deviation between an actual and a desired roughness

distribution over the width of the metal strip 1i1n the

outlet of the cold rolling stand or a combination of both

control deviations.

In another aspect, the present 1nvention resides 1n a

lubricant application device comprising: a container for
at least one lubricant; at least one nozzle beam with a
plurality of nozzles, wherein the nozzle beam 1s arranged
at the inlet side of a cold rolling stand transverse to the

P

direction of transport of a metal strip for metering the

lubricant on the metal strip per unit time; and a control

device for suitable controlling of the nozzles (110-1) of
the nozzle beam with regard to a desired flatness of the

metal strip; wherein a roughness sensor device 1s provided
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on the outlet side for detecting the actual roughness'
distribution there over the width of the metal strip; and
the control device 1s configured 1n cooperation with the
nozzle beam to meter the at least one lubricant distributed
quantitatively over the width of the metal strip and per
unit time according to a control deviation between the

actual and the desired roughness distribution over the

width of the metal strip i1n the outlet of the cold rolling

stand.

In a further aspect, the present 1nvention resides 1n a
lubricant application device comprising: a container for
at least one lubricant; at least one nozzle beam wilith a

plurality of nozzles, wherein the nozzle beam 1s arranged

at the 1nlet side 0of a cold rolling stand transverse to the

- -

direction of transport of a metal strip for metering the

lubricant on the metal strip per unit time; a flatness

sensor device 1s provided on the outlet side of the cold

rolling stand for detecting the actual flatness

N

distribution there over the width of the metal strip; and

the control device 1s confligured 1n cooperation with the
nozzle beam to meter the at least one lubricant distributed
quantitatively over the width of the metal strip and per
unit time according to a control deviation between the

actual and the desired flatnhess distribution over the width

of the metal strip in the outlet of the cold rolling stand
with regard to a desired flatness of the metal strip;

wherein a roughness sensor device 1s provided on the outlet

side of the cold rolling stand for detecting the actual
roughness distribution there over the width of the metal

strip; and the control device 1s configured to meter the

lubricant with regard to the desired flatness additionally
according to a control deviation between the actual and a
desired roughness distribution over the width of the metal

strip in the outlet of the cold rolling stand.
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In yet another aspect, the present 1nvention resides 1in a
lubricant application device comprising: a contalner for
at least one lubricant; at least one nozzle beam with a
plurality of nozzles, wherein the nozzle beam 1s arranged

at the 1nlet side of a cold rolling stand transverse to the

direction of transport of a metal strip for metering the
lubricant on the metal strip per unit time; a control
device for suitably controlling the nozzles of the nozzle

beam wilith regard to a desired roughness of the metal strip;

wherein a flatness sensor device 1s provided on the outlet

side of the cold rolling stand for detecting the actual

flatness distribution there over the width of the metal
strip and/or a roughness sensor device 1s provided on the
outlet si1de of the cold rolling stand for detecting the
actual roughness distribution there over the width of the
metal strip; and the control device 1s configured 1n

cooperation with the nozzle beam to meter the at least one

g

lubricant distributed quantitatively over the width of the

metal strip and per unit time according to a control
deviation between the actual and the desired flatness
distribution over the wldth of the metal strip 1n the

F

outlet of the cold rolling stand or a control deviation

between the actual and a desired roughness dilistribution

o

over the width of the metal strip i1n the outlet of the cold

rolling stand or a comblination of both control deviations.

Further aspects of the invention will become apparent upon
reading the following detalled description and drawlngs,

which i1llustrate the invention and preferred embodiments of

the 1nvention.

Brief Description of the Drawings

P

A total of four figures are appended to the description,

where

Figure 1 1s a cold rolling stand with a nozzle beam;
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Figure 2 shows the cascade control according ¢to the

invention; and

Figure 3 1s a detailed view of a block of the cascade

control.

Detailed Description of the Preferred Embodiments

The 1nvention 1s described 1n detail hereinafter with

reference to said figures.

Figure 1 shows a lubricant application device 100 for
applying lubricants S1, S2, S3 to the surface of a metal
strip 400 1n the 1inlet of a cold rolling stand. The

lubricant application device 100 comprilises a nozzle beam

110-0 with a plurality of nozzles 110-1 where 1 = 1 - 1

for applying the lubricant 200 to the upper side of the

metal strip 400 and another nozzle beam 110-u, also having

g

a plurality of nozzles, for applying lubricant to the lower

pr—"

side of the metal strip 400. Each individual nozzle 100-1

can be adjusted or regulated 1i1ndividually with regard to

the amount of lubricant delivered thereby.

In addition to the quantity of delivered 1lubricant, the
respective lubricant composition can also be adjusted

individually with the aid of a mixer 150 for each nozzle

110-1. If a plurality of lubricants S1, S2, S3 each having

different friction-coefficient varying properties 1in the
rolling gap are provided, the mixer 100 allows a sultable

F

lubricant mixture of the available lubricants S1, S2Z2 and S3

to be combined with a specifically desired property with

regard to the friction coefficient in the rolling gap.

The aforementioned possible metering of the applied
quantity of lubricant with the aid of nozzles also allows
individual nozzles 110-1 to be completely switched off.
This 1s particularly advantageous with the outer nozzles of

the nozzle beam because by switching on or off, these can
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be adapted to the width of the rolled metal strip 400 in
each case and thilis can prevent wastage of lubricant.

Figure 2 1illustrates the method forming the basis of the

invention for controlling the flatness and/or roughness of

a metal strip 400 in the outlet of a cold rolling stand 300

in the form of a control diagram. It can be seen from the
diagram that the quantity of lubricant applied to the metal

strip 1s metered in the form of a cascade control with an

lnner control circult for the distribution of the applied

p——

quantity of lubricant in the width direction, where the

desired value for the quantitative distribution So0ll-MV is

=

determined or predefined by means of a superposed control

clrcuit.

The 1nner control circuit comprises a desired/actual wvalue
comparator 124, a dquantity controller 126 and a control
element in the form of a lubricant application device 110
and a quantity detecting device 115 for detecting the
amount of lubricant applied to the metal strip 400 by the

nozzle pbeam 110 before the strip enters the cold rolling

stand 300. The quantitative distribution Ist-MV over the
width of the metal strip 400 thus detected as the actual

value 1s compared 1n the comparator 124 with a predefined

desired quantitative distribution So0ll-MV, and the control
deviation e_wy resulting from this comparison is fed to the
downstream quantity controller 126. The quantity
controller, preferably a proportional P-controller,
converts the recelived control deviation e.yy into a suitable
control signal for triggering the nozzles 110-i of the
nozzle Dbeam 110. The quantity controller 126 preferably
consists of 1 1individual controllers each individually
assigned to a nozzle 110-1 of the nozzle beam. These

individual controllers can be interlinked by means of a

bus. The output signal of the quantity controller 126 in

the form of the control signal for the nozzle beam 110 then

comprises for 1its part a plurality of i individual control

- . - - el '!_Nha'\\\‘ \\-¢E¢\i®h5_- - -
~
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signals for the individual nozzles 110-1. Naturally, the

iy
aad

detection of the guantitative distribution and , 1ts

regulation with the aid of the inner control circuilt 1s
carried out separately for the upper and lower side of the

metal strip 400.

The calculations according to the invention of the desired
quantity So0ll-MV of lubricant applied to the metal strip
for the upper or lower side of the metal strip 400 with the

ald of the superposed control circuit 1s explained 1n

detail hereinafter with reference to Figures 2 and 3.

The calculations are made 1n the desired-value calculation
device 122 on the basis of a predefined desired flatness
distribution So0ll-PLV and/or a predefined roughness

distribution Soll-RHV. These two predefined desired values

are empirical values which are suitably predefined

depending on the material of the strip to be rolled in each

case. As can be seen from Figure 3, the desired value for

the flatness distribution So0ll-PLV 1s 1initially compared 1in

a first comparator device 122-1 with an actual value Ist-

PLV which represents the flatness distribution of the metal
strip 400 at the output of the cold rolling stand 300. The

actual wvalue Ist-PLV for the flatness distribution 1in the

width direction of the metal strip is measured with the aid

of a flatness sensor device 130-1, e.g. 1n the form of a

flatness measuring roller. The control deviation of the
flatness distribution e.pry 1s then obtained at the output
of the comparator device 122-1. Similarly, the desired
value for the roughness distribution Soll-RHV is compared
with the relevant actual value Ist-RHV at the outlet of the
cold rolling stand 300 in a second comparator device 122-2

so that a control deviation e_zxyy 1s then obtained at the

output of the second comparator device 122-2. The actual

value Ist-RHV for the roughness distribution 1n the width

gy
—

distribution of the metal strip is measured with the aid of

a roughness sensor device 130-2, e.g. 1n the form an
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optical sensor. Depending on the wishes o0of the user/
application, the flatness distribution control deviation
and the roughness distribution control deviation can be
individually welghted 1n the calculation of the desired
quantitative distribution. For this purpose, the two
control deviatlons are i1ndividually weighted 1n a weighting
device 122-3 before they are 1ncluded in the calculation of
the desired quantitative distribution inside the

calculation device 122-4.

As can be seen 1n Figure 3, 1n addition to the two weighted
control deviations, various characteristics are also
included 1n the calculation of the desired gquantitative
distribution. These characteristics firstly comprise

characteristics Pl specific to the metal strip 400 on the

inlet side of the cold rolling stand 300. This 1s firstly
the strip speed on the i1nlet side (variable) and the width

g

of the metal strip, the material or the alloy of the metal

strip and 1ts profiling. Unlike the speed of the metal

strip on the 1inlet side, the three characteristics
mentioned subsequently should be regarded as constant
within the scope of the present i1nvention. In addition to
the characteristics Pl specific to the metal strip,
characteristics P2 specific to the rolling stand are also
included 1n the calculation of the desired dJquantitative
distribution which within the scope o0of the present
invention, should all be considered to be constant. These
characterlistics specific to the cold rolling stand comprise
the diameter of the working rollers, 1ts roughness,
material and camber. As the third group, mention may be
made of the outlet-side characteristics P3, which comprise
the flatness distribution of the metal strip, 1ts roughness
distribution, strip width, and residual o011 content per
unit transport length, each measured at the outlet side of
the cold rolling stand. As has already been mentioned, the
flatness distribution and the roughness distribution are

measured as actual values on the outlet side and fed to the
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comparator device 122-1 or 122-2 1individually as varilable
process parameters. On the other hand, the strip width
(assumed to be constant within the scope of the invention)

and the residual o011l content (measured as a variliable

process parameter online) are fed to the processor unit
122-4. The two outlet-side characteristics, strip width and
residual o1l content, are subsequently comblned under the

designation P3’.

As an 1ntermedilate result, 1t should thus be noted that the
desired quantitative distribution for the 1nner control
clrcult within the processor wunit 122-4 1s determined
according to the 1nlet-side characteristics Pl, the
characteristics specific to the cold rolling stand P2, the
outlet-side characteristics P33’ and according to the
welghted control deviations for the flatness distribution
and the roughness distribution. At the same time, 1t should

p—

be noted that of all said characteristics, only the speed

of the metal strip on the 1nlet side, the two control
deviations and the outlet-side residual o011l content per
unit transport length of the metal strip are time-variable
whilst all the other characteristics are considered to be

constant with respect to time.

The method according to the 1nvention 1s now described as

an example for several cases:
a) The roughness of the metal strip 400 determined at the
outlet of the cold rolling stand 300 deviates from the

desired wvalue.

This can mean, for example, that the actual roughness
distribution 1s greater than the corresponding predefined

desired value So0ll-RHV so that the control deviation of the

roughness distribution e_rgv resulting from a comparison of

these two guantities 1s negative. In thils example, the

flatness distribution should be disregarded so that the

negative control deviation for the roughness 1s fed 100%

BT D Y F R T I s e s L R L R B TR
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into the calculation device 124-4. According to the control

F

deviation of the roughness distribution, all the constant

parameters and according to the online determlned residual

0il content on the metal strip on the outlet side of the

cold rolling stand 300, the calculation device will then

preset a suitable desired quantitative distribution for the
inner control circuit so that the roughness distribution 1in
the outlet of the cold rolling stand 1s reset to the level

P

of the desired roughness distribution 1i1n the shortest

possible time.

In general, 1t can be noted that 1f the roughness 1s too

great, the processor unit 122-4 will change the desired

quantitative distribution and thus the amount of lubricant
applied on the inlet side according to the negative control
deviation of the roughness 1n order to match the measured
roughness distribution on the outlet side to the predefined

roughness distribution within a short time.

The manner 1n which the roughness 1s 1nfluenced by the
quantity of lubricant and/or the type of lubricant depends
on the general process conditions of the rolling case and

1s advantageously calculated by a process model.

b) The flatness distribution on the outlet side of the cold

rolling stand deviates from the desired flatness

distribution.

The manner in which the strip tensile stress distribution

and therefore the flatness distribution 1s influenced by

the quantity of lubricant and/or the type of 1lubricant
depends on the general process conditions of the rolling
case and 1s advantageously calculated by a process model.

P

The criteria of the roughness distribution and the flatness

distribution can not only be considered separately but also

in parallel and set to respectively predefined desired
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values. For this 1t 1s necessary to sultably adjust the
amount of lubricant applied on the 1nlet side depending on
the two control deviations - flatness distribution and

roughness distribution.

For each calculation of the desired quantitative
distribution within the calculation device 122-4 1t holds
that the respectively current residual o1l content 1s only
taken 1into account 1insofar as it 1s checked within the
processor unit 122-4 that the residual o1l content firstly
does not exceed a predefined upper threshold wvalue for the

residual o1l content and secondly does not fall Dbelow a

predefined lower threshold value for the residual o1l
content. It 1s 1mportant to adhere to the upper threshold
to avoid lateral running of the metal strip on a roller

g

table downstream of the cold rolling stand. It 1s necessary

to adhere to the lower threshold to avoid rust formation on

the metal strip.

For all applications 1t holds that a respectively desired

change 1in the friction coefficient 1n the rolling gap 1s
achieved not only by a change in quantity, but
alternatively by means of a change 1n the composition of
the lubricant mixture from the available lubricant

g
p—

components S1, S2 and S3 etc., or by a comblnation of a

change 1n quantity and change 1n mixXture.

The invention 1s advantageously used 1n the last stand of a

multiple-stand rolling mill.
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PATENT CLAIMS

A method for regulating the flatness of a metal strip
in the outlet of a cold rolling stand by suitable

metering of the amount of at least one lubricant

gty
—

applied to the metal strip 1n the form of

a
quantitative distribution over the width of the metal
strip per unit time 1n the 1nlet of the cOld rolling
stand, wherein the metering 1s effected according to a
detected control deviation between an actual and a

desired roughness distribution over the width of the

metal strip in the outlet of the cold rolling stand.

A method for regulating the flatness of a metal strip
in the outlet of a cold rolling stand by sultable

metering of the amount of at least one lubricant
applied to the metal strip 1in the form of a

quantitative distribution over the width of the metal

strip per unit time 1in the inlet of the cold rolling

stand, according to a detected control deviation
between an actual and a desired flatness distribution
over the width of the metal strip 1n the outlet of the

cold rolling stand; wherein the metering is

additionally effected according to a detected control
deviation between an actual and a desired roughness

distribution over the width of the metal strip 1n the

outlet of the cold rollling stand.

A method for regulating the roughness of a metal strip

in the outlet of a cold rolling stand by suitable

o

metering of the amount of at least one lubricant

prim

applied to the metal strip 1n the 1inlet of the cold

rolling stand per unit time, whereln the applied

=

amount of lubricant 1s metered 1n the form of a

quantitative distribution over the width of the metal

strip per unit time according to a detected control

deviation between an actual and a desired flatness
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distribution over the width of the metal strip in the

outlet of the cold rolling stand or according to a

control deviation between an actual and a desired

roughness distribution over the width of the metal

strip 1n the outlet of the cold rolling stand or a

comblination of both control deviations.

The method according to any one of claims 1 to 3,
whereiln the quantity of applied lubricant 1s varied 1in
a range of 1-20 ml/minute/100 mm width of the metal

strip.

The method according to any one of claims 1 to /4,

wherein the gquantity 1s metered 1n the form of a

cascade control with an 1nner control circuilt for the

applied gquantitative distribution, wherein the desired

value for the dquantitative distribution 1s determined

with the aid of a superposed control circult on the

g

basis of 1ndividual, a plurality of or all the

characteristics from the groups of 1inlet-side, cold-

rolling-frame specific and outlet-side characteristics

and according to the detected control deviation
between the actual and the desired flatness
distribution, the control deviation between the actual

and the desired roughness distribution or a

combination of the two control deviations.

The method according to clailm 5, wherein the group of
inlet-side characteristics of the metal strip

comprises: 1ts speed there, 1ts width there, 1ts

material and 1ts profiling there.

The method according to claim 5 or 6, wherein the
group of cold-rolling-stand specific characteristics
comprises: the working roller diameter, the working
roller roughness, the material of the working rollers

and the camber of the working rollers.
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The method according to claim 5, 6 or 7, wherein the
group of outlet-side characteristics of the metal
strip comprises: 1ts speed there, its width there, the
residual content of lubricant on its surface per unit
length 1in the direction of transport, 1its flatness
distribution 1n the width direction there and 1its

roughness distribution in the width direction there.

The method according to claim 8, wherein an upper

and/or a lower threshold wvalue for the residual

content of lubricant on the outlet side is predefined.

The method according to any one of claims 5 to 7,
wherein at the beginning of the method for the first
determination of the desired value for the
quantitative distribution, the actual flatness
distribution and the actual roughness distribution are
each pre-—-adjusted to a suitable 1nitial wvalue, for

example to zero.

The method according to any one of claims 1 to 10,

wherein the metal strip is only cooled on the outlet

-

side but not on the 1inlet side of the cold rolling

stand.

The method according to any one of claims 1 to 11,
wherein a plurality of lubricants each having a
different friction-coefficient lowering effect in the
rolling gap of the cold rolling stand are available
and the metering of the quantitative distribution of
the lubricant applied to the metal strip per unit time
and over the width of the metal strip is effected by a
sultable mixture of the available lubricants amongst
one another and with ailr with regard to a desired

friction coefficient in the rolling gap.
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The method according to any one of claims 1 to 12, .

whereiln the metal strip, for example, comprises a
steel or a nonferrous metal strip, e.g. an aluminium

strip.

The method according to any one of claims 1 to 13,
whereln the magnitude of the rolling gap of the cold
rolling stand 1s kept constant during the total

processing time of the metal strip.

The method according to any one of claims 1 to 14,
wherein 1n the inlet of the cold rolling stand, the
lubricant is applied to the upper and/or lower side of
the metal strip and/or to at least one working roller

of the cold rolling stand.

A computer readable memory storing program code for a

-~

control device of a lubricant application device

wherein the program code 1is configured for carrying

out the method according to any one of claims 1 to 15.

A computer program product comprising a computer
readable memory storing computer exXxecutable

instructions thereon  that, when executed by a

computer, perform the method steps of any one of

claims 1 to 15.

A lubricant application device comprising:

a container for at least one lubricant:

F
p—

at least one nozzle beam with a plurality of

nozzles, wherein the nozzle beam 1s arranged at the
inlet side of a cold rolling stand transverse to the
direction of transport of a metal strip for metering
the lubricant on the metal strip per unit time; and

a control device for suitable controlling of the
nozzles (110-1) of the nozzle beam with regard to a

desired flatness of the metal strip;

SR TR \3.\‘0\ A EEAL Sag T iy, oS e .
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wherein a roughness sensor device 1s provided on

the outlet side for detecting the actual roughness
distribution there over the width of the metal strip;
and

the control device is configured 1n cooperation
with the nozzle beam to meter the at least one
lubricant distributed quantitatively over the width of
the metal strip and per unit time according to a

control deviation between the actual and the desired

roughness distribution over the width of the metal

strip in the outlet of the cold rolling stand.

A lubricant application device comprising:

a container for at least one lubricant;
at least one nozzle beam with a plurality of nozzles,
wherein the nozzle beam 1s arranged at the 1nlet side
of a cold rolling stand transverse to the direction of
transport of a metal strip for metering the lubricant
on the metal strip per unit time;

a flatnhess sensor device 1s provided on the

outlet side of the cold rolling stand for detecting

the actual flatness distribution there over the width

guben.

of the metal strip; and

the control device 1is configured 1n cooperation

wlith the nozzle beam to meter the at least one

lubricant distributed quantitatively over the width of

the metal strip and per unit time according to a

control deviation between the actual and the desired
flatness distribution over the width of the metal

strip in the outlet of the cold rolling stand with

regard to a desired flatness of the metal strip;

wherein a roughness sensor device 1s provided on

the outlet side of the «c¢old rolling stand for

detecting the actual roughness distribution there over
the width of the metal strip; and

the control device 1s configured to meter the

lubricant with regard to the desired flatness
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additionally according to a control deviation between
the actual and a desired roughness distribution over
the width of the metal strip i1n the outlet of the cold

rolling stand.

A lubricant application device comprising:

a container for at least one lubricant;

at least one nozzle beam with a plurality of
nozzles, wherein the nozzle beam 1s arranged at the

inlet side of a cold rolling stand transverse to the

direction of transport of a metal strip for metering
the lubricant on the metal strip per unit time;
a control device for suitably controlling the

nozzles of the nozzle beam with regard to a desilired

prmm

roughness of the metal strip;

whereln a flatness sensor device 1s provided on
the outlet side o©of the <cold rolling stand for

detecting the actual flatness distributlion there over

P

the width of the metal strip and/or a roughness sensor

device 1s provided on the outlet side of the cold

rolling stand for detecting the actual roughness
distribution there over the width of the metal strip;
and

the control device 1s configured 1n cooperation
with the nozzle Dbeam to meter the at least ohe
lubricant distributed quantitatively over the width of
the metal strip and per unit time according to a

control deviation between the actual and the deslred

flatness distribution over the width of the metal

strip in the outlet of the cold rolling stand or a

control deviation between the actual and a desired

roughness distribution over the width of the metal
strip 1n the outlet of the cold rolling stand or a

combination of both control deviations.

The lubricant application device according to one of

claims 18, 19 or 20, wherein the lubricant application
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device 1s configured to carry out the method according-

to any one of claims 1 to 15.
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