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ABSTRACT
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The invention related to a control system for a mill, particu-
larly a roller grinding mill, comprising a mill control device
(11), which is designed to control at least one mill character-
istic on the basis of an associated target variable, and a fuzzy-
control device (13), which is connected to the mill control
device (11) and designed to adjust the target variable of the at
least one mill characteristic to be controlled when at least one
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operating parameter of the mill deviates from a predefined
normal range as a function of fuzzy rules that are based on
said at least one operating parameter of the mill until the at
least one operating parameter of the mill has reached the
predefined normal range again. A solution is to be provided,
which enables automated optimized mill operation even with
changing operating conditions, particularly a mill operation
that prevents the “mill rumbling”. This is achieved in that the
at least one operating parameter of the mill encompasses as
least the air pressure difference over the mill.
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dpback_dt = rate of change of the backpressure

mir = fuel mass flow

Nel = electrical power, mill

nsift = sifter rotation speed

pair = air pressure upstream of the mill

water = water content from grinding drying calculation
pgrinding = grinding pressure

Hardgr = Hardgrove number
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CONTROL SYSTEM FOR A MILL AND
METHOD FOR OPERATING A MILL

FIELD OF DISCLOSURE

[0001] The invention relates to a mill control system, in
particular a rolling mill, having: a mill control apparatus
which is designed to control at least one mill characteristic
variable on the basis of an associated nominal variable, and a
fuzzy control apparatus, which is connected to the mill con-
trol apparatus and is designed to adjust the nominal variable
of the at least one mill characteristic variable to be controlled,
in the event of a discrepancy of at least one mill operating
parameter from a predefined normal range, as a function of
fuzzy rules, which are based on this at least one mill operating
parameter, until the at least one mill operating parameter has
once again reached the predefined normal range. The inven-
tionis also directed at a mill having a mill control system such
as this, to the use of the mill and to a method for operating a
mill, in particular a rolling mill.

BACKGROUND

[0002] Rolling mills have a rotating grinding plate and a
plurality of rolling bodies which are pressed, for example via
hydraulic cylinders, against the grinding plate. The grinding
stock 1s passed centrally to the rotating grinding plate and is
moved between the grinding plate and the rolling bodies to
the grinding plate outer edge, by the centrifugal forces acting
on it. There, it is blown away upward by a sifting air flow or
primary air flow, and is transported to a sifter. Coarse particles
are kept back in the sifter and are fed back to the grinding
plate, while fine particles leave the mill or the sifter with the
sifting air flow. In this case, the aim is to adjust the mill
process such that a stable grinding stock layer (=grinding
bed) is formed between the rotating plate and the rolling body,
preventing direct contact between the rotating plate and the
rolling body and ensuring that the mill runs smoothly.
[0003] FIG. 1 illustrates one mill control system for a roll-
ing mill such as this, that is known from practice. The mill
control system shown in FIG. 1 has a mill control apparatus
11 which comprises a mill load control unit 114, a sifting air
flow control unit 115, a sifter temperature control unit 11c, a
grinding pressure control unit 114 and a sifter rotation speed
control vnit 11e.

[0004] The load regulator 11a measures the mill load, for
example in the form of the grinding stock mass flow supplied
to a mill, compares the measured mill load with a mill load
nominal variable, and then if necessary adjusts the allocator
rotation speed. The sifting air flow control unit 115 measures
the sifting air flow supplied to a mill 1, compares the mea-
sured sifting air flow with a sifting air flow nominal variable
which is determined as a function of the instantaneous mill
load, and then switches the sifting air hot-air control valve 15.
The sifter temperature control unit 11¢ measures the tempera-
ture of the air flow leaving a sifter 7, compares the measured
temperature with a temperature nominal variable which is
determined as a function of the instantaneous mill load, and
then switches the sifting air cold-air control valve 17. The
grinding pressure control unit 114 measures the grinding
pressure in the mill 1, compares the measured pressure with a
grinding pressure nominal variable which is determined as a
function of the instantaneous mill load, and then if necessary
varies the contact pressure of the rolling bodies. Furthermore,
it is possible to include the air pressure difference across the
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mill as a correction variable in the grinding pressure control
process. The air pressure difference is the pressure difference
between the mill inlet and mill outlet of the hot drying air
flowing through the mill, including the carried-away fine
dried coal dust particles and the water vaporized from the coal
(exhaust vapors). If the pressure difference is high, then the
amount of hot air contains a large amount of dust. If the
difference is low, then there is less dust in the air. The extent
of comminution, that is to say the amount of dust, can be
influenced by means of the grinding pressure. Furthermore,
the air pressure difference is also dependent on the mill load.
The sifter rotation speed control unit 11e measures the rota-
tion speed of the sifter 7, compares the measured rotation
speed with a sifter rotation speed nominal variable which is
determined as a function of the instantaneous mill load, and
then if necessary varies the sifter rotation speed.

[0005] In certain circumstances, the mills have a tendency
to “rumble”, that is to say to run very roughly with vibration.
This can be caused by different or changing operating condi-
tions, for example caused by a change to a grinding stock with
different grinding characteristics and/or wear of the grinding
tools (rotating plate and rolling bodies) and/or by a change in
the grinding stock quality. A change in the grinding stock or
a change in the grinding stock quality can result in a change in
the grinding bed thickness, which in some circumstances
leads to mill rumbling.

[0006] DE 44 44 794 A1 discloses a mill control method in
which the vibration level of the mill is recorded continuously
by means of a vibration sensor, with the recorded values being
used to form a long-term mean value and a short-term mean
value, by means of which a first fuzzy logic function calcu-
lates a stability degree, and in which case a second fuzzy logic
function calculates the nominal value of a control variable
based on the calculated stability degree, in order to achieve a
desired stability degree and to control the mill for optimum
operation. A method according to DE 44 44 794 A1 therefore
allows only control actions which can be derived from a
long-term mean value.

SUMMARY

[0007] The invention is based on the object of providing a
solution which makes it possible to ensure optimized mill
operation, in particular mill operation avoiding “mill rum-
bling”, automatically even in changing operating conditions.
[0008] The solution is also intended to allow the operating
range of a mill, in particular a rolling mill, to be extended, the
running time of the mill and of its components to be
increased, and the energy consumption of the mill to be
reduced.

[0009] The solution is also intended to allow the process of
setting up a mill, in particular a rolling mill, to be simplified.
[0010] For this purpose, the invention provides a mill con-
trol system as claimed in claim 1, a mill as claimed in claim
14, the use of amill as claimed in claim 17, and a method for
operating a mill as claimed in claim 18. Preferred embodi-
ments and developments of the mill control system according
to the invention, of the mill according to the invention and of
the method according to the invention are described in the
respective dependent claims.

[0011] The invention makes it possible to largely automate
the mill with the aid of specific fuzzy control, and to auto-
matically ensure optimized mill operation. In particular, the
invention allows the so-called “mill rumbling” during mill
operation to be avoided. In this case, the air pressure differ-
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ence across the mill represents the advantageous mill operat-
ing parameter which is kept in its predetermined normal
range. This makes it possible to avoid the rumbling of the
mill, since this control system allows the grinding bed thick-
ness of grinding stock that occurs in the mill to be controlled
and influenced, and to be kept and adjusted in a range in which
no “mill rumbling” takes place. Furthermore, it is also pos-
sible to measure the thickness of the grinding stock layer
between the grinding rollers and the grinding plate (grinding
bed thickness), and to keep this in its predetermined normal
range as a mill operating parameter.

[0012] The mill control system according to the invention
has a mill control apparatus which controls at least one mill
characteristic variable on the basis of an associated nominal
variable, and has a fuzzy control apparatus which is con-
nected thereto and complements the mill control apparatus.
The fuzzy control apparatus may comprise the mill control
apparatus, or else may be fitted to it. The fuzzy control appa-
ratus can therefore, for example, simply be “fitted” restro-
spectively to an already existing mill control apparatus, thus
allowing existing mills to be retrofitted with the fuzzy control
apparatus, forming the mill control system according to the
invention. The fuzzy control apparatus is designed to adjust
the nominal variable of the at least one mill characteristic
variable to be controlled, in the event of a discrepancy of at
least one mill operating parameter from a predefined normal
range, as a function of fuzzy rules which are based on this at
least one mill operating parameter, until the at least one mill
operating temperature has once again reached the predefined
normal range. This results in the advantages that the avoid-
ance of rough running (rumbling) makes it possible to achieve
constant fine milling, a constant dust distribution between the
individual dust lines, a constant mechanical load on the mill
(in particular the load on the bearings). a constant low mill
drive power, stable primary air flows and safe ignition at the
downstream burner and a minimal amount of waste milling
material, when the at least one mill operating parameter com-
prises at least the air pressure difference across the mill.
[0013] The mill control apparatus is designed to control at
least one mill characteristic variable on the basis of an asso-
ciated nominal variable. The mill control apparatus can there-
fore be designed to control at least one of the mill character-
istic variables, or one of the mill operating parameters, sifting
(sifter) air flow, sifter temperature, sifter separating grain
size, mill load, grinding plate rotation speed, grinding pres-
sure, grinding bed thickness or a combination of these or with
these mill characteristic variables.

[0014] The predefined normal range of the at least one mill
operating parameter is expediently determined as a function
of the mill load. An absolute controlled variable is therefore
available immediately, and not just a relative controlled vari-
able, such as a comparison between a short-term mean value
and a long-term mean value according to DE 44 44 794 Al.
[0015] Itisalso advantageous for the mill control apparatus
to then control the at least one mill characteristic variable,
preferably until there is a further discrepancy from the normal
range, without any further action of the fuzzy control appa-
ratus on the basis of the newly selected nominal variable. This
means that the fuzzy control system actually intervenes only
when an operating state which deviates from the normal state
or normal range occurs in the mill.

[0016] In this case, it is advantageously possible that the
mill control apparatus determines the associated nominal
variable of the at least one mill characteristic variable to be
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controlled on the basis of another measured or recorded mill
characteristic variable, wherein the other measured mill char-
acteristic variable may, for example, be selected from the
group which comprises the sifting air flow, the sifter tempera-
ture, the sifter separating grain size, the mill load, the grinding
pressure, the air pressure difference across the mill, the grind-
ing bed thickness as well as a characteristic variable which is
derived/calculated from one or more of these mill character-
istic variables, and combinations thereof. One refinement of
the invention therefore provides for the mill control apparatus
to determine the respective nominal variable, in particular the
sifting (sifter) air flow, the sifter temperature, the sifter sepa-
rating grain size, the grinding plate rotation speed and/or the
grinding pressure as a function of the mill load.

[0017] The fuzzy control apparatus which is connected to
the mill control apparatus or is fitted to it is designed to adjust
the nominal variable of the at least one mill characteristic
variable to be controlled, in the event of any discrepancy of at
least one mill operating parameter from a predefined normal
range, as a function of fuzzy rules, until the at least one mill
operating parameter has once again reached the predefined
normal range. Then, that is to say after the mill operating
parameter resulting in the discrepancy has returned to the
predefined range again, the mill control apparatus controls the
atleastone mill characteristic variable preferably without any
further action of the fuzzy control apparatus, on the basis of
the newly selected nominal variable, that is to say the mill
control apparatus adopts the adjusted nominal variable as the
new nominal variable. In other words, the nominal variable is
adjusted in the long term or permanently by the fuzzy control
apparatus. The fuzzy rules are based at least on the at least one
mill operating parameter, and optionally on a plurality of mill
operating parameters.

[0018] In other words, the nominal variable of the at least
one mill characteristic variable to be controlled is adjusted
and controlled by the fuzzy control apparatus on the basis of
fuzzy rules and as a function of the at least one mill operating
parameter, that is to say the mill control apparatus receives
nominal variable control from the fuzzy control apparatus. In
this case, according to one development of the invention, the
nominal variable can be adjusted successively and/or by a
specific increment per unit time. This is done until the fuzzy
rule responsible for this no longer intervenes, that is to say
until the at least one mill operating parameter has returned to
the predefined normal range.

[0019] The fuzzy control apparatus may have a control
block which links at least one fuzzy input variable to at least
one fuzzy output variable via the fuzzy rules. The at least one
fuzzy input variable comprises the at least one mill operating
parameter, and the nominal variable of the at least one mill
characteristic variable to be controlled is adjusted by means
of the fuzzy output variable.

[0020] The at least one mill operating parameter comprises
at least the air pressure difference across the mill. The pre-
defined normal range may be determined, for example, as a
function of the instantaneous mill load. A predefined charac-
teristic can then be stored for this purpose, which reflects the
course of an air pressure difference normal value as a function
of the mill load. The normal range can then be determined
using the air pressure difference normal value given for a
specific mill load. It is also possible to vary, in particular to
shift or to increase/reduce the gradient of, the predefined
characteristic curve as a function of specific other variables. If
the predefined normal range is determined as a function of the
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instantaneous mill load, it is possible to react quickly and
efficiently to changes in the grinding characteristics of the
grinding stock. The invention therefore also provides for the
mill control apparatus to control the at least one mill charac-
teristic variable to be controlled on the basis of a predeter-
mined nominal value characteristic curve, with the fuzzy
control apparatus being designed to alter the nominal value
characteristic curve, in particular to shift it, as a function of
the fuzzy rules.

[0021] According to one refinement of the invention, in
addition to the air pressure difference across the mill, the at
least one mill operating parameter may furthermore comprise
a further mill characteristic variable and/or at least one grind-
ing stock characteristic variable and/or at least one character-
istic variable of an installation arranged downstream from the
mill and assesses its grinding stock. In addition to the air
pressure difference across the mill, the mill operating param-
eter may therefore furthermore comprise the sifting (sifter)
air flow, the sifter temperature, the sifter separating grain size,
the mill load, the grinding pressure, the grinding plate rota-
tion speed, the electrical power of the mill (the power con-
sumption of the mill), the grinding bed thickness, at least one
grinding stock grinding characteristic (grindability, water
content, etc.), the storage volume (the amount/the volume of
the grinding stock stored in the mill), or at least one exhaust-
gas concentration (for example the NO, emission), or an
emission or the flame image of a burner arranged downstream
from the mill, or a combination of these variables or with
these variables.

[0022] The performance of the fuzzy control apparatus can
be enthanced if the fuzzy rules are based on a plurality of mill
operating parameters or on a plurality of fuzzy input vari-
ables. By way of example, it is possible in this case for the
nominal variable of the at least one mill characteristic vari-
able to be controlled to be adjusted as soon as one of the mill
operating parameters deviates from its predefined normal
range. Alternatively, it is possible for the nominal variable of
the at least one mill characteristic variable to be controlled to
be adjusted only when a plurality of the mill operating param-
eters deviate from their predefined normal range.

[0023] The invention is furthermore distinguished in that
the at least one mill characteristic variable to be controlled
comprises the sifter separating grain size and/or the grinding
pressure, with the fuzzy control apparatus being designed to
adjust the nominal variable of the sifter separating grain size
and/or the nominal variable of the grinding pressure as a
function of the air pressure difference across the mill and/or
as a function of the grinding bed thickness, as well as at least
one of the variables

[0024] grinding pressure or
[0025] sifter separating grain size.
[0026] Furthermore, it is advantageous for the fuzzy con-

trol apparatus also to be designed to determine another mill
characteristic variable and/or a grinding stock characteristic
variable as a function of at least one measured mill charac-
teristic variable on the basis of fuzzy rules, as the invention
likewise provides.

[0027] Furthermore, one particularly expedient develop-
ment of the invention provides for the fuzzy control apparatus
to be designed to determine the grindability of the grinding
stock and/or a wear state, in particular the grinding tool wear
state.

[0028] The mill control system according to the invention,
or the method according to the invention, can be used to
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always operate the mill at its at least approximately optimum
operating point and/or to regulate the mill at a new optimum
operating point on leaving the optimum operating point (for
example because of a change in the grinding stock or a change
in the grinding stock quality). For example, the mill control
system according to the invention can be used to prevent
rumbling of the mill as a consequence of varying coal quali-
ties, that is to say to ensure smooth mill running Furthermore,
the mill control system according to the invention makes it
possible to lengthen the running time of the mill and of the
mill components, and to reduce the energy consumption of
the mill, since the mill always runs in its approximately opti-
mum operating range/operating state, and the operating range
of the mill can be extended, since the mill can be fed, for
example, with grinding stocks of varying grinding stock qual-
ity. Furthermore, the mill control system according to the
invention makes it possible to considerably simplify the pro-
cess of starting up a mill, since the mill is automatically
regulated at the optimum operating point by the mill control
system, as a result of which there may be no need whatsoever
for any setting-up engineer. Furthermore, the mill control
system according to the invention can be used, for example on
the basis of the need for readjustment, to identify whether
certain parts of the mill have been subject to so much wear
that they must be replaced soon.

[0029] Ifthe fuzzy control apparatus fails, the mill can still
be operated - even if not optimally—if required easily on a
conventional basis.

[0030] The mill according to the invention has a mill con-
trol system according to the invention and can, for example,
be used in a rolling mill, in particular a rolling bowl mill,
wherein the mill can be designed for cement production, but
in particular for grinding coal or cement, in particular cement
clinker.

[0031] The invention therefore likewise provides for the
mill to be used as a coal mill or a cement mill.

[0032] The method according to the invention for operating
a mill is characterized by the same feature combination
according to the invention as the mill control system accord-
ing to the invention, as a result of which the same advantages
can therefore be achieved as those with the mill control sys-
tem.

One refinement of the method provides that the predefined
normal range of the at least one mill operating parameter is
determined as a function of the mill load, in which case,
according to one development of the invention, it is then
expedient to adjust the nominal variable successively and/or
by a specific increment per unit time.

[0033] Finally, in one advantageous development of the
method, the invention provides that the at least one mill char-
acteristic variable is then controlled, preferably until there is
a further discrepancy from the normal range, on the basis of
the newly selected nominal variable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The invention will be explained in the following text
using, by way of example, preferred embodiments and with
reference to a drawing, in which:

[0035] FIG. 1. shows a flowchart of a conventional mill
control system for a rolling mill,

[0036] FIG. 2. shows a flowchart of a mill control system
according to the invention,
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[0037] FIG. 3. shows the system structure of a fuzzy regu-
lator which can be used in the mill control system shown in
FIG. 2,

[0038] FIG. 4. shows the control block of a fuzzy regulator
of a mill control system as shown in FIG. 2, with a system
structure as shown in FIG. 3,

[0039] FIG. 5. shows the system structure of the fuzzy
control apparatus for the mill control system shown in FIG. 2,
[0040] FIG. 6. shows the control block for the fuzzy control
apparatus shown in FIG. 5,

[0041] FIG. 7 and FIG. 8. show the response of the fuzzy
control apparatus as shown in FIGS. 5 and 6 to a deterioration
in the coal quality,

[0042] FIG. 9. shows an overview of the factors which
influence mill rumbling,

[0043] FIG. 10. shows an overview relating to the task of
controlling the rate of load change, and

[0044] FIG. 11. shows a control block for a fuzzy control
apparatus for determining the Hardgrove index.

DETAILED DESCRIPTION

[0045] FIG. 2 shows a mill control system which is con-
trolled by fuzzy regulators 13a and 135, and in which iden-
tical elements to those in the conventional control system
shown in FIG. 1 are provided with the same reference sym-
bols. FIG. 2 shows a rolling mill 1. An allocator or mill feeder
§, for example in the form of a trough chain conveyor, plate
belt allocator or belt conveyor, conveys a grinding stock, in
the present case coal as a fuel to be comminuted, from a
supply store or bunker 3 to the mill 1. The grinding stock feed
in s carried out centrally to a rotating grinding plate of the
rolling mill. The rolling mill is a rolling bowl mill. According
to the centrifugal forces, the grinding stock 1s moved toward
the grinding plate outer edge and therefore through between
the rotating plate and the rolling body, thus comminuting it.
The ground grinding stock is then entrained completely with
coarse and fine components, by a sifting air flow at the plate
outer edge, and is transported to a sifter 7. The sifter 7 may be
in the form of a sifter within or outside the mill. Coarse
particles are held back in the sifter 7, and are fed back to the
rolling mill 1 or the grinding plate. Fine particles leave the
mill 1 or the sifter 7 with the sifting air flow and are passed to
a downstream installation, which is not illustrated. By way of
example, this may be a silo or else directly a burner of a
combustion chamber, fired by coal dust, of a large power
station.

[0046] According to the embodiment illustrated in FIG. 2,
the mill control system has a mill control apparatus 11 and a
fuzzy control apparatus 13.

[0047] The mill control apparatus 11 is designed to control
the following mill characteristic variables on the basis of a
respectively associated nominal variable:

[0048] mill load or allocator feed rate
[0049] sifting (sifter) air flow
[0050] sifter temperature
[0051] grinding pressure and
[0052] sifter separating grain size.
[0053] For this purpose, the mill control apparatus 11 has a

mill load control unit 114, a sifting air flow control unit 115,
a sifter temperature control unit 11¢, a grinding pressure
control unit 114 and a sifter separating grain size control unit
11e.

[0054] 1Inthe present case, the sifter separating grain size is
set via the sifter rotation speed. Alternatively, the sifter sepa-
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rating grain size may, however, also be set, for example, by
adjusting the sifter valve and/or baffle plates.

[0055] As already described initially with reference to FIG.
1, the sifting air flow control unit 115 measures the sifting air
flow fed into the mill 1, compares the measured sifting air
flow with a sifting air flow nominal variable which is deter-
mined as a function of the instantaneous mill load, and then
switches a sifting air hot-air control valve 15. The sifter
temperature control unit 11¢ measures the temperature of the
flow leaving the sifter 7 (sifting air flow and fine grinding),
compares the measured temperature with a temperature
nominal variable which is determined as a function of the
instantaneous mill load, and then switches a sifting air cold-
air control valve 17. The grinding pressure control unit 114
measures the grinding pressure (or the grinding force), com-
pares the measured pressure with a grinding pressure nominal
variable which is determined as a function of the instanta-
neous mill load, and then if necessary changes the contact
pressure of the rolling bodies. Furthermore, the pressure dif-
ference across the mill (=difference between the air pressure
upstream of the mill and the air pressure downstream from the
mill) can be included as a correction variable in the grinding
force control or grinding pressure control. The sifter rotation
speed control unit 11e measures the rotation speed of the
sifter 7, compares the measured rotation speed with a sifter
rotation speed nominal variable which is determined as a
function of the instantaneous mill load, and then varies the
sifter rotation speed if necessary. The load regulator 11a
measures the coal mass flow supplied to the mill, compares
the measured mass flow with a mass flow nominal variable,
and then if necessary adjusts the allocator rotation speed. The
mass flow nominal value may, for example, be determined
and/or adjusted as a function of a characteristic variable of an
installation arranged downstream from the mill, for example
as a function of the boiler load or amount of steam of a steam
boiler device arranged downstream from the mill.

[0056] As shown in FIG. 2, the respective nominal variable
ofthe sifting air flow, the sifter temperature, the sifter rotation
speed and the grinding pressure is determined as a function of
the mill load, with the nominal variables being stored in the
form of nominal value curves/nominal variable curves.
[0057] The fuzzy control apparatus 13 has a first fuzzy
control unit 13@ and a second fuzzy control unit 134.

[0058] The first fuzzy control unit 134 is connected to the
meal pressure control unit 114 ofthe mill control apparatus 11
and communicates with it, and the second fuzzy control unit
135 is connected to the sifter rotation speed control unit 11¢ of
the mill control apparatus 11 and communicates with it.
[0059] In other words, the first fuzzy control unit 13q is
fitted to the meal pressure control unit 114, and the second
fuzzy control unit 135 is fitted to the sifter rotation speed
control unit 11e, that is to say the control units 11d and 11eare
complemented by the respectively associated fuzzy control
unit 13a or 135.

[0060] The first fuzzy control unit 13a is designed to con-
trol the grinding pressure nominal variable, that is to say to
adjust or set it on the basis of fuzzy rules, as a function of at
least one mill operating parameter.

[0061] The second fuzzy control unit 135 is designed
analogously to control the sifter rotation speed nominal vari-
able or the sifter separating grain size nominal variable as a
function of at least one mill operating parameter.
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[0062] In addition to the air pressure difference across the
mill, one or more of the following characteristic variables, for
example, may be selected as a mill operating parameter:
sifting air flow, sifter temperature, sifter separating grain size
or sifter rotation speed, mill load, grinding pressure, grinding
bed thickness, grinding stock grinding characteristic (for
example Hardgrove index), storage volume and/or NO, emis-
sion or flame image of a burner arranged downstream from
the mill.

[0063] According to the embodiment illustrated in FIG. 2,
the fuzzy control apparatus 13 is designed to adjust the nomi-
nal variable of the sifter separating grain size and the nominal
variable of the grinding pressure in each case as a function of
the air pressure difference across the mill, the grinding pres-
sure and the sifter rotation speed, as is indicated by the dashed
lines in FIG. 2.

[0064] The air pressure difference across the mill is defined
as the pressure difference between the mill inlet and the mill
outlet/sifter outlet of the hot drying air flowing through the
mill, including the fine dried coal dust particles carried away,
and the water vaporized from the coal (exhaust vapors). If the
pressure difference is high, the drying air has a large amount
of dust in it (that is to say the solid circulation in the mill is
high); if the pressure difference is low, the amount of dust in
it is low (that is to say the solid circulation in the mill is low).
The grinding stock comminution and therefore the amount of
dust (the solid circulating in the mill) can be influenced by the
grinding pressure.

[0065] Ifthe nominal variables for the sifter rotation speed
and the grinding pressure are stored in the form of nominal
value curves, it is possible, for example, that the fuzzy control
apparatus 13 is equipped to vary, in particular to shift, the
respective nominal value curve on the basis of the fuzzy rules.
[0066] The system structure of a fuzzy regulator or of a
fuzzy control unit will be described in the following with
reference to FIG. 3, wherein FIG. 3 shows a demonstration
example and is used to explain a fuzzy regulator which can be
used in a mill control system as shown in FIG. 2.

[0067] The system structure describes the data flow in the
fuzzy system. Input interfaces fuzzify the input variable or
variables. In this case, by way of example, the time rate of
change of the backpressure, the fuel mass flow, the electrical
power of the mill, the sifter rotation speed, the air pressure
upstream of the mill and the water content of the grinding
stock/of the coal are selected from the grinding drying com-
putation as input variables. In this case, analog values are
converted to association degrees. The fuzzification process is
followed by the fuzzy inference. In this case, one or more
output variables described linguistically (in this case: grind-
ing pressure and Hardgrove index of the coal) are defined by
the input variables by means of “when-then” rules (=fuzzy
rules) which are defined in one or more control blocks (cf.
FIG. 4). These output variables are then converted to analog
values by means of defuzzification in the output interfaces,
that is to say digital values on an installation basis are
obtained from the linguistic variables in the defuzzification
process.

[0068] FIG. 4 shows one example of a control block of the
fuzzy regulator with the system structure shown in FIG. 3.
The behavior of the regulator in the various process situations
is defined by the control block. The control block contains
rules for a fixed set of input and output variables. The “when”
part of each rule describes the situation in which the respec-
tive rule is intended to apply or be applied (in other words the
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precondition or preconditions/premise or premises), and the
“then” part defines the reaction of the regulator to the respec-
tive process situation (in other words the consequence or
consequences). A different weight can be assigned to the
individual rules by the “Degree of Support” (DOS). By way
of example, the rules may be specified by the mill manufac-
turer, with the number of rules being defined depending on the
respective requirement. The software program has corre-
sponding input options.
[0069] A fuzzy regulator provided with the system struc-
ture shown in FIG. 3 and the control block shown in F1G. 4 is
equipped to determine the grinding pressure and the Hard-
grove index of the coal as a function of the input variables
mentioned above, and to be used if desired in the mill control
system shown in FIG. 2.
[0070] For the present exemplary embodiment, FIG. 5
shows the system structure of the fuzzy control apparatus 13
of the mill control system shown in FIG. 2, and FIG. 6 shows
the control block of the fuzzy control apparatus 13 shown in
FIG. 5, wherein separate control blocks can alternatively be
formed for the grinding pressure control and the sifter rota-
tion speed control.
[0071] AsisshowninFIG.5, the premises contain the input
variables (the fuzzy input variables correspond to or comprise
the mill operating parameters) (WHEN . . .)
[0072] airpressure difference across the mill dp_air_mill
[0073] grinding pressure p_grinding and
[0074] sifter rotation speed U_sift, wherein the conse-
quences (THEN . . . ) are associated with the variables
[0075] change in the meal pressure nominal variable
dp_meal_dt and
[0076] change in the sifter rotation speed nominal vari-
able dU_sift_dt
and wherein
in general:
[0077] WHEN “premise 17 AND “premise 2” AND
“premise 3” THEN “consequence 1” and “consequence 2”.
[0078] The number of rules shown in FIG. 6 represents an
example and can be changed in a simple manner, wherein by
the illustrated number of rules, as will be shown in the fol-
lowing, a considerable improvement in the mill operation can
be achieved. In particular, the grinding bed thickness can be
taken into account as an additional operating parameter. The
fuzzy control apparatus 13 illustrated in FIGS. 5 and 6 can be
used for all rolling mills, in particular rolling bowl mills, and
for any type of grinding stock ground therein. In general,
there is no need for individual matching, with the exception of
the normal ranges of the fuzzy regulator as defined above.
[0079] The fuzzy control apparatus 13 can be used to influ-
ence the grinding bed thickness and therefore prevent pos-
sible “rumbling” of the mill. For example, if the grindability
of the coal deteriorates (Hardgrove number/Hardgrove index
decreases, water content rises), then this leads to a consider-
able amount of small coal being fed back (=coarse material
fed back from the sifter to the grinding plate), as a result of
which the air pressure difference across the mill rises consid-
erably above the standard value associated with or allocated
to the present mill load point (for example by 6% as shown in
FIG. 7), and leaves a predefined normal range (in this case
plus/minus 5%). As shown in FIG. 6 (see rule 17) and FIG. 7,
the fuzzy control apparatus 13 now acts in such a way that a
new mill operating point is found by raising the grinding
pressure nominal value (for example by 0.6%/minute as
shown in FIG. 7) and by reducing the sifter rotation speed



US 2011/0015776 Al

nominal value (for example by 0.37%/minute as shown in
FIG. 7), wherein a reduction in the sifter rotation speed cor-
responds to an increase n the separating grain size, that is to
say coarser particles pass through the sifter 7. As can be seen
from F1G. 8, the air pressure loss across the mill has oscillated
back again to its normal value after a certain time, wherein the
new grinding pressure nominal variable is 2.83% higher than
the normal nominal variable associated with the present load
(=nominal variable predetermined by the mill control appa-
ratus), and wherein the new sifter rotation speed nominal
variable is moved or shifted about 1.6% in the coarser direc-
tion, in comparison to the normal nominal variable associated
with the present load. The new nominal variables and, accord-
ingly, the new operating point result from the current coal
quality and are automatically found for each coal. If the coal
quality then remains constant, rule 14 is satisfied in the further
mill operation (see FIG. 6), as a result of which the fuzzy
control apparatus 13 does not intervene, and does not need to
intervene, in the grinding process any further.

[0080] When the load is constant, the fuzzy control appa-
ratus 13 raises the nominal variable for the grinding pressure
(and/or the nominal variable for the sifter separating grain
size) when the air pressure difference across the mill rises or
deviates from the normal range, by a specific increment per
unit time, thus achieving better milling and a smaller amount
of small coal being fed back, until the rule which is respon-
sible for this no longer acts, that is to say the air pressure
difference across the mill is in the normal range again.

[0081] The described fuzzy control apparatus 13 covers a
very wide range of coal or grinding stock completely auto-
matically, that is to say without any requirement for external
action. Changing operating conditions, for example caused
by wear of the grinding tools, are likewise compensated for or
regulated out without any problems. The milling operation
mode is therefore positively influenced and the “rumbling” no
longer occurs. The milling operation mode is optimized and
the grinding fineness is adapted largely with regard to the
rumbling and/or the rate of load change, which is likewise
dependent on the grinding bed thickness. The installation-
optimum variation of the grinding pressure nominal value and
of the sifter rotation speed nominal value can be adapted and
respectively can be set, and the grinding fineness therefore
can be influenced, by varying the weight coefficients (DOS
values). Furthermore, the improved control mode makes it
possible to achieve a performance improvement of the mill. If
one or both of the fuzzy control units 134, 135 fail, the mill
can still be operated easily in the conventional manner - even
if not optimally. During the development phase of the fuzzy
controlapparatus 13 and respectively after it has been fitted to
the mill control apparatus 11, it is possible first of all only to
observe the mode of the fuzzy control apparatus 13 and to
allow the grinding process first ofall to continue to run simply
controlled by the mill control apparatus 11, in order to sub-
sequently approve the nominal value control.

[0082] FIG. 9 shows an overview, in the form of a graph,
showing how to avoid mill rumbling with the aid of a fuzzy
control apparatus 13 used according to the invention. The
rumbling may be caused not only by a change in the grinding
stock quality but, for example, by an excessively small
amount of primary air, thus resulting in a rise in the grinding
bed thickness. As is illustrated in FIG. 9, the mill rumbling
can be avoided according to the invention by fitting a fuzzy
control unit to at least one (for example to a plurality) of the
controlunits 11a-11e, in order to control the nominal variable

Jan. 20,2011

of at least one of the mill characteristic variables listed under
“remedy”, by means of the fuzzy control apparatus 13. By
way of example, FIG. 9 shows a fuzzy control apparatus 13
which in each case provides nominal value control for grind-
ing pressure control, sifter rotation speed control and sifter
temperature control. The fuzzy control apparatus 13 shown in
FIG. 9 includes one and only one further input variable in
addition to the air pressure difference across the mill (not
shown), specifically the degree of dryness of the grinding
stock and respectively of the coal. Alternatively, the fuzzy
control apparatus 13 illustrated in FIG. 9 may, however, also
comprise further input variables, for example further grinding
stock characteristic variables and/or one of the mill charac-
teristic variables listed under “remedy” and/or further mill
characteristic variables and/or a characteristic variable of an
installation arranged downstream from the mill and assesses
its grinding stock, such as exhaust-gas concentrations or
emissions, or the flame image of a downstream burner. If the
fuzzy control apparatus 13 has a plurality of input variables,
then the grinding process can be optimally controlled more
easily by sensible and rule-based linking of the various vari-
ables, for example in order to avoid mill rumbling. As can also
be seen from FIG. 9, the fuzzy control apparatus 13 may be
provided not only with the measured values (such as the
current consumption by the mill “current”, allocator rotation
speed “allocator”, sifter temperature and sifter rotation speed
“sifter (n, T)”, amount of primary air and respectively sifting
air flow “mlL.”, air pressure difference across the mill “dpl.”
and grinding pressure or grinding force “F,,,,;”), but also
values calculated by a mill module (such as the calorific value
“HU”, water content of the coal “W”, ash “A”, volatile) for
example as mill operating parameters/fuzzy input variables.
As indicated under “result” in FIG. 9, it is possible, for
example, to provide for the fuzzy control apparatus 13 to draw
conclusions about the coal that is currently available on the
basis of the actions taken, that is to say determine/estimate the
grindability HGI (Hardgrove index) of the coal.

[0083] FIG. 10 shows an overview of the control task relat-
ing to the rate of load change and the sifter temperature
control. The rate of load change is dependent on the grinding
bed thickness. It can be expected that the permissible rate of
load change can be predicted by fuzzy-stabilized control. The
aim of the control process is to use appropriate nominal value
presets to achieve a specific level for the grinding pressure
and the sifter rotation speed, depending on the respective
grinding characteristics of the fuel. In the end, these above-
mentioned values influence the grinding bed thickness and
therefore the input or output storage properties of the mill. A
further fuzzy block can be formulated for the rate of load
change, in which this variable is positively influenced by the
nominal values of the grinding pressure and the sifter rotation
speed. In this case, the existing rate of load change can be
included as further measured value in the fuzzy control block.
The corresponding fuzzy control mechanism has additional
rules added to it, as appropriate. The grinding pressure and the
sifter adjustment are therefore used to influence the grinding
bed, not only with regard to “rumbling” but also with regard
to the maximum permissible rate of load change. If the
actions for nominal value adjustment of the grinding pressure
and of the sifter are inadequate, the mill load can be influ-
enced as the nominal value.

[0084] According toa further embodiment of the invention,
the fuzzy control apparatus 13 may additionally be designed
to determine another mill characteristic variable and/or grind-
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ing stock characteristic variable as a function of at least one
measured mill characteristic variable. For example, as is
shown in FIG. 11, the fuzzy control apparatus 13 may be
equipped to determine the grindability of the grinding stock
and respectively the Hardgrove index HGI as a function of the
grinding pressure, the air pressure difference across the mill
and the sifter rotation speed, using fuzzy rules. In other
words, it may be sufficient for determining the grindability
HGI, to track the premises listed in FIG. 11 during operation
of the mill, in order to derive from this the grindability. Alter-
natively or additionally, the fuzzy control apparatus 13 may
be equipped to determine and/or to predict the grinding tool
wear. For example, the mean change in the grinding rolling
piston height with respect to time, determined from measured
values, can be compared with the Hardgrove number and/or
ash coal characteristics determined using a mill module or the
fuzzy control apparatus 13, in order to predict the wear devel-
oping on the basis of these variables.

[0085] Although the invention has been explained above
with reference to one exemplary embodiment, based on the
grinding of coal, the mill control process can be used for all
types of rolling mills as well as any grinding stock which can
be milled in this way, for example cement clinker.

1-21. (canceled)

22. A mill control system comprising:

a mill control apparatus which is designed to control at
least one mill characteristic variable on the basis of an
associated nominal variable, and

a fuzzy control apparatus, which is connected to the mill
control apparatus and is designed to adjust the nominal
variable of the at least one mill characteristic variable to
be controlled in the event of a discrepancy of at least one
mill operating parameter from a predefined normal
range. as a function of fuzzy rules, which are based on
the at least one mill operating parameter, until the at least
one mill operating parameter has once again reached the
predefined normal range,

wherein the at least one mill operating parameter com-
prises at least the air pressure difference across the mill.

23. The mill control system as claimed in claim 22, wherein
the predefined normal range of the at least one mill operating
parameter is determined as a function of the mill load.

24. The mill control system as claimed in claim 22, wherein
the nominal variable is adjusted successively and/or by a
specific increment per unit time.

25. The mill control system as claimed in claim 22, wherein
the mill control system controls the at least one mill charac-
teristic variable, until there is a further discrepancy from the
normal range, without any further action of the fuzzy control
apparatus on the basis of the newly selected nominal variable.

26. The mill control system as claimed in claim 22, wherein
the at least one mill characteristic variable to be controlled is
selected from the group consisting of the sifting air flow, the
sifter temperature, the sifter separating grain size, the mill
load, the grinding plate rotation speed, the grinding pressure,
the grinding bed thickness, and a combination any two or
more of the foregoing variables.

27. The mill control system as claimed in claim 22, wherein
the mill control apparatus determines the associated nominal
variable of the at least one mill characteristic variable to be
controlled on the basis of another measured mill characteris-
tic variable.

28. The mill control system as claimed in claim 22, wherein
the mill control apparatus determines the respective nominal
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variable of the mill characteristic variable to be controlled, in
particular of the sifting (sifter) air flow, the sifter temperature,
the sifter separating grain size, the grinding plate rotation
speed, the grinding bed thickness and/or the grinding pressure
as a function of the mill load.

29. The mill control system as claimed in claim 22, wherein
the mill control apparatus controls the at least one mill char-
acteristic variable to be controlled, on the basis of a predeter-
mined nominal value characteristic curve, with the fuzzy
control apparatus being designed to alter the nominal value
characteristic curve, in particular to shift it, as a function of
the fuzzy rules.

30. The mill control system as claimed in claim 22, wherein
the at least one mill operating parameter furthermore com-
prises at least one further mill characteristic variable and/or at
least one grinding stock characteristic variable and/or at least
one characteristic variable of an installation arranged down-
stream from the mill and assesses its grinding stock.

31. The mill control system as claimed in claim 22, wherein
the at least one mill operating parameter is selected from the
group consisting of the sifting air flow, the sifter temperature,
the sifter separating grain size, the mill load, the grinding
pressure, the grinding plate rotation speed, the electrical
power of the mill, the grinding bed thickness, at least one
grinding stock grinding characteristic, the storage volume or
at least one exhaust-gas concentration or emission or the
flame image of a burner arranged downstream from the mill,
and a combination of any two or more of the foregoing vari-
ables.

32.Themill control system as claimed in claim 22, wherein
the at least one mill characteristic variable to be controlled
comprises the sifter separating grain size and/or the grinding
pressure, with the fuzzy control apparatus being designed to
adjust the nominal variable of the sifter separating grain size
and/or the nominal variable of the grinding pressure as a
function of the air pressure difference across the mill and/or
as a function of the grinding bed thickness, as well as at least
one of the variables

grinding pressure or

sifter separating grain size.

33.The mill control system as claimed in claim 22, wherein
the fuzzy control apparatus is furthermore designed to deter-
mine, on the basis of fuzzy rules, another mill characteristic
variable and/or a grinding stock characteristic variable as a
function of at least one measured mill characteristic variable

34.The mill control system as claimed in claim 33, wherein
the fuzzy control apparatus is designed to determine the
grindability of at least one of the grinding stock and/or a wear
state and the grinding tool wear state.

35. A mill having a mill control system as claimed in claim
22.

36. The mill as claimed in claim 35, characterized in that
the mill has a form selected from the group consisting of a
rolling mill and a rolling bowl mill.

37. The mill as claimed in claim 35, wherein the mill is
designed for one of grinding coal, grinding cement, and
grinding cement clinker.

38. The mill as claimed in claim 22, wherein the mill is one
of a coal mill and a cement mill.

39. A method for operating a mill, the method comprising

controlling at least one mill characteristic variable on the

basis of an associated nominal variable,

adjusting the nominal variable of the at least one mill

characteristic variable to be controlled in the event of a
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discrepancy of at least one mill operating parameter
from a predefined normal range as a function of fuzzy
rules which are based on the at least one mill operating
parameter, until the at least one mill operating parameter
has once again reached the predefined normal range,
wherein the at least one mill operating parameter com-
prises at least the air pressure difference across the mill.
40. The method as claimed in claim 39, further comprising
determining the predefined normal range of the at least one
mill operating parameter as a function of the mill load.
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41. The method as claimed in claim 39, further comprising
adjusting the nominal variable successively and/or by a spe-
cific increment per unit time.

42. The method as claimed in claim 39, further comprising
controlling the at least one mill characteristic variable until
there is a further discrepancy from the normal range, on the
basis of the newly selected nominal variable.
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