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system (31, 32) for influencing air and/or fuel supply to a combustion chamber (12) of the gas turbine plant on the basis of a
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Abstract

A regulating device for regulating the course of a gas turbine plant (1) has at least one sensor
(21, 23,25, 27, 35, 37) for sensing a measurement variable and for outputting a measurement
signal which represents the measurement variable; at least one adjusting system (31, 32) for
influencing air and/or fuel supply to a combustion chamber (12) of the gas turbine plant on the
basis of a correcting variable; and a regulator (29) connected to the at least one sensor (21, 23,
235,27, 35, 37) so as to receive the measurement variable and to the at least one adjusting system
(31, 32) for outputting the correcting variable, the regulator (29) being designed to determine the
correcting variable on the basis of the measurement variable received and its deviation from a
pilot variable. At least one sensor (21, 23, 25, 27, 35, 37) 1s designed to sense the variation in
time of at least one burner or combustion chamber parameter as measurement variable.
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Description

Method and device for regulating the operating line of a gas

turbline combustion chamber

The present invention relates to a regulating method and a

s
h—

regulating device for regulating the operating line of a gas

turbine combustion chamber.

A gas turbine is a flow machine, which generally comprises a

compressor, turbine and combustion chamber section. In the
compressor ambient air that has been taken in 1s compressed
and the compressed air is then supplied to the combustion
chamber section. At least one combustion chamber with at most

a number of burners 1s disposed in the combustion chamber

section, to which burners the compressed air 1s supplied. In

addition to the compressed air a fuel is also supplied to the
burners, being mixed with the air and combusted. The hot
combustion waste gases resulting in the combustion chamber are

supplied to the turbine, where they expand and are cooled,

thereby causing the turbine to rotate. Thermal energy from the
combustion gases is thus converted to mechanical work, which

is used on the one hand to drive the compressor and on the

other hand to drive a consuming component, for example a

generator for generating power.

During combustion in the combustion chamber it should be

ensured that a stable flame 1is present. Flame instabilities

occur in particular due to resonant combustion vibration 1n
the combustion waste gas and can lead on the one hand to
increased pollutant emission and on the other hand to

F
-~

vibration of the combustion chamber, reducing the service life

M
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of the combustion chamber and shortening malntenance

intervals.

The burners are also generally equipped not only with a main

fuel supply but also with a so-called pilot fuel supply. The

pilot fuel supply supplies a smaller fuel mass flow than the

main fuel mass flow, to boost the flame. If necessary the

k)

flame can also be stabilized by influencing the mass flow of

pilot fuel supplied.

I

The stability of the flame is influenced by a large number of

F

influencing variables. Examples of such influencing varlables

are the ambient temperature, the density and calorific value

gr—

of the fuel and also the structural state of the gas turbine

plant, in particular the combustion chamber and burners. The

p—

influence of the influencing variables 1s compensated for by

means of the fuel mass flow supplied by way of the pilot

burner. In this process the pilot gas mass flow cannot Dbe

below or above certain limits, since the flame would otherwilse

enter a non-stable range. To keep the pilot gas mass flow

within the stable flame range, a function 1s applied, which

defines the pilot gas mass flow to be deployed as a function

of the influencing variables. This function 1is also referred

to as the pilot gas curve.

The pilot gas curve incorporates a number of gas turbine

parameters. These parameters vary from one gas turbine plant

ﬁ

to another, even between gas turbine plants of the same

structure. It 1s particularly essential to take into account

g~

ambilent conditions at the site of the gas turbine plant as

well. Also the gas turbine parameters can be subject to

p—

changes over time during operation of a gas turbine plant.

This may result in a time-consuming resetting or subsequent
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setting of the pilot gas curve being required. The setting process incurs high costs
and long outage times.

In addition the influence of the influencing variables on the pilot gas
curve is not adequately known from a quantitative standpoint. It is generally not

possible to respond appropriately to some influencing variables.

An object of some embodiments of the present invention is therefore to
provide a regulating method and regulating device, which can advantageously be
deployed to prevent flame instabilities.

According to an aspect of the present invention, there is provided a
regulating method for regulating the operating line of a gas turbine plant comprising
the following steps: capturing at least one controlled variable; comparing a captured
controlled variable with a predetermined reference variable; determining at least one
manipulated variable based on the comparison of the controlled variable with the
reference variable, and outputting the determined manipulated variable to at least
one adjusting facility influencing the air and/or fuel supply to a combustion chamber
of the gas turbine plant, with a controlled variable, which indicates the approach of
the flame to a stability limit, being used as the controlled variable, wherein the change

in at least one alternating pressure at a burner flange is captured as the controlled

variable.

According to an aspect of the present invention, there is provided a

regulating device for regulating the operating line of a gas turbine plant comprising at
least one sensor for capturing a measurement variable and for outputting a

measurement signal representing the measurement variable, at least one adjusting
facility for influencing the air and/or fuel supply to a combustion chamber of the gas

25 turbine plant based on a manipulated variable, and a regulator connected to the at

least one sensor for receiving the measurement variable and connected to the at

least one adjusting facility for outputting the manipulated variable, said regulator

being configured to determine the manipulated variable based on the received
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measurement variable and its deviation from a reference variable, wherein a sensor
IS present as one of the at least one sensors, which is configured to capture the

change in at least one alternating pressure over time at a burner flange.

In the inventive regulating method for regulating the operating line of a
gas turbine plant at least one controlled variable is captured, the captured controlled
variable is compared with a predetermined reference variable and at least one
manipulated variable is determined on the basis of the comparison. The determined
manipulated variable is output to at least one adjusting facility influencing the air
and/or fuel supply to a combustion chamber of the gas turbine plant. A controlled
variable, from which the approach of the flame to a stability limit can be deriveq,
hereby serves as at least one controlled variable. Changes over time in at least one
burner parameter or combustion chamber parameter can in particular be considered
as such controlled variables. Alternating pressure in the combustion chamber and/or

a combustion chamber acceleration in particular can be used as
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combustion chamber parameters. An alternating pressure at a

burner flange for example can be used as a burner parameter.

The inventive regulating method allows the flame to be kept

g —

stable without the influence of the influencing variables on

flame stability having to be known preclsely from a

quantitative standpoint.

The invention is based on the following novel concept. Instead

of looking at the influencing variables to malntain flame

stability, as in the prior art, in the inventive regulating

method the burner stability limits themselves are considered.

In other words the pilot gas mass flow 1s not varied as a

function of the detected influencing variables but is changed

when a burner stability limit is approached. The fact that the

burner stability limit is being approached 1s hereby

ascertained without quantitative knowledge of the influencing

varlables.

ﬁ

In the prior art the quantitative knowledge of the influencing

variables is necessary to determine the burner stability

limits, which change with the influencing variables, thus

providing a pilot gas curve, which moves within the burner

stability limits for all influencing variables. Since the

influence of the influencing variables on the burner stability

limits varies even for gas turbine plants of the same

structure, as set out above in the introduction, for example

due to differing ambient conditions, in the prior art 1t 1s

necessary to set each gas turbine plant individually.

In contrast in the inventive method a quantitative knowledge

of the relationship between the influencing varlables and the

pr—

position of the burner stability limits i1is not necessary,
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since the variation in the qguantity of pilot gas to stabilize

the flame can be made directly dependent on whether or not a

burner stability limit is being approached and direct

—
—

detection of an approach to the burner stability limits takes

place. In addition the pilot gas is also used to boost the

flame.

The change over time in the burner parameters or combustion

chamber parameters mentioned above can be used to ascertaln

the approach to a burner stability limit. Alternating pressure

at a burner flange is particularly suitable for this, since

this responds earlier to an approach to a burner stability

limit than the alternating pressure in the combustion chamber

and combustion chamber acceleration. In princilple however all

the combustion chamber parameters mentioned above are suitable

for ascertaining an approach to the burner stability limit.

The burner parameters and combustion chamber parameters (for
example alternating pressure, combustion chamber acceleration

or OH radiation) mentioned above represent oscilllating

variables, which are subjected to a fast Fouriler

transformation FFT and/or mean autocorrelations to evaluate

the approach to flame instability. Fast Fourier transformation

and/or mean autocorrelations are particularly suitable means

for analyzing variables that change over time.

To determine autocorrelations the oscillating analog signals

for a number of frequency bands are first filtered with

amplitude precision and then converted from analog to digital

or are first converted from analog to digital and then

filtered with amplitude precision. The autocorrelations are

calculated separately according to frequency bands at short

time intervals based on 2-8 periods of the signal at the
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respective mean frequency of said frequency bands. The

autocorrelations are then averaged separately according to

F
p—

frequency bands, in each instance together with a number from

10-100 adjacent successive autocorrelations from earlier time

steps for the respective frequency bands. While the

autocorrelations for the respective frequency bands are being

averaged, their variances are also determined.

Transients are now formed for the individual frequencies or

specific frequency bands from these frequency spectra and/or

mean autocorrelations and/or variances of the

autocorrelations. This can be done for example using a linear

F

regression calculation. If individual transilents or

characteristic gquantities formed therewith exceed a specific

value, a regulating intervention takes place, for example

p

reduction of output or change in quantity of pilot gas.

Tf characteristic quantities, formed from the absolute values

of the mean autocorrelations and theilr transients as well as

optionally also from the variances and transients of the

variances of the autocorrelations, exceed specifilic values, a

B

regulating intervention takes place, for example reduction of

P

output or change in quantity of pilot gas. Significantly

longer prior warning periods can be achieved by analyzing

transients.

One or more combustion parameters can also be captured as

controlled varilables 1n addition to the at least one burner

parameter and/or the at least one combustion chamber parameter

in the regulating method. A sultable combustion parameter 1s

p—

for example the pollutant emission of the gas turbine plant,

in particular the nitrogen oxide content (NO, content) and/or

carbon monoxide content (CO content) of the combustion waste
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gas. The pressure drop across the combustion chamber 1s a

similarly sultable combustion parameter.

In the inventive regulating method the absolute wvalues of the

burner parameters and combustion chamber parameters can also

be captured for further support. Initially however the change
in the burner parameters and combustion chamber parameters
over time 1s considered 1n order to ascertaln an approach to

the burner stability limits.

At least one variable, which results i1n a change 1in gas
turbine output, can be output as the manipulated variable

and/or a variable, which results in a change in the corrected

waste gas temperature of the combustion waste gases. In

particular however a variable, which represents a change 1in

the pilot gas mass flow, 1s output as the manipulated

variable. A change in the gas turbine output or the corrected
waste gas temperature generally takes place i1ndirectly by way
of a change in the absolute values of the air and main fuel

r—

supply as well as by way of a change 1n the ratio of air

supply to main fuel supply. Variables, which result 1n a

change in gas turbine output or the corrected waste gas

temperature, should therefore be seen as being those varlables

in particular, which represent settings for absolute values o:

the air supply and/or main fuel supply and/or the ratio of air

supply to main fuel supply. Changes 1n the gas turbilne output

can be used for example to keep the gas turbine plant within

the emission range, without leaving the actual operating line

—

F

used, 1f the operating line of the gas turbine plant 1s to be

changed, to prevent the burner stability limits being reached

This can optionally also be combined with a change in the

corrected waste gas temperature and/or gas turbine output.

of the plant. In contrast the change 1n pilot gas mass flow 1s
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The link between the captured controlled variable and the

reference variable on the one hand and the manilipulated

variable on the other hand can in particular be made on the

y—
p—

basis of a fuzzy logic. Alternatively however it 1s also

possible to use a neural network or a fixed rule system. Fuzzy

logic in particular allows a graduated response to be achleved

# y—

as a function of the degree of approach to burner stability

limits.

Generally the inventive regulating method makes 1t possible to

prevent the burner stability limits being reached and exceeded

in a reliable manner. Emergency tripping of the gas turbine

plant, in other words rapid shutdown of the plant, because the

burner stabillity limits have been reached, can thus be

reliably avoided. Also the operating limits of the gas turbine

plant can be better utilized. For example a high nitrogen

J—
s

oxide emission due to a high level of flame 1nstability can be

reduced or a higher corrected waste gas temperature (0OTC

Outlet Temperature Corrected) can be used, thereby improving

the efficiency of the gas turbine plant. It 1s also possible
to prevent or at least reduce a drop 1in the corrected waste

gas temperature when the compressor intake temperature 1is

below the temperature specified for this purpose. The

compressor 1lntake temperature here refers to the temperature

of the air taken in by the compressor as 1t enters the

compressor.

An inventive regulating device for regulatling the operating

F

line of a gas turbine plant comprises:

- At least one sensor for capturing a measurement variable and

b

for outputting a measurement signal representing the

measurement variable.
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- At least one adjusting facility for influencing the air

supply and/or the fuel supply to a combustion chamber of the

gas turbine plant based on a manipulated variable.

-~ A regulator connected to the at least one sensor for

receiving the measurement variable and the at least one

adjusting facility for outputting the manipulated varlable.

The regulator is designed to determine the manipulated

variable based on the received measurement variable and 1ts

deviation from a reference wvariable. In the inventive

regulating device at least one sensor 1is present, which 1is

configured to capture the change in a burner parameter or

combustion chamber parameter over time.

The inventive method can be implemented with the i1nventive

regulating device, thereby optimizing the operating line of

)

the gas turbine plant, in particular by better prevention o:

flame 1nstabilities.

A sensor for capturing an alternating pressure 1n the

combustion chamber and/or a sensor for capturlng an

alternating pressure at a burner flange and/or a sensor for
capturing a combustion chamber acceleratlon in particular can

be present as the sensor. At least one sensor connected to the

regulator for capturing a combustion parameter, for example an

P

emission measuring device, which can be used to determine for

example the nitrogen oxide content or carbon monoxide content

p—
——

of the combustion waste gas, or a sensor for capturlng an

absolute value of a burner or combustion chamber parameter can

additlonally be present.

At least one fuel valve for influencing a fuel mass flow

introduced into the combustion chamber can serve as the
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Ll

"uel valve 1s

adjusting facility. Preferably at least one

present for a main fuel line and one for the pilot fuel line.

As an alternative or preferably 1n addilition to the at least

gr—

one fuel valve the first vane ring of the compressor, 1n other

words the vane ring facing the inflowling air on the inflow

side, can serve as an adjusting facility. This vane ring

generally has movable vanes, which can be used to vary the

Jr—

inflow cross section of the compressor available for the

—
p—

inflow of air.

ey p—

f a sensor capturing the change 1n a burner parameter or

combustion chamber parameter over time 1s configured to

capture an oscillating measurement variable, a Fouriler

transformation unit can be assigned to the regulating device,

said Fourier transformation unit being configured to carry out

a fast Fourier transformation, and/or a computation unit for
determining mean autocorrelation, in order to provide a

suitable means for analyzing the oscillating measurement

variable.

.

Further features, characteristics and advantages of the

present invention will emerge from the description which

ﬁ

follows of an exemplary embodiment with reference to the

accompanying figures, 1n which:

F

FIG 1 shows a partial section of a side view of a gas

turblne plant,

FIG 2 shows a block diagram of an inventive regulating

device.

F ﬁ

FIG 1 shows a partial section of a side view of a gas turbine

plant 1. It comprises a compressor section 3, a turbine
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section 5 and a burner section 7. In the compressor section 3

and in the turbine section 5 compressor blades 4 or turbine

blades 6 are disposed on a common shaft 8, also referred to as
a turbine rotor. The turbine rotor 8 1s supported i1n such a

manner that 1t can rotate about a central axis 9.

" The burner section 7 comprises a number of burners 10, which
open into a combustion chamber 12, which in turn opens into

the turbine section 5. The combustion chamber 12 in the

present exemplary embodiment 1s configured as an annular

combustion chamber, in other words i1t extends in a cilrcular

manner around the turbiline rotor 8.

Jr—

During operation of the gas turbine plant 1 ambient air U 1is

]

taken in by way of the compressor, compressed to a higher

pressure and output into the burner section 7 as so-called

gr—

compressor air. The size of the air mass flow entering the

compressor can be influenced by adjusting the usable

compressor inflow cross section using the first vane ring 32.

In the burner section 7 the compressor alr enters the burner

10 and is mixed with a fuel supplied to the burner 10 by way

of fuel lines 40a, 40b and combusted in the combustion chamber

Jr—

12. The size of the fuel mass flows supplied can hereby be

influenced by way of one or more adjusting valves 3la, 31lb.

The combustion waste gases resulting during combustion form a
working medium A, which is routed to the turbine section 5 and

relaxes and cools there, transmitting a pulse to the blades o,

thereby causing the rotor 8 to rotate. The rotating rotor 3

drives the compressor on the one hand and on the other hand 1s

coupled to a consuming component (not shown), for example an

electric generator for generating power.



CA 02608042 2007-11-09

PCT/EP2006/062183 / 2004P15760WOUS

12

In order to prevent flame instabilities in the combustion

chamber 12, the gas turbine plant 1 is equlpped with a

F

regulating device for regulating the operating line by

influencing the fuel and/or air supply. This device 1s shown

P

in the form of a block diagram in FIG 2. The regulating device

comprises a number of sensors 21, 23, 25, 27, 35, 37, disposed

at different points inside and outside the gas turbine
combustion chamber 12. The regulating device also comprises a

regulator 29, to which the sensors 21, 23, 25, 27, 35, 37 are

connected. Adjusting facilities, namely the adjusting valves

31 and the vane ring 32, are also present, being also

connected to the regulator 29 and being configured to adjust

ﬁ

the mass flows of the fuel supply and air supply to the burner
10.

In particular three adjustable fuel mass flows and one

adjustable air mass flow are present in the gas turbine plant

1. If a gaseous fuel is used for example, one of the fuel mass

r—

flows is a so-called diffusion gas mass flow for operating the

burner in diffusion mode, wherein the gas 1s 1njected directly

into the flame present in the combustion chamber 12, without

being mixed with air beforehand. A second fuel mass flow 1is a

so-called premix gas mass flow for operating the burner 1in a

premix mode, in other words a mode wherein the supplled gas 1is

mixed with compressor ailr beforehand and this mixture 1s them

combusted. Finally in the present exemplary embodiment a pilot

gas mass flow is present as a further fuel mass flow, serving

to boost the flame when the burner is operated 1n premix mode.

The sensors 21, 23, 25, 27, 35, 37 are used to capture various

combustion chamber parameters and combustion parameters and
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forward them to the regulator 29 in the form of signals

representing the capture measurement varlable.

The sensor 21 1s a pressure sensor disposed 1n the combustilon

chamber plenum 11 for capturing the alternating pressure 1n

the combustion chamber 12, the sensor 25 1s a pressure sensor

disposed on the gas turbine housing for capturing an

alternating pressure at the flange 13 of the burner 10 and the

sensor 23 1s an acceleration sensor for capturing the

combustion chamber acceleration. It is disposed directly on

the outside of the combustion chamber wall.

All three captured parameters, namely the alternating pressure

in the combustion chamber, the alternating pressure at the

burner flange and the combustion chamber acceleration are

oscillating variables, which reflect vibrations 1in the

combustion waste gases. In order to output thelr measurement

signals, the pressure sensors 21 and 25 and the acceleration

sensor 23 are therefore connected to a Fourier transformation

unit 33 and/or computation unit for determining a mean

ﬁ

autocorrelation (not shown) of the regulator 29, in which the

measurement signals are analyzed on the basis of a Fourler

pr—

transformation and in particular on the basis of what 1s known

as a fast Fourier transformation. They are also connected

directly to the regulator 29, in other words bypassing the

Fourier transformation unit 33, 1in order also to be able to

supply the absolute values of the measurement signals to the

regulator 29. To determine the autocorrelations the

P
p—

oscillating analog signals for a number of frequency bands are

first filtered with amplitude precision and then converted

- .

from analog to digital or they are first converted from analog

to digital and then filtered with amplitude precision. The

autocorrelations are calculated separately according to
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freguency bands at short time intervals based on 2-8 periods

pr— J—

of the signal at the respective mean frequency of said

frequency bands. The autocorrelations are then averaged

separately according to frequency bands, 1n each instance

together with a number from 10-100 adjacent successive

autocorrelations from earlier time steps for the respective

frequency bands. While the autocorrelations for the respective

frequency bands are being averaged, their variances are also

determined. Transients are now formed for the i1ndividual

frequencies or specific frequency bands from these frequency

spectra and/or mean autocorrelations and/or variances of the

autocorrelation. This can be done for example using a linear

P

regression calculation. If individual transients or

characteristic quantities formed therewith exceed a specific

value, a regulating intervention takes place, for example

pr—u —_— y—

reduction of output or change in gquantity of pilot gas. If

n

characteristic quantities, formed from the absolute values o:

the mean autocorrelations and theilr transients as well as

optionally also from the variances and transients of the

variances of the autocorrelations, exceed specific values, a

"

regulating intervention takes place, for example reduction of

output or change in quantity of pilot gas. Significantly

longer prior warning periods can be achilieved by analyzing

transients

Based on the result of the Fourier transformation the

regulator 29 can ascertain an approach to the burner stability

limits of the gas turbine plant 1, with which for example

stationary vibrations occur in the combustion gases. It 1s

possible in particular, based on a measurement of the

alternating pressure at the burner flange 13, after an

analysis by the Fouriler transformation unit 33, to determine

P

the frequency of vibrations i1n the combustion waste gas. The

g
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alternating pressure at the burner flange 13 1s therefore

r—
p—

suitable as an early indicator of an approach to the burner

stability limits and as a controlled variable for the

regulator for regulating the air and/or fuel supply in such a

manner that flame stability 1s maintained.

Combustion chamber acceleration responds later than the

alternating pressure at the burner flange 13 to an approach to

burner stability limits. It is therefore particularly suitable

for protecting the gas turbine combustion chamber 12 from

damage, 1if regulation of the air and/or fuel supply does not

result in adequate flame stabilization. The combustion chamber

acceleration is therefore an indicator for example of the

occurrence of damage to ceramic heat shield elements, with

which the combustion chamber 12 1is lined to protect 1its

supporting structure from the hot combustion waste gases. High

F

levels of combustion chamber acceleration can result in cracks

and even fractured in heat shield elements, with the result

that theyv no longer fulfill this protection function to an

adeguate degree. Fractures can also cause

fragments to become

detached from the heat shield and get into the turbine

section, resulting in very serious damage to the turbine.

r—

Emergency shutdown of the gas turbine plant can therefore be

carried out for example based on combustion chamber

ﬁ

acceleration, 1f the determined combustion chamber

accelerations indicate that cracks or fractures are

threatening in the heat shield elements.

As well as the alternating pressures 1n the combustion chamber

12 and at the burner flange 13 and combustion chamber

acceleration, the pressure drop, also referred to as the

pressure gradient, across the combustion chamber 12 can also

be used to ascertain an 1lmminent burner instability event. The
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pressure drop across the combustion chamber 12 drops

immediately before burner instability, i1ndicating the threat

of the flame being drawn back 1nto the burner 10 and therefore

F

flame instability. Detection of a forthcoming burner

instability event 1s therefore possible using a sensor

arrangement for capturing the pressure gradient.

The pressure drop across the combustion chamber 12 takes place

' ol
P—

by means of a so-called Ap measurement. In the present

exemplary embodiment the Ap measurement is carried out using

two pressure sensors 35, 37, one 35 of which 1s disposed 1in
the combustion chamber plenum 11 and the other 37 in the

combustion chamber 12. A subtraction unit 39 connected to both

pressure sensors 35, 37 and the regulator 29 forms the

difference Ap between the captured pressures and forwards this

1

to the regulator 29 bypassing the Fourilier transformation unit

33.

The regulator 29 initially responds to changes over time 1n

the measurement variables captured by the sensors 21, 23, 25

rather than to their absolute values. If, after the analysis

r—

of the signals received from the sensors 21, 23, 25, the

regulator 29 ascertains the approach to a burner stability

limit, 1t outputs an adjusting signal to the adjusting valves

3la, 31b, .. and/or to the compressor vane ring 32, prompting a

change in at least one fuel mass flow and/or the air mass

flow. In particular in this instance 1t outputs at least one

F

adjusting signal to the fuel valve 1n the supply line of the

P

pilot fuel, 1n order to optimlize the operating line of the gas

—

turbine plant again by way of a change 1n the pilot fuel mass

flow, 1n other words to move 1t away from the burner stability

limits. In thils process the corrected waste gas temperature of
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influencing the main fuel mass

the gas turbine plant and its output can be adjusted by

flow and/or the air mass flow,

in such a manner that the pollutant emission 1s kept to 1ts

optimal values or reset to these.

The adjusting valves 3la, 31lb,

can also act solely on the fuel

. or the vane ring 32 can also

mass flow and/or the air mass

flow, in order to keep pollutant emission for example within

the intended range by i1nfluencing the pilot gas mass flow

and/or the gas turbine output and/or the corrected waste gas

temperature, 1f said pollutant emissilon varilies for example due

to fluctuating influencing variables, ftor example a

fluctuating amblent temperature

, wlithout optimizing the

operating line of the gas turbine plant yet again.

It 1s possible to respond to 1n

creased pollutant values for

example by acting on the pilot gas mass flow. Thus the pilot

gas mass flow can be reduced, 1

the waste gas flow are high or

P

f the nitrogen oxide values 1in

g—

raised, 1f the carbon monoxide

values 1n the waste gas are high. The pollutant values 1n the

waste gas are captured 1n the present exemplary embodiment by

means of an emission measuring device 27, which 1s disposed 1in

—

the waste gas duct of the combustion chamber system and 1s

connected to the regulator 29 bypassing the Fouriler

transformation unit 33.

on the basis of a fuzzvy logic,

In the present exemplary embodiment the reqgulator 29 operates

to allow the most graduated

response possible. It can however also operate with a fixed

rule system, which 1s present

P
—
—e—

for example as a functional

relatlionship between the adjusting signal to be output and the

incoming measurement signals or in the form o

the i1ncoming measurement signa.

pr—

a table linking

s to an outgoling adijusting
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signal. Finally 1t 1s also pOssible to deploy a regulator

based on a neural network, with the result that the regulator

is enabled to learn from prior regulation events.
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CLAIMS:
1. A regulating method for regulating the operating line of a gas turbine

plant comprising the following steps:
- capturing at least one controlled variable;

- comparing a captured controlled variable with a predetermined

reference variable;

- determining at least one manipulated variable based on the

comparison of the controlled variable with the reference variable, and

- outputting the determined manipulated variable to at least one
adjusting facility influencing the air and/or fuel supply to a combustion chamber of the
gas turbine plant, with a controlled variable, which indicates the approach of the

flame to a stability Iirhit, being used as the controlled variable, wherein

the change in at least one alternating pressure at a burner flange is

captured as the controlled variable.

2. The regulating method as claimed in claim 1, wherein the change In at

least one combustion chamber acceleration over time is also captured as a controlled

variable.

3. | The regulating method as claimed in claim 1, wherein in addition to the

change in at least one alternating pressure over time, at least one combustion

20 parameter is captured as a controlled variable.

4. The regulating method as claimed in claim 2, wherein in addition to the
change in at least one alternating pressure over time and the change in at least one

combustion chamber acceleration over time, at least one combustion parameter Is

captured as a controlled variable.
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5. The regulating method as claimed in claim 3 or 4, wherein one of the
NO, content of a combustion waste gas, the CO content of the combustion waste gas

or the NO, and CO content of the combustion waste gas serves as a combustion
parameter.

5 6. The regulating method as claimed in any one of claims 3 to 5, wherein
the pressure drop across the combustion chamber serves as a combustion
parameter.

/. The regulating method as claimed in any one of claims 1 to 6, wherein
the absolute value of at least one burner parameter or combustion chamber

10 parameter is captured as a further controlled variable.

8. The regulating method as claimed in any one of claims 1 to 7, wherein
at least one variable, which results in a change in gas turbine output, Is output as a

manipulated variable.

9. The regulating method as claimed in any one of claims 1 to 8, wherein
15 at least one variable, which results in a change in the corrected waste gas

temperature of the combustion waste gases, is output as a manipulated variable.

10. The regulating method as claimed in any one of claims 1 to 9, wherein
at least one variable, which results in a change in a pilot gas mass flow, Is output as a

manipulated variable.

20 11. The regulating method as claimed in any one of claims 1 to 10, wherein
the comparison of a captured controlled variable with a reference variable and/or the

determination of a manipulated variable based on the comparison is/are effected on

the basis of a fuzzy logic.

12. The regulating method as claimed in any one of claims 1 to 10, wherein
25 the comparison of a captured controlled variable with a reference variable and/or the

determination of a manipulated variable based on the comparison is/are effected by

means of a neural network.
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13. The regulating method as claimed in any one of claims 1 to 10, wherein
the comparison of a captured controlled variable with a reference variable and/or the

determination of a manipulated variable based on the comparison is/are effected by
means of a fixed rule system.

14. The regulating method as claimed in any one of claims 1 to 13, wherein

an oscillating variable is captured as a controlled variable that can change over time.

15. The regulating method as claimed in claim 14, wherein the oscillating

variable is subjected to a fast Fourier transformation and/or mean autocorrelation.

16. The regulating method as claimed in claim 15, wherein transients are
formed.
17. A regulating device for regulating the operating line of a gas turbine

plant comprising

- at least one sensor for capturing a measurement variable and for

outputting a measurement signal representing the measurement variable,

- at least one adjusting facility for influencing the air and/or fuel supply
to a combustion chamber of the gas turbine plant based on a manipulated variable,
and

- a regulator connected to the at least one sensor for receiving the
measurement variable and connected to the at least one adjusting facility for
outputting the manipulated variable, said regulator being configured to determine the
manipulated variable based on the received measurement variable and its deviation

from a reference variable, wherein

- a sensor is present as one of the at least one sensors, which is
configured to capture the change in at least one alternating pressure over time at a

burner flange.
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18. The regulating device as claimed in claim 17, wherein a sensor for
capturing a combustion chamber acceleration is also present as a sensor.

19. The regulating device as claimed in claim 17 or 18, wherein at least one
emission measuring device iIs connected to the regulator.

20. The regulating device as claimed in any one of claims 17 to 19, wherein
at least one sensor is connected to the regulator for capturing an absolute value of at
least one combustion chamber parameter.

21. The regulating device as claimed in any one of claims 17 to 20, wherein
at least one fuel valve for influencing a fuel mass flow supplied for combustion in a
combustion chamber is present as an adjusting facility.

22. The regulating device as claimed in any one of claims 17 to 21, wherein

a compressor vane ring is present as an adjusting facility.

23. The regulating device as claimed in any one of claims 17 to 22, wherein

the regulator contains a regulating concept based on fuzzy logic.

24 The regulating device as claimed in any one of claims 17 to 22, wherein

the regulator contains a regulating concept based on a neural network.

25. The regulating device as claimed in any one of claims 17 to 22, wherein
the regulator contains a regulating concept based on a fixed rule system.

26. The regulating device as claimed in any one of claims 17 to 25, wherein

at least one sensor is configured to capture an oscillating measurement variable.

27. The regulating device as claimed in claim 26, comprising a Fourier
transformation unit. which is configured to carry out a fast Fourier transformation,

and/or a computation unit for determining mean autocorrelations.
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