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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a control method and a control device of a gas turbine. More concretely, the
present invention relates to a gas turbine control method and a control device thereof for controlling the gas turbine so
as to prevent the gas turbine from being operated under a irregular condition due to an adjustment operation for restraining
combustion vibrations during the operation of the gas turbine, which is a condition deviated from a regular operation
condition based on an ideal fuel flow rate and airflow rate that are simulated at the design stage of the gas turbine.

Background of the Invention

[0002] For instance, in a gas turbine driving a generator (an AC generator), the airflow rate and the fuel flow rate
toward the combustors of the gas turbine are determined based on the load (the power required by the generator), the
ambient temperature, the ambient humidity and so on; and, the airflow rate and the fuel flow rate at at-least-one point
on the operation line such as a rated operation point are fine adjusted in the trial operation of the gas turbine so that the
fine-adjusted airflow rate and fuel flow rate are used as the initial design data or a protocol condition. However, the
period of the trial operation is limited only within a predetermined certain time span; as a matter of course, the trial
operations cannot be performed for all the weather conditions that the gas turbine is supposed to encounter. In addition,
the actual airflow rate and the fuel flow rate of the gas turbine after the commissioning thereof may deviate from those
at the design stage or the trial operation stage due to the secular change such as the deterioration of the compressor
performance or the clogging of filters.
[0003] On the other hand, the gas turbine is driven by the combustion gas produced through the continuous exothermic
oxidation reaction between the fuel and the air supplied into the combustors; thereby, the combustion occasionally
accompanies the combustion gas pressure fluctuations of a frequency from 10-Hz to several thousands-Hz, the com-
bustion gas pressure fluctuations including: the combustion noise caused by the turbulent flow combustion due to the
exothermic oxidation reaction, and the combustion vibration caused by the interaction between the heat dissipation due
to the time lag from fuel evaporation to fuel combustion and the flame propagation speed change due to combustion
gas diffusion and revolution.
[0004] When particular attention is paid to the combustion vibrations, it is recognized that the above-described inter-
action between the heat dissipation and the flame propagation speed change is the vibration source; and, resonance
sometimes occurs between the natural frequencies regarding the interaction and the natural frequencies regarding the
combustor as an air-column; thus, the combustion vibrations having own frequencies in a peculiar frequency range grow
in the combustor. Such combustion vibrations as described are basically unavoidable, whether the strength of the
vibration is greater or smaller; and, the strength level depends on the volume of the combustor, the geometry of the
combustor, the combustion performance in relation to the combustion gas temperature, and so on.
[0005] The demand for further compact and high-powered gas turbines becomes remarkable nowadays. Accordingly,
the combustion temperature becomes higher and higher. In order to cope with increased thermal stresses as a result
of the increased temperature due to the load fluctuations of the gas turbine as well as the rapid temperature increase
in the combustor, the heat resisting steel of high strength is used for the combustor and the members therearound; at
the same time, in order to reduce the time and manpower regarding delivery, installation, inspection and so on, the
configuration members of smaller thickness and lower rigidity are used, even though the strength itself of the member
material is increased. As a result, in a case where unexpected excessive combustion vibrations occur, or in a case where
the resonances between the combustion vibrations and the air-column vibrations in the combustor happen, a possibility
arises that cracks may be produced on the combustor; the support member may be seriously damaged; the life expectancy
as to the configuration members of the gas turbine or the combustor may be reduced.
[0006] Since such combustion vibrations as described hinder the operation of the gas turbine to a great extent, the
countermeasures to restrain or evade the combustion vibrations are strongly required as far as possible, in view of plant
protection and availability enhancement. Thus, it is essential that the skilled engineers take care of the control system
of the gas turbine and confirm the operation stability several times a year so that the combustion stability is maintained
and the combustion vibrations do not occur. This practice, however, increases maintenance cost as well as decreases
operation availability.
[0007] Against the above-described problems, for instance, the patent reference 1 (JP1997-269107) discloses a com-
bustor combustion vibration control device and a method thereof for restraining the combustion vibrations caused by
the pressure fluctuations in the combustor, whereby the device and the method comprising: a frequency analyzing means
or process in the case of the method invention that performs frequency analyses as to the pressure fluctuations of the
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combustion gas, a central processing means or process in the case of the method invention that computes the conditions
to stabilize the combustion vibrations based on the frequency band in which the result of the pressure fluctuation frequency
analyses exists, the pressure fluctuation frequency analyses being performed by the frequency analyzing means; a
voltage amplification means or process in the case of the method invention that amplifies the outputted signals outputted
by the central processing unit; a controlling means (or process in the case of the method invention) that transforms the
amplified signals amplified by the voltage amplification means into the order signals to open/close the fuel valves, and
transmits the order signals toward the fuel valves so as to control the fuel valve.
[0008] The combustion vibration control device and the method disclosed by the patent reference 1 treat with or are
focusing on the combustion vibrations of a lower frequency. On the other hand, the frequencies of the combustion
vibrations occurring in a gas turbine cover a range from a low frequency around 10-Hz to a high frequency of several
thousands-Hz; moreover, a plurality of kinds of the combustion vibrations often occurs in a plurality of frequency bands
at the same time. Accordingly, if the air fuel ratio as to the gas turbine operation is controlled based on the vibration
countermeasure focusing on the low frequency band as per the approach disclosed by the patent reference 1
(JP1997-269107), then there is a possibility that the combustion vibration status in other frequency bands may become
worse.
[0009] Against the background of the above-described problem, the applicants of this specification proposed a gas
turbine control device for effectively restraining the combustion vibrations of the gas turbine, in the patent reference 2
(JP2005-155590) (US2005/0107942 being one of its family members) in the proposed approach, an order of priority is
predetermined, the order of priority being related to which frequency band out of a plurality of frequency bands should
be treated so as to restrain the combustion vibrations; in response to the predetermined priorities (priority orders), the
gas turbine operation is adjusted so that the combustion vibrations in a higher priority frequency band is controlled; if
there arises an operation condition change as to the gas turbine after the control adjustments, the database reflects the
operation condition change; and, if similar combustion vibrations are experienced during the gas turbine operation, the
data stored in the database can be effectively used so as to restrain the combustion vibrations. Further, in a case where
sufficient data are not accumulated in the database just after the gas turbine plant is commissioned, the information data
stored in a basic data section or a knowledge data section is used so as to restrain the combustion vibrations, the basic
data section storing the information data as to the operation countermeasure data obtained from the operation of other
gas turbines of the same type, the knowledge data section storing the information data as to the operation countermeasure
data obtained from the experience of the skilled operators who are in charge of the gas turbine operation adjustments.
Moreover, in a case where sufficient data to adjust the gas turbine operation are not accumulated because of the
continuing stable operation condition for a long time span, the optimal operation conditions are automatically searched
by periodically changing the actual operation conditions so as to accumulate the information data for the database. In
this way, the gas turbine control device or the corresponding method for restraining the combustion vibrations is proposed
in the patent reference 2 (JP2005-155590) so that the combustion vibrations is effectively restrained (controlled) even
in a case where the combustion vibrations occur in a plurality of frequency bands.
[0010] Summing up the main points as to the patent reference 1, the control device and the method thereof treat with
the combustion vibrations of a lower frequency; therefore, if the air fuel ratio as to the gas turbine operation is controlled
based on the vibration countermeasure focusing only on the low frequency band, then there is a possibility that the
combustion vibration status in other frequency bands may become worse.
[0011] On the other hand, according to the disclosure of the patent reference 2, the combustion vibrations relating to
the high priority frequency bands can be effectively restrained; however, there may be still a problem; namely, unstable
combustion phenomena may happen, for example, due to the aged deterioration of the gas turbine.
[0012] In order to evade this problem, according to the patent reference 2, the optimal operation conditions are auto-
matically searched by periodically changing the actual operation conditions on the basis of the mathematical models
that are represented by the accumulated (information) data in the control device or the database; further, new information
data are retrieved through the automatic optimal operation condition searching so that the control adjustments are
performed and the optimal operation condition is surely achieved. However, it is currently known that the automatic
change of the actual operation conditions may become a potential cause of unpredictable load fluctuations.
[0013] The explanation is now given about the unpredictable load fluctuations as described above, by use of Figs. 14,
15, 16 and 17. In Fig. 14, the lateral axis and the vertical axis denote the load [unit %] and the pilot ratio, respectively;
the pilot ratio hereby means the ratio of the pilot fuel flow rate to the total fuel flow rate as described later. As shown in
Fig. 14, the pilot fuel ratio or its transition is usually predetermined with regard to the required load. Further, In Fig. 15,
the lateral axis and the vertical axis denote the elapsed time and the pilot ratio, respectively. As shown in Fig. 15, the
pilot ratio is automatically changed so that the pilot ratio fluctuates toward positive (+) adjustment direction as well as
negative (-) adjustment direction; thereby, the information data as to the latest combustion vibration conditions are
accumulated in the database; on the basis of the accumulated information data, the control is performed. Incidentally,
hereafter, the term "automatic searching" will be used so as to mean obtaining the information data by changing an
operation parameter such as the pilot ratio.
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[0014] Fig. 16 shows a result of an operation condition, the result being brought by the adjustment of the pilot ratio;
in Fig. 16, the lateral axis and the vertical axis respectively denote the load [unit %] and the pilot ratio, as is the case
with Fig. 14. In Fig. 16, the line graph with the symbols ♦ is the same line graph as in Fig. 14, while the line graph with
the symbols j shows the transition of the pilot ratio that is brought the automatic searching according to Fig. 15. Thus,
the automatic searching, the automatic pilot ratio change as a change of a control input, results in a change of the line
graph as to the pilot ratio transition as shown in Fig. 16. However, the automatic searching also brings unpredictable
load fluctuations around the load to be kept constant, as shown in Fig. 17 where the lateral axis and the vertical axis
denote the elapsed time and the load [unit %] . In this way, a gas turbine operation may be caused, the actual operation
point being deviated from the ideal operation point at which the operation state variables such as the ideal fuel flow rate
and the airflow rate are to be kept as the operation state variables determined at the initial design stage.
[0015] In view of the problems as described above, the present invention aims at providing a gas turbine control
method and a device thereof, an optimal operation condition for the gas turbine being automatically searched, whereby
the gas turbine is able to be prevented from continuing the operation status which is deviated from the ideal operating
points regarding the actuating variables such as the ideal fuel flow rate or the airflow rate that are assumed in the design
stage of the gas turbine, and the design performance and the design operation status that are assumed at the design
stage in relation to the ideal fuel flow rate or the airflow rate as to the gas turbine are maintained.

DISCLOSURE OF THE INVENTION

[0016] In order to solve the above-described problems, the present invention discloses a gas turbine method provided
with a gas turbine comprising:

a plurality of combustors, and
a first database that memorizes an optimal operation condition as to each combustor; and
the gas turbine control method is used for adjusting at least one of a fuel flow rate toward the combustor and an
airflow rate toward the combustor in response to the optimal operation condition,
in a manner that the optimal operation condition is searched by fluctuating at least one of the fuel flow rate and the
airflow rate, while combustion vibrations are not occurring, and
in a manner that the memory contents of the first database are renewed with the data as to the optimal operation
condition that is obtained by the searching;
wherein,
a second database is provided in which load sensitivity coefficients, which show a correlation between the actuating
variables such as the fuel flow rate, the airflow rate, a pilot ratio and a top-hat ratio of the gas turbine, and a gas
turbine power output, are memorized;
a load increment change in response to actuating variables of at least one of the fuel flow rate toward the combustor
and the airflow rate toward the combustor is estimated according to the optimal operation conditions obtained by
the searching by use of the load sensitivity coefficients; and
at least one of the fuel flow rate and the airflow rate is adjusted on the basis of the estimation results, and the
contents of the first database are renewed according to the results of the adjustments.

[0017] In response to the above, the present invention discloses a gas turbine control device, provided with a gas
turbine having a plurality of combustors and a first database that memorizes an optimal operation condition as to each
combustor, and a correction amount determining means for performing a search control for the purpose of adjusting at
least one of a fuel flow rate toward the combustor and an airflow rate toward the combustor in response to the optimal
operation condition;
in a manner that the optimal operation condition is searched by fluctuating at least one of the fuel flow rate and the
airflow rate, while combustion vibrations are not occurring, and
in a manner that the memory contents of the first database are renewed with the data as to the optimal operation condition
that is obtained by the searching;
wherein,
a second database is provided in which load sensitivity coefficients, which show a correlation between the actuating
variables such as the fuel flow rate, the airflow rate, a pilot ratio and a top-hat ratio of the gas turbine, and a gas turbine
power output, are memorized;
the correction amount determining means estimates a load increment change in response to actuating variables of at
least one of the fuel flow rate toward the combustor and the airflow rate toward the combustor by use of the load sensitivity
coefficients that are memorized in the second database, in response to the optimal operation condition obtained by
fluctuating at least one of the fuel flow rate and the airflow rate during the search control; and at least one of the fuel
flow rate and the airflow rate is adjusted on the basis of the estimation results, thereby the contents of the first database
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are renewed according to the results of the adjustments.
[0018] Thus, in performing the automatic searching as to the optimal operation condition, the load sensitivity coefficients
are made use of, thereby the load sensitivity coefficients are the indices that teaches how the gas turbine load (power
output) changes in response to an actuating variable such as the fuel flow rate, the airflow rate the pilot ratio and the
top-hat ratio; the load increment change in response to the increment change of at least one of the fuel flow rate toward
the combustor and the airflow rate toward the combustor is estimated according to the searched operation condition; at
least one of the fuel flow rate and the airflow rate is adjusted on the basis of the estimation results. Consequently, the
gas turbine according to the present invention can continue normal operation states in which the fuel flow rate or airflow
rate does not deviate from the ideal condition (or standard operating points/standard operating line or zone) that is
assumed in the initial design stage.
[0019] A preferable embodiment according to the present invention is the gas turbine control method according to the
above, the load sensitivity coefficients are calculated on the basis of the actuating variables, operation status signals
and a gas turbine load while the gas turbine is being operated, in which the actuating variables includes the airflow rate,
the pilot ratio and the top-hat ratio, and the operation status signals includes atmosphere conditions and the gas turbine
load, and
the calculated load sensitivity coefficients are memorized and renewed in a second database. 2. Another device em-
bodiment according to the present invention is a gas turbine control device having a gas turbine comprising a plurality
of combustors and a first database that memorizes an optimal operation condition as to each combustor, and a correction
amount determining means for performing a search control for the purpose of adjusting at least one of a fuel flow rate
toward the combustor and an airflow rate toward the combustor in response to the optimal operation condition;
in a manner that the optimal operation condition is searched by fluctuating at least one of the fuel flow rate and the
airflow rate, while combustion vibrations are not occurring, and
in a manner that the memory contents of the first database are renewed with the data as to the optimal operation condition
that is obtained by the searching;
wherein the gas turbine control device further comprising:

a sensitivity analyzing means for calculating load sensitivity coefficients, which show a correlation between the
actuating variables such as the fuel flow rate, the airflow rate, a pilot ratio and a top-hat ratio of the gas turbine, and
a gas turbine power output; and
a second database in which the load sensitivity coefficients calculated by the sensitivity analyzing means are mem-
orized,
further wherein
the correction amount determining means estimates a load increment change in response to actuating variables of
at least one of the fuel flow rate toward the combustor and the airflow rate toward the combustor by use of the load
sensitivity coefficients calculated by the sensitivity analyzing means or the load sensitivity coefficients that are
memorized in the second database, in response to the optimal operation condition obtained by fluctuating at least
one of the fuel flow rate and the airflow rate during the search control; and
at least one of the fuel flow rate and the airflow rate is adjusted on the basis of the estimation results, thereby the
contents of the first database are renewed according to the results of the adjustments.

[0020] Thus, the load sensitivity coefficients are calculated while the gas turbine is being operated; the sensitivity
analyzing means is provided in order to perform the load sensitivity coefficients calculation. Hence, the intricate proce-
dures for calculating the sensitivity coefficients by manpower are dispensed with; the sensitivity coefficients are auto-
matically calculated concurrently even when the secular change as to the gas turbine performance appears. In this way,
the gas turbine can keep and enhance the combustion stability.
[0021] Further, as described above, in the gas turbine control device and the method thereof according to the present
invention thereby an actuating variable such as the pilot ratio is artificially changed and optimal operation conditions are
searched, the method and the device making use of the load sensitivity coefficients; according to the operation conditions
obtained by the searching, the load increment change in response to the increment change of at least one of the fuel
flow rate toward the combustor and the airflow rate toward the combustor is estimated by use of the load sensitivity
coefficients; at least one of the fuel flow rate and the airflow rate is adjusted on the basis of the estimation results. Thus,
contrary to the conventional ways, the gas turbine according to the present invention can continue normal operation
states in which the fuel flow rate or airflow rate does not deviate from the ideal condition (or standard operating
points/standard operating line or zone) that is assumed in the initial design stage.
[0022] Further, the load sensitivity coefficients are calculated while the gas turbine is being operated; the sensitivity
analyzing means is provided in order to perform the load sensitivity coefficient calculation. Hence, the intricate procedures
for calculating the sensitivity coefficients by manpower are dispensed with; the sensitivity coefficients are automatically
calculated concurrently even when the secular change as to the gas turbine performance appears. In this way, the gas
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turbine can keep and enhance the combustion stability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig. 1(A) is a block diagram that depicts the functional configuration for controlling a gas turbine 2, in performing
the gas turbine control method according to the present invention;
Fig. 1(B) is a detailed block diagram as to an automatic tuning section 10 in a gas turbine controller 3 as depicted
in Fig. 1(A);
Fig. 2 shows a flow diagram as to a gas turbine control method of a first embodiment according to the present invention;
Fig. 3 is a detailed block diagram as to an automatic tuning section (a search control section) 10 in relation to Fig.
1(A) that shows the functional configuration as to the gas turbine control method according to the present invention;
Fig. 4 shows a flow diagram as to a gas turbine control method of a second embodiment according to the present
invention;
Fig. 5(A) will be used in explaining an example relation between the gas turbine load and the fuel flow (feeding)
rate, namely, the gas turbine load with respect to the fuel flow rate, in the gas turbine control method according to
the present invention;
Fig. 5(B) will be used in explaining an example relation as to how the gas turbine load is influenced by a pair of
control inputs (i.e. by a combination of actuating variables) such as a pair of the pilot ratio and the bypass valve
opening level, the pilot ratio being defined as a ratio of the pilot fuel flow rate to the whole fuel flow rate;
Fig. 6 is a graph showing an example as to an analyzing result according to a frequency analyzing means of the
present invention;
Fig. 7 is a graph showing an example as to an analyzing result by use of the frequency analyzing means of the
present invention, the result being analyzed in each of a plurality of frequency bands;
Fig. 8 shows a configuration example as to a database used in the first embodiment according to the present invention;
Fig. 9 shows a configuration example as to a database used in the second embodiment according to the present
invention;
Fig. 10 will be used in explaining a principle of the estimation method as to the combustion vibration zone;
Fig. 11 will be used in explaining an example of the estimated combustion vibration zone;
Fig. 12 shows an outline drawing for explaining a gas turbine configuration;
Fig. 13 shows a cross-section of a combustor of the gas turbine, the cross section showing an outline configuration
as to the combustor;
Fig. 14 shows an example as to the control parameter according to the conventional technology;
Fig. 15 shows an example as to an automatic searching;
Fig. 16 shows an example as to an automatic searching;
Fig. 17 shows an example problem (subject) in the conventional technology.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] Hereafter, the present invention will be described in detail with reference to the embodiments shown in the
figures. However, the dimensions, materials, shape, the relative placement and so on of a component described in these
embodiments shall not be construed as limiting the scope of the invention thereto, unless especially specific mention is
made.

(First Embodiment)

[0025] In the first place, a gas turbine 2 is briefly explained in relation to Fig. 12 that shows the configuration of the
gas turbine 2 as well as Fig. 13 that shows the outline cross section as to the configuration of the combustor of the gas
turbine 2. As shown in Fig. 12, the gas turbine comprises a compressor 22 having a plurality of inlet guide vanes 26,
and a gas-turbine body 21 having a turbine 24 connected to the compressor 22 and to a generator 40 as an example
of a driven gear, via a rotating shaft 39, thereby a combustor 23 supplies the combustion gas to the turbine 24 through
a combustion gas introduction tube 38, and the combustion gas is discharged outside through a piping system.
[0026] The rotational movement of the turbine 24 is transferred to the compressor 22 through the rotating shaft 39.
The compressor inhales ambient air 25 through an air suction port provided with a filter (not shown) for generating
compressed air, and the generated compressed air is supplied to the combustor 23 through a compressed air introduction
part 27so that the compressed air is used for the combustion in the combustor.
[0027] Further, adjusting the attack angle of the plurality of inlet guide vanes 26 provided in the compressor 22 can
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control the flow rate of the air to be supplied to the compressor 22, even if the revolution speed of the compressor is
constant.
[0028] The combustor 23 is communicated with the compressed air introduction part 27, a bypass air introduction tube
36, a bypass valve 35, and a bypass air mixer tube 37; thereby, the compressed air introduction part 27 is a space
through which the compressed air discharged from the compressor 22 is guided to the bypass air introduction tube 36
connected to the combustor 23 or the inside of a body casing of the combustor 23; thus, the compressed air introduction
part 27 guides the air discharged from the outlet of the compressor toward the combustor 23. An end of the bypass air
introduction tube 36 is connected to the compressed air introduction part 27 without a throttle, a choke or, a kind of valve
or the like at the connection point, while another end of the bypass air introduction tube 36 is connected to the bypass
valve 35 that controls the flow rate of the air passing through the bypass air introduction tube 36 so that a part of the
compressed air discharged from the compressor 22 bypasses the combustor 23 and flows toward the turbine 24. In
addition, the bypass air mixer tube 37 connected to the other side of the bypass valve 35 communicates with the
combustion gas introduction tube 38 so that the air passing through the bypass valve 35 is sent into the combustion gas
introduction tube 38 and mixed with the combustion gas formed in the combustor 23.
[0029] Further, supplied to the combustor 23 are: main fuel via at least one main fuel flow rate control valve 28 and
at least one main fuel supply valve 29; top-hat fuel via at least one top-hat fuel flow rate control valve 30 and at least
one top-hat fuel supply valve 31; and pilot fuel via at least one pilot fuel flow rate control valve 32 and at least one pilot
fuel supply valve 33. An end (a fuel inlet side end) of the main fuel flow rate control valve 28 is connected to a pipe that
feeds fuel toward the gas turbine from an outside fuel source while another end (a fuel delivery side end) of the main
fuel flow rate control valve 28 is connected to a pipe that communicates with the main fuel supply valve 29, thereby the
main fuel flow rate control valve 28 controls the flow rate of the fuel from the outside fuel source toward the combustor
23 and the main fuel supply valve 29 controls the fuel flow rate of the fuel toward a main burner (main fuel nozzle) of
the combustor 23.
[0030] An end (a fuel inlet side end) of the top-hat fuel flow rate control valve 30 is connected to a pipe that feeds fuel
toward the gas turbine from an outside fuel source while another end (a fuel delivery side end) of the top-hat fuel flow
rate control valve 30 is connected to the top-hat fuel supply valve 31, thereby the top-hat fuel flow rate control valve 30
controls the flow rate of the fuel from the outside fuel source toward the combustor 23, and the top-hat fuel supply valve
31 controls the fuel flow rate of the fuel toward a top-hat burner. An end (a fuel inlet side end) of the pilot fuel flow rate
control valve 32 is connected to a pipe that feeds fuel toward the gas turbine from an outside fuel source while another
end (a fuel delivery side end) of the pilot fuel flow rate control valve 32 is connected to the pilot fuel supply valve 33,
thereby the pilot fuel flow rate control valve 32 controls the flow rate of the fuel from the outside fuel source toward the
combustor 23, and the pilot fuel supply valve 33 controls the fuel flow rate of the fuel toward a pilot burner.
[0031] As shown in Fig. 13, a pilot fuel nozzle 44 is provided at a central part of a combustor inner tube 42; a plurality
of main fuel nozzles 45 is provided so as to surround the pilot fuel nozzle 44; a plurality of top-hat nozzles 47 is provided
between the inner tube 42 and an outer casing 41, the top-hat nozzles 47 comprising multiple kinds of fuel nozzles. The
pilot nozzle 44 is a fuel nozzle to perform diffusion combustion for the purpose of stabilizing combustion, and the main
fuel nozzle 45 provided around the pilot fuel nozzle 44 is a fuel nozzle to perform premixed combustion, which burns
the fuel gas ejected from the main fuel nozzles premised with the compressed air at the upstream of the combustion
area, for the purpose of reducing NOx. The top-hat nozzle 47 is a fuel nozzle to perform premixed combustion, which
burns the fuel gas ejected from the top-hat nozzles 47 premixed with the compressed air at the upstream of the combustion
area that is further upstream than the case of the main fuel nozzle 45, for the purpose of further reducing NOx. The
plurality of top-hat nozzles 47 is provided at the further outer periphery of the main fuel nozzles 45. Incidentally, the
element with the numeral 43 in Fig. 13 is a tail pipe of the combustor.
[0032] Again in Fig. 12, the compressor 22 compresses the suction air inhaled from the outside and supplies the
compressed air to each combustor 23. A part of the fuel inputted into the gas turbine reaches the pilot fuel supply valve
33 and the top-hat fuel supply valve 31 of each combustor 23 via the pilot fuel flow rate control valve 32 and the top-hat
fuel flow rate control valve 30 respectively, and then, the fuel is guided into the combustor 23. The rest of the whole fuel
reaches the main fuel supply valve 29 of each combustor 23 via the main fuel flow rate control valve 28, and then, the
fuel is guided into the combustor 23. The guided air and fuel are burned in the combustor 23, generating the combustion
gas that is guided into the turbine 24 and rotates the turbine 24; thereby the generator 40 transforms the rotational energy
of the turbine into electric power.
[0033] Fig. 1(A) is a block diagram that depicts the functional configuration for controlling the gas turbine 2, in performing
the gas turbine control method according to the present invention. Fig. 1(B) is a detailed block diagram as to an automatic
tuning section 10 in a gas turbine controller 3 as depicted in Fig. 1(A) . As shown in Fig. 1(A), in order that the gas turbine
controller 3 controls the gas turbine 2, the gas turbine is provided with a process variable measurement device 4, a
pressure variation measurement device 5, an acceleration measurement device 6, a NOx measuring device 7, and a
maneuvering mechanism (an operating system) 8.
[0034] The process variable measurement device 4 comprises a plurality of measuring instruments for measuring a
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plurality of process variables that indicate operation conditions or operating status during the operation of the gas turbine
2; and, each of the instruments are arranged at a pertinent component (or a part) of the gas turbine. The measured
result regarding each instrument is outputted to a controller 9 in the gas turbine controller 3 at each time point of a series
of the predetermined time points t1,t2,···. Hereby, the process variables are, for instance, generating power (current or
voltage), ambient temperature, ambient humidity, fuel flow rates and fuel pressures at various points in the fuel supply
system, airflow rates and air pressures at various points in the air system, combustion gas temperature at the combustor
23 (Fig. 12), combustion gas flow rates, combustion gas pressure, rotating speeds of the compressor 22 or the turbine
24, emission component concentrations, notably nitrogen oxide (NOx) or carbon monoxide (CO) in the exhaust gas
emitted from the turbine 24, and so on. In addition, these process variables are classified into two groups: "manipulated
variables (controllable plant variables or actuating variables) " such as fuel amount or air amount to be supplied to the
gas turbine 2, that are manipulatable; and "uncontrollable state variables" such as weather data like ambient temperature,
or generator power output (e.g. MW output) determined by the load required from the outside system, that cannot be
manipulated.
[0035] The pressure variation measurement device 5 is a pressure sensor that is fitted to each one of the multiple
combustors 23, and outputs the data as to the pressure variations that occur due to the combustion in each combustor
23, into the gas turbine controller 3, at each time point of a series of the predetermined time points t1,t2,···, according
to the order issued by the controller 9. The acceleration measurement device 6 that is fitted to each one of the multiple
combustors 23 is an accelerometer that outputs the data as to the vibration accelerations (the second degree differen-
tiation of position coordinate with respect to time) caused by the combustion in each combustor 23, into the gas turbine
controller 3, at each time point of a series of the predetermined time points t1,t2,···, according to the order issued by the
controller 9. The NOx measuring device 7 is a measuring instrument that measures the NOx concentration in the exhaust
gas emitted from each combustor 23, and outputs the data as to the NOx concentration , into the gas turbine controller
3, at each time point of a series of the predetermined time points t1,t2,···, according to the order issued by the controller 9.
[0036] The maneuvering mechanism 8 is an operating system that manipulates the variables such as the openings
as to the main fuel flow rate control valve 28 and the main fuel supply valves 29, the openings as to the top-hat fuel flow
rate control valve 30 and the top-hat fuel supply valve 31, the openings as to the pilot fuel flow rate control valve 32 and
the pilot fuel supply valves 33, the opening as to the bypass valve 35, and the rotary vane angle as to the inlet guide
vane 26 for the compressor 22, thereby the maneuvering mechanism 8 controls the variables such as the main fuel flow
rate, the top-hat fuel flow rate, the pilot fuel flow rate, the flow rate of the air supplied to each combustor 23, and the flow
rate of the air guided into the compressor 22. In addition, the control of the flow rate of the air to be supplied to each
combustor 23 is performed, to be more precise, by increasing (or decreasing) the opening of the bypass valve 35 at
each combustor 23 so that the flow rate of the air through the bypass valve is increased (or decreased), thereby the
flow rate of the air to be supplied to the combustor 23 is controlled.
[0037] The gas turbine controller 3 is provided with the controller 9 and the automatic tuning section (a search control
section) 10. The controller 9 retrieves the measured data outputted from the process variable measurement device 4,
the pressure variation measurement device 5, and the acceleration measurement device 6, and forwards the retrieved
data to the automatic tuning section 10. Further, based on the order from the automatic tuning section 10, the controller
9 outputs the signals that the maneuvering mechanism 8 uses to manipulate the main fuel flow rate control valve 28,
the main fuel supply valve 29, the top-hat fuel flow rate control valve 30, the top-hat fuel supply valve 31, the pilot fuel
flow rate control valve 32, the pilot fuel supply valve 33, the bypass valve 35, and the inlet guide vane 26.
[0038] Fig. 1(B) is a detailed block diagram of the automatic tuning section 10 in a gas turbine controller 3 as depicted
in Fig. 1(A). The numerals 11,12,13,14,15,16,17 and 18 denote an input means 11, an operation status grasping means
12, a frequency analyzing means 13, a combustion characteristic grasping means 14, a first database 15, a correction
amount determining means 16, an output means 17, and a second database 18 respectively. The automatic tuning
section 10 configured with these components as just described controls the manipulated variables (controllable plant
variables) or the process variables so as to correct these variables toward the most effective correction paths (directions)
and correction amounts (scalar amounts as to the directions), against the generated combustion vibrations.
[0039] The automatic tuning section 10 receives at the input means 11 the data such as the process variables,
pressures, and accelerations the data which is forwarded, by the function of the controller 9 from the process variable
measurement device 4, the pressure variation measurement device 5, and the acceleration measurement device 6
respectively those which were forwarded from the controller 9; then, by use of the results as to the vibration frequency
analysis of the gas turbine 2 obtained by the frequency analyzing means 13, the operation status grasping means 12
of the automatic tuning section 10 grasps the operation status (as to combustion) of the gas turbine 2 as well as the
combustion characteristic grasping means 14 of the automatic tuning section 10 grasps the combustion vibration char-
acteristics of each combustor 23. Based on these data grasped by the operation status grasping means 12 and the
combustion characteristic grasping means 14, a correction amount determining means 16 of the automatic tuning section
10 establishes a measure to evade potential combustion vibration in the gas turbine 2, the measure includes a decision
about whether or not the gas turbine components such as the main fuel flow rate control valve 28, the main fuel supply



EP 2 249 008 B1

9

5

10

15

20

25

30

35

40

45

50

55

valve 29, the top-hat fuel flow rate control valve 30, the top-hat fuel supply valve 31, the pilot fuel flow rate control valve
32, the pilot fuel supply valve 33, the bypass valve 35, and the inlet guide vane 26 are adjusted (fine-tuned), as well as
what adjustments should be taken into consideration (what components should be adjusted) and how far or which
direction the adjustments should be extended in a case where any adjustment as to the controllable variables should
be performed. The above-described decision result of the correction amount determining means 16 of the automatic
tuning section 10 is outputted into the controller 9 by the output means 17.
[0040] Further, as will be described later, based on the contents of:

the database information that is related to the combustion status change in the combustor, the database information
including the data of the variables in the first database as depicted in Fig. 8;
the analyzed information that is analyzed on the basis of the information stored in the database, the analyzed
information being stored in a basic data section (not shown);
the adjustment experience information that associates the content of each adjustment in the past with the corre-
sponding operation status change in the gas turbine 2, the corresponding operation status change being derived
from in response to each adjustment, the adjustment experience information being stored bin a form as described
in Fig. 9;
the mathematical expression models that expresses the standard combustion characteristics as to the gas turbine;
the constraint condition information that expresses the constraint conditions as to the gas turbine;
the operation experience information that is related to the gas turbine operation records;
the operator experience information that is related to the operation experience knowledge accumulated on the basis
of the experience (know-how) of skilled operation adjustment engineers, the operator experience information asso-
ciating an operation malfunction symptom (indication) with an effective countermeasure against the malfunction,
the operator experience information being stored in a knowledge data section (not shown),
a correction amount determining means 16 calculates a desirable correction amount regarding the concerned variable
and the controller so as to restrain combustion vibrations in a case where the combustion vibrations occur.

[0041] Thus, the gas turbine is controlled so as to respond to a gas turbine load change in a manner where the to-be-
given correction amount as to each control input (each actuating variable) is estimated in consideration of the influence
coefficient (i.e. sensitivity coefficient) of the control input over the load change recovery, by use of the information data
stored in the second database 18; thereby, the gas turbine load change (or load change recovery) due to multiple control
inputs (multiple actuating variables) can be estimated so that the gas turbine responds to the load change from the
power demand side.
[0042] In consultation with Figs. 5(A) and 5(B), a brief explanation is now given about the load sensitivity as to an
actuating variable or as to a pair of actuating variables . Fig. 5(A) shows an example relation between the gas turbine
load and the fuel flow rate; and Fig. 5(B) shows an example relation as to how the gas turbine load is influenced by a
pair of control inputs (i.e. by a combination of actuating variables) such as a pair of the pilot ratio and the bypass valve
opening level, the pilot ratio being defined as a ratio of the pilot fuel flow rate to the whole fuel flow rate. In Fig. 5(A), the
lateral axis denotes the fuel flow rate, and the vertical axis denotes the load demanded on the gas turbine 2; it is hereby
noted that, because fuel is required not only for sending the power output to the outer power-demand side but also for
simply rotating the rotating shaft 39, the power is not generated unless the fuel is inputted into the gas turbine to a certain
degree. Therefore, the load is increased when the fuel flow rate is increased after the fuel flow rate reaches a certain
level, and the gas turbine generates 100% load-power by inputting fuel of a rated fuel flow rate into the gas turbine.
[0043] In Fig. 5(B), the X-axis denotes the bypass valve opening level, the Y-axis denotes the pilot ratio and the Z-
axis denotes the load of the gas turbine. In Fig. 5(B), the point A is located in the X-Y plane. The X coordinate and the
Y coordinate of the point A are X11-1 (a bypass valve opening level) and X12-1 (a pilot ratio), respectively; two slope
vectors (arrows) that start from the point A toward the outside of X-Y plane is shown in Fig. 5(B) . One of the arrows
(slope vectors) is placed parallel to the X-Z plane, and the slope or the partial differential coefficient of the arrow against
the X-Y plane indicates how the gas turbine load changes in response to the change of the bypass valve opening level,
while the other arrow (slope vectors) is placed parallel to the Y-Z plane, and the slope or the partial differential coefficient
of the arrow against the X-Y plane indicates how the gas turbine load changes in response to the change of the pilot
ratio. In other words, the slope indicates the load sensitivity coefficient as to an actuating variable such as the bypass
valve opening level or the pilot ratio.
[0044] Further, supposing that the correction amount as to the bypass valve opening level be ΔX, and the correction
amount as to the pilot ratio be ΔY, the sensitivity as to the bypass valve opening level be α11, and the sensitivity as to
the pilot ratio be α12, the correction amount as to the gas turbine load, namely, ΔLGT can be estimated by the following
equation (1). 
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[0045] The gas turbine load correction amount ΔLGT obtained by the equation (1) is outputted into the controller 9,
and, by spuriously issuing a signal to respond to the demand load change from the controller 9, the change as to the
gas turbine power-output can be compensated. Incidentally, the above-described load sensitivity coefficients are stored
(memorized) in the second database 18; thereby, the sensitivity coefficients may be memorized in a pattern using a
equation such as the equation (1), in a pattern using a graphic expression such as the graph in Fig. 5(B), or in a pattern
using direct alpha-numerical data. Further, in the above equation (1), the gas turbine load correction amount ΔLGT is
given in a linear expression as to two actuating variables (i.e. the correction amounts as to the bypass valve opening
level and the pilot ratio) ; naturally, the expression may be a linear expression as to three or more actuating variables
including the top-hat ratio and so on; moreover, the expression may be a non-linear expression including the high order
term of more than or equal to 2 order.
[0046] Thus far, the outline configuration of the gas turbine control method and device according to the present invention
is explained; the present invention aims at the method and device in which the optimal operation condition is automatically
searched by changing actuating variables such as the pilot ratio as described above, increment by increment, so that
the gas turbine is prevented from continuing irregular operation states in which the fuel flow rate or airflow rate deviates
from the ideal condition (or standard operating points/standard operating line or zone) that is assumed in the initial design
stage.
[0047] In this way, the present invention comprises:

the frequency analyzing means 13 that analyzes the pressure fluctuations or the accelerations of the combustors
in the gas turbine;
the combustion characteristic grasping means 14 that grasps the characteristics in relation to the combustion vibra-
tions of the gas turbine on the basis of the analysis results obtained by the frequency analyzing means, as well as
on the basis of the status signals including the information data regarding the actuating variables comprising the
airflow rate, the pilot ratio and the top-hat ratio in the gas turbine, as well as, regarding the state variables comprising
the atmospheric condition variables and the load index variables in the gas turbine;
the gas turbine controller 9 for the gas turbine operation control that adjusts at least one of the fuel flow rate or the
airflow rate so that the combustion vibrations are restrained when the combustion characteristic grasping means
14 grasps the combustion vibrations in the gas turbine;
the second database 18 that stores the sensitivity coefficients as to the actuating variables such as the fuel flow
rate, the airflow rate the pilot ratio and the top-hat ratio, against the gas turbine power output, each sensitivity
coefficient being a partial derivative of the generator power output with respect to the actuating variable, or the
sensitivity analyzing means 19 that calculates the sensitivity coefficients and updates the data thereof in the second
database;
wherein an optimal gas turbine operation condition is searched by fluctuating at least one of the fuel flow rate toward
the combustor 23 and the airflow rate toward the combustor, while the controller 9 is not performing the control
adjustments to restrain the combustion vibrations;
the influence on the power output of the gas turbine the influence which is derived by at least one of the fuel flow
rate and the airflow rate is estimated, by use of the sensitivity coefficients stored in the second database 18 or by
use of the sensitivity coefficients calculated by the sensitivity analyzing means 19; and,
at least one of the fuel flow rate and the airflow rate is adjusted on the basis of the estimation results.

[0048] In addition, if the stable operation state continues, the data as to the operation adjustments cannot be collected
even if the gas turbine goes through the aged deterioration. Thus, in this invention, the operation conditions (the actuating
state variables) are forced to change at predetermined time period in order that the optimal operation condition is
automatically searched. Accordingly, the above-described difficulty such as the possibility of the unexpected load fluc-
tuations due to the automatic searching for the optimal operation conditions in the conventional gas turbines is eliminated.
The difficulty is experienced in a case where the controller tries to effectively restrain the combustion vibrations in multi
frequency bands. Thus, in conventional gas turbines, the gas turbine often continues irregular operation states in which
the fuel flow rate or airflow rate deviates from the ideal condition (or standard operating points/standard operating line
or zone) that is assumed in the initial design stage.
[0049] On the contrary to the above, the gas turbine according to the present invention comprises:

the second database 18 that stores the sensitivity coefficients as to the actuating variables such as the fuel flow
rate, the airflow rate, the pilot ratio and the top-hat ratio, against the gas turbine power output, each sensitivity
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coefficient being a partial derivative of the generator power output with respect to the actuating variable; and
the sensitivity analyzing means 19 that calculates the sensitivity coefficients and updates the data thereof in the
second database;
wherein, an optimal gas turbine operation condition is automatically searched, while the controller 9 is not performing
the control adjustments to restrain the combustion vibrations;
the influence on the power output of the gas turbine the influence which is derived by at least one of the fuel flow
rate and the airflow rate is estimated, by use of the sensitivity coefficients stored in the second database 18 or by
use of the sensitivity coefficients calculated by the sensitivity analyzing means 19; and,
at least one of the fuel flow rate and the airflow rate is adjusted on the basis of the estimation results.

[0050] Accordingly, the difficulty in the conventional gas turbines, i.e. the possibility of the unexpected load fluctuations
due to the automatic searching for the optimal operation conditions, can be evaded. Further, the gas turbine according
to the present invention can continue normal operation states in which the fuel flow rate or airflow rate does not deviate
from the ideal condition or standard operating points/standard operating line or zone that is assumed in the initial design
stage.
[0051] Fig. 2 shows a flow diagram as to the gas turbine control method according to the first embodiment of the
present invention; the computer-based program that operates the gas turbine 2 is performed on the basis of the flow
diagram; the program executes a series of processes every predetermined interval of time while the gas turbine 2 is
operated.
[0052] When the step S11 following the step S10 (a starting step) in Fig. 2 is executed, the input means 11 receives
the data as to the process variables, the pressures and the accelerations, from the process variable measurement device
4 (shown in Fig. 1(A)), the pressure variation measurement device 5 (shown in Fig. 1(A)), the acceleration measurement
device 6 (shown in Fig. 1(A)) and the NOx measuring device 7 (shown in Fig. 1(A)), via the controller 9; and, the input
means 11 sends the received data to the operation status grasping means 12 and the frequency analyzing means 13.
[0053] Further, the operation status grasping means 12 grasps the properties of the fuel supplied to the gas turbine
2, the properties being measured by the process variable measurement device 4; the operation status grasping means
12 also investigates the presence or absence of the abnormalities (or the deviations from the regular conditions) about
the operating conditions of the gas turbine 2. The reason why the diagnosis items include the fuel properties is that the
fuel properties may change with time; for instance, in the fuel stored in a tank (not shown), the heavier constituent
molecules go down in the tank as time goes by, while the lighter molecules go up; as a result, the properties (e.g. calorific
value) of the fuel supplied to the gas turbine 2 vary in response to the change of the fuel level in the tank, the level being
an indicator as to the remaining fuel amount. Thus, the process variable measurement device 4 of the present invention
is provided with a calorific heat estimation device or a fuel component analyzer on the fuel system between the fuel tank
and the gas turbine 2. The operation status grasping means 12 determines the adjustment values regarding the increase
or decrease of the air-fuel ratio, based on the obtained data as to the fuel calorific values and the fuel components.
[0054] Incidentally, the calorific heat estimation or the fuel component analysis as described above may usually be
performed in real time; however, the data acquisition can be performed in non-real time. In other words, a table or a
chart for determining the adjustment values may be prepared in advance; thereby, the table or the chart may reflects
the relation between the fuel level in the tank and the fuel component change, the relation being grasped by measurements
in advance. In such cases, the process variable measurement device 4 also measures the fuel level in the tank, and the
adjustment values based on the measurement data are used in increasing or decreasing the fuel-air ratio. Even in a
case where the fuel is supplied from not a fuel tank but an outside piping system, the real time measurement approach
or the non-real time measurement approach can be similarly used.
[0055] The diagnosis as to whether abnormalities are present or absent in the gas turbine 2 is performed based on
the data acquired by the process variable measurement device 4; namely, whether or not the gas turbine 2 is operated
in a regular operating condition is judged based on the data such as the temperature or the flow rate at the concerned
part of the gas turbine. For instance, it is judged that the operating state of the gas turbine 2 is in disorder, if the temperature
of some particular part or location in the gas turbine 2 reaches or exceeds, or falls below, a predetermined threshold;
and, the operation status grasping means 12 informs an operator or a group in charge of the gas turbine operation that
the machine is in disorder, by use of an annunciator means such as an alarm or a warning lamp.
[0056] When no abnormality is recognized, the frequency analyzing means 13 performs frequency analyses of the
pressure variations or the acceleration variations in the step 12 that follows the step 11 in Fig. 2. Further, the frequency
analyzing means 13 makes a diagnosis of the pressure sensors and the acceleration sensors; namely, based on the
pressure variations (i.e. vibrations) measured at each combustor 23 by use of the pressure variation measurement
device 5, the frequency analyzing means 13 performs frequency analyses (e.g. FFT analysis) as to the variations. Fig.
6 is an example of the result as to the frequency analyses performed by the frequency analyzing means 13, based on
the measured data according to the pressure variation measurement device 5. In Fig. 6, the lateral axis relates to
frequency, while the vertical axis shows vibration strength (vibration level). In addition, the frequency analyzing means
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13 performs the frequency analyses as to the measured acceleration data according to the acceleration measurement
device 6.
[0057] As shown in Fig. 6, the combustion vibration (pressure vibration or acceleration variation) in the combustor 23
includes a plurality of vibration frequency components; each of the frequency components is derived from complicated
factors; namely, the vibration in response to each frequency cannot be uniformly restrained by adjusting only one
controllable variable parameter. Further, the vibration effect on the gas turbine 2 differs from a frequency to a frequency,
meaning even if a vibration of a certain level (a vibration amplitude or speed level) is allowable at a certain frequency,
another frequency vibration of the same level at another frequency may have a fatal effect on the gas turbine. From
these points of view, the operation control of the gas turbine 2 needs to be performed by more than two parameters
(controllable variables) in regard to the concerned vibration frequency.
[0058] Thus, as shown in Fig. 7, the frequency analysis result is outputted in multiple frequency bands (n frequency
bands). The frequency band means a minimal frequency range unit in which the analysis results according to the
frequency analyzing means 13 is summarized or put together. For instance, the vibration treated in Fig. 7 has vibration
components of the frequencies mainly from 0 Hz to 5 kHz; thereby, the range 0 Hz to 5 kHz is divided into small ranges
of an appropriate number n. If a small range (bands) is taken every 50 Hz width, the number n becomes 100; in addition,
the bandwidth needs not to be of a constant size. In the way as described above, the frequency analyzing means 13
outputs the frequency analysis results obtained regarding the pressures or the acceleration per each divided band into
the frequency analyzing means 12.
[0059] Further, the frequency analyzing means 13 makes a diagnosis as to whether abnormalities are present or
absent in the gas turbine 2 by use of the pressure sensors of the pressure variation measurement device 5 or the
acceleration sensors of the acceleration measurement device 6, and the frequency analyzing means 13 makes a diag-
nosis also of the pressure sensors, the acceleration sensors and the data transfer system themselves, thereby the data
are inputted through the data transfer system into the input means 11. This diagnosis function is provided because the
normal control becomes difficult in a case there is an abnormality in relation to the pressure sensors in the acceleration
sensors and the data transfer system. For instance, if the data to be analyzed include the noises due to the power source
frequency component (e.g. 60 Hz noise component), the random noises over all the frequency bands or the noise of a
rectangular pulse as a direct current component of less than several tens of Hertz, the frequency analysis result curve
as depicted in fig. 6 deviates from the proper curve being raised upward entirely over the frequency bands. On the
contrary, if the sensing function as to the pressure sensors and the acceleration sensors is deteriorated, the frequency
analysis result curve as depicted in fig. 6 deviates downward from the proper curve, entirely over the frequency bands.
Thus, the frequency analyzing means 13 judges whether or not the measured vibration levels are in a predetermined
range; if not, it is estimated that the pressure sensors, the acceleration sensors or the data transfer system is out of
order. In addition, the disorder as to the data transfer system can be easily recognized by setting a threshold as to the
above described upward or downward shifting in contrast to the vibration frequency analysis result obtained by the
frequency analyzing means 13 as depicted in Fig. 6.
[0060] Further, the frequency analyzing means 13 may be provided with a plurality of pressure sensors and acceleration
sensors so that, by comparing the measured data among the pressure sensors and the acceleration sensor, it may be
judged whether or not an abnormality occurs regarding the pressure sensors, the acceleration sensor, or the data transfer
system from the pressure sensors or the acceleration sensor to the input means 11. Further, since the acceleration
measurement device 6 detects the vibrations (as the accelerations) of each combustor 23, the acceleration measurement
device 6 may be used as a monitor of the vibrations of the multiple combustors 23; thereby, even if the sensor of the
pressure variation measurement device 5 provided at each combustor 23 is regarded as being in an abnormal state,
the acceleration measurement device 6 can detect the combustion vibration of the combustor. In addition, in a case
where at least two acceleration measurement devices 6 detecting the combustion vibrations are provided, whether or
not there is a combustion vibration occurrence can be evaluated by the multiple devices 6 as a redundant system. Thus,
the reliability of the judgment as to the combustion vibration occurrence can be enhanced.
[0061] Back to Fig.2, the explanation is continued. As described above, the frequency analysis is performed, the
frequency analysis in the step 12 is executed, and then the result of the frequency analysis is added or renewed in the
first database 15 in step 13. The data to be accumulated in the first database 15 are stored in a predetermined form, for
instance, in a form as described in Fig. 8 where the process variables (including controllable and uncontrollable variables)
are expressed with symbols
X11-1, X11-2, ··· ···, X11-n, X12-1, X12-2, ··· ···, X22-n,
and the maximum value of vibration strength in each frequency band is expressed with symbols
Yi1-1, Yi1-2, ··· ···, Yi1-n, Yi2-1, Xi2-2, ··· ···, Xin-n.
Hereby, it is noted that the data as to the process variables and the maximum value of vibration strength in each frequency
band are generated and stored at a series of time points t1,t2,··· ···; and, the data are forwarded to the first database 15
via the controller 9 and the frequency analyzing means 13; thus, the data generated time to time are added to and stored
in the first database 15.
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[0062] The vibration strength data accumulated in the first database 15 may include only the pressure vibration data
or the acceleration data, or both of the data. An example of data including process variable data accumulated in the
database is shown in Fig. 8. At the row of a time point t1, the opening of the bypass valve 35, the pilot ratio (the ratio of
the pilot fuel flow rate to the total fuel flow rate), the top-hat ratio (the ratio of the top-hat fuel flow rate to the total fuel
flow rate), the ambient temperature, and the generator load (MW) are expressed with symbols X 11-1, X12-1, X13-1, X21-1,
and X22-1 respectively. Further, the maximum vibration strength in the first frequency band, the maximum vibration
strength in the second frequency band, and the maximum vibration strength in the n-th frequency band are expressed
with the symbols Yi1-1, Yi2-1, and Yin-1 respectively.
[0063] In a similar fashion, at a time point t2, the opening of the bypass valve 35, the pilot ratio, the top-hat ratio, the
ambient temperature, and the generator load (MW) are expressed with symbols X11-2, X12-2, X13-2, X21-2, and X22-2
respectively; further, the maximum vibration strength in the first frequency band, the maximum vibration strength in the
second frequency band, and the maximum vibration strength in the n-th frequency band are expressed with the symbols
Yi1-2, Yi2-2, and Yin-2 respectively.
[0064] In the step S14 following the step S13, based on the frequency analysis results of the pressure vibrations or
the accelerations by use of the operation status grasping means 12, it is evaluated whether or not further adjustments
are immediately needed by referring to predetermined thresholds, in view of the frequency analysis results as to pressures
or accelerations obtained by the operation status grasping means 12; or, it is evaluated whether or not there is an
indication to take countermeasures as to the combustion vibrations, by referring to predetermined thresholds, even
though an immediate action is not needed. If the above evaluation is affirmative (YES at the step S14 of Fig. 2), namely,
in a case the frequency analysis results are out of the threshold criteria or the frequency analysis results present an
indication that some countermeasures are needed, the step S14 is followed by the step S16 where the countermeasures
as to the control parameter adjustments are determined.
[0065] In this step S16, the computation as to the characteristics of the combustion vibration occurring in the combustor
is performed, the computation is to make an equation model for modeling the combustion characteristics with respect
to the process variables inputted from the process variable measurement device 4 and the frequency analysis results
inputted from the frequency analyzing means 13 as to the pressures and the accelerations per each frequency band,
both the process variables and the frequency results being transferred in the first database 15 through the combustion
characteristic grasping means 14.
[0066] For instance, supposing that the number of the divided frequency bands is n, and the number of the combustors
is m; then, the pressure variations are modeled in the following equation (2) of multiple regression analysis: 

whereby,

Yij means the maximum amplitude as to the i-th combustor and the j-th frequency band (i=1,2, ··· ···, m; j= 1,2, ··· ···, n) ;
X11 means the value as to an actuating variable 1 (the opening of the bypass valve 35 in this example);
X12 means an actuating variable 2 (the pilot ratio in this example);
X21 means an uncontrollable state variable 1 (an weather datum in this example);
X22 means an uncontrollable state variable 2 (the generator output (MW) in this example); and,
aij, 0, aij, 1, aij, 2, aij, 3, aij, 4 are the coefficient parameters.

[0067] The combustion characteristic grasping means 14 computes the coefficients aij, 0, aij, 1, aij, 2, aij, 3, and aij, 4 of
the equation (2), by use of the data stored in the first database 15 that stores the state variables and the actuating
variables, in order, at the series of time points (t1,t2, ··· ···), namely, by use of the values as to the maximum amplitudes
Yij, the actuating variables X11 and X12, the uncontrollable state variables X12 and X21. In addition, the coefficients aij, 0,
aij, 1, aij, 2, aij, 3, and ai j, 4 may be solved, for instance, by use of a least square method.
[0068] In the above description, in order to determine the maximum amplitudes Yij, the data measured by the pressure
variation measurement device 5 and the acceleration measurement device 6 are A/D transformed in the frequency
analyzing means 13 at first; the frequency analysis regarding the digitalized data is performed by the frequency analyzing
means 13; then, the analyzed data are classified into the divided frequency bands. In each frequency band, frequency
analyzed data are collected during a certain time period (e.g. over the time points (tl, t2, ··· ···)); and, the maximum value
of the collected data is the value Yij. Fig. 7 shows that the maximum amplitudes in the first, the second and the n-th
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bands are Yi1, Yi2 and Yin, respectively.
[0069] In the above explanation, two actuating variables and two uncontrollable state variables are taken into consid-
eration; as a matter of course, the selection of these variables are not limited to the above combination (i.e. two actuating
variables and two uncontrollable state variables). Further, the polynomial equation of a higher degree instead of a linear
expression in the equation (2) may be used in modeling the vibration model. Moreover, a non-linear model such as
neural network models may be used. In the above example, the actuating variables X11 and X12, the uncontrollable state
variables X12 and X21 are selected out of the measured data themselves; however, these variables may be of modified
variables that are transformed from the directly measured data, on the basis of pertinent transform rules such as the
mass conservation law or a mathematical-physical law.
[0070] In the next place, the combustion characteristic grasping means 14 identifies the area where combustion
vibrations are prone to occur, by use of the equation model (2), the equation being obtained for each time point out of
the series of time points (t1,t2, ··· ···). For instance, supposing that an actuating variable 1, an actuating variable 2, an
uncontrollable state variable 1, and an uncontrollable state variable 2 are X’11, X’12, X’21, and X’22, respectively, the
predicted value for the pressure variation in the i-th combustor and in the j-th frequency band can be obtained by the
next equation (3). 

It is hereby noted that the coefficient parameters aij, 0, aij, 1, aij, 2, aij, 3, and aij, 4 are already solved as described above,
for instance, by use of a least square method.
[0071] As shown in Fig. 7, the maximum vibration amplitude value of the j-th frequency band (the 1st frequency band
to the n-th frequency band) for the i-th combustor is provided with thresholds Zi1, Zi2, ··· ···, and Zin corresponding to the
frequency bands 1,2, ··· ···, n, respectively, in view of the structure of the i-th combustor 23 and the surrounding structures.
The thresholds Zi1, Zi2, ··· ···, and Zin, that are the values indicating the maximum allowable vibration strength for the
each frequency band, are stored in the frequency analyzing means 13. These threshold values are determined, for
example, based on conditions such as whether or not there is a member or a structure that causes the resonance with
the combustor in the frequency band, whether or not there is a member or a structure that is prone to be damaged
around the combustor in the frequency band, and how high the vibration level threshold (allowable limit) can be extended
regarding a member or a structure around the combustor.
[0072] Given that the threshold value of the maximum vibration amplitude value of j-th frequency band of the i-th
combustor sent from the frequency analyzing means 13 is Zij, the following equation (4) can be taken into consideration
in relation to the variables X’11, X’12, X’21, X’22, and the value Zij as a threshold value. 

[0073] In the above equation (4), the variables X’21, and X’22 are the uncontrollable state variables which the controller
9 cannot manage to manipulate, namely, the variables X’21, and X’22 can be regarded as constants; thus, the unknowns
in the equation (4) are only the two variables (the actuating variables) X’11, and X’12. Thus, the equation (4) becomes a
relational expression between the two parameters X’11, and X’12. Therefore, the curve in a (X’11, X’12) plane can be
easily obtained, thereby the coordinate pairs for the points on the curve satisfy the relation (4).
[0074] Further, it is hereby considered how the above-described curve is shifted in the (X’11, X’12) plane, when the
threshold value Zij is changed so that the value Zij is multiplied by a plurality of gains αk (k=1,2, ···,p) that can be given
by the controller 9. When an αk is given, the threshold Zij is changed into αk Zij; thus, instead of the equation (4), the
following equation (5) is taken into consideration. 
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[0075] Also by use of the above equation (5), a relational expression between the two parameters X’11, and X’12 can
be solved in response to each given gain αk, as is the case with the equation (4); namely, corresponding to the gains
αk (k=1,2, ···,p), p curves are drawn in the two dimensional plane, in relation to each frequency band. An example for
this consideration is depicted in Fig. 10. In Fig. 10, three curves corresponding to three gains 1.0, 0.8 and 0.6 are shown.
In the case of Fig. 10, the upper side of each curve becomes an area where combustion vibrations are prone to occur
(i.e. in the lower side area, the vibration is hard to happen), if the coefficient aij, 2 is a positive number; on the contrary,
the lower side of each curve becomes an area where combustion vibrations are prone to occur (i.e. in the upper side
area, the vibration is hard to happen), if the coefficient aij, 2 is a negative number. In other words, one side of the areas
divided by the curve corresponds to the stable area where the combustion vibrations are difficult to occur, while the other
side corresponds to the unstable area where the combustion vibrations are easy to occur.
[0076] By paying attention to a threshold Zij and a gain value αk as well as a frequency band and a combustor, it has
been considered thus far that a curve can be drawn in the X’11-X’12 plane thereby one of the two areas divided the curve
becomes a stable area as to the combustion vibrations. When some multiple constraint conditions out of a plurality of
thresholds Zij (i=1,2, ··· ···, m; j= 1,2, ··· ···, n) as well as gains αk (k=1,2,···,p) are selected, then a plurality of curves
(lines) are obtained so that the curves (lines) border a stable operation region in the X’11- X’12 plane; thereby, in the
formed region, the combustion vibrations are not prone to occur. In this way, the combustion characteristic grasping
means 14 makes use of the variables from the controller 9 such as the maximum amplitude thresholds Zij, the gains αk,
the actuating variables X11, X12 (not the uncontrollable state variables such as X21, X22), and the parameters aij, 0, aij, 1,
aij, 2, aij, 3, and a ij, 4, so as to determine the regions where the operation is stable regarding the combustion vibrations.
[0077] Fig. 11 shows an example of the combustion vibration regions determined by the combustion characteristic
grasping means 14, in which the lateral axis and the vertical axis relate to the variables X11, X12, respectively. In this
example, a plurality of the regions are formed so that the boundary lines that border the stable regions are formed with
a set of contour lines depicted as such, in response to a plurality of the gains αk. The occurrence of the combustion
vibrations is less at the middle in the regions surrounded by the contour lines, than in the neighborhood of the boundaries
(the outer-side boundaries) of the regions in which the combustion vibrations are prone to occur. In addition, for the sake
of explanation convenience, Fig. 11 is expressed in a two-dimensional plane with regard to the two actuating variables.
In a case where N actuating variables are taken into consideration, the stable regions are expressed in a N-th dimension
space (a N-dimensional space).
[0078] In the next place, the correction amount determining means 16 determines the countermeasures (i.e. adjusting
locations and adjusting amounts) in response to an operation adjustment order input by the operation status grasping
means 12 so that the current operation status (X11 = xa, X12 = xb) is adjusted. In a case where a plurality of maximum
amplitudes Yij exceeds the corresponding threshold Zi1, Zi2··· Zij in a plurality of the frequency bands, the adjustments
are performed for and from a frequency band of a higher priority as per the priorities (priority list) assigned in a basic
data section (not shown) of the first database 15; thereby, the basic data section stores information about the mathematical
model which is obtained through the frequency analysis results for the operation data collected from the same type gas
turbines 2 that are already commissioned and in service, the model representing the standard combustion characteristics
of the gas turbine; further, the basic data section stores information about the operation constraints or the limiting values
(e.g. the air-fuel ratio limitation to evade misfires or back-fires) in operating the gas turbine 2. As an example in this
context regarding the priorities, a highest priority is placed on the lowest frequency band; and the following priorities are
placed on the higher frequency bands (e.g. one after another from the highest frequency band) . The reason of this as
to the priorities is that the possibility that the combustor is in a state where the combustion therein has a tendency to
extinguish is high when the combustion vibrations occur at the lowest frequency band; further, in the higher frequency
bands, the energy levels with regard to the combustion vibrations are higher, and the combustion vibrations are remarkably
prone to cause damages to the combustor or the members around the combustor.
[0079] Further, after selecting the frequency bands in which the adjustments are performed, the correction amount
determining means 16 determines which direction the current operation status (X11 = xa, X12 = xb) is to be adjusted, by
use of an optimization approach such as a steepest ascent/descent method. It is noted that the optimization approach
is not limited to this steepest ascent/descent method.
[0080] In a case where the combustion characteristic grasping means 14 cannot sufficiently recognize (or has not
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sufficiently recognized) the combustion characteristics, the correction amount determining means 16 can determine the
above-described adjustment direction on the basis of the information data of a knowledge database (not shown) in the
first database 15; the knowledge database accumulates the information data as to the previously performed adjustments
and the operation status changes (as resulting changes) in the gas turbine 2 (including the same type gas turbines that
are already tested or commissioned), the contents of the information being able to include the data as shown in Fig. 9.
More specifically, according to Fig. 9, in the first priority adjustment as well as in relation to the first frequency band, the
bypass valve is opened, and in the first priority adjustment as well as in relation to the n-th frequency band, the top-hat
ratio is decreased. In the second priority adjustment as well as in relation to the first frequency band, the pilot ratio is
increased, and in the second priority adjustment as well as in relation to the n-th frequency band, neither the top-hat
ratio nor other control variables is adjusted. In a case where the first data base 15 has not sufficiently accumulated the
information data, for example, just after the gas turbine 2 is installed, the correction amount determining means 16 can
determine the direction of the adjustment on the basis of the standard mathematical equations as to the combustion
characteristics, the constraint data and the learned information in the basic database or the knowledge database. In
addition, the knowledge database may store the learned information data that are established based on the experience
of the skilled operators; namely, the learned information data relates to the "symptoms and signs" that the skilled operators
have recognized, and the effective countermeasures in response to the "symptoms and signs."
[0081] In this way, when the adjustment countermeasure and adjustment amount as to the control variables are
determined, the output means 17 outputs the data as to the adjustment direction and amount determined by the correction
amount determining means 16 toward the controller 9 in the step S17 in Fig. 2. Thus, based on the this described data,
the controller 9 controls the maneuvering mechanism 8 so as to operate the main fuel flow rate control valve 28, the
pilot fuel flow rate control valve 32, the top-hat fuel flow rate control valve 30, the bypass valve 35, the inlet guide vane
26, and so on, in order that the opening X11 of the bypass valve, the pilot ratio X12, and the top-hat ratio X13 are adjusted
(changed in the adjustment direction). In other words, based on the adjustment order issued from the output means 17,
the controller 9 controls at least one of the to-be adjusted variables, namely, the main fuel flow rate control valve 28, the
pilot fuel flow rate control valve 32, the top-hat fuel flow rate control valve 30, the bypass valve 35, and the inlet guide
vane 26, so that the bypass valve opening X11 is shifted from the coordinate xa to the coordinate xc, the pilot ratio X12
is shifted from the coordinate xb to the coordinate xd, and the top-hat ratio X13 is shifted from the coordinate xe to the
coordinate xf.
[0082] On the other hand, at the step S14 in the flow chart of Fig. 2 where the operation data are compared with control
criteria or thresholds, if the operation status is judged to be within the control criteria and no indication as to the combustion
vibrations appears, the step S14 is followed by the step S15 at which it is judged whether or not the following preconditions
are fulfilled:

Condition 1: the power output of the generator 40 is in a stabilized state, the power output being maintained within
predetermined thresholds for more than a prescribed time span;
Condition 2: no combustion vibration occurs for more than a prescribed time span;
Condition 3: the temperature of the air inhaled into the gas turbine is in a stabilized state, the temperature being
maintained within predetermined thresholds for more than a prescribed time span;
Condition 4: the automatic searching permission mode in which the automatic control adjustment is selected by an
authorized operator,
and so on.

[0083] Further, if these preconditions are fulfilled and there is no change in the operation status, the step S15 is
followed by the step S18 where it is judged whether or not the searching is finished. If the searching is judged to be
finished at the step S18, the step S18 is followed by the step S20 where an optimal point (an optimal operation state
variable vector) is determined out of the information data accumulated in the first database 15. Hereby, the term "optimal
operation point" may mean an operation condition under which a highest combustion stability is achieved; or, it may
mean an operation condition under which the optimal efficiencies as to the elements of the gas turbine system 1 are
achieved in addition to the highest combustion stability. Further, in the optimal criteria, a scale as to environment protection
may be included; the gas turbine plant efficiency as an efficiency of the gas turbine combined cycle plant may be included
there, in a case where the gas turbine system 1 configures a combined power-generating system. Further, it is not
necessarily to determine the optimal point out of the data regarding the trial calculation results; another optimal point in
the searching area may be selected by use of the searching-calculation based on not only linear equations but also multi
regression analysis equation or algebraic polynomials.
[0084] Further, if the searching is judged to be unfinished at the step S18, the step S18 is followed by the step S19
where the correction amount determining means 16 solves a to-be-adjusted operation condition (which is called a trial
solution point herein). In the following the step S 21, the output means 17 outputs the data of the adjustment direction
and amount in response to the operation condition (the trial solution point). In order to reach the to-be-searched operation
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condition, the process flow in Fig. 2 is repeated, and the trial solution point is modified (determined in a repeated cycle)
in the step S19 in the repeated process flow, by adjusting an actuating variable to an actuating variable in turn in the
corresponding searching area. Further, in the step S21, the change as to the load to be absorbed by the gas turbine is
also estimated. More in detail, at least one of the fuel flow rate toward the combustor 23 or the airflow rate toward the
combustor 23 are adjusted step by step by an increment as explained in Fig. 15.
[0085] In this way, when an optimal operation condition is searched, the load change according to the searched
condition is estimated in response to the adjustment as to at least one of the fuel flow rate toward the combustor or the
airflow rate toward the combustor, by use of the data regarding the load sensitivity coefficients that are the influence
coefficient of the control inputs (the actuating variables of the gas turbine) over the load change; wherein, the actuating
variables are the fuel flow rate, the airflow rate, the pilot ratio, the top-hat ratio and so on; and, the sensitivity coefficients
are readable from the second database 18. Thus, with an estimation regarding the load change, the actuating variables
are adjusted.
[0086] As described above, in the gas turbine control method and device according to the present invention, the optimal
operation condition is searched by changing the actuating variables such as the pilot ratio on the basis that the actuating
variables are linked with the load sensitivity coefficient thereof; in response to the searched operation condition, the load
change due to the change of the fuel flow rate toward the combustor 23 and/or the airflow rate toward the combustor is
estimated; based on the result of the estimation as to the load change, the gas turbine operation is adjusted. Thus, the
gas turbine is prevented from continuing abnormal operation states (irregular operation states) in which the fuel flow
rate or airflow rate deviates from the ideal condition (or standard operating points/standard operating line or zone) that
is assumed in the design stage. In this way, the gas turbine is free from a difficulty that the conventional gas turbine
often encounters.

(Second Embodiment)

[0087] In the next place, the second embodiment according to the present embodiment is now explained in consultation
with Figs. 3, 4 and 9. Fig. 3 is a detailed block diagram as to an automatic tuning section 10 in relation to Fig. 1(A) that
shows the functional configuration as to the gas turbine control method according to the present invention; Fig. 4 shows
a flow diagram as to a gas turbine control method of a second embodiment according to the present invention; Fig. 9
shows a configuration example as to a database used in the second embodiment according to the present invention.
[0088] In the first embodiment that has been explained, the data as to the sensitivity coefficients are collected before-
hand, and the obtained data and the numerical (alphanumeric) values thereof are stored in the second database 18 so
as to be used for the gas turbine control. In this manner, however, the calculations and the calculated-data storage as
to the sensitivity coefficients depend on the manpower; thereby, the data cannot be renewed, unless the data are newly
collected and the old data are replaced by the newly collected data. Thus, the stored data remains the same even in a
case where the compressor performance is deteriorated or the (air) filter is clogged due to the secular change of the
gas turbine. Consequently, the gas turbine performance might deviate from the performance of the initial design stage,
the combustion stability might be deteriorated, and the combustion vibrations might occur.
[0089] In order to overcome these potential difficulties, the gas turbine control device (as well as the method thereof)
according to the second embodiment of the present invention is provided with a sensitivity analyzing means 19 that
calculates the sensitivity coefficients on the basis of the data as to actuating variables, operation status signals and a
gas turbine load, while the gas turbine is being operated, and the sensitivity analyzing means 19 stores the calculated
data as to the sensitivity coefficients in a second database 18. Incidentally, the sensitivity analyzing means 19 is shown
in Fig.3.
[0090] The sensitivity analyzing means 19 that is shown in Fig . 3 receives the data such as a bypass valve opening
level, a pilot ratio, a top-hat ratio, a gas turbine load (the power output) from an operation status grasping means 12 so
as to calculate a load change (the load increment change) against each actuating variable change (the variable increment
change) on the basis of the received data, thereby the sensitivity coefficients are calculated and the data is stored in
the second database 18. In this way, the intricate procedures for calculating the sensitivity coefficients by manpower
are dispensed with; the sensitivity coefficients are automatically renewed (calculated) concurrently even when the secular
change as to the gas turbine performance appears. Thus, the gas turbine can keep and enhance the combustion stability.
[0091] Fig. 4 shows the flow diagram as to the sensitivity coefficient calculation and the gas turbine power output
change estimation. The flow diagram of Fig. 4 corresponds to the step S21 showing the flow diagram of the first em-
bodiment in Fig. 2; namely, the flow diagram of Fig. 4 shows a concrete processes regarding the estimation of the load
change. In a case where the step 21 in Fig. 2 jumps to a step S30 in Fig. 4, the step S31 (Calculation of Sensitivity
Coefficients) is performed; thereby, the data such as the bypass valve opening level, the pilot ratio, the top-hat ratio,
and the gas turbine load (the power output) are shifted from the operation status grasping means 12 to the sensitivity
analyzing means 19; and, the sensitivity coefficients are calculated. In the following step S32, the gas turbine load change
(the load increment change) is estimated via the procedure of the step S33 (End of Sub-flow), the process returns back
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to the main flow (e.g. the step S21 in Fig. 2) . The estimated data obtained in the process flow in Fig. 4 can be used in
the following steps in the main flow (e.g. the steps following the step S21 in Fig.2). Since the steps in the main flow are
already described, the explanation repetition is omitted.

Industrial Applicability

[0092] The present invention can provide a gas turbine control method and the device thereof thereby the gas turbine
efficiency of the initial design stage can be preserved for a long span of time, and the generator or the load absorbing
device of the gas turbine can be efficiently operated without waste of fuel consumption.

Claims

1. A gas turbine control method, provided with a gas turbine (2) comprising:

a plurality of combustors (23), and
a first database (15) that memorizes an optimal operation condition as to each combustor (23); and
the gas turbine control method is used for adjusting at least one of a fuel flow rate toward the combustor (23)
and an airflow rate toward the combustor (23) in response to the optimal operation condition,
in a manner that the optimal operation condition is searched by fluctuating at least one of the fuel flow rate and
the airflow rate, while combustion vibrations are not occurring, and
in a manner that the memory contents of the first database (15) are renewed with the data as to the optimal
operation condition that is obtained by the searching;
wherein,
a second database (18) is provided in which load sensitivity coefficients, which show a correlation between the
actuating variables including the fuel flow rate, the airflow rate, a pilot ratio and a top-hat ratio of the gas turbine
(2), and a gas turbine power output, are memorized;
a load increment change in response to actuating variables including at least one of the fuel flow rate toward
the combustor and the airflow rate toward the combustor (23) is estimated according to the optimal operation
conditions obtained by the searching by use of the load sensitivity coefficients; and
at least one of the fuel flow rate and the airflow rate is adjusted on the basis of the estimation results, and the
contents of the first database (15) are renewed according to the results of the adjustments.

2. The gas turbine control method according to claim 1,

wherein the load sensitivity coefficients are calculated on the basis of the actuating variables, operation status
signals and a gas turbine load while the gas turbine (2) is being operated, in which the actuating variables
includes the airflow rate, the pilot ratio and the top-hat ratio, and the operation status signals includes atmosphere
conditions and the gas turbine load, and
the calculated load sensitivity coefficients are memorized and renewed in a second database (18).

3. A gas turbine control device, provided with a gas turbine (2) having a plurality of combustors (23) and a first database
(15) that memorizes an optimal operation condition as to each combustor (23), and a correction amount determining
means (16) configured for performing a search control for the purpose of adjusting at least one of a fuel flow rate
toward the combustor (23) and an airflow rate toward the combustor (23) in response to the optimal operation
condition;

in a manner that the optimal operation condition is searched by fluctuating at least one of the fuel flow rate and
the airflow rate, while combustion vibrations are not occurring, and
in a manner that the memory contents of the first database (15) are renewed with the data as to the optimal
operation condition that is obtained by the searching;
wherein,
a second database (18) is provided in which load sensitivity coefficients, which show a correlation between the
actuating variables such as the fuel flow rate, the airflow rate, a pilot ratio and a top-hat ratio of the gas turbine
(2), and a gas turbine power output, are memorized;
the correction amount determining means (16) is configured to estimate a load increment change in response
to actuating variables of at least one of the fuel flow rate toward the combustor (23) and the airflow rate toward
the combustor (23) by use of the load sensitivity coefficients that are memorized in the second database (18),
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in response to the optimal operation condition obtained by fluctuating at least one of the fuel flow rate and the
airflow rate during the search control; and
the gas turbine control device being configured so that at least one of the fuel flow rate and the airflow rate is
adjusted on the basis of the estimation results, thereby the contents of the first database (15) are renewed
according to the results of the adjustments.

4. A gas turbine control device according to claim 3 further comprising
a sensitivity analyzing means (19) configured for calculating the load sensitivity coefficients.

Patentansprüche

1. Gasturbinensteuerverfahren mit einer Gasturbine (2) mit:

einer Mehrzahl von Brennern (23), und
einer ersten Datenbank (15), welche eine optimale Betriebsbedingung für jeden Brenner (23) speichert; und
wobei das Gasturbinensteuerverfahren verwendet wird, um zu mindestens eine Brennstoffflussrate zu dem
Brenner (23) und eine Luftflussrate zu dem Brenner (23) in Abhängigkeit von der optimalen Betriebsbedingung
einzustellen;
in so einer Art, dass die optimale Betriebsbedingung durch Fluktuieren von zumindest einem der Brennstoff-
flussrate und der Luftflussrate gesucht wird, während keine Verbrennungsvibrationen auftreten, und
in einer solchen Art, dass die Speicherinhalte der ersten Datenbank (15) mit den Daten bezüglich der optimalen
Betriebsbedingungen aufgefrischt wird, die durch das Suchen erhalten werden;
wobei
eine zweite Datenbank (18) vorgesehen ist, bei der Lastsensitivtäts-Koeffizienten, die eine Korrelation zwischen
den wirkenden Variablen, einschließlich der Brennstoffflussrate, der Luftflussrate, einem Pilot-Verhältnis und
einem Top-Hat-Verhältnis der Gasturbine (2) und einer Gasturbineausgabeleistung gespeichert werden;
wobei eine Lastanstiegsänderung in Abhängigkeit der wirkenden Variablen von zu mindestens einem der Brenn-
stoffflussraten zu dem Brenner und der Luftflussrate zu dem Brenner (23) entsprechend den optimalen Be-
triebsbedingungen abgeschätzt wird, die durch die Suche erhalten werden, unter Verwendung der Lastsensi-
tivtäts-Koeffizienten; und
zumindest eine der Brennstoffflussrate und der Luftflussrate auf der Grundlage der abgeschätzten Ergebnisse
angepasst wird, und wobei die Inhalte der ersten Datenbank (15) entsprechend den Ergebnissen der Einstel-
lungen aufgefrischt werden.

2. Gasturbinensteuerverfahren nach Anspruch 1, bei dem

die Lastsensitivtäts-Koeffizienten auf der Grundlage der wirkenden Variablen, Betriebsstatus-Signalen und
einer Gasturbinenlast berechnet werden, während die Gasturbine (2) betrieben wird, wobei die wirkenden
Variablen die Luftflussrate, das Pilot-Verhältnis und das Top-Hat-Verhältnis umfassen, und wobei die Betriebs-
status-Signale Atmosphärenbedingungen und die Gasturbinenlast umfassen,
wobei die berechneten Lastsensitivtäts-Koeffizienten in einer zweiten Datenbank (18) gespeichert und erneuert
werden.

3. Gasturbinensteuervorrichtung mit einer Gasturbine 2 mit einer Mehrzahl von Brennern (23) und einer ersten Da-
tenbank (15), die eine optimale Betriebsbedingung für jeden Brenner (23) speichert, und einem Korrekturmengen-
bestimmungsmittel (16) zum Durchführen einer Suchsteuerung für den Zweck zum Einstellen von zumindest einem
der Brennstoffflussrate zu dem Brenner (23) und der Luftflussrate zu dem Brenner (23) in Abhängigkeit der optimalen
Betriebsbedingung;

in einer Art, dass die optimale Betriebsbedingung durch Fluktuieren von zumindest einem der Brennstoffflussrate
und der Luftflussrate gesucht wird, während keine Verbrennungsvibrationen auftreten, und
in einer Art, dass die Speicherinhalte der ersten Datenbank (15) mit den Daten zu der optimalen Betriebsbe-
dingung, die durch das Suchen erhalten werden, erneuert werden;
wobei
eine zweite Datenbank (18) vorgesehen ist, in der Lastsensitivtäts-Koeffizienten gespeichert sind, die eine
Korrelation zwischen den wirkenden Variablen, wie etwa der Brennstoffflussrate, der Luftflussrate, einem Pilot-
Verhältnis und einem Top-Hat-Verhältnis der Gasturbine (2) und einer Gasturbinen Leistungsausgabe gespei-
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chert sind;
wobei das Korrekturmengenbestimmungsmittel (16) ausgestaltet ist, um eine Lastanstiegsänderung in Abhän-
gigkeit der wirkenden Variablen von zu mindestens einem der Brennstoffflussrate zu dem Brenner (23) und der
Luftflussrate zu dem Brenner (23) unter Verwendung der Lastsensitivtäts-Koeffizienten, die in der zweiten
Datenbank gespeichert sind, in Abhängigkeit von der optimalen Betriebsbedingung, die durch Fluktuieren von
zumindest einem der Brennstoffflussrate und der Luftflussrate während der Suchsteuerung erhalten wird, ab-
zuschätzen; und
wobei die Gasturbinensteuervorrichtung ausgestaltet ist, so dass zumindest eine der Brennstoffflussrate und
der Luftflussrate auf der Grundlage der Abschätzungsergebnisse eingestellt werden, wobei die Inhalte der
ersten Datenbank (15) entsprechend den Ergebnissen der Einstellungen erneuert werden.

4. Gasturbinensteuervorrichtung nach Anspruch 3, des Weiteren mit einem Sensitivität-Analysierungsmittel (19), das
ausgestaltet ist, zum Berechnen der Lastsensitivtäts-Koeffizienten.

Revendications

1. Procédé de commande de turbine à gaz, fourni avec une turbine à gaz (2) comprenant :

une pluralité de chambres de combustion (23), et
une première base de données (15) qui mémorise une condition de fonctionnement optimale concernant chaque
chambre de combustion (23) ; et
le procédé de commande de turbine à gaz est utilisé pour ajuster au moins l’un d’un débit de combustible vers
la chambre de combustion (23) et d’un débit d’air vers la chambre de combustion (23) en réponse à la condition
de fonctionnement optimale,
de manière à ce que la condition de fonctionnement optimale soit recherchée en faisant fluctuer au moins l’un
du débit de combustible et du débit d’air, tandis que des vibrations de combustion ne se produisent pas, et
de manière à ce que les contenus de mémoire de la première base de données (15) soient renouvelés avec
les données concernant la condition de fonctionnement optimale qui est obtenue par la recherche ;
dans lequel,
une seconde base de données (18) est prévue dans laquelle des coefficients de sensibilité de charge, qui
montrent une corrélation entre les variables d’actionnement comprenant le débit de combustible, le débit d’air,
un rapport pilote et un rapport maximal de la turbine à gaz (2), et une puissance de sortie de turbine à gaz, sont
mémorisés ;
un changement d’incrément de charge en réponse à des variables d’actionnement comprenant au moins l’un
du débit de combustible vers la chambre de combustion et du débit d’air vers la chambre de combustion (23)
est estimé selon les conditions de fonctionnement optimales obtenues par la recherche au moyen de l’utilisation
des coefficients de sensibilité de charge ; et
au moins l’un du débit de combustible et du débit d’air est ajusté sur la base des résultats d’estimation, et les
contenus de la première base de données (15) sont renouvelés selon les résultats des ajustements.

2. Procédé de commande de turbine à gaz selon la revendication 1,
dans lequel les coefficients de sensibilité de charge sont calculés sur la base des variables d’actionnement, de
signaux de statut de fonctionnement et d’une charge de turbine à gaz tandis que la turbine à gaz (2) fonctionne,
dans lequel les variables d’actionnement comprennent le débit d’air, le rapport pilote et le rapport maximal, et les
signaux de statut de fonctionnement comprennent des conditions atmosphériques et la charge de turbine à gaz, et
les coefficients de sensibilité de charge calculés sont mémorisés et renouvelés dans une seconde base de données
(18).

3. Dispositif de commande de turbine à gaz, fourni avec une turbine à gaz (2) ayant une pluralité de chambres de
combustion (23) et une première base de données (15) qui mémorise une condition de fonctionnement optimale
concernant chaque chambre de combustion (23), et un moyen de détermination de quantité de correction (16)
configuré pour réaliser une commande de recherche dans le but d’ajuster au moins l’un d’un débit de combustible
vers la chambre de combustion (23) et d’un débit d’air vers la chambre de combustion (23) en réponse à la condition
de fonctionnement optimale ;
de manière à ce que la condition de fonctionnement optimale soit recherchée en faisant fluctuer au moins l’un du
débit de combustible et du débit d’air, tandis que des vibrations de combustion ne se produisent pas, et
de manière à ce que les contenus de mémoire de la première base de données (15) soient renouvelés avec les
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données concernant la condition de fonctionnement optimale qui est obtenue par la recherche ;
dans lequel,
une seconde base de données (18) est fournie dans laquelle des coefficients de sensibilité de charge, qui montrent
une corrélation entre les variables d’actionnement telles que le débit de combustible, le débit d’air, un rapport pilote
et un rapport maximal de la turbine à gaz (2), et une puissance de sortie de turbine à gaz, sont mémorisés ;
le moyen de détermination de quantité de correction (16) est configuré pour estimer un changement d’incrément
de charge en réponse à des variables d’actionnement d’au moins l’un du débit de combustible vers la chambre de
combustion (23) et du débit d’air vers la chambre de combustion (23) au moyen de l’utilisation des coefficients de
sensibilité de charge qui sont mémorisés dans la seconde base de données (18), en réponse à la condition de
fonctionnement optimale obtenue en faisant fluctuer au moins l’un du débit de combustible et du débit d’air pendant
la commande de recherche ; et
le dispositif de commande de turbine à gaz étant configuré de sorte qu’au moins l’un du débit de combustible et du
débit d’air soit ajusté sur la base des résultats d’estimation, moyennant quoi les contenus de la première base de
données (15) sont renouvelés selon les résultats des ajustements.

4. Dispositif de commande de turbine à gaz selon la revendication 3, comprenant en outre
un moyen d’analyse de sensibilité (19) configuré pour calculer les coefficients de sensibilité de charge.
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