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CONTROL METHOD OF GAS TURBINE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a control method of 
a gas turbine and, more particularly to a control method of 
a gas turbine Which is provided With tWo stage type com 
bustors each having a ?rst stage combustion part effecting 
diffusion combustion and a second stage combustion part 
effecting premixed combustion. 

[0002] Each combustor of the gas turbine Which is pro 
vided With a plurality of tWo stage type combustors and 
generally used has a ?rst stage combustion part in Which 
diffusion combustion is effected and a second stage com 
bustion part in Which premixed combustion is effected, as 
disclosed in JP A 7-63334. One of features of the tWo stage 
type combustors of this kind of a gas turbine is that a fuel air 
ratio or a ratio betWeen a fuel quantity and an air quantity 
changes very Widely from starting to a rated load operation. 

[0003] The gas turbine having tWo stage type combustors 
is possible to achieve loW NOx combustion even in this very 
Wide range of change in fuel air ratio, and the loW NOx 
combustion is achieved by combustion control of the ?rst 
stage combustion part and the second stage combustion part. 
That is, in the ?rst stage combustion part Which is used from 
start-up to a prescribed loW load, diffusion combustion 
Which has a Wide operation range is used, and then the 
combustion is shifted from independent combustion in the 
above-mentioned ?rst stage combustion part to simulta 
neous combustion in the ?rst stage combustion part and in 
the second stage combustion part effecting premixed com 
bustion in order to effect loW NOx combustion even in a 
high load region, or individual combustion in the second 
stage combustion part in order to realiZe further loW NOx 
combustion. 

[0004] HoWever, combustion subtly changes according to 
difference betWeen combustor individuals, change in tem 
perature or humidity of the combustion air or change in 
calori?c amount and composition of the fuel. Particularly, in 
the case Where the gas turbine is provided With a plurality of 
the combustors, since the combustion conditions of the 
respective combustors are different from each other, stable 
combustion is required further. 

[0005] On the other hand, the NOx concentration changes 
sensitively to a fuel air ratio, and since a stable combustion 
range is narroW, ?ne control of the fuel air ratio is necessary. 

[0006] Therefore, for the combustion condition of the 
second stage combustion part Which is a premixed combus 
tion part, it is necessary to ?nely control a quantity of fuel 
and a quantity of air Within the narroW stable combustion 
range in order to loWer the above-mentioned NOx concen 
tration, While the combustion condition has a tendency for 
becoming very unstable because of in?uence of difference in 
combustor individuals, etc. 

[0007] For this reason, even if secondary fuel Which is fuel 
for the second stage combustion part is injected into the 
second stage combustion part, there Was such possibility that 
?ring from the ?rst stage combustion part to the second stage 
combustion part could not be effected, so that the secondary 
fuel could not be ignited or Was mis?red in the second stage 
combustion part, or on the contrary, such possibility that the 
fuel quantity injected became a little more than the quantity 
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corresponding to the air quantity, so that the corresponding 
portions Were damaged by burning With the ?ame being 
approached. 

[0008] As conventional technique, there is a control 
method of continuously operating a gas turbine as shoWn in 
JPA 7-63334, in Which as for abnormal combustion condi 
tion in a second stage combustion part, a quantity of state 
representative of the combustion condition of above-men 
tioned combustor or gas turbine is monitored, When it 
exceeds an alloWable value and the combustion condition is 
regarded as an abnormal combustion, a load of the gas 
turbine is loWered at a stroke to a loW load of individual 
combustion operation in the ?rst stage combustion part for 
diffusion combustion Which is stable in combustion, 
Whereby the gas turbine is continuously operated. 

SUMMARY OF THE INVENTION 

[0009] A ?rst object of the present invention is to provide 
a control method of a gas turbine having a tWo-stage type 
combustor effecting diffusion combustion and premixed 
combustion, Which method enables the gas turbine to avoid 
loWering in load to a loW load region and to extremely 
suppress a decrease of poWer generation by continuously 
operating the gas turbine in a prescribed loW load region in 
a use region of the premixed combustion part When an 
abnormal combustion occurs in the combustor. 

[0010] Further, a second object of the present invention is 
to provide a control method of a gas turbine having a 
two-stage type cornbustor effecting diffusion combustion 
and premixed combustion, Which method enables the gas 
turbine to avoid loWering in load to a loW load region by 
continuously operating the gas turbine in a prescribed loW 
load region in a use region of the premixed combustion part 
When an abnormal combustion occurs in the combustor, and 
to reduce a time period until the plant is restored to a 
prescribed rated load by monitoring a quantity of state 
representative of combustion condition of the above-men 
tioned combustor or gas turbine and rapidly restoring to an 
original operation condition. 

[0011] The present invention made a control method of a 
gas turbine having a plurality of combustors each of Which 
has a ?rst stage combustion part effecting diffusion com 
bustion and a second stage combustion part effecting pre 
mixed combustion to attain the effected object by monitor 
ing a quantity of state representative of combustion 
condition of the above-mentioned combustor or gas turbine, 
and regarding the combustion condition as abnormal com 
bustion and loWering the gas turbine load to a prescribed 
partial load When the quantity of state exceeds an alloWable 
value, thereby to continuously operate it. 

[0012] Further, during control of the gas turbine in Which 
the combustion is regarded as being abnormal and the load 
is loWered as mentioned above, the control is effected so that 
an opening of air compressor inlet guide vanes is kept as it 
is or reduced to decrease, Whereby a fuel air ratio is loWered 
and the possibility that apparatus and devices are damaged 
is reduced. 

[0013] Further, the present invention is so made that the 
above-mentioned quantity of state is taken by at least one of 
combustion gas temperature or metal temperature of the 
combustor or piping around the combustor, or exhaust 
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temperature of the gas turbine, or combination of any tWo or 
more temperatures thereof, and abnormality is taken by at 
least one of an absolute value, variation range and change 
rate of the quantity of state, or combination of any tWo or 
more values thereof. 

[0014] Further, the expected object is attained in the 
control method of a gas turbine in Which in the case Where 
during continuous operation at a prescribed partial load to 
Which the load is loWered, the above-mentioned quantity of 
state is monitored and comes Within an alloWable value, or 
further, in the case Where a prescribed time has passed, the 
combustion condition is regarded as being freed from the 
abnormal condition and a control quantity is automatically 
restored to a set value before occurrence of the abnormal 
condition. 

DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a vieW of a system construction of a gas 
turbine of an embodiment of the present invention; 

[0016] FIG. 2 is a block diagram of control to a prescribed 
load in a control unit of the embodiment of the present 
invention; 

[0017] FIG. 3 is a block diagram for explaining control of 
an air compressor inlet guide vane opening of the embodi 
ment of the present invention; 

[0018] FIG. 4 is a diagram shoWing a state of load in the 
case Where combustion abnormality occurs, in the gas 
turbine control method according to the present invention 
and in a conventional control method; and 

[0019] FIG. 5 is a diagram shoWing exhaust temperature 
control of the gas turbine of the present invention. 

DESCRIPTION OF EMBODIMENT 

[0020] A gas turbine of an embodiment of the present 
invention Will be described hereunder, referring to the 
draWings. 

[0021] FIG. 1 is a vieW shoWing a systematic construction 
of a gas turbine of an embodiment of the present invention. 

[0022] In FIG. 1, combustion air is introduced into a 
compressor 5 through a suction ?lter 57 and supplied to a 
tWo stage type combustor 1. Inlet guide vanes 6 are arranged 
at the inlet of the compressor 5 to adjust a How rate of the 
air to be supplied to the combustor 1. Combustion gas 
generated in the tWo stage type combustor 1 through burning 
drives a turbine section 8 and generates electric poWer by a 
generator 58 Which is a load of the gas turbine. 

[0023] As shoWn in FIG. 1, the tWo stage type combustor 
1 has a ?rst stage combustion part 2 Which is a diffusion 
combustion part effecting diffusion combustion and a second 
stage combustion part 3 Which is a premixed combustion 
part effecting premixed combustion. 

[0024] The gas turbine having the above-mentioned tWo 
stage type combustor is a combustion system in Which it is 
possible to achieve loW NOx combustion even in a very 
Wide range of change in fuel air ratio, that is, a ratio betWeen 
a fuel quantity and an air quantity, during operation from the 
start-up to the rated load. 
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[0025] In order to achieve the above-mentioned loW NOx 
combustion, diffusion combustion Which has a Wide opera 
tion range is employed in the ?rst stage combustion part 2 
of the combustor used from start-up to the rated load, and 
independent combustion is effected by the ?rst stage com 
bustion part 2 in a region from start-up to a loW load. In order 
to attain loW NOx in a high load region after that, also, 
simultaneous combustion is effected in both the ?rst stage 
combustion part 2 and the second stage combustion part 3 
Which employs a premixed combustion system of the com 
bustor, and in order to reduce Nox emission in a further high 
load region, the combustion condition is shifted to indepen 
dent combustion in the second stage combustion part 3 
according to load. 

[0026] Further, for control of the above-mentioned fuel air 
ratio, the fuel is adjusted by opening control of fuel valves 
4b, 4a' mounted on fuel lines 4a, 4c through Which fuel is 
injected into the ?rst stage combustion part 2 and the second 
stage combustion part 3 of the tWo stage type combustor 1, 
respectively. On the other hand, the air is adjusted by 
controlling an opening of variable vanes called the inlet 
guide vanes 6 provided at the inlet side of the air compressor 
5. 

[0027] Usually, during load operation of the gas turbine, 
respective openings of the above-mentioned fuel valve 4 and 
inlet guide vanes 6 are adjusted by signals from a control 
unit 7 according to a quantity required of the load so that the 
fuel air ratio is adjusted to a fuel air ratio at Which the 
combustor can maintain a stable combustion condition. 

[0028] HoWever, as mentioned above, the fuel air ratio is 
necessary to be adjusted suitably over a Wide range, While 
combustion changes subtly according to difference in com 
bustor individuals, change in temperature or humidity of 
combustion air or change in calori?c amount or composition 
of fuel. Particularly, in the case Where the gas turbine is 
provided With a plurality of the combustors, since combus 
tion conditions of the respective combustors are different 
from one another, in some cases, stable combustion can not 
be attained in all the combustors. 

[0029] Such unstable combustion conditions can be 
detected from measurement by a plurality of exhaust tem 
perature measuring thermoelectric couples 9 arranged cir 
cumferentially at an exhaust side of the turbine section 8, or 
measurement by a combustor metal temperature measuring 
thermoelectric couple 11 arranged inside a sWirler 10 posi 
tioned in the second stage combustion part 3 of the com 
bustor 1. 

[0030] Further, as means for con?rming unstable combus 
tion condition other than the above means, temperature 
measuring devices for measuring combustion gas tempera 
ture inside the combustor, combustion gas temperature 
inside piping around the combustor, and metal temperature 
of piping around the combustor, each of Which presents the 
same tendency as in the above-mentioned positions When 
the instability of combustion occurs, are arranged at the 
corresponding positions, and the instability of the combus 
tion can be taken by measuring those temperatures. 

[0031] FIG. 2 is a block diagram of control in Which the 
gas turbine is controlled to a prescribed partial load by the 
control unit 7 When abnormal combustion occurred in the 
tWo stage type combustor 1. 
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[0032] In FIG. 2, as a quantity of state representative of 
combustion condition of the combustor, there are combustor 
inside combustion gas temperature 12, combustor metal 
temperature 13, combustor around piping inside combustion 
gas temperature 14, combustor around piping inside metal 
temperature 15 or exhaust temperature 16, etc., hoWever, 
explanation is made, taking the combustor metal tempera 
ture 13 as an example. 

[0033] The measuring position of the combustor metal 
temperature measuring thermoelectric couple 11 for mea 
suring the combustor metal temperature 13 is shoWn in FIG. 
1. 

[0034] In FIG. 2, the combustor metal temperatures 13 in 
a plurality of the tWo stage type combustors 1 arranged in the 
peripheral portion of the gas turbine are detected by total n 
thermoelectric couples 11 mounted in the second stage 
combustion parts of respective combustors 1. Each combus 
tor metal temperature 13 is detected, and in the case Where 
any one of temperature, temperature variation and tempera 
ture change rate of the really measured combustor metal 
temperature value is judged to exceed a preset alloWable 
value by arithmetic units 17a to 17c each including a 
monitor relay (FIG. 2 shoWs only MRY (monitor relay)), the 
combustion condition is regarded as being abnormal and a 
signal or signals 18, 19, 20 are issued. 

[0035] For example, as for setting of the arithmetic unit 
17a judging abnormality of temperature itself among the 
arithmetic units 17a to 17c, usually, the combustor metal 
temperature is about 500-600° C. at time of operation of 
100% load, and if fuel is overshot, ?ame approaches to the 
measuring position and the above-mentioned temperature 
rises, so that such a temperature that apparatus and devices 
are prevented from being broken is set, considering that the 
melting point of material of the corresponding portion is 
about 800-900° C. 

[0036] In an example of concrete setting of an alloWable 
temperature, the alloWable temperature is 750° C. or more at 
Which the combustion is regarded as being abnormal and the 
apparatus and devices are prevented from being broken, or, 
the alloWable temperature is set 725° C. or more at Which the 
combustion is regarded as being abnormal, Whereby faster 
response can be taken for the abnormal combustion. 

[0037] Further, in the case Where abnormal combustion 
occurs as mentioned above, the temperature rapidly rises, 
Whereby variation ranges and change rates also remarkably 
change as compared With the time of usual operation, so that 
it is possible to detect the change and judge abnormal 
combustion in the same manner as the alloWable tempera 
ture. 

[0038] One example of setting of each of the arithmetic 
units 17b, 17c judging abnormality of the above-mentioned 
variation range or change rate is explained hereunder. In the 
case of use of the variation range, as mentioned above, since 
the combustor metal temperature is usually about 500-600° 
C. and the melting point of material of the corresponding 
position is 800-900° C., the alloWable variation range is set 
200° C. or more at Which the combustion is regarded as 
being abnormal, thereby to prevent the apparatus and 
devices from being damaged. Further, by setting the alloW 
able temperature to 150° C. or more, more rapid response 
can be made in the time of abnormal combustion. 
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[0039] On the other hand, as for the change rate, since in 
some cases, the temperature of apparatus and devices rises 
to such a temperature that they are broken in 1 to 2 seconds 
When abnormality in combustion occurred, the alloWable 
change rate is set 100° C./sec or more at Which the com 
bustion is regarded as being abnormal, thereby the apparatus 
and devices are prevented from being damaged. Further, by 
setting the alloWable temperature change rate to 200° C./sec. 
or more, a more rapid response can be made When the 
combustion is abnormal. 

[0040] Therefore, it is possible to detect abnormality of 
combustion by any one of the above-mentioned conditions, 
or by combination of tWo or more of the conditions. 

[0041] When such abnormality of combustion occurred, 
hitherto, the combustion Was changed to independent com 
bustion of the ?rst stage combustion part in Which a range 
of stable combustion condition is Wide and the operation 
Was continuously effected as shoWn in the previously 
described conventional technique. 

[0042] HoWever, in the above operation method, since a 
region 47 in Which the independent combustion of the ?rst 
stage combustion part is in a loW load region as shoWn in 
FIG. 4, stabler combustion condition could be maintained, 
While decrease 48 in poWer generation amount Was large in 
that period because of loWering the combustion condition 
into the loW load region. 

[0043] Further, much time Was required for freeing the 
combustion from being abnormal and restoring the combus 
tion condition to the condition before occurrence of the 
abnormality, and an in?uence given to the system Was not 
little. 

[0044] Here, the present invention is so made that When a 
quantity of state for judging abnormality of the combustion 
condition exceeds an alloWable value and the combustion 
condition is regarded as being abnormal, an instruction to 
automatically decrease the load to a prescribed partial load 
in a use region of the second stage combustion part is issued. 

[0045] That is, When the gas turbine is operated by loW 
ering the load to a prescribed partial load in the use region 
of the second stage combustion part, the combustion tem 
perature decreases to reduce a thermal load of a high 
temperature portion around the combustor and protection of 
the apparatus and devices results. Further, not to reduce the 
combustion condition to a loW load region is the improve 
ment that the reduction of poWer generation amount is 
extremely suppressed. 

[0046] Further, in the case Where While the operation is 
continued under the condition that the load is loWered to the 
prescribed partial load by the above control, a quantity of 
state representative of the combustion condition of respec 
tive combustors or gas turbine is monitored, and When the 
quantity of state becomes Within an alloWable value or When 
a prescribed time has passed, the combustion condition is 
regarded as being freed from the abnormal condition, and a 
fuel instruction, Which is a control quantity, is automatically 
restored to a set value before occurrence of the abnormality, 
Whereby the time required for the restoration is shortened 
Without loWering the combustion condition to the loW load 
region, and an in?uence given to the system can be 
extremely suppressed While giving priority to protection of 
the apparatus and devices. 



US 2002/0033014 A1 

[0047] Concretely, When the combustion condition is 
regarded as being abnormal in FIG. 2 as mentioned above 
and signals 18, 19, 20 are issued, the arithmetic unit 21 
issues a signal 22 When a set load restriction condition is 
satis?ed by any one or combination of the sent signals 18, 
19 and 20. 

[0048] Upon issue of the signal 22, a sWitch 23 select a 
signal X2 from signals X1, X2 from a signal generator 24, 
that is, a signal 25 is sWitched from 0 MW to n MW through 
the sWitch 23. Asignal from a current load setting 26 is sent 
to a subtracting device 27, and an automatic load-doWn 
instruction 28 is issued so as to loWer load setting by n MW 
by passing the signal 25 through the subtraction device 27. 

[0049] By receiving the above-mentioned automatic load 
doWn instruction 28 thereby to loWer gas turbine fuel supply, 
the gas turbine is adjusted to a prescribed partial load. 

[0050] The above-mentioned partial load is set Within the 
use region of the second stage combustion part as shoWn in 
FIG. 4, for example, in the case 50 Wherein the load is not 
desired to extremely loWer the load, the load is set to a load 
of about 85-90% at maximum, and in the case 49 Where 
operation is desired to continue at a safety side in vieW of 
protection of the apparatus and devices, the partial load is set 
a load of about 45-50% at minimum. 

[0051] After establishment of the combustion abnormality 
condition, the signal 22 is kept for a certain time a by a timer 
29, and then, in the case Where the quantity of state repre 
sentative of the combustion condition returned Within the 
alloWable value, the combustion condition is regarded as 
being freed from the abnormal combustion condition and the 
signal is reset. 

[0052] Upon the reset of the signal, the signal 25 from the 
signal generator 24 is sWitched again from n MW to 0 MW 
and the automatic load doWn instruction 28 also is released, 
Whereby the gas turbine fuel supply increases to a value set 
before the abnormality and the gas turbine load is automati 
cally restored to the load set before the abnormality. 

[0053] By employing the present control method, reduc 
tion of poWer generation at time of occurrence of the 
abnormality of combustion is extremely suppressed and it is 
possible to shorten the time required for restoration of the 
gas turbine to the condition before occurrence of the abnor 
mality, as compared With a control method employing 
independent operation of the ?rst stage combustion part. 
According to the above-mentioned one example, as for 
loWering in poWer generation, poWer reduction correspond 
ing to about 80% load at maximum can be decreased and the 
time required for restoration to the operation condition 
before occurrence of the abnormality can be reduced by 
about 30 minutes at maximum. 

[0054] On the other hand, in the case Where the abnor 
mality of combustion condition exceeds remarkably the 
automatic load doWn instruction condition, or in the case 
Where even if the combustion condition is shifted to the 
condition under Which the load is loWered to the prescribed 
partial load, the quantity of state representative of the 
combustion condition exceeds the alloWable value and the 
abnormal combustion continues, the operation is shifted to 
independent operation of the ?rst stage combustion part as 
in the conventional control method, so that there is no 
problem of protection. 
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[0055] The above explanation is made, taking the com 
bustor metal temperature 13 as an example of measuring 
temperature. 

[0056] The other items for monitoring the combustion 
condition also can detect abnormal combustion in a similar 
manner to one using the combustor metal temperature 13 
because change in temperature When the combustion is 
unstable gives the same tendency as the combustor metal 
temperature 13. 

[0057] In the case Where exhaust temperature is used for 
measuring temperature, the exhaust temperature at time of 
operation of 100% load is about 590-630° C. Which is 
dependent on atmospheric temperature and the operation is 
effected at a ?xed combustion temperature. 

[0058] As for setting of the arithmetic units 17a-17c 
judging abnormality, an example of each case is given as 
folloWs. As for an alloWable temperature, since an exhaust 
temperature control value is different in magnitude in depen 
dence on an atmospheric temperature as mentioned above, a 
set value is taken variably from about 600-640° C. according 
to the atmospheric temperature. 

[0059] As for an alloWable temperature range, the com 
bustion is regarded as being abnormal When the range is 10° 
C. or more, and as for an alloWable temperature change rate, 
since the temperature rapidly rises in 1 to 2 seconds in a 
similar manner to the combustor metal temperature, the 
combustion is regarded as being abnormal at 10° C./sec and 
the apparatus and devices are protected from being broken. 

[0060] Further, in the above-mentioned control, in the case 
Where the combustion is regarded as being abnormal, since 
the gas turbine is loWered to a prescribed partial load, the 
fuel is restricted to supply according to a fuel instruction 
signal, hoWever, in the conventional technique, a control 
method of effecting closing operation of the air compressor 
inlet guide vanes Was taken in addition to the restriction of 
fuel. 

[0061] This control method has no particular problem as 
usual control because the operation is effected so as to 
maintain a suitable fuel air ratio. 

[0062] HoWever, When the combustion is abnormal, par 
ticularly When fuel is overshot to an air ?oW rate Whereby 
the combustion becomes abnormal, since a temperature of 
each portion around the combustor rises, the possibility to 
damage the apparatus and devices becomes high, so that it 
is desired to loWer the fuel air ratio. 

[0063] Therefore, in the present invention, in the course of 
control at time of load loWering of the gas turbine, even if 
the combustion is regarded as being abnormal, the opening 
of the air compressor inlet vanes is kept, or the fuel air ratio 
is loWered by commonly use of the compressor inlet vanes 
so as to decrease the reduction of opening. 

[0064] Concretely, it is realiZed in the folloWing method. 

[0065] In addition to the above-mentioned control unit, a 
logic diagram for explaining an embodiment of the com 
pressor inlet guide vane control is shoWn in FIG. 3. 

[0066] The compressor inlet guide vane control can be 
classi?ed largely into a speed control part 31 by the number 
of revolution of gas turbine, a control part 32 by fuel 
instruction signal and a control part 33 by exhaust tempera 
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ture. A minimum signal is selected by a loW value selection 
device 37 from vane opening signals 34, 35, 36 generated in 
respective control parts 31, 32, 33, and the signal becomes 
an inlet guide vane opening instruction 38. 

[0067] A difference 41 betWeen an inlet guide vane open 
ing instruction 38 obtained by the above and a real opening 
feedback value 40 obtained from an opening oscillator 39 is 
controlled by a servo 42, Whereby the opening of the inlet 
guide vanes 30 is controlled. 

[0068] Particularly, the present invention is to improve on 
a control method of the control part 33 by exhaust tempera 
ture during control of the inlet guide vanes in the case Where 
the combustion is regarded as abnormal since the inlet guide 
vane control is being controlled during load operation of gas 
turbine. 

[0069] Exhaust temperature control conditions during gas 
turbine operation according to the present invention are 
shoWn in FIG. 5. 

[0070] In the gas turbine exhaust temperature control, at 
the time of start-up, a exhaust temperature rising rate is 
controlled to decrease thermal stress caused in passage 
portions for high temperature gas, and during load operation, 
control of an upper limit value of the exhaust temperature is 
conducted by effecting proportion/integration-control of dif 
ference betWeen an exhaust temperature set value and a real 
value from the detector, Whereby the gas turbine upper limit 
combustion temperature is controlled so as to be constant. 

[0071] Further, as the exhaust temperature set value, a 
combustion temperature constant line called “a base control 
operation line”51 is formed on the basis of values calculated 
using, as parameter, the compressor delivery pressure 
detected by an oscillator mounted doWnstream of the air 
compressor. 

[0072] Further, in the gas turbine exhaust temperature 
control, an “IGV control line”52 along Which exhaust tem 
perature set values are set by the compressor inlet guide 
vanes is provided at a position to Which the above-men 
tioned “base control operation line”51 is parallel-shifted to 
the loWer side by n ° C., using a function of the compressor 
inlet guide vane opening. 

[0073] This is because the exhaust temperature control is 
controlled by both the fuel valve (fuel side) and the inlet 
guide vane opening (air side) hoWever, since a response of 
the inlet guide vane opening has larger delay in folloWing 
than the fuel valve, in the case Where tWo parameters are 
controlled simultaneously in the control system having a 
difference in response, stable exhaust (combustion) tempera 
ture control can not be effected. Therefore, in the present 
embodiment, the fuel valve and inlet guide vanes are 
sWitched to be individually operated to control the exhaust 
temperature. 

[0074] Hereunder, the exhaust temperature control in time 
of load-up operation Will be concretely explained, referring 
to FIG. 5. For example, When the output of the gas turbine 
is raised from a partial load condition to a prescribed load 
condition, ?rst, as shoWn by 60 in FIG. 5, openings of both 
the fuel valve and compressor inlet guide vanes are con 
trolled to raise the exhaust temperature until the exhaust 
temperature reaches on the “IGV control line”52 provided at 
the position parallel-shifted by n ° C. from the “base control 
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operation line”51. Then, at the time the exhaust temperature 
reached the “IGV control line”52, the control is sWitched to 
independent control of only the compressor inlet guide 
vanes While keeping the opening of the fuel valve as it is, as 
an IGV control starting point 53 based on exhaust tempera 
ture. After reaching the IGV control starting point 53, the 
output of the gas turbine is raised and the exhaust tempera 
ture is controlled along the “IGV control line”52 shoWn by 
61 until the opening of the inlet guide vanes for practicing 
adjustment on the air side reaches the full opening. 

[0075] After that, in the control of the inlet guide vanes on 
the “IGV control line”52, the time the inlet guide vane 
opening has fully opened is shoWn as an IGV opening full 
opening point 54, and the exhaust temperature control by 
control of the fuel valve is effected by sWitching from the 
“IGV control line”52 to the “base control operation line”51. 
At this time, the opening of the inlet guide vanes has already 
been fully opened and the air side becomes stable in con 
dition. The fuel side is adjusted by the fuel valve according 
to a fuel instruction signal by the exhaust temperature 
control under the condition the inlet guide vanes are left as 
fully opened, Whereby the exhaust temperature is controlled 
along the “base control operation line”51. 

[0076] In this manner, by controlling individually the tWo 
parameters, stable exhaust temperature control can be car 
ried out. 

[0077] Next, the exhaust temperature control in time of 
load-doWn operation Will be explained. In the course of the 
above-mentioned automatic load-doWn control of the gas 
turbine, in the conventional control method, in the case 
Where the combustion is regarded as being abnormal, fuel 
supply is reduced by the automatic load-doWn instruction 28 
according to an fuel instruction, and the exhaust temperature 
control is carried out in a reverse procedures to the above 
mentioned control in the time of load-up. 

[0078] Hereunder, the exhaust temperature control in the 
time of load-doWn Will be explained, referring to FIG. 5. In 
the case Where an automatic load-doWn instruction is issued 
during operation on the “base control operation line”51, the 
exhaust temperature control is sWitched from the “base 
control operation line”51 to the “ICV control line”52, as 
shoWn by 63. In the course until the exhaust temperature 
reaches from “base control operation line”51 to the “ICV 
control line”52, the fuel supply is reduced under the condi 
tion that the opening of the inlet guide vanes is kept fully 
open. When the exhaust temperature reached the “ICV 
control line”52, such control as shoWn by 55 is effected on 
the “IGV control line”52 While reducing the opening of the 
inlet guide vanes fully opened. 

[0079] At this time, at the time the exhaust temperature 
reaches the “ICV control line”52 from the “base control 
operation line”51, the control is sWitched to opening control 
of the inlet guide vanes, and the fuel reduction by the fuel 
valve is not effected once. That is, since an air supply 
quantity is being reduced While keeping a fuel supply 
quantity constant, the fuel air ratio increases according to 
closing operation of the inlet guide vanes as shoWn by 55, 
as a result, the exhaust temperature rises again. 

[0080] On the contrary, in the time of abnormal combus 
tion, it is desirable to operate With the fuel air ratio being 
decreased as loW as possible, in order to reduce the possi 
bility to damage apparatus and devices. 
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[0081] Therefore, in the present invention, in FIG. 3, 
When the automatic load doWn instruction 28 is issued, a 
signal 44 from a signal generator is sWitched from 0° C. to 
n‘0 C. through a sWitch 43, and a signal from a function 

generator 45 Which takes, as a parameter, a compressor inlet 

guide vane opening setting for forming the “IGV control 
line”52 is made loWer by n‘0 C. than a current set tempera 

ture, Whereby an IGV control line 56 formed according to 
automatic load doWn operation is formed at the position that 
the “IGV control line”52 shoWn in FIG. 5 is loWered on 

appearance by n‘0 C., so that in the automatic load doWn 
course, a fuel adjustment range by the fuel valve until it 
reaches to the “IGV control line”52 expands (that is, the 
control shoWn by 63 in FIG. 5 extends to a control shoWn 

by 63 and 63‘), it is possible to maintain the compressor inlet 
guide vane opening, or reduce the opening decrease and it is 
possible to suppress a increase of fuel air ratio. 

[0082] Further, the present control returns an initial set by 
resetting the automatic load doWn instruction 28. 

[0083] As explained above, according to the present 
invention, in the gas turbine having tWo stage type combus 
tors, it is possible to effect continuous operation in a 
prescribed load region in the second stage combustion part 
use region While suppressing a decrease of poWer generation 
even if combustion abnormality occurs, by extremely 
excluding an in?uence to the system side (by not damaging 
it) and avoiding loWering the combustion condition of the 
gas turbine to a loW load region. Further, if it is possible to 
con?rm to have no problem on apparatus and devices by 
monitoring a quantity of state representative of the combus 
tion condition of the combustor or the gas turbine under the 
above operation condition, it is possible to be rapidly 
restored to the initial operation condition and to shorten a 
time for restoration. 

[0084] As for effects attained through the above, as com 
pared With independent combustion in the ?rst stage com 
bustion part Which is a conventional technique, as for 
decrease in poWer generation, it is possible to reduce the 
poWer generation decrease corresponding to about 80% load 
at maximum and about 40% load at minimum. Further, as 
for the time required for restoration from occurrence of 
combustion abnormality to the operation condition before 
occurrence of the abnormality, it is possible to shorten about 
30 minutes at maximum as compared With the individual 
combustion in the ?rst stage combustion part. 
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What is claimed is: 
1. A control method of a gas turbine provided With a 

plurality of combustors each of Which has a ?rst stage 
combustion part effecting diffusion combustion and a second 
stage combustion part effecting premixed combustion, said 
control method comprising: 

monitoring a quantity of state representative of the com 
bustion condition of said combustor or gas turbine, 

regarding the combustion condition as being abnormal 
combustion When said quantity of state exceeds an 
alloWable value and loWering gas turbine load to a 
predetermined partial load, thereby to continue the 
operation. 

2. A control method of a gas turbine provided With a 
plurality of combustors each of Which has a ?rst stage 
combustion part effecting diffusion combustion and a second 
stage combustion part effecting premixed combustion, said 
control method comprising: 

monitoring a quantity of state representative of the com 
bustion condition of said combustor or gas turbine, 

regarding the combustion condition as being abnormal 
combustion When said quantity of state exceeds an 
alloWable value and loWering gas turbine load to a 
predetermined partial load, thereby to continue the 
operation, and 

automatically restoring a control quantity to a set value 
before the abnormal condition by regarding the com 
bustion condition as being freed from the abnormal 
condition When said quantity of state returned Within 
the alloWable value or a predetermined time passed 
during continuation of the operation. 

3. A control method of a gas turbine according to claim 1 
or 2, Wherein said quantity of state is at least one of 
combustion gas temperature or metal temperature of said 
combustor or piping around said combustor and exhaust 
temperature of said gas turbine, or a combination of tWo or 
more thereof. 

4. A control method of a gas turbine according to claim 1 
or 2, Wherein said quantity of state is metal temperature of 
a combustor sWirler in the premixed combustion part. 

5. A control method of a gas turbine according to claim 1 
or 2, Wherein judgement condition of said quantity of state 
is at least one of an absolute value, a variation range and a 
change rate of said quantity of state, or combination of any 
tWo or more thereof. 

6. A control method of a gas turbine according to claim 1 
or 2, Wherein an opening of air compressor inlet guide vanes 
is kept as it is or reduced to decrease at time of load doWn 
of said gas turbine. 


