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[57] ABSTRACT 
A fuel control system for a dual-shaft gas turbine engine 
having a gasi?er turbine and a power turbine comprises , w 
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a device for supplying fuel to a combustor of the engine 
by an amount necessary for engine ignition during en 
gine starting. Under normal operating conditions, fuel is 
supplied to the combustor by a closed loop controller. 
An accelerating device increases the fuel supply to the 
combustor as time progresses from a ?rst time when 
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, engine ignition takes placé to a second time when the 
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FUEL CONTROL SYSTEM FOR GAS TURBINE 
ENGINE ' '> " I t ‘ 

BACKGROUND OF THE INVENTION 

This invention relates in general to an improvement 
in a dual-shaft gas turbine engine having two indepen 
dently rotatable shafts on which a gasi?er turbine and a 

‘ power turbine are respectively mounted, and more par 
ticularly to a device for controlling fuel supply at en 
gine starting of the dual-shaft gas turbine engine. 

In a dual-shaft gas turbine engine, fuel supply under 
normal engine operating conditions is usually con 
trolled‘in a so-called proportional or proportional-inte» 
gral closed loop, i.e., feedback, control mode so that the 
rotational speed of a power turbine agrees with a target 
level. With such a ‘fuel supply control mode, a suitable 
fuel supply cannot be expected during engine starting. 
The power turbine rotational speed deviates from the 
normal speed target level extensively during engine 
starting. Therefore a large amount of feedback control 
.is required during starting; this large amount of feed 
back control results in excessive fuel consumption. a 
As appreciated, it is desirable to obtain an‘optimum 

air-fuel ratio during engine starting, and accordingly an 
optimum amount of fuel for ignition is supplied in de 
pendence on an amount of air corresponding to the 
rotational speed of a compressor turbine which is driven 
by a starter motor. Therefore, during enginestarting, it 
is not suitable to provide the normal speed closed loop 
mode control of the rotational speed of the power tur 
bine so the turbine speed agrees with the normal speed 
target level. 

In this regard, control of power turbine rotational 
speed during engine starting has been previously pro 
vided from experience by determining optimum fuel 
amount for engine starting. The thus determined fuel 
amount is supplied to the engine until the power turbine 
rotational speed reaches a predetermined level after 
engine ignition. Then the closed loop control is initi 
ated. 

Because the optimum fuel supply for engine starting 
is maintained until the power turbine rotational speed 
reaches the predetermined level, there is a tendency for 
a prolonged starting time period. Therefore, such a 
control mode is not particularly suitable for a drive 
power source used for driving an emergency electric 
power generating device which requires a shorter en 
gine starting time period. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with the present invention, an im 
provement is made in a fuel control system for a dual 
shaft'gas turbine engine having a gasi?er-turbine and 
power turbine which respectively are mounted on two 
independently rotatable shafts. The control system in 
cludes means for supplying an engine combustor an 
amount of fuel necessary for engine ignition'during 
engine starting. During normal operation fuel is sup 
plied to the combustorin a closed loop‘control mode to 
reduce the deviation of the power turbine rotational 
speed from a predetermined level for the power turbine 
rotational speed. The improvedi'fuehcon't'rol system 
includes means for detecting when engine ignition takes 
place, and accelerating means for increasing the’ amount 
of fuel supplied to the combustor as time progresses 
[from a ?rst time period ‘when engine ignition takes place 
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2 
-to a second time. period when the closed loop control of 
fuel supply takes place. 
An object :of the present invention is to provide an 

improved fuel control system for a dual-shaft gas tur 
bine engine, wherein the engine can be effectively oper 
ated to overcome the drawbacks encountered in con 
ventional fuel control systems for the same engines. 
Another object of the present invention is to provide 

an improved fuel control system for a dual-shaft gas 
turbine engine ‘wherein the rotational speed of a gasi?er 
turbine is smoothly and stably accelerated during an 
initial period of engine starting. 
A still further object of the present invention is to i 

provide an improved fuel ‘control system for a dual 
shaft gas turbine engine wherein the amount of fuel 
supplied to a combustor is gradually increased after 
engine ignition takes place. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The features and advantages of the fuel control sys 

tem according to the present invention will be more 
clearly appreciated from the following description 
taken in conjunction with the accompanying drawings 
in which like reference nuemrals and characters desig 
nate, corresponding elements, and in which: 
FIG. 1 is a circuit diagram of a fuel control system of 

an embodiment of a fuel control system according to 
the present invention; 
FIG. 2 is a graph of the operation mode of a dual 

shaft gas turbine engine equipped with the fuel control 
system of FIG. 1; and 
FIG. 3 is a circuit diagram of another embodiment of 

the fuel control system of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIG. 1 of the drawings, there is 
shown an embodiment of a circuit diagram of a fuel 
control system of a dual-shaft gas turbine engine, in 
accordance with the present invention. The dual-shaft 

‘ gas turbine engine is, as usual, provided with two inde 
pendently rotatable shafts, not shown. A gasi?er turbine 
and a compressor turbine are mounted on one of the 
rotatable shafts, and a power turbine is mounted‘ on 
another shaft, not shown. 

Set point circuit 1 selectively supplies ?rst and sec 
ond signals, via switching circuit: 9, to fuel control valve 
10. The ?rst signal supplied by circuit 1 to valve 10 
controls an optimum amount of fuel for a previously set 
engine operation; the ?rst signal is supplied to valve 10 
from the time of engine starting to a judged engine 
ignition time. The second signal gradually increases the 
amount of fuel supplied by valve 10 to obtain smooth 
and stable engine acceleration characteristics as de 
scribed infra. The fuel supply control valve 10 is ar 
ranged to controllably supply fuel to a combustor, not 
shown, for the gas turbine engine. 

Gasi?er turbine rotational speed deviation detecting 
circuit 2 computes the deviation ANgg of a signal repre 
sentative of the gasi?er turbine rotational speed, Ngg, 
from a signal representative of rated gasi?er turbine 

‘ rotational speed Nggset. A power turbine rotational 

65 

speed deviation detecting circuit 3 computes the devia 
tion ANpt of a signal representative of power turbine 
rotational speed Npt from a power turbine target rota 
tional speed Nptset. A selecting circuit 4 selects the 
smaller value of the deviations A'Ngg and ANpt derived 
from'the detecting circuits 2 and 3 to produce an output. 
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A proportional circuit 5 and an integrating circuit 6 
respectively derive signals having values proportional 
to the value ‘and of the integral of the output of the 
selecting circuit 4. An adder 7 sums the values derived 
from proportional circuit 5 and integrating circuit 6. 
Thereby, adder 7 derives a signal representing the value 
and the integral of the smallest rotational speed devia 
tion ANgg or ANpt. The output signal of adder 7 is a 
closed loop control signal which is supplied, during 
normal operation, through the switching circuit 9 to 
control the amount of fuel supplied by valve 10 to the 
gas turbine combuster. 

Detecting circuits 2 and 3, selecting circuit 4, propor 
tional circuit 5, integrating circuit 6, and adder 7 consti 
tute a closed loop control system which normally pro 
vides a closed loop controller for the rotational speed 
Npt of the power turbine. The closed loop controller 
controls the amount of fuel supplied by valve 10 to the 
combuster in response to the deviation ANpt so that the 
actual rotational speed (Npt) of the power turbine be 
comes equal to the target rotational speed (Nptset) of 
the power turbine. However, if the gasi?er turbine 
rotational speed Ngg increases considerably so there is 
a decrease in the deviation ANgg of the rotational speed 
Ngg from the rated rotational speed (Nggset) so that the 
deviation ANgg becomes smaller than the power tur 
bine speed deviation ANpt, the amount of fuel supplied 
by valve 10 is controlled in response to the deviation 
ANgg instead of by the deviation ANpt. Thereby, the 
rotational speed of the gasi?er turbine is controlled in 
the closed loop control mode, causing the gasi?er tur 
bine speed to be controlled by the rated rotational speed 
Nggset. This prevents the rotational speed Ngg from 
becoming much higher than the rated rotational speed 
Nggset, preventing an accident that could occur if the 
rotational speed Ngg rises excessibly. 
Comparator circuit 8 determines when ‘the closed 

loop control should start in response to the relative 
amplitudes of the outputs of adder 7 and set point circuit 
1. When circuit 8 detects that the output of circuit 7 is 
greater than or equal to the output of circuit 1 the sys 
tem is in a start mode, at which time circuit 8 activates 
switch 9 so contacts 9a and 9c are closed and the output 
of circuit 1 is applied to valve 10. During the start mode 
circuit 8 opens switch 6a so adder circuit 7 is responsive 
only to the signal proportional to the smaller of the 
power and gasifier turbine deviations (ANgg or ANpt), 
to the exclusion of a signal related to the integral of the 
smaller deviation, since the output of integrator 6 is 
zero. In response to the output of circuit 1 being greater 
than the output of adder 7, as occurs during normal 
operation, comparator 8 derives a signal to activate 
switch 9 to close contacts 9b and 9c so the output of the 
adder is applied to valve 10. Simultaneously, the output 
signal of comparator 8 closes switch 6a so that integra 
tor 6 can derive a non-zero output, to provide a propor 
tional-integral feed back controller during normal oper 
ation. 
The manner of operation of the fuel supply control 

system shown in FIG. 1 is explained hereinafter with 
reference to FIG. 2. 
To start engine, at time A, FIG. 2, a switch 10 is 

closed in synchronism with operating an engine starting 
switch (not shown). Then, a voltage signal, having a 
value determined by a tap on potentiometer T1, is fed to 
the fuel supply control valve 10 through a buffer ampli 
?er 1c and the switching circuit 9. The signal from 
potentimeter T1 has an amplitude representative of an 
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4 
optimum amount of fuel for ignition, so that the opti 
mum amount of fuel required for engine ignition is sup 
plied to valve 10 at the time of ignition. " 

After ignition, at the instant when the rotational 
speed Ngg of a starter motor (not shown) exceeds a 
predetermined rotational speed N comparator 1d pro 
duces a high level signal at a judged time point for 
engine ignition. Speed N represents engine ignition at a 
time B, FIG. 2; speed N is, for example, 10000 rpm for 
a rated rotational starter motor speed of 8000 rpm. In 
response to closure of switch la, capacitor 1b is charged 

' to produce the third waveform of FIG. 2. The judged 
ignition time may also be determined by detecting the 
temperature of combustion flame or combustion gas. 
After the judged ignition time capacitor 1b is charged 
through diode 1e in response to the mentioned high 
level output signal of comparator 1d. For this purpose, 
a tap of potentiometer T2 is set so the tap voltage of 
potentiometer T2 for the high level output signal of 
comparator 1d is at a predetermined level which is 
higher than the voltage at the tap of potentiometer T1. 
Therefore, the voltage across capacitor lb gradually 
increases from a level corresponding to the optimum 
fuel supply for engine ignition to a new level associated 
with the amount of fuel necessary for engine accelera 
tion during starting, as illustrated by the third wave 
form of FIG. 2. 
As a result, the amount of supplied fuel gradually 

increases from the optimum amount for engine ignition, 
so that the rotational speed Ngg of the gasi?er turbine 
increases, i.e., the gasi?er turbine is accelerated. The 
increased gasi?er turbine speed is accompanied by an 
increase in power turbine rotational speed Npt. The 
amount of fuel necessary for engine acceleration may be 
obtained by'supplying fuel in addition to the fuel sup 
plied for engine ignition. 
The acceleration characteristics of the rotational 

speeds Ngg and Npt are determined by the charging 
time constant for capacitor 1b. Accordingly, the values 
of capacitor 1b and the resistors supplying current to 
the capacitor are set to provide smooth and stable 
(without surging) acceleration characteristics. As a 
result, the rotational speed Npt of the power turbine 
Npt smoothly and stably rises, so that the deviation 
ANpt quickly decreases. 
At the time C (in FIG. 2) when the output signal from 

adder 7 becomes smaller (converted into fuel supply 
amount) than the signal from the setting circuit 1, com 
parator circuit 8 activates switch 9 so movable contact 
9c leaves stationary contact 9a and contacts stationary 
contact 9b. Accordingly, the signal from the adder 7 is 
fed to the fuel control valve 10 in place of the signal 
from the set point circuit 1, to start closed loop control 
of the fuel supplied to the gas turbine engine combustor. 

Simultaneously, the comparator circuit 8 causes 
switch 6a to close to start the operation of the integrat 
ing circuit 6, to provide stable closed loop control. In 
this connection, if the integrating circuit 6 is operated 
from the engine starting time point when the deviation 
ANpt is larger, the output value of the integrating cir 
cuit 6 abnormally increases, which raises the possibility 
that an excessive amount of fuel is supplied by valve 10 
after the closed loop control is initiated. It will be appre 
ciated from this, that a stable closed loop control is 
accomplished by operating the integrating circuit 6 
after the deviation ANpt is sufficiently reduced. There 
after, the power turbine rotational speed Npt is stably 
maintained in the vicinity of the power turbine target 
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rotational speed Nptset by closed loop control for the 
amount of fuel supplied by valve 10. , , 
FIG. 3 is an illustration of another embodiment of the 

fuel control system in accordance with the present in 
vention. This embodiment is the same as that‘shown in 
FIG. 1 except for an arrangement by ‘whichuthe voltage 
supplied from the variable resistor T2 to the. capacitor 
1b is compensated so it increases as a function of ambi~ 
ent air temperature To. In this case, when the ambient 
air temperature becomes lower than 8° C., the voltage 
supplied to the capacitor 1b is compensated so it in 
creases in proporation to the reduced temperature 
under the action of a comparator If This increases the ‘ 
amount of fuel supplied by valve 10 under low tempera‘ 
ture conditions, thereby preventing deterioration of low 
temperature acceleration characteristics. 
As appreciated from the above, according to the 

present invention, the amount of fuel supplied is gradu 
ally increased after engine ignition, so that smooth and 
stable acceleration characteristics can be obtained, 
thereby shortening the engine starting time period. 
What is claimed is: 
1. Apparatus for controlling the speed of a turbine 

having a power shaft mounted independently of a gas 
i?er shaft, the gasi?er shaft being driven in response to 
fuel ?owing through a fuel controller, comprising ?rst 
means for controlling the amount of fuel ?owing 
through the fuel controller during starting of the tur 
bine, second means for controlling the amount of fuel 
?owing through the fuel controller during normal oper 
ation of the turbine, and means for switching operation 
from the ?rst controlling means to the second control 
ling means in response to a predetermined relationship 
between the fuel ?owing through the fuel controller 
during starting and the smaller of ?rst and second errors 
between set point and actual values of the speeds of the 
power and gasi?er shafts. 

2. The apparatus of claim 1 wherein the second means 
for controlling includes means for controlling the 
amount of fuel ?owing through the fuel controller in 
response to a quantity proportional to the smaller of the 
?rst and second errors and the integral of the smaller of 
?rst and second errors. 

3. The apparatus of claim 1 wherein the ?rst means 
includes means for initially controlling the fuel control 
ler so a predetermined amount of fuel ?ows through the 
fuel controller unit the gasi?er shaft reaches a predeter 
mined speed and for thereafter increasing the amount of 
fuel ?owing through the fuel controller until the second 
means is switched to control the fuel ?owing through 
the fuel controller. 

4. The apparatus of claim 1 wherein the ?rst means 
includes means for initially controlling the fuel control 
ler so a predetermined amount of fuel ?ows through the 
fuel controller until the gasi?er shaft reaches a predeter 
mined speed and for immediately thereafter gradually 
increasing the amount of fuel ?owing through the fuel 
controller until the second means is switched to control 
the fuel ?owing through the fuel controller. 

5. Apparatus for controlling the speed of a turbine 
having a power shaft mounted independently of a gas 
i?er shaft, the gasi?er shaft being driven in response to 
fuel ?owing through a fuel controller, comprising ?rst 
means for controlling the amount of fuel ?owing 
through the fuel controller during starting of the tur 
bine, second means for controlling the amount of fuel 
?owing through the fuel controller during operation of 
the turbine, and means for switching operation from the 
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?rst controlling means to the second controlling means, 
wherein the ?rst means includes means for intially con 
trolling the fuel controller so a. predetermined amount 
of fuel flows. through the fuel controller until the gas 

; i?er shaft reaches a predetermined speed and for imme 
diately thereafter gradually increasing the amount of 
fuel ?owing through the fuel controller until the second 
means is switched to control the fuel ?owing through 
the fuel controller. 

6. The apparatus of claim 3, 4, or 5 further including 
means for monitoring ambient air temperature, said ?rst 
‘controlling means including means responsive to the 
monitoring means signalling that the ambient air tem 
perature is less than a predetermined value for increas 
ing the amount of fuel ?owing through the fuel control 
ler as an inverse function of monitored air temperature. 

'_7. Apparatus for controlling the speed of a turbine 
having a power shaft mounted independently of a gas 
i?er shaft, the gasi?er shaft being driven in response to 
fuel ?owing through a fuel controller, comprising 
means responsive to the gasi?er shaft speed for deriving 
a ?rst signal indicative of the gasi?er shaft speed, means 
responsive to the power shaft speed for deriving a sec 
ond signal indicative of power shaft speed, means re 
sponsive to the ?rst and second signals and set point 
values for the gasi?er shaft speed and the power shaft 
speed for deriving a third signal having a value indica 
tive of the smaller of the errors between the indicated 
shaft speeds and the set point values therefor, means 
responsive to the third signal for deriving a fourth sig 
nal having a value proportional to the integral of the 
third signal, means responsive to the ?rst signal and a 
predetermined starting value for the gasi?er shaft speed 
for deriving a start signal that increases in value after 
the gasi?er shaft speed reaches the predetermined start 
ing value, means responsive to the start, third and 
fourth signals for activating the fuel controller so the 
fuel controller is responsive to the start signal until the 
start and third signals have a predetermined amplitude 
relationship and for thereafter activating the fuel con 
troller so the fuel controller is responsive to the ampli 
tude of the third and fourth signals to the exclusion of 
the start signal, the amount of fuel ?owing through the 
fuel controller being determined by the amplitudes of 
the signals to which the fuel controller is responsive. 

8. The apparatus of claim 7 further including means 
for monitoring ambient air temperature, and means 
responsive to the monitoring means signalling that the 
ambient air temperature is less than a predetermined 
value for increasing the value of the start signal as an 
inverse function of monitored air temperature. 

9. The apparatus of claim 7 or 8 wherein the start 
signal deriving means includes means for deriving the 
start signal so it gradually increases in value immedi 
ately after the gasi?er shaft speed reaches the predeter 
mined value. 

10. Apparatus for controlling the speed of a turbine 
having a power shaft mounted independently of a gas 
i?er shaft, the gasi?er shaft being driven in response to 
fuel ?owing through a fuel controller, comprising ?rst 
means for controlling the amount of fuel ?owing 
through the fuel controller during starting of the tur 
bine, second means for controlling the amount of fuel 
?owing through the fuel controller during normal oper 
ation of the turbine, and means for switching operation 
from the ?rst'controlling means to the second control 
ling means in response to a predetermined relationship 
between the ‘speed of the gasi?er shaft during starting 
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and an error between a set point and actual value for 

one of the shaft speeds. 

11. A method of operating a turbine having a power 

shaft mounted independently of a gasi?er shaft, the 
gasi?er shaft being driven in response to fuel ?owing 
through a fuel controller, comprising activating the fuel 
controller so a constant optimum amount of fuel ?ows 

through the controller at the time of ignition of gases 
driving the gasi?er and until the gasi?er shaft speed 
reaches a predetermined value, determining the magni- - 

tude of the smaller of: an error between the gasi?er 
shaft speed and a set point therefor and an error be 

tween the power shaft speed and a set point therefor, 
then gradually increasing the amount of fuel ?owing 
through the controller until the gasi?er shaft speed has 
a predetermined relationship with the magnitude of the 
smaller error, in response to the predetermined relation 
ship being reached controlling the amount of fuel ?ow 
ing through the controller as a function of the magni 
tude of the smaller error. 

20 

25 

30 

35 

45 

50 

55 

65 

8 
12. The method of claim 11 wherein the function is 

proportional to the error magnitude and the integral of 
the error magnitude. 

13. A method of operating a turbine having a power 
shaft mounted independently of a gasi?er shaft, the 
gasi?er shaft being driven in response to fuel flowing 
through a fuel controller, comprising activating the fuel 
controller so a constant optimum amount of fuel ?ows 
through the controller at the time of ignition of gases 
driving the gasi?er and until the gasi?er shaft speed 
reaches a predetermined value, determining the magni 
tude of the smaller of: an error between one of the 
gasi?er shaft speed and a set point therefor and an error 
between the power shaft speed and a set point therefor, 
in response to the predetermined relationship being 
reached controlling the amount of fuel ?owing through 
the controller as a function of the magnitude of one of 
the errors. 

14. The method of claim 11 or 13 further ‘comprising 
increasing the amount of fuel ?owing through the con 
troller as the fuel is being gradually increased as an 
inverse function of ambient air temperature in response 
to the temperature being less than a predetermined 
value. 

* * i it * 


