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BOILER-TURBINE CONTROL SYSTEM 

BACKGROUND OF THE INVENTION 

This invention relates to a boiler-turbine control sys 
tem and more particularly to a control system for con 

trolling the boiler inputs to meet the boiler-turbine sys 
tem demand while maintaining a predetermined state 
for the throttle valve. The state of the throttle valve 
may, for example, be its opening or the pressure differ 
ence across it. 

In boiler-turbine control systems it is desirable to 
generate a signal indicative of the power input require 
ment to the steam turbine from the boiler for the steam 
conditions. That signal may advantageously be used as 
a demand signal for controlling the inputs to the boiler. 

When the deviation of the power output of the gener 
ator from its desired value is controlled by modification 
of the turbine control valve and the boiler inputs are 
controlled in response to the demand signal trimmed by 
a throttle pressure controller with the throttle pressure 
set point programmed over a limited range, the system 
is said to be operating in a sliding pressure mode. 
During such operation a change in electrical load 

causes a controller to change the throttle valve opening 
and hence the power level in the turbine-generator 
unit. This change then causes the modi?cation of the 
inputs to the boiler in response to the demand signal 
developed. As has been set forth by others, the boiler 
input demand signal can be obtained from the quotient 
of the ?rst stage pressure in the turbine or any other in 
dication of the steam ?ow through the turbine divided 
by the throttle pressure. Multiplying this quotient by 
the pressure controller set point provides the boiler de 
mand signal for sliding pressure operation. Those past 
systems, however, have not provided means for effect 
ing a readjustment of the turbine control valve toward 
a particular preselected state. 
Accordingly, it is an object of this invention to pro 

vide an improved method and means for establishing a 
demand signal for controlling the boiler inputs in a boil 
er-turbine system in which the turbine control valve is 
adjusted to rapidly provide the desired generator out 
put, and the throttle pressure is allowed to operate over 
a limited range in a sliding pressure mode, with the 
throttle pressure set point regulated as required to pro 
vide for maintaining the desired generator output, 
while returning the turbine control valve to a preset 
state. 

SUMMARY OF THE INVENTION 

In accordance with this invention there is provided a 
system for controlling the inputs to a steam boiler in re 
sponse to a demand signal so as to provide a desired 
output from the associated turbine-generator unit 
through a turbine control valve which is adjusted to 
maintain the desired generator output. The boiler de 
mand signal is computed as the ratio of a signal repre 
senting the steam flow in the turbine to a signal repre 
senting the throttle pressure, all multiplied by the throt 
tle pressure set point, and the demand signal is modi 
fied by a control signal responsive to the deviation of 
the throttle pressure from its set point. The improve 
ment comprises means operable to modify both the 
throttle pressure set point and the boiler demand signal 
to reduce the deviation between a signal representing 
the desired value of a particular state of the turbine 
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2 
control valve and a signal representing the measured 
value of the particular state of the turbine control 
valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of one form of a boiler con 
trol system for carrying out the present invention. 
FIG. 2 is a block diagram showing the changes neces— 

sary to provide one modified form of the system of FIG. 
1. 

DESCRIPTION'OF THE PREFERRED 
' EMBODIMENT 

In FIG. 1 the boiler 10 is a once through boiler pro 
vided with the usual inputs such as fuel flow through 
line 12 and air flow through line 16. The fuel flow and 
air ?ow are combined at the burner 14 so as to provide 
a necessary heat input to the boiler. The feedwater ?ow 
is provided through line 18. The air flow input through 
line 16 is subject to control by the adjustment of valve 
20 by controller 22 which is shown as a controller pro 
viding both proportional and integral action as noted 
by the block labeled PI. The air ?ow through line 16 is 
measured by the ?owmeter 24, which by means of the 
associated pressure taps responds to the pressure dif 
ferential established across the ?ow restriction 26. 

Similarly, the fuel flow in line 12 is subject to control 
by the adjustment of valve 30 by controller 32 which 
is similar to controller 22. Also the fuel ?ow is mea 
sured by ?owmeter 34 in accordance with the pressure 
drop across the orifice plate 36. 
The feedwater ?ow through line 18 is subject to con 

trol by valve 40 in response to the action of a controller 
(not shown) which can operate to control the feedwa 
ter in any one of a number of ways known in the art. 

The steam pressure P, produced by the boiler in the 
output steam line 60, referred to as the throttle pres 
sure, is measured by the pressure measuring device 62 
through the tap 64 connected to the output steam line 
60. - 

Another measurement which is necessary for the 
control system shown in FIG. 1 is a measurement repre 
sentative of the steam ?ow to the turbine. That mea 
surement may be a direct measurement of steam ?ow 
or may be made by measurement of the pressure in the 
?rst stage of the‘ turbine or another appropriate stage, 
which measurement is related to the ?ow of steam 
through the turbine. Thus, in FIG. 1, the ?rst stage 
pressure P, of the turbine is measured by the pressure 
measuring device 70 which is connected by ‘tap 72 to 
the ?rst stage of turbine 68. 
As shown in the ?gure, steam from the boiler 10 is 

supplied through a turbine control valve 90 to turbine 
68. The turbine 68 is mechanically coupled to the gen 
erator 74 to produce an electrical output on lines 76. 
The power output on lines 76 is shown as being mea 
sured by a wattmeter 80 to provide on line 81 a signal 
representative of the actual output Ga of the generator 
G. 
For the purpose of establishing the desired output of 

the generator 74 there is provided at terminal 82 a sig 
nal Gd representing the desired generation for genera 
tor 74. 

The governor mechanism represented by block 86 is 
mechanically coupled to the turbine-generator by cou 
pling 84. The mechanical outputs of the governor 86 
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through coupling 88 controls the position of the turbine 
control valve 90 which in turn controls the steam flow 
to the turbine 68. Governor 86 is controlled by signals 
on lines 91 and 92 to cause the governor to increase or 
decrease the opening of valve 90 to change steam flow 
as required to maintain generation measured by signal 
Ga on line 81 at its desired value Gd through the con 
troller 100. _ 

As shown in FIG. 1 provision is made to supply gov 
ernor control signals on lines 91 and 92 in response to 
comparison of the signals Gd and G, in the comparator 
96. The difference between those two signals then ap 
pears on line 98 as an input to the controller 100. The 
controller 100 has both proportional and integral re 
sponse. That particular controller may be of the type 
disclosed in US. Pat. No. 3,008,072 and may be de 
signed so as to produce on its output lines 91 and 92 
electrical pulse signals whose duration depends upon 
the extent of the incremental control action called for 
by the controller 100. 
Having described the manner in which the electrical 

output of the generator 74 is controlled in response to 
the signal supplied to terminal 82 there will now be de 
scribed the manner in which the energy input to the 
boiler 10 is controlled so as to provide the desired 
steam pressure P,. As will be explained subsequently, 
the signal P, is subject to modi?cation by a control sys 
tem so as to maintain a particular predetermined state 
for the control valve 90. That state may involve the po 
sition of valve 90 or it may involve the pressure drop 
across valve 90 depending upon the condition which it 
is desirable to maintain for the type of operation re 
quired. 
The signal provided on line 108 is representative of 

the power demand established for the turbine 68. That 
turbine power demand signal is established by dividing 
the measured first stage pressure ( P1) in the turbine 68 
by the measured throttle pressure P, as in the dividing 
network shown as block 114. There is thus obtained at 
line 116 a signal representative of the quantity P1/P,. 
That quantity is then multiplied in multiplier 121 by 
signal P, on llne 117, which signal is representative of 
the throttle pressure set point. > 

The signal on line 117 is established, as shown, by a 
control system. In FIG. 1 the control system for estab 
lishing the signal on line 1 17 includes a source provid 
ing on line 120 a preset signal representing the desired 
opening for the valve 90 which signal may be consid 
ered as a preset value for the ratio P1/P¢ to which the 
actual ratio signal is compared in the comparator 115. 
There is then provided on the output line of the com 
parator 115 a signal indicative of the deviation of the 
actual valve opening from the desired valve opening, 
since Pl/P, is indicative of valve opening. it is that devi 
ation which it is desired to reduce to zero by means of 
the controller 122 which is shown as being a controller 
having both proportional and integral action. Thus, it 
is primarily the object of the control system for produc 
ing the signal on line 117 to respond to a deviation be 
tween the signal P1/P, supplied from the divider 114 
and the signal on line 120 so as to maintain those sig 
nals as nearly equal as possible by control action of 
controller 122 adjusting the signal P, on line 1 17, which 
through the boiler input control system produces a 
change in generation so that controller 100 will in turn 
adjust valve 90 thus changing the PIIP, ratio. 
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4 
The control system for adjusting the value of P, may 

include the use of a signal for attenuating the deviation 
signal by the introduction of the signal Gd into multi 
plier 123 by way of line 124. By introducing the multi 
plication in multiplier 123 the deviation signal derived 
from the comparator 115 can be modi?ed in accor 
dance with the desired generation Gd so as to thereby 
determine the relative effect that the deviation signal is 
going to have on the control of the signal P,. 
A signal from line 98 indicative of the deviation of 

the actual generation from the desired generation is 
added to the output of multiplier 123 by way of line 
125. 

It can be seen from the above that the input to the 
controller 122 comprises an attenuated deviation signal 
indicative of the deviation of valve 90 from the desired 
opening as modified by the deviation of G,z from Gd. 
Since the generator output deviation is controlled to 
zero by controller 100 the controller 122 operates to 
reduce to zero the deviation of the valve 90 from its de 
sired position. 
The output of the controller 122 is modi?ed by the 

addition of a signal from line 124 into summer 126 so 
as to provide a control effect on the signal P, which 
causes the control of P, to anticipate changes in the de 
sired generation Gd. The output of the summing junc 
tion 126 then provides an input to the limit circuits 
shown as block 130. Those limit circuits will include 
means for limiting the output, namely, the signal P, 
representative of the pressure set point on line 117 to 
a maximum and a minimum value as well as limiting the 
rate at which that value changes. The signal P, thus 
tends to vary as a result of the operation of controller 
122 within a limited range and at a limited rate so as to 
attempt to maintain an equality between the preset de 
sired opening for valve 90 as established by the set 
point signal on line 120 and the actual opening of the 
valve 90 as represented by the ratio 121/Pt. Thus, while 
the load control system which operates on the governor 
86 to cause changes in generation by modifying the 
valve 90, the controller 122 serves to cause the valve 
90 to return to its desired opening by modifying the sig 
nal P, which establishes a modi?ed value of the demand 
signal on line 108 so that the boiler inputs will be ad 
justed to effect a change in generation which in turn 
causes valve 90 hence PI/P, to change. 
The boiler demand signal on line 108 is subject to 

modification in accordance with the deviation of the 
throttle pressure P, from its desired value, set point PS. 
This modification is accomplished by utilizing the out 
put signal of the pressure measuring device 62 which is 
supplied on line 140 as an input to a comparator 141 
which has as its other input the signal P, shown as being 
supplied on line 143. The results of the comparison in 
the comparator 141 is a signal on line 145 representa 
tive of the deviation of the throttle pressure P, from its 
set point P,. The signal on line 145 is an input to the 
controller 142. The controller 142 has proportional, 
integral and derivative action so as to provide an output 
on line 144 which is added to the signal on line 108 by 
the summing unit 150 so as to provide an output on line 
154 which is a modi?ed demand signal representative 
of the required boiler inputs. As shown in FIG. 1, the 
signal on line 154 is used for controlling the energy 
input to the boiler 10. 
The signal on line 154 is representative of the fuel 

?ow to the boiler It) needed to maintain the desired 
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pressure in the steam line 60. The signal on line 154 is 
introduced by way of line 180 to the comparator 182 
where it is compared with the actual fuel flow signal on 
line 184 as derived from ?owmeter 34. The result of 
the comparison provides an error signal on line 186 
which serves as an input to controller 32 so that the 
controller is effective to adjust the position of valve 30 
to maintain the fuel flow in line 12 at a value corre 
sponding with the fuel requirement established by the 
signal on line 180. 
The desired relationship between the fuel flow and 

the air flow is normally controlled in response to the 
desired fuel-air ratio signal introduced on line 192 to a 
multiplier 190. 
The output from 190 on line 204 is a signal represen 

tative of the required air flow through line 16 needed 
to maintain the desired air-fuel ratio when the fuel ?ow 
in line 12 is in accordance with the signal on line 180. 

The signal on line 204 is compared with the signal on 
line 206 as derived from the ?owmeter 24 representing 
the measure of the air flow in line 16. The signal on line 
206 is compared with the signal on line 204 by the com 
parator 208 and provides an output on line 210 which 
represents an error signal input to controller 22 so that 
the controller can adjust the valve 20 to modify the air 
flow in line 16 so as to maintain as closely as possible 
the air flow corresponding to the signal on line 204. 
The opening of the valve 90 when the system is in a 

quiescent state will normally be set, in accordance with 
the signal on line 120, very near the wide open position. 
If, for example, a change in G; should then occur the 
controller 100 would cause a resetting of the governor 
86 which would in turn change‘ the opening in valve 90 
in a direction to change the steam ?ow to the turbine 
68 so as to change the output G,, of the generator so 
that it will equal the new value Gd. The change in the 
opening of valve 90 will cause a comparable change in 
the ratio PI/P, and consequently a similar change in the 
demand signal PlPs/P, on line 108 resulting in immedi 
ate changes in boiler inputs. The inputs to the boiler 10 
will then be further changed as required by controller 
122 until P,/P, is at its preset value with G“ equal to G1. 
Thus, transient increases in load are taken care of by 
operating the turbine valve 90 to use the storage in the 
boiler, and the throttle valve is gradually repositioned 
as the level of input to the boiler replenishes the stored 
energy in the boiler and increases its output to meet the 
increased load. 
When actual valve position is an accurate measure of 

valve opening the ratio P,/P, can be replaced with a di 
rect measure of valve position. 

In some installations it may be desirable to maintain 
the pressure difference across the throttle valve 90 con 
stant instead of maintaining the valve opening. For that 
mode of operation the changes in the system of FIG. 1 
which are shown in FIG. 2 would be necessary. As 
shown in FIG. 2, the signal on line 120 would represent 
the pressure drop desired across valve 90 and the signal 
supplied to comparator 115 on line 118 would be a 
measure of the actual drop AP across valve 90 instead 
of the ratio P,/P,. In FIG. 2 AP is measured by the dif 
ferential pressure instrument 97 which is connected to 
pipe 60 by the taps 93 and 95. 
The function generator 127 is also added in line 129 

from line 124 to characterize the set point signal on line 
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120 to the comparator l 15 as a function of desired‘ gen 
eration as may be desired. 
What is claimed is: 
1. In a control system for a turbine-generator unit 

which adjusts a control valve controlling the steam ?ow 
to the turbine to tend to maintain a desired power level 
in the turbine-generator unit, and adjusts the inputs to 
the boiler in accordance with a demand signal com 
puter as the ratio of a signal representing said steam 
?ow to a signal representing boiler output steam pres 
sure all multiplied by a set point for said pressure with 
means for modifying the demand signal until the throt 
tle pressure returns to a predetermined set point, the 
combination therewith of: 
means operable to modify the throttle pressure set 
point until the measured state of the control valve 
corresponds to the desired state. 

2. In a system for controlling the inputs to a boiler of 
a boiler-turbine system in response to a demand signal 
calculated as the product of a signal representing a set 
point for the pressure of steam supplied by the boiler 
and a signal representing the ratio of a signal represent 
ing the steam ?ow in the turbine to a signal represent~ 
ing the measured valve of said pressure with means for 
modifying said demand signal until said measured pres 
sure returns to said set point, and with a control valve 
controlling the steam ?ow to the turbine being con 
trolled to maintain a desired power level in the turbine 
generator unit, the combination therewith of: 
means for producing a signal representative of a de 

sired state of said control valve, 
means for comparing said last named signal with said 

ratio, and 
means for controlling said set point signal so as to 
modify said demand signal in a direction and extent 
to tend to maintain said control valve in said de 
sired state. 

3. The method for automatically controlling inputs to 
a boiler-turbine system so as to tend to maintain a 
throttle valve controlling steam ?ow to the turbine in 
a predetermined state when said valve is subject to con 
trol to maintain a desired power output from a genera 
tor driven by said turbine comprising the steps of: 
producing a demand signal in accordance with the 

ratio of a signal representing steam ?ow to the tur 
bine with respect to a signal representing the mea 
sured throttle pressure at the boiler output all mul 
tiplied by a signal representing throttle pressure set 
point, 

producing a signal representative of the desired state 
of the throttle valve, 

producing a signal representative of the actual state 
of the throttle valve, 

comparing said signals representative of the desired 
and actual throttle valve states, 

modifying the signal representative of said throttle 
pressure set point so as to tend to reduce the devia 
tion between said compared signals, 

modifying the demand signal so as to tend to main 
tain the said throttle pressure at its modi?ed set 
point, and 

controlling the boiler inputs in accordance with said 
modi?ed demand signal. 

4. The method of claim 3 in which the signal repre 
sentative of the actual state of said throttle valve is pro 
duced in accordance with the pressure difference 
across it. 
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5. The method of claim 3 in which the signal repre— 
sentative of the actual state of said throttle valve is rep 
resentative of the opening in said valve and is estab 
lished by the ratio of said signal representing steam 
flow and said signal representing the actual throttle 
pressure. > 

6. The method of claim 3 in which the modification 
of the signal representative of the throttle pressure set 
point is produced by control action having a propor 
tional and integral function which control action is re 
sponsive to the deviation of said compared signals. 

7. The method of claim 6 in which the control action 
is responsive to said deviation times a signal representa 
tive of the desired output of said generator. 

8. The method of claim 6 in which the control action 
is responsive to said deviation plus a signal representa 
tive of the difference between the desired output of 
said generator and its measured output. 

9. The method of claim 6 in which the control action 
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is responsive to said deviation times a signal representa 
tive of the desired output of said generator with the ad~ 
dition to the resulting product of a signal representative 
of the difference between the desired and measured 
outputs of said generator. 

10. The method of claim 6 in which the modi?cation 
of the signal representative of the throttle pressure set 
point by said control action includes the addition to 
said control action of a signal representative of the de 
sired generation. 

11. The method of claim 6 in which the control ac 
tion is responsive to said deviation times a signal repre 
sentative of the desired output of said generator with 
the addition to the resulting product of a signal repre 
sentative of the difference between the desired and 
measured outputs of said generator and the control ac 
tion is modi?ed by the addition of said signal represen 
tative of the desired output. 

* * * * * 
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