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57) ABSTRACT 
A boiler-steam turbine plant control system for trans 

CPB 
TPB -L- PLANT MODe r TRANSFER 

CIRCUITRY 

ferring between boiler-follow, turbine-follow, and co 
ordinated operating modes, without any change in the 
output of the turbine or the firing rate of the boiler, is 
disclosed. A feedforward load demand signal controls 
both the turbine and boiler in parallel. In the turbine 
follow mode, a feedback loop trims the feedforward 
signal to the turbine only. In the boiler-follow mode, a 
feedback loop trims the feedforward signal to the 
boiler only. In the coordinated mode, feedback loops 
trim the feedforward signal to both the turbine and 
boiler. In response to initiating a transfer to either the 
boiler or turbine-follow mode, the load demand sig 
nals which are controlling the boiler and turbine are 
held at their pre-transfer value; and the feedforward 
signal is modified to equal the pre-transfer value of the 
trimmed feedforward signal. A signal, which is equal 
in value to the pre-transfer value of the feedforward 
signal less the value of the trimmed feedforward signal 
is generated in the output of the feedback loop which 
is to be placed in service as a result of the transfer. 
To transfer to the coordinated mode, the feedforward 
signal is modified to equal a signal representative of 
the actual power output of the plant. The turbine 
feedback loop generates a signal representative of the 
pre-transfer turbine demand signal less the modified 
feedforward signal. The boiler feedback loop 
generates a signal representative of the pre-transfer 
boiler demand signal less the modified feedforward signal. 

15 Claims, 9 Drawing Figures 
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1 
SYSTEM AND METHOD FORTRANSFERRING 
BETWEEN BOILER-TURBINE PLANT CONTROL 

MODES 
CROSS-REFERENCE TO RELATED 
. . ... APPLICATIONS: . 

U.S. patent application Ser. No. 413,291 entitled 
“Plant Unit Master Control For Fossil Fired Boiler, Im plemented With A Digital Computer" filed by Guy E. 
Davis and Jack R. Smith on Nov. 6, 1973, and assigned 
to a common assignee is hereby incorporated by refer 
CC. . . . . . . . . 

BACKGROUND OF THE INVENTION 

The present invention relates to control systems for 
power plants; and more particularly to a system for 
transferring rapidly between operating modes without a 
change in the output of the turbine or the firing rate of 
the boiler. , 
The improved control of power generation is accom 

plished efficiently by achieving a close coordination of 
the boiler and turbine controls. This control is achieved 
by a plant master control unit or load demand com 
puter, which generates a feedforward load demand sig 
nal that is connected in parallel to a turbine master 
control apparatus for operating the steam inlet valves 
to a predetermined position in accordance with the 
valve of the feedforward signal, and to a boiler master 
control apparatus for controlling the fuel, air, and 
water to the boiler at a predetermined rate in accor 
dance with the value of the feedforward signal. The 
feedforward demand signal from the load demand.com 
puter minimizes interaction between the turbine and 
boiler, and extracts the best possible dynamic response 
of the plant. 
In addition, under normal steady-state operating con 

ditions, the load demand signal to the turbine and the 
boiler master control is trimmed by an error signal from 
an analog feedback loop, in response to detection of 
throttle pressure error and megawatt pressure error. In 
particular, the measured throttle pressure is compared 
to a reference level determined by a set point to pro 
vide the throttle pressure error signal, which is inte 
grated and applied to the turbine control. The output of 
the turbine is measured and compared with a reference 
to provide megawatt error, which is integrated and ap 
plied to the boiler control. 
A typical modern plant control system provides for 

several different modes of operation for various plant 
conditions. For example, in the above described mode, 
which may be termed a coordinated mode, a throttle 
pressure error feedback loop and a megawatt error 
feedback loop is in service. One feedback loop trims 
the load demand signal to the boiler control with the 
megawatt error signal; and the other feedback loop 
trims the turbine load demand signal to the turbine 

, control with the throttle pressure error signal. In this 
mode, an increasing load demand results in the throttle 
pressure and megawatt generation to be low. Thus, the 
throttle pressure set point is increased by an amount 
proportional to generator error; and at the same time 
the firing rate of the boiler is increased, the throttle 
pressure is lowered momentarily as the governor valves 
are opened to permit greater steam flow. 
In the event of certain abnormal conditions, the sys 

item can be transferred either automatically or manu 
ally to either a boiler-follow or a turbine-follow mode. 

O 
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If an unusual turbine condition develops, the system is 
transferred to the boiler-follow mode wherein the feed 
forward signal from the plant unit master or load de 
mand computer determines the load demand at a pre 
determined constant value; and as a result, the gover 
nor valves of the turbine are set to a position corre 
sponding to such load demand signal. The input signal 
to the boiler continues to be trimmed by the analog 
feedback loop in order to obtain the desired throttle 
pressure. If an unusual boiler condition develops, the 
system is transferred to the turbine-follow mode 
wherein the feedforward signal sets the boiler to oper 
ate according to predetermined limits, and the feedfor 
ward signal is trimmed by the turbine feedback loop to 

15 

constant pressure. 
adjust the governor valves to maintain a substantially 

In the event that there is no error signal on the feed 
back loop in service at the time of the transfer, the 
megawatt output of the plant, of course is not affected 
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by such transfer. However, such a situation is not ordi 
marily the case. Usually, the plant is operating with a 
positive or negative error on the output of the feedback 
loop. Although variations in the BTU capacity of fuel 
oil in a boiler creates such a condition, the problem is 
aggravated in plants where coal is used, to the extent 
that the feedback error signal can vary up to fifteen 
percent of the feedforward load demand from one 
grade of coal to another, thus, when one of the feed 
back loops is taken out of service, the error signal is re 
moved, which in turn, causes the megawatt output of 
the generator firing rate of the boiler, or position of the 
turbine valves to change abruptly. Of course, any 
change occasioned by such transfer is undesirable; and 
an abrupt change is particularly undesirable. 
Heretofore, a transfer between operating modes such 

as from the turbine-follow mode, to the boiler-follow 
mode, for example, was effected without an abrupt 
change in the output of the turbine by gradually elimi 
nating, or in other words decaying, the error signal 
from the feedback controller in the analog loop of the 
turbine to zero. The throttle pressure error feedback 
loop is connected to the boiler control at zero error; 
and when the output of the turbine feedback loop is de 
cayed to zero, it is taken out of service to complete the 
transfer. Thus, the system is then operating in the boil 
er-follow mode with the load demand signal to the tur 
bine being uncorrected while any pressure deviations 
are trimmed by the throttle pressure feedback loop to 
the boiler. 
Although, the above method and system eliminated 

the undesirable abrupt change in the position of the 
turbine inlet valves and the firing rate of the boiler, it 
did not eliminate a change in the megawatt output of 
the turbine, and the time required to effect such a 
transfer, depending on the mode to which the transfer 
is made, could consume as such as 10 minutes, for ex 
ample, 
In view of the increasing power demands placed upon 

large generating systems, it becomes increasingly im 
portant to provide a reliable power output without a 
change, be it ever so gradual, even for a period in the 
neighborhood of ten minutes. The problem in such 
transfers is not only one of correcting for the feedback 
signal of the analog loop to be removed from service; 
but it is also a problem concerned with the effect on the 
system of the analog feedback loop being placed in ser 
vice. Thus, it is desirable to be able to effect a transfer 
between the various operating modes, rapidly, such as 
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in the neighborhood of five seconds or less, for exam 
ple, without any undesired change in the position of the 
steam inlet valves, boiler firing rate, or megawatt out 
put of the plant, which would be occasioned by such 
transfer. 

SUMMARY OF THE INVENTION 
Broadly, the present invention relates to a system and 

method of transferring from one plant control mode to 
another in a boiler-steam turbine power plant wherein 
a feedforward signal representative of the desired plant 
load is generated to control in parallel the boiler por 
tion of the plant and the steam turbine portion of the 
plant in each of the modes. The trimmed and un 
trimmed load control signals to both the boiler and the 
turbine are held at their pre-transfer value in response 
to the initiation of a transfer. 
The feedforward signal is modified to represent a se 

lected value depending on the operating mode being 
entered. If one of the control apparatus is to be oper 
ated with no feedback loop in service, the selected 
value is the pre-transfer value of its trimmed input. 
For each of the loops to be put in service as a result 

of the transfer, a feedback signal is generated so that 
the input signal to its respective boiler and turbine con 
trol apparatus is representative of the boiler and tur 
bine control apparatus input signal which is held at its 
pre-transfer value. Upon completion of the transfer, 
the boiler and master control are permitted to respond 
to their respective trimmed and untrimmed signals in 
the transferred mode. 

In a specific aspect, the system includes a load de 
mand computer which generates feedforward signals in 
parallel to the turbine and boiler control apparatus. A 
feedback loop is provided for the turbine control appa 
ratus which trims the feedforward signal to correct for 
any deviation in throttle pressure. A feedback loop is 
provided for the boiler control apparatus to correct for 
any deviation in throttle pressure; and a feedback loop 
is provided for the boiler control apparatus which oper 
ates in conjunction with the feedback loop for the tur 
bine control apparatus to correct for throttle pressure 
and megawatt error. Each one of the feedback loops 
includes a proportional plus integral controller, and its 
error signal is summed with the feedforward signal to 
provide the trimmed signal. A manual/automatic trans 
fer device for each master control apparatus receives 
the signal from the summing device and generates a sig 
nal corresponding to the summed signal for its associ 
ated master control. In response to the initiation of a 
transfer, a digital pulse of predetermined duration is 
generated, which governs each manual/automatic sta 
tion to hold its output signal at its pre-transfer value. 
The feedforward signal to each of the summing devices 
is modified to be representative of a selected pre-trans 
fer value, which selected value for a transfer where a 
particular control apparatus will have no feedback loop 
in service is the pre-transfer value of the output of the 
manual/automatic station for such control apparatus. 
For the feedback loops to be placed in service, the 
feedback controller is governed to generate an output 
signal for input to each summing device representative 
of the pre-transfer value of the output of the manual 
/automatic transfer station less the modified feedfor 
ward signal to the summing device. 

In transferring to the coordinated mode, for example, 
the feedforward signal is modified to be representative 
of the actual megawatt output of the plant. The turbine 
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or boiler feedback loops are each operated to generate 
a signal which is representative of the pre-transfer out 
put of its manual/automatic station less the modified 
feedforward signal. The outputs of the feedback loops 
are summed with the modified feedforward signal. 

In response to termination of the digital pulse, the 
hold on the output signal of both manual/automatic sta 
tions is released, and the feedback controller for the 
connected loop is permitted to change its signal to the 
summing device in accordance with the error between 
the actual pressure or megawatts and the set point as 
the case may be. 

IN THE DRAWINGS 

FIG. 1 is a schematic block diagram, which illustrates 
the plant mode transfer circuitry connected to the feed 
forward and feedback controls of a plant control sys 
tem according to one embodiment of the invention; 
FIG. 2 is a schematic block diagram of the circuitry 

in one embodiment of the present invention; 
FIG. 3 is a schematic diagram of a typical load de 

mand computer for use in the system of the invention; 
FIG. 4 is a schematic diagram of one form of a signal 

selector for use in the system of the invention; 
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FIG. 5 is a schematic diagram of one form of a pro 
portional plus integral feedback controller for use in 
the system of the invention; 
FIG. 6 is a schematic diagram of one form of a sum 

ming device for use in the system of the invention; 
FIG. 7 is a schematic diagram of one form of a differ 

ence function device for use in the system of the inven 
tion; 

FIG. 8 is a schematic diagram of one form of a ma 
nual/automatic station for use in the system of the in 
vention; and 
FIG. 9 is a schematic diagram of one form of a mode 

select logic circuit for use in the system of the inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring specifically to FIG. 1, there is shown sche 
matically a general block diagram of an analog plant 
control system wherein analog feedback error signals 
are selectively connected to be summed with a feedfor 
ward signal for operating the turbine and boiler control 
in accordance with a selected plant operating mode; 
and includes a block diagram of a system for transfer 
ring between such operating modes with a change in 
the position of the turbine inlet valves, boiler firing 
rate, or the megawatt output of the turbine. 
A load demand computer 10, which is shown in detail 

in FIG. 3 generates a load demand signal on its output 
11 to the input of summing devices 12 and 13, the de 
tails of which are shown in FIG. 6. The load demand 
computer 10, may be any signal generating device 
which functions as disclosed, and is constructed togen 
erate a feedforward signal, the value of which is calcu 
lated to correspond to a desired load for the plant. A 
mode select pushbutton BPB is operated to place the 
plant in a boiler-follow mode; a mode select pushbut 
ton TPB is operated to place the plant in a turbine-fol 
low mode; and a pushbutton CPB is operated to place 
the plant in a coordinated mode. In response to the op 
eration of selected ones of the pushbutton BPB, TPB, 
and CPB, logic circuitry described in connection with 
plant mode transfer circuitry 28 is employed to ener 
gize selected ones of the outputs 14, 15 and 16, for 
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opening or closing respective relay contacts 17, 18 and 
19, to connect and disconnect outputs 20, 21 and 22 of 
feedback controllers 23, 24 and 25, for input to the as 
sociated summing devices 12 and 13. Although, con 
ventional relays and contacts are shown for the sake of 
simplicity, it is understood that other type switching 
circuits may be used. 
The load demand computer 10 may also include a de 

vice 26 for increasing or decreasing manually the value 
of the analog signal on its output 11. This, of course, in 
an actual plane, may be also accomplished automati 
cally. The load demand computer 10 also includes an 
input 27, which, when energized by a digital signal from 
the transfer circuitry 28, the details of which are shown 
in FIG. 2, functions to modify the feedforward signal on 
the output 11 to be equal to an analog signal on input 
30 from the transfer circuitry 28; or in other words the 
load demand computer 10 tracks the value of the signal 
on the input 30, when the input 27 is energized. 
The feedforward signal on the output 11 of the load 

demand computer 10 is connected in parallel to a tur 
bine master control 33 and to a boiler master control 
36. The signal to the summing device 12, is conducted 
by way of output line 31 to the manual/automatic sta 
tion 32; for input to the turbine master control mecha 
nism 33. The signal on the output 11, which is input to 
the summing device 13, is conducted by output 34 to a 
manual/automatic station 35 for input to the boiler 
master control 36. 

It is understood that the analog summing devices 12 
and 13 may be of the type shown in FIG. 6, or any well 
known device that functions as described herein. The 
manual/automatic stations 32 and 35 may be of the 
type shown in detail in FIG, 8, which function to either 
increase or decrease the value of an analog signal man 
ually or automatically. Each of the manual/automatic 
stations 32 and 35 also function to prevent the manual 
/automatic stations 32 and 35, when in automatic, from 
responding to a change in the value of a signal on their 
input lines 31 and 34 at times when a digital signal is 
present on output 37 of the transfer circuitry 28. In 
other words, the presence of a signal on line 37 pre 
vents a change in the value of the signal on line 38 to 
the turbine control mechanism 33, and on line 40 to the 
boiler control mechanism 36. 
The turbine master control 33 may be of the type that 

is well known in the art, and includes all apparatus nec 
essary to position the steam inlet valves to the required 
position in accordance with the value of the signal on 
its input 38. The boiler master control 36 also may be 
of any well-known type that functions to adjust the fuel 
air and feedwater of the boiler to control its firing rate 
in accordance with the value on the input signal 40. 
The feedback controllers 23, 24 and 25 provide the 

output error signals for input to the summers 12 and 13 
depending upon the particular control mode in which 
the system is operated. Each of the controllers, the de 
tails of which are shown in FIG. 8 for the preferred em 
bodiment of the invention, is a proportional plus inte 
gral type controller which produces at its respective 
output 20, 21 an error signal, which trims the feedfor 
ward signal on output 11, for more accurately control 
ling the turbine and boiler master control mechanism 
33 and 36. Associated with each of the controllers 23 
and 24 is a device TP for detecting the actual throttle 
pressure of the plant during operation, and a set point 
input SP for applying to its controller the desired throt 
tle pressure. The signal from TP is compared with the 

5 
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6 
set point signal from SP to determine the value of the 
error signal at the output of its associated controller 23 
and 24. The feedback controller 25 detects the actual 
megawatt output from the turbine by a detector MW, 
which is compared with the feedforward signal on the 
output 11 of the load demand computer 10 to provide 
an error signal on output 22, which corresponds to the 
difference between the desired megawatt output and 
the actual megawatt output of the plant. The feedback 
controllers 23, 24 and 25 also include respective analog 
inputs 41, 42 and 43, and respective digital inputs 44, 
45 and 46 from the plant load transfer circuitry 28. 
Each of the controllers function to generate at their re 

s spective outputs 20, 21 and 22, a signal representative 
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of the analog signal on the associated inputs 41, 42 and 
43 at times when a digital signal is present on the re 
spective inputs 44, 45 or 46 from the plant load transfer 
circuitry 28. Thus, in response to a digital signal on 
lines 44, 45 and 46, which may be termed track enable 
inputs, the associated feedback controller conducts an 
analog signal on its respective output 20, 21, 22, which 
is representative of the value of the analog signal on its 
associated input 41, 42 and 43. This function may be 
referred to as the feedback controller tracking a partic 
ular analog signal; and the purpose of which is dis 
cussed in detail in connection with the description of 
FIG. 2. 
When the plant is in the turbine-follow mode, the 

feedback controller 23 is connected to the summing 
device 12 through the closed contact 17, and the feed 
back controllers 24 and 25 are disconnected from the 
summing device 13 because of the open condition of 
the contacts 18 and 19. Thus, the feedforward signal on 
the output 11 of the load computer 10 governs the 
boiler master control without correction; while any dif 
ference between the actual throttle pressure and the 
throttle pressure set point is corrected by the error sig 
nal on the output 20 of the feedback controller 23, 
which is summed with the feedforward signal on the 
output 11 by the summing device 12. The output of the 
summing device 12 conducts the corrected or trimmed 
feedforward signal by way of output 31, to the manual 
/automatic station 32, which in turn applies such signal 
to the turbine master control 33 by way of its output 
38. Therefore, in the event of an error between the ac 
tual throttle pressure and the desired throttle pressure 
as indicated by the detector TP and set point SP, the 
turbine inlet valves are opened or closed to a greater or 
lesser extent than commanded by the feedforward sig 
nal in order to maintain the throttle pressure at the de 
sired set point. 
In the boiler-follow mode, the feedback controller 24 

is connected to the summing device 13 through closed 
contact 18, and the feedback controllers 23 and 25 are 
disconnected from the respective summing device 12 
and 13 because of the open condition of the contacts 
17 and 19. Thus, the feedforward signal on the output 
11 controls the turbine valves without correction; and 
the firing rate of the boiler is increased or decreased to 
compensate for variations in the set point pressure, by 
the feedback signal on the output 21 which is summed 
with the feedforward signal by the summing device 13 
to conduct a corrected or trimmed signal to the ma 
nual/automatic controller 35 for governing the boiler 
firing rate through the boiler master control mecha 
nism 36. 

In the coordinated mode, the feedback controllers 23 
and 25 are connected to the summing devices 12 and 
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13 respectively through the closed contact 17 and 19; 
and the feedback controller 24 is disconnected from 
the summing device 13 because contact 18 is open. In 
this mode, the feedforward signal on output 11 of the 
load demand computer 10 is modified or trimmed by 5 
the throttle pressure error signal from the feedback 
controller 23 to adjust the turbine inlet valves; and also, 
the feedforward signal 11 to the summing device 13 is 
modified or trimmed by a megawatt error signal from 
the feedback controller 25 to adjust the firing rate of 10 
the boiler in accordance with any deviation in the de 
sired megawatt output of the plant, as determined by 
the megawatt detector MW. 
A transfer from one operating mode to another is ini 

tiated by the operation of the appropriate pushbutton 
BPB, TPB and CPB to govern the transfer circuitry 28 
to hold the input signals to the turbine and boiler mas 
ter controls 33 and 36 to the pre-transfer value to con 
nect and disconnect the feedback controllers 23, 24 
and 25, as previously discussed; and to change the out 
put of the load demand computer 10 in accordance 
with analog input signals on lines 48 or 50 as the case 
may be; all as described, in detail in connection with 
FIG. 2, in order that a transfer is effected without dis 
turbing the position of the turbine inlet valves, boiler 
firing or megawatt output of the plant. 

Referring to FIG. 2, the plant mode transfer circuitry 
28 is illustrated as being enclosed by the dashed lines. 
The portions of the circuitry of FIG. 2 which are com 
mon with the circuitry of FIG. 1 bear similar reference 
numerals. It is to be understood that, although certain 
of the components and circuitry are shown in the pre 
ferred embodiment as being part of the mode transfer 
circuitry 28, in actual practice, some or all components 
may be structured within the feedback controllers 23, 
24 and 25, the load demand computer 10, the turbine 
master control 33, or boiler master control 36, for ex 
ample. 
The plant mode transfer circuitry 28 in the described 

embodiment includes similarly constructed tracking 
signal selectors 51, 52,53 and 54, one form of which is 
shown in FIG. 4. However, each of the tracking signal 
selectors may be any well-known analog device which 
responds to a signal to conduct a selected analog signal 
at its output. For example, the signal selector 51 func 
tions to conduct an analog signal on its input 50 over its 
output 30 in response to a digital signal on its input 55. 
Also, the presence of a signal on its input 36 operates 
the selector 51 to conduct the analog signal on its input 
48 over its output 30; and the presence of a digital sig 
nal on its input 56C selects an analog signal on line 57 
for input to the LDC 10 over output line 30. Thus, the 
signal on the output 11 of the load demand computer 
10 is either increased or decreased in accordance with 
the value of the signal on line 30. The signal on the out 
put 11 may be either increased or decreased manually 
by manipulation of the mechanism 26, or either in 
creased or decreased by remote control apparatus of 
the plant referred to at block 58. 
The tracking signal selector 52 functions to conduct 

an analog signal of zero value on its output 41 to the 
feedback controller 23, as represented by its input 62 
in response to a digital signal on its input 60. The pres 
ence of a digital signal on input 61 causes the selector 
52 to conduct on line 41 the analog signal on its input 
63. At times when the input 44, which may be termed 
a track enable input, of the controller 23 is energized, 
the controller tracks, or in other words generates at its 
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8 
output 21 an analog signal corresponding to the value 
of the signal on line 41. When the track enable input 44 
to the controller 23 is deemergized, the output signal on 
line 21 corresponds to the difference between the ac 
tual throttle pressure and the set point throttle pressure 
as determined by the signal from the elements TP and 
SP. Similarly, in response to a digital signal on input 64 
of the selector 53, a signal of zero potential is input to 
the controller 24 to generate a zero signal on its output 
21 at times when track enable input 45 to the controller 
24 is energized. In response to a digital signal on input 
64 of the selector 53, the selector conducts an analog 
signal on its output 42, which in turn governs the con 
troller 24 to track the value of the signal on input 66 of 
the selector 53 at times when the track enable input 45 
is energized. At times when the input 45 of the control 
ler 24 is deenergized, the controller generates at its out 
put 21 a signal corresponding to the difference between 
the set point signal represented by element SP and the 
actual throttle pressure detected by TP. Also, the signal 
selector 54 functions to conduct a zero signal from its 
input 74 on its output 43 in response to a digital signal 
on its input 75; and, in response to a digital signal on its 
input 76, the signal selector 54 conducts a signal repre 
sentative of the value on its input 77, over its output 43. 
At times when the track enable input 46 is energized 
the controller 25 generates an analog signal on its out 
put 22 corresponding to the signal on line 43 which sig 
nal corresponds to either zero or the value of the signal 
on its input 77. At times when the track enable input 46 
is deemergized, the controller 25 generates a signal cor 
responding to the difference between the value of the 
signal from the load demand computer 10 on its input 
78 and the actual megawatt output of the plant as de 
tected by the detector MW. A component 76 which is 
shown in detail in FIG. 7, may be a standard analog 
component which conducts a signal at its output 63 
which is equal to the value of an input signal on its line 
68 less the value of an input signal on its line 70. The 
designation (plus) and (minus) adjacent the input 68 
and 70 denote that the value of the signal on input 70 
is algebraically subtracted from the value of the input 
signal on line 68. A difference component 71 is similar 
to the difference component 67 and conducts a signal 
on its output 66 that corresponds to the value of a sig 
nal on its input 72 less the value of a signal on its input 
73. 
The mode transfer circuitry 28 also includes mode 

select logic circuitry referred to as 80, which is shown 
in mode detail in FIG. 9; however, the mode select 
function 80 may be any conventional logic circuitry 
which functions as herein described. The logic 80 func 
tions to energize its outputs 14, 15 and 16, selectively, 
to connect and disconnect the feedback controllers 23, 
24 and 25 to the summing devices 12 and 13 in accor 
dance with the desired mode of operation in response 
to the operation of the mode select pushbutton CPB, 
TPB or BPB. Also, the mode select logic 80 functions 
to energize its output 64 when the plant is in the tur 
bine-follow mode, its output 81 when the plantis in the 
boiler-follow mode, and its output 46 when the plant is 
in the coordinated mode. The remaining components 
of the plant transfer circuitry 28 together with a de 
tailed description of the method and system of the pres 
ent invention will be explained in detail in connection 
with its operation prior to, during and subsequent to a 
transfer between turbine-follow, boiler-follow and co 
ordinated control modes. 
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Assuming that the boiler-turbine power plant is oper 

ating in the turbine-follow mode, the mode select logic 
80 is in a condition where the contact 17 in the output 
20 of the feedback controller 23 is closed; and the 
contacts 18 and 19 in the outputs 21 and 22, respec 
tively, of the controllers 24 and 25 are open. Thus, the 
feedforward signal on the output 11 of the load demand 
computer 10 is input through the summing device 13 
and the manual/automatic transfer station 35 to the 
boiler master control 38 without correction. However, 
the feedforward signal on the output 11 to the summing 
device 12 is trimmed by a feedback error signal on the 
output 20 of the feedback controller 23 to either raise 
or lower the steam inlet valve position in accordance 
with the difference between the actual throttle pressure 
and the throttle pressure set point. Therefore... the firing 
rate of the boiler is determined solely in accordance 
with the value of the feedforward signal on the output 
11; and any deviation in the throttle pressure set point 
is corrected by the raising or lowering of the steam inlet 
valves. At the same time, the output 64 of the mode se 
lect logic 80 is energized which results in the track en 
able input 45 being energized and a zero signal being 
selected by the signal selector 53 so that the output on 
line 42 is at zero potential, and the controller 24 is 
driven to have zero potential at its output. The input 45 
to the controller 24 is energized by a circuit which in 
cludes line 64, OR gate 85, line 45 and the controller 
24. Also, the controller 25 is driven to zero potential by 
a circuit which includes the deenergized output 46 
from the logic 80, negative function 86, OR gate 87 and 
the track enable input 46; and by another circuit which 
includes OR gate 90, negative function 92 and input 
line 75 to the signal selector 54. A typical situation may 
exist with the plant operating in the turbine-follow 
mode wherein the value of the signal on the output 11 
of the load demand computer 10 is at 50 percent load 
for example, and the error signal on line 20 from the 
feedback controller 23 may be at +10 percent for ex 
ample. This condition results in a signal of 60 percent 
at the output 31 of the summing device 12 for input to 
the manual/automatic transfer station 32 and to the 
turbine master control 33 over line 39. The feedfor 
ward signal of 50 percent is also conducted to the sum 
ming device 13, which is uncorrected by the feedback 
controller 24 over line 34 to the manual/automatic sta 
tion 35. In this condition the boiler master control is re 
ceiving a signal which corresponds to a 50 percent load 
while the turbine control is receiving a signal which 
corresponds to a 60 percent load in order to keep the 
system properly balanced. . . . . . 
The plant can be transferred between operating 

modes either manually or automatically in response to 
a predetermined contingency. The plant system, of 
course, in actual practice, is much more sophisticated 
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in its structure on function; and for the sake of clarity . 
in describing the inventions, only the function neces 
sary to describe the present embodiment of the inven 
tion under manual transfer conditions is described and 
illustrated. 
To transfer from the turbine-follow mode, previously 

described, to the boiler follow mode, the pushbutton 
BPB is depressed which activates a pulse generator 93 

60 

by a circuit which extends from BPB, and includes an 'i 
OR gate 94. The activation of the pulse generator 93 
produces a pulse on output 37, which in one practical 

65 

embodiment of the invention is of 5 second duration. 
The entire transfer occurs during the existence of this 5 

10 
second pulse. However, it is to be understood that the 
entire transfer may occur in a much shorter period of 
time, such as in the order of 1 second, or shorter, for 
example. In response to the occurrence the pulse on 
line 37 from the output of the pulse generator 93, the 
line 27 to the load demand computer 10 is energized 
which enables the load demand computer to accept 
and track the output signal present on the input 30. The 
manual transfer stations 32 and 35 in response to the 
energizing of the input 37 prevent any change in the 
value of the signal on lines 38 and 40 to the input of the 
turbine master control 33 and the boiler master control 
36. 
The occurrence on the pulse on line 37 also energizes 

inputs 95.96 and 97 to AND gates 98, 99 and 100, re 
spectively. The AND gate 98 conducts in response to 
the occurrence of such pulse from the generator 93 be 
cause the other input 101 to the AND gate 98 is ener 
gized by the operation of the pushbutton BPB as shown 
in FIG. 1. The conducting of the AND gate 98 applies 
a digital signal on line 56 to the input of the signal se 
lector 51, which selects the analog signal from the input 
50 to be tracked by the load demand computer 10. 
Also, the operation of the pushbutton BPB energizes 

an input 102 to the mode select logic 80 which deener 
gizes its output line 14 to open the contact 17 of the 
controller 23 to disconnect the feedback circuit from 
the summing device 12; and energizes its output line 15 
to close the contact 18 in the output of the controller 
24 to connect the feedback loop to the boiler master 
control 36 through the summer 13 and the manual 
|automatic station 35. While the input 102 of the mode 
select logic 80 is energized, all of the outputs 64, 81 
and 46 of the mode select logic 80 are deenergized to 
represent that the plant is not in any one of its operat 
ing modes, but being transferred between modes. The 
deenergizing of the output line 64 from the mode select 
logic 80 removes the select zero signal command from 
the signal selector 53; and the deemergizing of the line 
81 removes the select zero command over input 60 to 
the signal selector 52. The controller 25 remains in the 
same condition with respect to its input 46 and 43 as it 
was in the turbine follow mode. 
To summarize the operation of the transfer system to 

this point in the description, the operation of the push 
button BPB and the occurrence of the pulse at the out 
put of the pulse generator 93 has governed the automa 
tic/manual transfer station 32 and 35 to hold the signals 
on output 38 and 40 to their pre-transfer value; has op 
erated the load demand computer 10 to track the pre 
transfer signal on line 38 governing the turbine master 
control 33; and has disconnected and connected the 
feedback controllers 23 and 24 respectively. Also, the 
controller 24 is tracking the signal on input line 66 of 
the selector 53 from the difference function device 71. 
The device 71 is conducting a signal equal in value to 
the pre-transfer value of the signal to the boiler master 
control 36 less the value of the modified feedforward 
signal which was tracked prior to transfer. 
Assuming the same quantitative situation to exist as 

previously described; that is, the trimmed feedforward 
signal to the turbine master control 53 in the turbine 
follow mode prior to transfer was equivalent to a 60 
percent load, and the uncorrected feedforward signal 
to the boiler master control 36 was equivalent to a 50 
percent load, the feedforward signal on line 11 during 
the transfer is equivalent to 60 percent instead of 50 
percent. The output from the difference function de 
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vice 71 is equal to -10 percent, which is conducted to 
the input 44 of the feedback controller 24, which drives 
the feedback controller 24 to produce a 10 percent sig 
nal at its output 21, which is input to the summing de 
vice 13. Thus, the value of the signal at the output 34 of 5 
the summing device 13 is equal to 50 percent which is 
the same value present previous to the beginning of the 
transfer; and the output signal on line 31 of device 12, 
to the turbine master control equal to a 60 percent load 
signal, which is the pre-transfer value of such signal. At 
the termination of the 5 second pulse from the genera 
tor 93, the transfer is deemed complete; and the system 
is placed in the following condition. 
A negative function 106 to the input of the mode se 

lect logic 80 causes the output line 81 of the mode se 
lect logic 80 to be energized which is representative of 
the plant being in the boiler-follow mode. The signal on 
the output line 81 causes the signal selector 52 to con 
duct a Zero signal on its output 41 to drive the signal on 
the output 20 of the controller 23 to zero in prepara 
tion for the next transfer. Also, AND gate 83 ceases to 
conduct which deemergizes the track enable input 45 of 
the controller 44 so that the boiler feedback controller 
44 now responds to an error signal corresponding to 
the actual throttle pressure and the set point throttle 
pressure for the boiler-follow mode. 
To transfer to the coordinated mode of operation the 

pulse generator 93 is activated in response to the oper 
ation of the pushbutton CPB, to generate the five sec 
ond pulse to hold the input signal to the control mecha 
nisms 33 and 38 at their pre-transfer value in the same 
manner as described in connection with the transfer 
from the turbine-follow to the boiler-follow mode. The 
mode select logic 80 is energized through input 107, 
which energizes the output line 14, deenergizes the out 
put line 15, and energizes the output line 16 so that 
contacts 17 and 19 are closed and contact 18 is opened 
in the outputs 20, 21 and 22 respectively of the feed 
back controllers 23, 24 and 25 to connect both the 
megawatt and turbine throttle pressure feedback loops 
to the summing devices 13 and 12 respectively. 
During transfer to the coordinated mode, the track 

enable input 27 to the LDC computer 10, the tracken 
able input 44 to the feedback controller 23, and the 
track enable input 45 to the feedback controller 25 is 
energized. The circuit for energizing the track enable 
input 27 includes line 37 at the output of the pulse gen 
erator 93. The circuit for energizing the track enable 
input 44 includes the output of the AND gate 100 and 
the OR gate 110. The circuit for energizing the track 
enable input 46 includes the output of the AND gate 
100, line 108, and OR gate 87. 
The load demand computer 10 during this transfer 

tracks the analog signal on input line 57, which signal is 
connected to the megawatt detector MW and is equal 
in value to the actual megawatt output of the turbine. 
The presence of a signal on line 56C at the output of 
the AND gate 100 selects the signal on the input 57. 
The controller 23 tracks the analog signal occurring on 60 
input 63 to the selector 52 from the difference device 
57 during transfer to the coordinated mode. The circuit 
for selecting the input 63 includes the output of the 
AND gate 100 and the input 61 to the selector 52. 
Also, during the transfer to the coordinated mode the 65 
controller 25 tracks the analog signal on the input 77 to 
the signal selector 54. The circuit for selecting the sig 
nal on the input 77 includes the output of the AND gate 
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ming device 13 during the transfer. 

12 
100, line 108, the OR gate 90, and the input 76 to the 
signal selector 54. 
Assuming that in the boiler-follow mode, the value of 

the signal at the input to the boiler master control pre 
vious to the transfer is equivalent to a 60 percent load 
demand; and assuming that the value of the feedfor 
ward signal to the turbine master control 33 previous to 
the transfer is equivalent to a 50 percent load demand, 
then the same signal value on each of the inputs to the 
turbine and boiler master control must be 50 and 60 
percent after the transfer. In the present example of the 
transfer to the coordinated mode, it is assumed that the 
actual megawatt signal value as detected by the detec 
tor MW is equivalent to a 70 percent load. Therefore, 
during the transfer, the value of the signal on the output 
11 of the load demand computer 10 becomes equal to 
the actual megawatt signal value which is 70 percent. 
The difference device 67 operates to subtract the 70 
percent megawatt signal from the 50 percent uncor 
rected pre-transfer feedforward signal resulting in a 
-20 percent signal on the input 63, which is tracked by 
the feedback controller 23. Thus, the summing device 
12 algebraically adds the 70 percent megawatt signal 
on the output 11 and the -20 percent signal on the out 
put 20 of the controller 23 resulting in a 50 percent 
load signal on the input 31 to the manual/automatic 
transfer station 31, which is identical to the value of the 
pre-transfer signal. The pre-transfer value of the signal 
to the boiler master control 36 is 60 percent, and the 
actual megawatt output signal on line 11 is 70 percent. 
Therefore, the difference device 71 subtracts the 70 
percent signal which is input on line 73 from the 60 
percent signal which is input on line 72 to the differ 
ence device 71. Thus, the value of the signal that is 
tracked by the controller 25 is equal to -10 percent. 
The summing device 13 during this transfer has a 70 
percent signal input from the line 11 and a -10 percent 
signal from the output 22 of the controller, 25, which 
results in a signal having a 60 percent value on the, 
input 34 to the manual/automatic transfer station 35. 
Therefore, the pre-transfer value of the input signal to 
the boiler master control 36 is identical to the value of 
the signal on the line 34 which is summed by the sum 

At the end of the five second period, the output pulse 
from the generator 93 ceases which releases the hold 
on the manual/automatic station 32 and 35. The gate 
100 ceases to conduct which removes the signal from 
the track enable input to the load demand computer 
10, the feedback controller 23, and the feedback con 
troller 25. Thus, the load demand computer 10 may be 
operated through its remote control device 58 or its 
manual control device 26 for varying the value of the 
feedforward signal on the output 11; the feedback con 
troller 23 is now generating an error signal correspond 
ing to the value between the throttle pressure set point 
and the actual throttle pressure; and the feedback con 
troller 25 is generating an error signal corresponding to 
the difference between the feedforward signal on the 
output 11 and the actual megawatt output of the plant. 
To transfer from the coordinated mode to the boiler 

follow mode, the pushbutton BPB is operated to gener 
ate the 5 second pulse, as described in connection with 
the other transfers. Also, the feedback controller 25 
and the feedback controller 23 are disconnected from 
the summing devices 12 and 13 while the feedback 
controller is connected to the summing device 13 by 
the energizing and deenergizing of the appropriate out 
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puts 14, 15 and 16 of the logic 80 as previously de 
scribed. Assuming that prior to the transfer the signal 
that is input to the turbine master control 33 is 50 per 
cent, and the signal input to the boiler master control 
36 is 60 percent, such signals are held at their pre 
transfer value in response to the presence of the 5 sec 
ond pulse in the same manner as previously described. 
The input 56 to the signal selector 61 is energized by 
the previously described circuit which governs the load 
demand computer 10 to track the signal on its input 50 
which corresponds to the pre-transfer value of the de 
mand signal to the turbine master control 33 which is in 
the present example 50 percent. Therefore, the signal 
on the output 11 is changed to be equal to a 50% signal 
for controlling the turbine master control 33 at the ter 
mination of the transfer in the same manner as de 
scribed in connection with the previous examples. The 
boiler feedback controller 24 is governed to track an 
output equivalent to 10 percent which is the tracked 
signal of 50 percent on the output 11 subtracted from 
the pre-transfer signal of 60 percent on the input 72 of 
the difference amplifier 71. Thus, the 50 percent signal 
and the 10 percent signal are added by the summing de 
vice 13 to provide a signal equivalent to a 60 percent 
demand which is the same value of the demand signal 
present previous to the transfer. The disconnected con 
trollers 23 and 25 are driven to their zero condition at 
the termination of the transfer by the previously de 
scribed circuits. 
FIG. 3 schematically shows the primary functions of 

the load demand computer insofar as they affect the 
method and system of the present invention. For exam 
ple, the energizing of the track enable input 27 condi 
tions AND gates 115 and 116 to operate a conventional 
up/down counter 117, which in turn operates a digital 
to-analog converter 118 to generate the analog signal 
on the output 11. The selected track signal is input to 
comparators 120 and 121 which is compared to the sig 
nal on the output 11 for either operating the up/down 
counter 117 to either increase or decrease the value of 
the signal. The manual control device 26 operates the 
up/down counter 117 directly through OR gates 122 
and 123. 
FIG. 4 illustrates schematically the track signal selec 

tor 51 which selects either the actual megawatts, the 
pre-transfer value of the boiler demand signal or the 
pre-transfer value of the turbine demand signal to be 
conducted over its output 30 in response to the energiz 
ing of either its input for entering the coordinated, tur 
bine-follow or boiler-follow mode of operation. For ex 
ample, the energizing of the input 56C closes contacts 
130 and 131 of a relay 132 to conduct the signal on 
input 57 to the output line 30. The signal selectors 52, 
53 and 54 may have the same type of an arrangement 
as the signal selector 51. 
FIG. 5 illustrates schematically a feedback control 

ler, such as the controller 23. When the track enable 
input 44 is energized, a relay 140 is closed which con 
ducts the analog signal from the line 41 through the 
controller circuitry to the output line 20. When the 
input line 44 is deemergized, a relay 141 is energized 
which conducts the error signal between the actual 
throttle pressure and the set point throttle pressure to 
the output 20. Regardless of the period for integrating 
the time constant, the controller output is immediate 
when the track enable input is energized. Although the 
other controllers differ with respect to the integration 
of their time constant, they are all assumed to be simi 
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14 
larly constructed. For example, the turbine throttle 
pressure controller 23 in one practical embodiment in 
tegrates its time constant in 15 to 20 seconds, for exam 
ple. The megawatt controller 25 integrates its time con 
stant in 5 minutes, for example, and the boiler throttle 
pressure controller 24 integrates its time constant in 
approximately 3 minutes, for example. 
FIG. 6 is a schematic arrangement of a conventional 

summing device, such as the summing device 12 
wherein the analog signals on line 11 and 20 are 
summed to provide the output on lines 31. 
FIG. 7 is a typical difference device, such as 67, for 

example, wherein the analog input on line 70 is sub 
... tracted from the analog signal on line 68 to generate 
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the difference on the output 63 in a conventional man 
e. 

FIG. 8 is a manual/automatic transfer station, such as 
32, where an input signal on the line 37 holds the out 
put signal on line 38, for example, by inhibiting the op 
eration of an up/down counter 150. When the line 37 is 
deenergized, a signal on the input 31 operates the upf 
down counter 150, which operates a digital-to-analog 
converter 151 to provide the proper analog signal on 
the output 38. The manual/automatic station includes 
various logic in clocks to perform other functions in 
cluding switching over from automatic to manual con 
trol of the turbine or the boiler, as the case may be, by 
the operation of the panel buttons referred to at 152. 
FIG. 9 illustrates schematically one form of the mode 

select logic circuitry, which includes the various logic 
gates to energize the various outputs in response to the 
operation of the pushbuttons BPB, TBP and CBP in the 
manner described in connection with the operation of 
the system. Flip-flop circuits 160, 161 and 162 permit 
the operator to momentarily depress the pushbutton to 
initiate transfer. 
Although a description of the system has been de 

scribed in connection with a transfer from the turbine 
follow to boiler-follow mode, from the boiler-follow to 
the coordinated mode, and from the coordinated mode 
to the boiler-follow mode, such description renders op 
posed transfer between the other of the modes. 
To summarize the operation of the system and 

method of the present embodiment of the invention, 
the initiation of a transfer generates a pulse of 5 second 
duration from the output of the generator 93. The pres 
ence of the pulse prevents an increase or a decrease in 
the outputs of the transfer stations 32 and 35 to the 
input of the boiler and turbine control apparatus 36 
and 33. The feedback controllers 23, 24, and 25 are 
connected and disconnected by the mode select logic 
80 depending on the mode that the system is entering. 
The track enable input to the computer 10 is energized; 
and the track enable input to the feedback controllers 
which are to be placed in service upon termination of 
the transfer are energized. The feedforward signal from 
the load demand computer 10 is increased or de 
creased to equal the analog signal selected by the signal 
selector 51. This signal is equal to the pre-transfer or 
held output of the manual/automatic station which will 
receive an uncorrected feedforward signal at termina 
tion of the transfer. When transferring to the coordi 
nated mode, the signal is equal to the actual megawatt 
output of the plant. 
The feedback controllers 23, 24 or 25, depending on 

the mode the system is entering, tracks a selected signal 
input to its associated signal selector 52, 53, and 54. 
This tracked signal is equal to the held output on its as 
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sociated transfer station 32 and 35 less the tracked sig 
nal generated by the computer 10. The tracked output 
signal from the feedback controller is summed with the 
tracked signal from the computer 10 by its associated 
summing device 12 and 13. 
At the end of the 5 second period the pulse from gen 

erator 93 terminates which permits the manual 
lautomatic stations 32 and 35 to respond to variations 
in their inputs 31 and 34, and the tracking function of 
the inservice feedback controller is removed. 

It is understood that the inventive features of the sys 
tem and method of the present invention may be imple 
mented with various types of apparatus and compo 
nents, and the particular circuit is illustrative only. Var 
iations within the spirit and scope of the invention may 
be made by those skilled in the art. 
What is claimed is: 
1. A system for transferring a boiler turbine power 

plant from one operating mode to another rapidly with 
out disturbing the plant process wherein predetermined 
selected in service feedback loops trim a feedforward 
signal for controlling the boiler and turbine in each op 
erating mode and at least one feedback loop is put in 
Service for changing operating modes, said system com 
prising 
a turbine control apparatus for controlling turbine 

inlet valve position in accordance with the value of 
an input signal, 

a boiler control apparatus for controlling boiler firing 
rate in accordance with the value of an input signal, 

means to generate a feedforward signal representa 
tive of desired plant operation connected electri 
cally to input the feedforward signal to the boiler 
and turbine control apparatus in parallel, 

at least one feedback loop for each control apparatus 
to generate an output signal, 

first circuit means including each feedback loop to 
modify the value of the input signal to the boiler 
and turbine apparatus in accordance with the out 
put signal value of its associated feedback loop that 
is in service for a distinct operating mode, 

mode transfer selection means effective when acti 
vated to govern the turbine and boiler control ap 
paratus to be unresponsive to a change in the value 
of either a feedforward or feedback signal to pre 
vent any change in turbine valve position and 
boiler firing rate during a mode transfer, 

second circuit means including the feedforward sig 
nal generating means governed by the activation of 
the transfer means to modify the generated feed 
forward signal to be representative of a selected 
value in accordance with the operating mode se 
lected by the mode transfer means, 

third circuit means governed by the activated trans 
fer means to control each feedback loop put in ser 
vice in accordance with the selected operating 
mode to generate a feedback output signal for the 
first circuit means having a value to modify the 
input signal for the turbine and boiler control appa 
ratus to be representative of the value of the tur 
bine and boiler control apparatus input signal upon 
activation of the transfer means, and 

means deactivating the transfer means to render the 
boiler and turbine control apparatus responsive to 
their respective input signal from the signal gener 
ating means as modified by the first circuit means. 

2. A system according to claim 1 wherein the se 
lected value of the modified feedforward signal by the 
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second circuit means is representative of the actual 
power output of the plant while the transfer selection 
means is activated. 

3. A system for transferring from one operating mode 
to another according to claim 1 wherein at least one 
feedback loop is taken out of service and another feed 
back loop is put in service to change operating modes, 
and wherein the selected value of the modified feedfor 
ward signal is representative of the value of the input 
signal to the control apparatus having its associated 
feedback loop being taken out of service by the mode 
transfer selection means. 

4. A system according to claim 1 wherein the first cir 
cuit means includes a summing device for algebraically 
adding the feedforward signal and the output of the in 
service feedback loop. 

5. A system according to claim 1 further comprising 
an analog signal generating device for each control ap 
paratus responsive to the signal from the first and sec 
ond circuit means to govern the value of the input sig 
nal for its associated control apparatus, and each said 
device includes means responsive to the activation of 
the transfer selection means to hold the output of the 
analog signal generating device stationary while the 
transfer selection means is activated. 

6. A system according to claim 1 wherein the transfer 
selection means and the transfer deactivating means 
includes a pulse generator for generating a selected 
pulse of a predetermined time duration, and the trans 
fer selection means is activated during the time dura 
tion of the generated pulse only. 

7. A system according to claim 6 wherein the dura 
tion of the generated pulse does not exceed 5 seconds. 

8. A system according to claim 1 wherein each feed 
back loop includes a proportional plus integral control 
ler, and the third circuit means includes a difference 
function device for each control apparatus governed by 
input signals representing the value of the input signal 
of its associated control apparatus upon activation of 
the transfer selection means and the value of the feed 
forward signal modified by the second circuit means to 
conduct a difference signal, and the controller is gov 
erned by the value of the difference signal while the 
transfer selection means is activated to generate the 
value of such difference signal at its output. 

9. A system for transferring from one operating mode 
to another rapidly and without disturbing the plant pro 
cess of a boiler-turbine power plant, comprising 
a load demand signal generator operative to generate 
an output signal having a value corresponding to a 
desired plant load, said device having means to in 
crease and decrease the output signal in accor 
dance with the value of a selected tracking signal, 

a turbine control apparatus and a boiler control ap 
paratus, each operative to govern the operation of 
the boiler and the turbine respectively in accor 
dance with the value of an input signal, 

a throttle pressure feedback controller for each con 
trol apparatus operative to generate an error signal 
representative of the required change in the de 
sired load signal for its associated apparatus to op 
erate its respective turbine and boiler to maintain a 
predetermined throttle pressure, each said control 
ler also having means to generate an error signal in 
accordance with the value of a selected tracking 
signal, 

a summing device for each control apparatus con 
nected at one input to receive the error signal from 
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its associated feedback controller and connected at 
another input to receive the desired load signal 
from the generator, each said device being opera 
tive to generate an output signal corresponding to 
the algebraic sum of the value of the input signals, 

an analog signal generator for each control apparatus 
connected at its input to the output signal of its as 
sociated summing device, said signal generator 
being operatively connected to generate a demand 
signal for its associated apparatus in accordance 
with the value of the signal from the summing de 
vice, each said device also including a holding 
means when activated to prevent the output signal 
to its associated control apparatus from responding 
to a change in its input signal, 

a difference function device for each control appara 
tus having one input connected electrically be 
tween the output of its associated summing device 
and another input connected to the output of the 
load demand generator, each said device being op- 2 
erative to generate at its output a signal representa 
tive of the value of the signal at its one input less 
the value of the signal on its other input, 

transfer means operative when activated to initiate a 
transfer to a selected operating mode, 

means responsive to the activation of the transfer 
means to activate the holding means of each analog 
signal generator, 

means governed by the activation of the transfer 
means to connect and disconnect selected feed 
back controllers to and from their respective sum 
ming devices in accordance with the selected 
mode, 

means governed by the activation of the transfer 
means to increase or decrease the desired load sig 
nal at the input to each summing device to track 
the value of the signal at the output of the analog 
signal generator for the control apparatus discon 
nected from the output of a feedback controller 
upon deactivation of the transfer means, 

means governed by the activation of the transfer 
means to operate the feedback controller to be 
connected to its summing device in accordance 
with a selected mode to track the signal at the out 
put of the difference device, and 

means deactivating the transfer means, whereby the 
signal to the input of each analog device upon de 
activation of the transfer means is representative of 
the input signal upon activation of the transfer 
eaS. 

10. A system according to claim 9 further comprising 
a megawatt feedback controller for the boiler control 
apparatus operative to generate an error signal repre 
sentative of the required change in the load signal for 
the boiler control apparatus to operate the boiler con 
trol apparatus to govern the turbine to maintain a pre 
determined power output, said feedback controller also 
having means to generate an error signal in accordance 
with the value of a selected tracking signal, 
means governed by the activation of the transfer 
means to connect the throttle pressure feedback 
controller to the summing device associated with 
the turbine control apparatus and the megawatt 
feedback loop to the summing device associated 
with the boiler control apparatus as the selected 
mode, 

means governed by the activation of the transfer 
means for the selected mode to increase or de 
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crease the desired load signal in accordance with 
the value of the actual power output of the plant, 
and 

means governed by the activation of the transfer 
means for the selected mode to operate the con 
nected throttle pressure controller and the mega 
watt pressure controller to track the signal at the 
output of its associated difference device. 

11. A method of transferring rapidly from one to an 
other of at least two modes of operation in a boiler-tur 
bine power plant without disturbing the plant process 
wherein a control signal representative of desired plant 
load is generated to control in parallel the boiler por 
tion of the plant and the steam turbine portion of the 
plant in both of the modes and a feedback loop modi 
fies the control signal to the boiler only in one of the 
modes and a feedback loop modifies the control signal 
to the turbine only in the other mode, said method 
comprising 
holding the load demand signals to both the boiler 
and turbine at their pre-transfer value to prevent a 
change in their value during the transfer, 

changing the connection of the feedback loops from 
one of the portions of the plant to the other, 

changing the desired load signal to be representative 
of the value of the pre-transfer modified demand 
signal for one of the portions of the plant 

generating a feedback signal for the other portion 
representative of the value of the pre-transfer load 
demand signal to said portion less the value of the 
desired load signal, and 

releasing the hold on the load demand signals to both 
the boiler and turbine, 

whereby the load demand signal to both the boiler 
and turbine is the same before and after the chang 
ing of the feedback loops from one to the other of 
the elements. 

12. A method of transferring from one operating 
mode to another rapidly and without disturbing the 
plant process of a boiler turbine power plant, wherein 
selected feedback loops trim a feedforward signal to 
provide a load demand signal for controlling the boiler 
and turbine in each operating mode, said method com 
prising 
holding the load demand signal to the boiler and tur 
bine at a constant value during the transfer, 

changing the feedforward signal to be representative 
of a selected value, 

generating a feedback signal having a value, which 
when summed the feedforward signal is representa 
tive of the value of the load demand signals held 
during the transfer, 

summing the generated feedback signals with the 
changed feedforward signal for the loops to be put 
in service upon termination of the transfer, and 

releasing the hold on the load demand signals to ter 
minate the transfer. 

13. A method according to claim 12 wherein the 
changed feedforward signal is representative of the ac 
tual power output of the plant at times when the trans 
fer effects the trimming of the load demand signal to 
both the turbine and boiler. 

14. A method according to claim 12 wherein the 
changed feedforward signal is representative of the pre 
transfer trimmed load demand signal at times when the 
transfer effects the trimming of the other of the boiler 
turbine load demand signals only. 
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15. A system for transferring from one operating 
mode to another rapidly and without disturbing the 
plant process of a boiler turbine power plant wherein 
selected connected feedback loops trim a feedforward 
signal to provide a load demand signal for controlling 
the boiler and turbine in each operating mode; said sys 
tem comprising 
means to initiate a transfer from one mode to an 

other, 
means responsive to the initiation of a transfer to 
hold the load demand signals to the boiler and tur 
bine at a constant value during the transfer, 
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20 
means governed by the initiation of a transfer to 
change the feedforward signal to be representative 
of a selected value, 

means to generate another signal for each feedback 
loop to be connected in accordance with the se 
lected operating mode, said signal having a value 
which when summed with the changed feedforward 
signal is representative of the value of the load de 
mand signal held at the constant value, 

means to sum the feedforward signal and the other 
feedback generated signal for the selected con 
nected loops, and 

means to release the hold on the load demand signal 
at termination of the transfer. 
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