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32 Claims. (CI. 290-2) 
My invention relates to new and improved 

combustion control systems and more particu 
larly to such systems suitable for application to 
the control of fluid-driven prime mover systems 
including electric generating apparatus. 
While my invention is of general application, it 

is particularly useful in systems including boilers 
having Small thermal storage capacities, for ex 
ample, those of the type known in the art as 
"flash tube boilers.' In this type of apparatus 
it is desirable to maintain a close correspondence 
between the factors entering into the production 
of the motive fluid, for example, fuel, air, and 
water or other fluid, in spite of variations in load 
upon the system within a wide range. For in 
stance, with a limited Water storage capacity, it 
is obvious that the rate of Supply of feed water 
to the boiler must be closely correlated with the 
rate of combustion in order to prevent an exces 
sive rise insteam temperature or pressure occa 
sioned by a deficiency of water, or, on the other 
hand, an excessive lowering of steam temperature 
Or pressure by an excess of water, 
A combustion control system embodying my in 

vention is illustrated as applied to a fluid-driven 
prime system comprising a fluid-driven prime 
mover, a boiler for supplying motive fluid there 
to, and an electric generator driven by the prime 
nover. My combustion control system includes 
means for establishing a master control force, 
preferably an electric current, varied primarily in 
accordance with the frequency of the current 
generated by the system and, secondarily, in ac 
cordance with the electrical power output of the 
generator, as compared with the power output of 
One or more other generators included in the 
same or connected Systems. The primary Con 
trol may be relatively quick-acting, rapidly to 
correct any deviations in frequency of the system 
from normal, while the secondary control may be 
relatively slow-acting and effective to prevent a 
gradual Or continuous shifting of the system load 
between the several generators connected there 
to. As an alternative, the primary control may 
be in response to the load on the system which 
may be correlated with any desired regulating or 
controlling force. 

the master control current thus established 
may be employed to control one or more of the 
following factors of combustion or other operat 
ing conditions of the system: the delivery of fuel 
to the boiler; the -forced draft or induced draft 
of the boiler; the supply of feed-water which, 
in turn, may be modified by a device responsive 
to the temperature of the boiler outlet steam, to 

act as a check upon the correspondence in the 
rate of combustion and the rate of supply of 
water, and/or by a device responsive to the tem 
perature of the water within the flash tube of the 
boiler; the flow of furnace gases. As an addition 
or alternative, the flow of furnace gases may be 
controlled by a device responsive to the pressure 
within the combustion chamber to maintain such 
preSSure substantially constant, either by con 
trolling the stack damper or the speed of a motor 
driving a forced draft fan. In case the system 
includes a prime mover supplied by two or more 
boilers, the master control current may be divided 
and adjusted either manually or automatically in 
proportion to the loads which it is desired the sev 
era boilers shall carry, and the branch currents 
then employed to regulate the control factors of 
the Several boilers. 

In each case the factor controlled, such, for 
example, as the supply of air, fuel, motive fluid 
or the like, is preferably metered; that is, it is 
employed to produce a control effect which is a 
measure of the factor and is compared with the 
master control current or other control means 
to produce an exact correspondence between the 
Several operating factors of the System under 
each condition of load on the System, thus insur 
ing optimum operating conditions. Such an ar 
rangement is to be contrasted with a system in 
which the various controlling devices are varied 
proportionally and in which the non-linear char 
acteristics of the several controlling devices or 
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ls 

the non-linear relations between the several con 
trolling factors for optimum operating conditions 
are completely disregarded and which, therefore, 
results in unbalanced conditions and unsatis 
factory and uneconomic operation of the System 
as a whole. 

For a better understanding of my invention, 
together with other and further features there 
of, reference is had to the following description 
taken in connection with the accompanying draw 
ings, and its scope will be pointed Out in the ap 
pended claims. 
Referring to the drawings, Fig. is a schematic 

diagram of a complete combustion control sys 

35 

tem embodying my invention; while Fig. 1a is 
a detail diagram of a portion of the control cir 
cuit of Fig. 1; 

Fig. 2 is a similar diagram in which a master 
control current influences different control fac 
tors of the system; while Fig. 2a illustrates a fur 
ther control feature which may be added to the 
system of Fig. 2; 

Fig. 3 is a wiring diagram of a modified ar 



2 
rangement for regulating the master control 
current. 
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Referring now more particularly to Fig. 1 of 
the drawings, there is shown a generating sys 
tem including my improved combustion control 
System and comprising a pair of units A and B 
connected to Supply alternating current to a com 
mon load circuit O. The unit A consists of an 
alternating current generator driven by a 
Suitable prime mover, such as a steam turbine 
2, to which motive fluid is supplied by a pair of 

boilers 3 and 4. Similarly, the unit B com 
prises a pair of alternating current generators 5 
and 7 driven by the turbines f6 and 8, respec 
tively, Supplied with motive fluid from a single 
boiler 9. While the boilers 3, 4 and 9 may 
be of any desired type, my invention is particu 
larly suitable for use in systems embodying boil 
ers having a relatively low thermal storage ca 
pacity, known in the art as "flash boilers.' 
In order to control the several factors enter 

ing into the production of motive fluid and its 
supply to the prime movers f2, 6 and 8, there is 
established a master control current for each of 
the units A and B. These control currents may 
be supplied from a suitable source of control 
power, such as a direct current circuit 20. The 
master control currents are established in control 
circuits 2 and 22 individual to the units A and B, 
respectively, while the control circuit 2 is, in 
turn, divided into circuits 23 and 24 individual 
to the boilers 3 and 4, respectively. The master 
control currents flowing in the circuits 2 and 22 
are regulated to control the various factors of 
combustion and supply of motive fluid, as de 
Scribed more fully hereinafter, by means of a pair 
of adjustable resistances, such as motor-driven 
rheostats 25 and 26, respectively. Preferably, 
manually-controlled adjustable resistances 27 and 
28 are included in the control circuits 23 and 24, 
respectively, to determine the distribution of load 
between the boilers 3 and 4. If desired, in 
dicating instruments I may be included in the 
Several control circuits, as the currents flowing 
in the circuits are measures of the load on the 
several boilers, as explained more fully herein 
after. 
The master control currents flowing in the cir 

cuits 2 and 22 may be regulated by any suitable 
operating conditions of the system. In the ar 
rangement of Fig. 1, they are regulated primarily 
in response to the frequency of the alternating 
current of the system supplied by generators f, 
5, and 7 to maintain this frequency Substan 

tially constant. To this end, there is provided a 
frequency-responsive network 29 one diagonal of 
which is connected to the alternating current 
circuit 0, while the other includes a contact 
making instrument or galvanometer 30 provided 
with contacts 30a connected to control the motors 
25a, and 26a of the adjustable resistances 25 and 
26, respectively, as indicated schematically by 
the dotted lines. This conventional interconnec 
tion between the controlling and controlled de 
vices has been adopted throughout the drawings 
to avoid excessive complexity, as the particular 
controlling and controlled devices, per se, form 
no part of my invention. The frequency-re 
sponsive bridge 29, together with the contact 
making instrument 30, may be of any of the Sev 
eral types well-known in the art, although I pre 
fer to use a self-balancing bridge and contact 
structure, described in Wunsch Patent No. 
1,751,538. - 

In addition, the master control currents may 

2,058,061 
be subjected to a secondary regulation in re 
sponse to the division of the system load between 
the several generators , 5, and 7. There is 
illustrated in Fig. 1 an arrangement for main- . 
taining a predetermined ratio between the elec 
trical power output of the generator fi and the 
sum of the power outputs of the generators 5 
and 7. This apparatus comprises a contact 
making wattmeter 3 connected in the leads to 
generator if and operating to adjust a poten 
tioneter 32 consisting of an adjustable poten 
tioneter impedance 32a, a battery 32b and a cali 
brating impedance 32c. Similarly, a contact 
making Wattmeter 33 is connected in the leads 
to the generator 5 and adjusts a potentiometer 
34 consisting of similar elements, and a contact 
making wattmeter 35 is connected in the leads of 
the generator 7 and operative to adjust a poten 
tiometer 36. The electromotive force derived 
from the potentiometer 32 is balanced against 
the sum of the electromotive forces of the poten 
tiometers 34 and 36, and contact making instru 
ments 37 and 38 are included in this balancing 
circuit individual to the units A and B, respec 
tively. This balancing circuit may be traced from 
the potentiometer impedance 32a, conductor 39, 
potentiometer impedances 34a and 36a, conduc 
tor 4, instruments 38 and 37 and conductor 42. 
The instruments 37 and 38 may be of any Suitable 
type of contact making ammeters or galvanOnt 
eters, but are preferably of the type disclosed in 
Fig. 6 of Doyle Patent No. 1,918,021. By a proper 
proportioning of the circuit constants of the po 
tentiometers 32, 34 and 36, any desired load dis-, 
tribution between the generator and the gen 
erators Sand may be maintained. . 
The manner in which the primary and Second 

ary control of the rheostats 25 and 26 is obtained 
Will be clear from Fig. 10 of the drawings, in 
which the contacts 30a and 37d are those of 
the frequency-responsive instrument 30 and the 
load ratio responsive instrument 37, respectively. 
The motor 25a is provided with a pair of fields 
25c and 25d of opposite polarity connected to 
be selectively energized from a suitable Source 
tudes, as determined by the calibration of the 
or 37a, or both. Included in the circuit of the 
contacts 30a are a pair of relatively low resist 
ance devices 43a and 43b, while a pair of rel 
atively high resistance elements 44a and 44b are 
connected in series with the contacts 37a. By 
means of such an expedient, if the instruments 
30 and 37 operate in the same sense, one of the 
fields 25c and 25d is energized through a pair of 
resistors, for example, 43a and 44a, in parallel, 
so that the energization of the motor 25a is a 
maximum, and it will rotate at a maximum speed. 
in the particular direction. In case either of the 
instruments 30 or 3 alone operates its contacts, 
the motor 25a will rotate at correspondingly re 
duced speed. In case the instruments 30 and 37 
Operate in an opposite Sense, the fields 25c and 
25d will be differentially energized, but the mo 
tor 25a will always operate in the direction indi 
cated by the contacts 30a, when either of them 
is closed, since the Smaller resistance is in this 
circuit. - 
A predetermined distribution of load between 

the generators 5 and 7 may be maintained by 
means of additional potentiometers 45 and 46 
also adjusted by means of the contact making 
wattmeters 33 and 35, respectively. The poten. 
tiometers 45 and 46 are included in a balancing 
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2,053,061 
'instrument 47, the contacts 47a of which control 
a motor-operated valve mechanism 48 which ad 
justs valves 49 and 50 in the fluid conduits 5 and 
52, respectively, in opposite senses to vary the 
distribution of motive fluid to the prime movers 6 and 8. 
In case it is desired to change the primary 

regulation of the master control currents from 
the frequency-responsive network 29 to appa 
ratus for maintaining constant load on the Sys 
tem, there is provided a switch 53 which, when 
operated into its lower position, connects the 
conductors 39 and 42 across a potentiometer 54 
energized from a battery 55. In this case, a 
switch 56, included in the connections to the fre 
quency-responsive network 29, is operated to 
open circuit position. Again, in case it is desired 
to control the Output of the System from a re 
mote point, either to maintain the output con 
stant or to maintain a predetermined ratio bee 
tween the output of the system and that of an 
other connected or independent system, the switch 
53 may be operated to its upper position, in which 
it connects the conductors 49 and 42 to the con 
ductors 57 extending to the point of remote con 
trol. 

In order to facilitate an understanding of my 
invention, the operation of the above described 
apparatus for regulating the master control cur 
rents of the two units will be explained before 
coming to the description of the apparatus by 
means of which the control currents effect the 
desired regulation of conditions of combustion 
in the boilers. Assume, for example, that the 
Switch 53 is in the open position illustrated, that 
the load on the system suddenly increases and 
that the characteristics of the generators , 5, 
and l have a certain dissimilarity which causes 
the generator f to assume a greater proportion 
of the increase in the load than the generators 
5 and fl. Because of change of frequency due 

to the sudden increase of load, the frequency 
responsive network 29 will become unbalanced 
and the instrument 30 will close one of its con 
tacts 30a to energize the motors 25a and 26a of 
the control rheostats 25 and 26, respectively. At 
the same time, the wattmeter 3 will adjust the 
Setting of the potentiometer 32, and the watt 
meters 33 and 35 will adjust the settings of the 
potentiometers 34 and 36, respectively, but the 
Setting of the potentiometer 32 will be such that 
the electromotive force impressed upon the con 
ductors 39 and 42 of the balancing circuit will 
be greater than the sum of the electromotive 
forces from the potentiometers 34 and 36, with 
the result that the instruments 37 and 38 become 
unbalanced to control their respective control 
rheostats in opposite senses. The instrument 3 
will close one of its contacts 37a corresponding to 
that one of the contacts 30a closed by the instru 
ment 30, for example, the left-hand contacts 
(Fig. la), to place the resistors. 43a and 44 in 
parallel in the energizing circuit of the motor 
25a. The motor 25a now operates at its maxi 
mum Speed to adjust the control current flowing 
in the circuit 2 which, as described hereinafter, 
is effective to change the conditions of combus 
tion by a proportionate amount and to increase 
the input of motive fluid to the prime mover 2 
to correspond to the increase in load on the sys 
tem. 
At the same time, the instrument 38 will close 

its opposite contacts, for example, its right-hand 

contacts, so that the two fields of the motor 26a. 
3. 

are differentially energized and the resultant field 
is sufficient to rotate the motor at only a very 
slow speed, if at all. In brief, the control cur 
rent of unit A is increased very much more rapid 
ly than the control current of the unit B to in 
crease the power input to the generator and 
bring the frequency of the system back to normal 
and, at the same time, to restore the division of 
load between the units A and B to its proper Val 
le. 

In case the units A and B should assume the in 
crease in load in the proper proportion, obvious 
ly the circuit including the potentiometers 32, 34. 
and 36 will remain in balance and the frequency 
responsive network 29 will control the rheostats 
25 and 26 similarly and to like extent. Again, 
in case the load on the system as a whole re 
mains unchanged but the distribution between 
the units A and B changes for any cause, the fre 
quency-responsive network will remain in bal 
ance, while the load distribution circuit, includ 
ing potentiometers 32, 34, and 36 will become un 
balanced to operate the instruments 3 and 38 in 
opposite senses. These instruments, in turn, en 
ergize the motor control rheostats 25 and 26 in 
opposite directions and to a similar extent, thus 
restoring the balance by the proper change in the 
control currents of the two units. 

In case it is desired to control the power out 
puts of the units A and B to maintain a prede 
termined and adjustable load thereon, the SWitch 
56 is opened, disconnecting the frequency-re 
sponsive network 29, while the switch 53 is oper 
ated to its downward position, connecting a poi 
tion of the potentiometer 54 between the con 
ductors 39 and 42. The electromotive forces of 
the potentiometers 32, 34 and 36 are now com 
pared with the constant, but adjustable electro 
motive force of the potentiometer 54 and the 
instruments 3 and 38 are operative to regulate 
the control currents in the circuits 2 and 22 
through the rheostats 25 and 26, respectively, to 
maintain the power outputs of the generator 
and the generators 5 and 7 at constant magni 
tudes, as determined by the calibration of the potentiometers. 

Similarly, in case it is desired to control the 
outputs of the several generators from a remote 
point, either to maintain them at a constant ad 
justable value, or a value dependent upon the 
load on other units or systems, or other variable 
conditions or factors, the Switch 53 is operated 
to its upper position in which the conductors 
39 and 42 of the balancing circuit are connected 
to the conductors 57 extending to the point of 
remote control. An electromotive force repre 
sentative of the controlling condition is im 
pressed upon the conductors 57 at this remote 
point and the balancing circuit, including poten 
tioneters 32, 34, and 36 and instruments 37 and 
38 will operate to maintain the power output 
of the generators , 5, and 7 corresponding 
to the particular, value of the controlling electro 
motive force obtaining at any given time. 
In the system illustrated, the generators f5 

and l are supplied by a common boiler 9 so 
that it is not possible to control the distribution 
of load therebetween by controlling the con 
ditions of combustion in the boiler. Such con 
trol may be effected, however, by an auxiliary 
balancing circuit comprising a potentiometer 45 
controlled also by the wattmeter 33 and a poten 
tionetter 46 controlled by the wattmeter 35. The 
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4. 
potentiometers 45 and 56, are, in all respects, 
similar to those of the main balancing circuit 
and are connected in an auxiliary balancing cir 
cuit including a contact making instrument 4, 
which is effective, upon the occurrence of an in 
proper division of load between the generators 

adapted to respond to differences in liquid pres 
Sure, rather than gaseous pressure. 

5 and , to operate the motor-driven mecha 
nism, 48 to adjust the settings of the valves 49 
and 50 in motive fluid conduits 5 and 52, re 
spectively, to the prime movers f6 and 8. 
The apparatus, by means of which the Con 

trol currents, established as described above, reg 
ulate the conditions of combustion in the boilers 
of the units A and B, will be considered by ref 
erence to a particular boiler, for example, boiler 
3. The portion of the master control current 

flowing in the circuit 23 regulates or controls 
devices for supplying fuel, air and motive fluid, 
such as water, to the boiler. The apparatus for 
controlling the supply of fuel to the boiler Com 
prises a fuel-feeding device 60 driven by a no 
tOr 6, the fuel being delivered to a pulverizer 
62 driven by a motor 63 and the pulverized fuel, 
together with a current of air, passing through 
a conduit 64 and into the combustion chamber 
of boiler 3. The motor 6 supplying the fuel 
to the boiler drives, also, an auxiliary tachometer 
generator 65, the electromotive force of which 
is balanced against that of a potentiometer 66 
included in series with the master control circuit 
23 which electromotive force is, of COurse, pro 
portional to the control current. The balancing 
circuit includes a contact making instrument 67, 
the contacts of which control a motor operated 
rheostat in circuit with the fuel feed motor 6 . 
The speed of the motor 6, and thus the electro 
motive force of the tachometer. 65, is a direct. 
measure of the fuel supplied to the boiler. By 
balancing this electromotive force against an 
electromotive force proportional to the master 
control current, it will be seen that the rate of. 
fuel supplied is, at all times, proportional to the 
master control current. This balance is main 
tained by the instrument 67 which adjusts the 
speed of the motor 6 through the rheostat 68 
to the proper value for maintaining the balance. 
The air for supporting combustion is supplied 

to the combustion chamber of boiler 3 by means 
of a blower or fan 69 driven by a suitable motor 
70. A device for producing a differential pres 
sure dependent upon the rate of air Supplied to 
the boiler, such as an orifice , is interposed 
between the fan 69 and the boiler. This differ 
ential pressure is applied to a bell-type manom 
eter 72 of the controller-C, the unbalanced mo 
ment of which is balanced by a current balance 
73 provided with contacts 74 controlling a mo 
tor-operated rheostat 75 in circuit with the mo 
tor O. As is well understood by those skilled in 
the art, the differential pressure acting upon the 
manometer 72 varies as the square of the rate 
of flow of the air through the orifice 7. The 
balancing force of the current balance 3 wa 
ries as the square of the master control current 
flowing in the circuit 23, so that a linear rela 
tion exists between the master control current 
and the rate of flow of air, when the controller 
C is balanced. This balance is maintained by 
means of the rheostat 75 which adjusts the speed 
of the motor. 70 to that value for which the fan 
69 supplies the proper amount of air for a given 
value of the master control current. 
The motive fluid, such as water, is supplied to 

the boiler by means of a feed-water pump 6 
driven by, a motor 7. A differential pressure 

of the controller C'. 

2,053,061 
creating device, such as an Orifice 78, is inter 
posed between the pump 76 and the boiler 3, 
and the differential pressure thereacross is con 
nected to the arms of a tilting manometer 72 
of a controller C which is similar to the con 
troller C, except that the manometer 2 is 

The master 
control current flows also through the current 
balance 3 of the controller C and, as in the 
case of the controller C, operates through a mo 
tor-driven rheostat 79 in the circuit of the motor 
77 to maintain a linear relationship between the 
master control current and the rate of flow of 
motive fluid to the boiler f3. 

It may be desirable also to modify the rate of 
Supply of Water to the boiler in response to the 
temperature of the steam delivered by the boiler 
in Order to prevent excessive variations in tem 
perature and pressure of the steam. To this end, 
a motor-driven rheostat 80 is connected in paral 
lel to the current balance 73 of the controller C.' 
to by-pass a variable portion of the master con 
trol current therefrom. A thermocouple 8 is in 
cluded in the outlet conduit of the boiler and is 
Connected in circuit with an adjustable potenti 
Ometer 82 through a contact making instrument 

. 83, the contacts 84 of which control the motor 
operated rheostat 80. In case the temperature 
of the delivered steam rises above a predeter 
mined value, the contacts 84 will control the rhe 
ostat 80 to change the point of balance of the 
controller C to increase the rate of supply of 
Water to the boiler and thus reduce its tempera 
ture to the desired value. Conversely, upon a de 
crease in the temperature of the boiler steam 
below a desired value, the ratio between the mas 
ter COntrol Current and the rate of flow of feed 
water is changed to decrease the supply of feed 
Water. 

In certain cases, also, it is desirable to maintain 
the pressure within the combustion chamber of 
the boiler substantially constant, irrespective of 
variations in operating conditions, particularly 
Variations in the supply of air to support combus 
tion. This may be accomplished by means of a 
damper 85 located in the Stack or flue of the 
boiler, the position of which is adjusted by means 
of a motor 86 through a suitable operating mech 
anism 87. The motor 86 is controlled by a con 
troller C'' which is similar to the controller. C 
except that it is provided with Only a single pres 
Sure bell which is balanced against a weight 88 
and a spring 88 rather than against a current 
balance. The pressure bell 72' of the controller 
C'' is connected by means of a conduit 89 to the 

- combustion chamber of the boiler and is thus sub 
jected directly to the pressure therein. The con 
tacts 4 of the controller C. control the notor 
86 to adjust the setting of the damper 85 to main 
tain the pressure in the combustion chamber at 
a predetermined value corresponding to balance 

While separate sources of 
current are shown for the Several motors control 
ing the supply of the several factors of combus 
tion, for the sake of clarity, it will be apparent 

... that these motors may be energized from any 
suitable source of direct or alternating current. 
From the foregoing discussion, the cooperation 

of the several control devices for governing con 
ditions of combustion in the boiler 3 will be read 
ily understood. In brief, a linear relationship is 
established between the master control current 
and the rate of supply of fuel to the boiler; be 
tween this current and the rate of supply of air 
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to the boiler; and between this current and the 
rate of supply of feed water. By this means, the 
several factors entering into the operation of the 
boiler are controlled and varied rapidly and pro 
portionately to maintain optimum conditions of 
combustion and generation of steam. The pro 
portionality is maintained to a high degree of ac 
curacy, since, in the control of each of these fac 
tors, the control current is balanced against an 
effect which is a direct measure of the factor, as 
contrasted with certain arrangements of the prior 
art in Which the controlling force acts upon a 
number of control devices which are solely mo 
tive devices and which may have widely dissim 
ilar control characteristics. In addition, in order 
to secure optimum conditions of combustion and 
generation of steam, the ratio of the master con 
trol current to the rate of supply of feed water 
is modified to maintain the temperature of the 
generated steam within predetermined limits and 
the pressure obtaining in the combustion cham 
ber of the boiler is maintained at a substantially 
constant magnitude. 
The control devices for regulating the condi 

tions of combustion in the boiler 4 are, in all re 
spects, similar to those of the boiler 3 with the 
exception of the device C controlling the rate of 
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Supply of fuel to the boiler and, with this excep 
tion, are illustrated schematically in order to 
simplify the drawing. The apparatus for con 
trolling the Supply of fuel to the boiler, in this 
case, is suitable for the control of fluid fuel, Such 
as gas, oil or the like, and comprises a valve 90 
included in the fuel inlet to the boiler, the posi 
tion of which is adjusted by a motor 9 through 
a suitable mechanism 9ia. The mechanism 9 a. 
also adjusts the setting of a potentiometer 92 
supplied from a suitable source, such as a bat 
tery 93, the adjustable contact of the potentiom 
eter 93 being mechanically interconnected with 
the operating arm of the valve 90. The potenti 
ometer 92 is connected in a balancing circuit in 
cluding the resistance 66 traversed by the master 
control current in the circuit 24 and a contact 
making instrument 67, the contacts 6a of which 
control the motor 9. In the operation of this 
control apparatus, in case the electromotive force : 
derived from the potentiometer 66 differs from 
that derived from the potentiometer 92, the in 
strument 67 will indicate an unbalance and oper 
ate its contacts 67 to energize the motor 9, which 
varies the setting of the potentiometer 92 to re 
store the balance. The motor 9 coincidentally 
changes the setting of the valve 90 and the cali 
bration of the mechanism is such that the rate 
of flow of fluid through the valve 90 varies in 
early with the master control current in the cir 
cuit 24. In other respects, the operation of the 
combustion control apparatus of the boiler 4 is 
similar to that described above. 
Again, the combustion control apparatus aSSO 

ciated with the boiler 9 is similar to that of the 
boiler 4 with the exception that the motor-op 
erated valve 90-9 is controlled by a controller 
C' identical to the controller C' associated with 
the boiler 3. The manner in which it maintains 
a linear relationship between the master Control 
current flowing in the circuit 22 and the rate of 
flow of fuel through the valve 90 is identical to 
that described above in connection with the boiler 
3 in which a linear relation is maintained be 
tween the master control current in the circuit 
23 and the rate of supply of feed water. 
In Fig. 2 is shown a system in which the master 

control current, established as in arrangement of 

5 
Fig. 1, regulates conditions of combustion in a 
modified manner. In this System the load-ratio 
responsive instrument 37 operates directly upon 
the motor-operated rheostat 25 to regulate the 
master control current and also operates directly 
upon the motor-operated rheostat 79 controlling 
the feed water pump 76-77. This may be termed 
the primary control. In this case, the master 
control current is also readjusted to correspond 
accurately with the rate of flow of feed water by 
means of the control device C", which is con 
'nected across the orifice 78 in the inlet to the feed 
water to the boiler. The device C", responsive to 
the rate of flow of feed water, is connected to 
control the motor-operated rheostat 25 jointly 
with the load-ratio instrument 37, as in the ar 
rangement of Fig. 1a, and thus serves to balance 
this rate against the master control current. 
This may be termed the secondary control. The 
master control current as thus established foWS 
through the potentiometer 66 which cooperates 
with a potentiometer 92 and the indicating in 
strument 67 to adjust the valve 90 in the conduit 
supplying fluid fuel to the boiler, to maintain a 
linear relation between the control current and 
the rate of supply of fuel to the furnace, as in 
the control of the boiler f4. 
In the system of Fig. 2, a modified control ap 

paratus is utilized to maintain a correct flow of 
gases through the furnace and a correct furnace 
pressure. This apparatus comprises a control 
device C connected to spaced points of the Com 
bustion chamber of the furnace through Conduits 
89' and thus responsive to the rate of flow of the 
combustion gases through the boiler. The dif 
ferential pressure between these points is bal 
anced against the control current which flows 
through the current balance 73 of the device C. 
The contacts 74 of this device control a motor 86, 
which determines the setting of a damper 85 
interposed between the forced draft fan 69 and 
the furnace, and varies the setting of the damper 
85 through the motor-operated mechanism 86-87 
to maintain the flow of combustion gases propor 
tional to the master control current. 
This control of the rate of air flow may be 

modified to maintain the pressure within the con 
bustion chamber substantially constant by means 
of the control device C''' connected to the Con 
bustion chamber through the conduit 89. The 
pressure existing at this point is balanced against 
the weight 88 and spring 88" and the contacts 14 
of the device C''' control the motor operated 
damper 85-86 in the air inlet to the boiler 
jointly with the controller C. The control of 
the motor-operated damper 85-86' by the de 
vice C is preferably a primary control and is 
more rapid than that under the influence of the 
device C''. This primary and Secondary Con 
trol may be effected by an arrangement similar 
to the one illustrated in Fig. 1d. In this manner, 
the devices C and C' cooperate to maintain a 
flow of combustion gases through the furnace 
proportional to the master control current and, 
in addition, to maintain the pressure in the com 
bustion chamber Substantially constant. 
The control of the feed water in this instance 

is modified by a device such as a thermocouple 95, 
responsive to the temperature of the water in the 
flash tube of the boiler near the inlet but dis 
placed therefrom sufficiently to register a tem 
perature appreciably above the inlet temperature 
and affording an indication of the outlet tempera 
ture of the boiler, as Saining a predetermined 
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thermal gradient through the boiler. The elec 
tromotive force of the thermocouple 95 is balanced 
against that of potentiometer 96 through a con 
tact-making instrument 97, the contacts 98 of 
which control a motor-operated rheostat connect 
ed to by-pass a variable portion of the master 
control current from the current balance of the 

Since the thermocouple 95 is 
placed relatively near the inlet of the boiler, it 
responds quickly to any change in the rate of 
flow of feed water, as evidenced by a change in 
temperature, to modify the action of the con 
troller C" to adjust the rate of flow of feed water 
and maintain the temperature of the fluid outlet 
of the boiler approximately constant. 
The regulating action of the thermocouple 95 

is, in turn, modified by a thermocouple-potenti 
Ometer arrangement 8-84 similar to that of Fig. 
1, which changes the setting of the potentiometer 
96 in response to changes in temperature of the 
steam delivered by the boiler. The thermocouple 
8 operates with a considerable time-delay be 
cause of the time required for the water to pass 
through the tube of the boiler, which may amount 
to a period of several minutes. Thus, the ther 
mocouple 95 furnishes a rapid and approximate 
control of the feed water to maintain a constant 
output temperature, while the thermocouple 8, 
with a time-delay, modifies the action of the ther 
mocouple 95 to secure more accurate regulation 
of this temperature. 
In some instances, it may be found that the 

thermal gradient through the boiler, as deter 
mined by the number and location of the turns 
of the flashi tubes and their spacing with respect 
to the combustion chamber, Will vary with varia 
tions in load on the boiler, in Some instances in 
creasing, while in others decreasing. To com 
pensate for this variation in thermal gradient, 
the secondary control of the feed water by the 
thermocouple 95 may be modified as shown in 
Fig. 2d. In this case, an additional load-ratio 
potentiometer 32 is provided having an adjusta 
ble contact 32a movable with the contact 32a. 
The adjustable electromotive force from this po 
tentiometer is impressed upon conductors 04, 
which are included in series with the circuit of the 
thermocouple 95 and serve to introduce. therein 
an electromotive force varying with load. By a 
proper calibration of the potentiometer. 32, the 
electromotive force thereof may be made to com 
pensate for variations in the temperature, as 
registered by the thermocouple 35, from that cor 
responding to a predetermined thermal gradient 
through the boiler. 

In Fig. 3 is illustrated diagrammatically a cir 
cuit which may be utilized in lieu of the load re 
sponsive control of the motor-operated rheostat 
25 of Fig. 1. This circuit is shown as applied to 
a 3-phase alternating current circuit 99, the power 
output of which is measured by a wattmeter 100 
which is preferably of the thermoelectric type 
generating a thermoelectromotive force propor 
tional to the power output of the circuit in which 
it is included. This electromotive force of the de 
vice OO is balanced against the sum of the elec 
tromotive forces of a potentiometer of and a po 
tentiometer 02 included in Series with the circuit 
of the master control current. The balance of 
these two opposing electromotive forces is deter 
mined by a contact making instrument fo3, the 
contacts 03a of which control the motor 25a of 
the motor-operated rheostat 25 included in the 
master control circuit 2. 
The circuit arrangement of Fig. 3 is operative 
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to vary the proportionality between the power out 
put of the circuit 99 and the master control cur 
rent in the circuit 2 and, at the same time, to 
provide for a component of the master control 
current dependent only upon a constant adjust 
able value which may be representative of the 
losses of the system, which are substantially in 
dependent of the load thereon. Under normal 
operating conditions, the action of this load Con 
trol circuit is similar to that of Fig. 1. A depara 
ture of the load on the circuit OO from that cor 
responding to the given value of the master con 
trol current unbalances the circuit, including the 
potentiometers O, O2 and the device 00, and the 
instrument 03 controls the motor-operated rheo 
stat 25 to vary the master control current to re 
store the balance and to change the conditions 
of steam generation to correspond to the new 
load condition. In case it should be desired to 
change the master control current for a given 
load, as might be required, for example, by a 
change in turbine efficiency or for other change 
in the operating conditions of the system, the ad 
justable contact of the potentiometer f02 is 
moved, increasing Or decreasing the proportion 
of the electromotive force of the potentiometer 
O2 introduced into the balancing circuit. On 

the other hand, in case the operating conditions 
of the system should change so that the heat 
losses of the system are changed, the constant 
component of the electromotive force may be ad 
justed by adjusting the contact Ofa of the poten 
tionetter 
force of the potentiometer fol. By these means 
the proportionality between the load upon the 
unit and the variable component of the master 
control current may be varied without varying 
the relative magnitude of the electromotive force 
representative of the constant losses of the System, 
While this latter quantity may be independently 
adjusted to take into consideration variations in 
operating conditions of the system. 
While I have illustrated and described alterna 

tive apparatus for regulating the master control 
Current of a combustion control system in re 
Sponse to several Operating conditions of the sys 
tem or combinations thereof, and numerous con 
trol devices responsive to the master control cur 
rent for governing the conditions of combustion 
in the system, it will be apparent to those skilled 
in the art that my invention is not limited to the 
examples Specifically illustrated and described, 
but embodies also other combinations of the de 
vices and apparatus to meet the requirements of 
a particular System, and also such other changes 
and modifications as fall within the true spirit 
and scope of my invention. 
What I claim is: 
1. A combustion control system for a fluid 

driven prime mover system including a prime 
mover, a boiler for supplying motive fluid thereto. 
and an electric generator driven thereby, com 
prising means for establishing a master control 
current, means for regulating said control current 
in accordance with variations in frequency of the 
current output of said generator, means for modi 
fying the action of said regulating means in ac 
cordance with the electrical power output of said 
generator, and a plurality of control devices in 
dividually regulated by said control current for 
governing conditions of COmbustion in said boiler. 

2. A combustion control system for a fluid 
driven prime mover System including a prime 
nover, a boiler for supplying motive fluid thereto 
and an electric generator driven thereby, com 
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prising means for establishing a master control 
force, relatively quick-acting means for regulat 
ing said control force in accordance with varia 
tions in frequency of the current Output of said 
generator, relatively slow-acting means for modi-. 
fying the action of said regulating means in ac 
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cordance with the electrical power output of said 
generator, and a plurality of control devices indi 
vidually regulated by said control force for gov 
erning conditions of combustion in said boiler. 

3. A combustion control system for a prime 
mover System including a prime mover, an electric 
generator driven thereby, and boiler means for 
Supplying motive fluid to said prime mover; Com 
prising means for controlling said boiler means 
including relatively quick-acting means responsive 
to the frequency of the current output of said gen 
erator and relatively slow-acting means respon 
sive to the electrical power output thereof and act 
ing independently of Said frequency responsive 
means whereby the condition of combustion of 
said boiler means is controlled primarily to main 
tain constant frequency and Secondarily to main 
tain a predetermined load characteristic. 

4. A combustion control system for a fluid 
driven prime mover system including a prime 
mover, a boiler for supplying motive fluid thereto 
and an electric generator driven thereby, COm 
prising means for establishing a master control 
force, means for regulating said control force 
including a frequency-responsive network ener 
gized from said generator, means for modifying 
the action of Said regulating means including 
means responsive to the power output of Said 
generator, and a plurality of control devices in 
dividually regulated by said control force for 
governing conditions of combustion in said boiler. 

5. A combustion control System for a fluid 
driven prime mover system including a plurality 
of units each consisting of a fluid-driven prime 
mover, a boiler for supplying motive fluid there 
to and an electric generator driven thereby, said 
electric generators being connected in parallel, 
comprising means for establishing master control. 
forces individual to Said unitS, means for Coin 
cidentally regulating Said control forces in re 
sponse to system frequency, means for individu 
ally modifying the action of said regulating means 
on said control forces in accordance with the rel 
ative power outputs of Said generators, and a 
group of control devices cooperating with each 
boiler and regulated by the control force of its 
respective unit for governing the conditions of 
combustion in said boiler. 

6. A combustion control System for a fluid-driv 
en prime mover system including a plurality of 
units each consisting of a fluid-driven prime 
mover, a boiler for supplying motive fluid thereto 
and an electric generator driven thereby, said 
electric generators being connected in parallel, 
comprising means for establishing master con 
trol currents individual to said units, a frequency 
responsive network energized from said gener 
ators and means controlled thereby for coinciden 
tally regulating said control currents, potentiom 
eter impedances individual to Said units and con 
nected in a control circuit, means responsive to 
the electrical power output of each of said gen 
erators for adjusting a connection to an imped 
ance of its respective unit, an instrument indi 
vidual to each of said units included in Said con 
trol circuit for regulating its respective master 
control current, and a group of control devices. 
cooperating with each boiler and regulated by 
the control current of its respective unit for 

7 
governing conditions of combustion in said boiler. 

7. A combustion control system for a fluid 
driven prime mover system including a prime 
mover, a plurality of boilers for Supplying motive 
fluid thereto and an electric generator driven 
thereby, comprising means for establishing a 
master control force, means for regulating said 
Control force in accordance with variations in 
frequency of the current output of said gener 
ator, means for modifying the action of Said reg 
ulating means in accordance with the electrical 
power output of said generator, a plurality of con 
trol Systems energized in multiple from said con 
trol force, and a group of control devices cooper 
ating with each of said boilers for governing 
conditions of combustion therein, each group of 
control devices being included in One of said con 
trol Systems, and means for adjusting the distri 
bution of force between said multiple systems to 
effect a corresponding load distribution between 
said boilers. 

8. A combustion control System for a prime 
mover System including a plurality of fluid-driv 
en prime movers, a boiler for supplying motive 
fluid thereto and a plurality of electric generators 
individually driven by said prime movers and con 
nected to a common circuit, comprising means for 
establishing a master control force, means for 
regulating said control force including a fre 
quency-responsive network energized from Said 
generators, a plurality of control devices indi 
vidually regulated by said control force for gov 
erning conditions of combustion in said boiler, 
and means responsive to the power outputs of 
said generators for adjusting the distribution of 
motive fluid from Said boiler to said prime mov 
e.S. 

9. A combustion control system for a prime 
mover System including a plurality of units, One 
including a fluid-driven prime mover, a boiler for 
Supplying motive fluid thereto and an electric 
generator driven thereby and another including a 
plurality of prime movers, a single boiler for Sup-. 
plying motive fuid thereto and a plurality of elec 
tric generators individually driven by said prime 
movers, all of said electric generators being con 
nected to a common circuit, comprising means 
for establishing master control forces individual 
to said units, means for coincidentally regulating 
Said control forces in response to system fre 
quency, means for individually modifying the 
action of said regulating means on said control 
forces in accordance with the relative power out 
puts of the generators of said units, means re 
Sponsive to the power Outputs of the generators 
of said Second-named unit for adjusting the dis 
tribution of motive fluid from its respective boil 
er to the Several prime movers thereof, and a 
group of control devices cooperating with each 
boiler and regulated by the control force of its 
respective unit for governing the conditions of 
combustion in said boiler. 

10. A combustion control System for a fluid 
driven prime mover system including a prime 
mover, a boiler for supplying motive fluid there 
to and an electric generator driven thereby, com 
prising means for establishing a master control 
current, means for regulating said control current 
in accordance with an operating condition of the 
system, a plurality of devices for controlling the 
supply of air, fuel, and motive fluid to said boiler, 
control means individual to said supply control 
devices and responsive jointly to said control cur 
rent and to the supply of media as controlled by 
their respective devices, and means responsive 
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Solely to the pressure within the combustion 
chamber of said boiler for modifying the action 
of said air supply control device, 

11. A combustion control system for a fluid 
driven prime mover system including a prime 
nover, a boiler for supplying motive fluid there 
to and an electric generator driven thereby, com 
prising means for establishing a master control 
Current, means for regulating said control cur 
rent in accordance with an operating condition 
of the System, a plurality of devices for control 
ling the supply of air, fuel, and motive fluid to . 
Said boiler, control means individual to said Sup 
ply control devices and responsive jointly to said 
control current and to the Supply of media as 
controlled by their respective devices, and means 
responsive Solely to the pressure within the com 
bustion chamber of said boiler for varying the re 
sistance to flow through the combustion chamber 
of the products of combustion to maintain said 
pressure substantially constant. 

12. A combustion control System for a fluid 
driven prime mover System including a prime 
mover, a boiler for supplying motive fluid there 
to and an electric generator driven thereby, com 
prising means for establishing a master control 
current, means for regulating Said control cur 
rent in accordance with an operating condition of 
the system, a plurality of devices for controlling 
the Supply of air, fuel, and motive fluid to said 
boiler, control means individual to said supply 
control devices and responsive jointly to said con 
trol current and to the Supply of media, as con 
trolled by their respective devices, and means for 
maintaining substantially constant the pressure 
within the combustion chamber of said boiler 
comprising a stack damper and means responsive 
solely to said pressure for controlling the Setting 
of said damper. 

3. A combustion control System for a fluid 
driven prime mover system including a prime 
mover, a boiler for Supplying motive fluid thereto 
and an electric generator driven thereby, com 
prising means for regulating said control cur 
rent in accordance with variations in frequency 
of the current output of said generator, means 
for modifying the action of said regulating means 
in accordance with the electrical power output of 
said generator, and a plurality of devices for con 
trolling the Supply of air, fuel, and motive fluid 
to. Said boiler, and control means individual to 
said supply control devices and responsive jointly 
to said control current and to the supply of media 
as controlled by their respective devices. 

14. A combustion control system for a fuid 
driven prime mover system including a prime. 
mover, a boiler for supplying motive fluid thereto 
and an electric generator driven thereby, Com 
prising means for establishing a master control 
force, means for regulating said control force in 
accordance with the electrical power output of 
said generator, a plurality of control devices in 
dividually regulated by said control force for gov 
erning conditions of combustion in said boiler, 
and means responsive to the supply of motive 
fluid to said boiler for modifying the action of 
said regulating means on said control force. 

15. A combustion control system for a fluid 
driven prime mover system including a prime 
mover, a boiler for supplying motive fluid there 
to and an electric generator driven thereby, con 
prising means for establishing a master control 
force, means for regulating said control force in 
accordance with the electrical power Output of 
said generator, a plurality of control devices in 
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dividually regulated by said control force for gov 
erning conditions of combustion in said boiler, 
means responsive solely to the electrical power 
output of said generator for controlling the sup 
ply of feed water to said boiler, and means re 
sponsive to the supply of feed water to said boil 
er for modifying the action of said regulating 
means on said control force. 

16. A combustion control system for a fluid 
driven prime mover system including a prime 
mover, a boiler for supplying motive fluid there 
to and an electric generator driven thereby, Com 
prising means for establishing a master control 
current, means for regulating said current in ac 
cordance with an operating condition of the Sys 
tem, a plurality of devices for controlling the flow 
of combustion gases through said boiler and the 
supply of fuel and motive fluid thereto, control 
means individual to said devices and responsive 
jointly to said control current and the factors 
controlled by their respective devices, a device for 
controlling the supply of air to said boiler, and 
control means cooperating with said last-named 
device responsive jointly to the pressure in the 
combustion chamber of the boiler and to the con 
trol means associated with the device for control 
ling the flow of combustion gases. 

17. A combustion control system for a fluid 
driven prime mover system including a prime 
mover, a flash tube boiler for supplying motive 
fluid thereto and an electric generator driven 
thereby, comprising means for establishing a 
master control force, means for regulating Said 
force in accordance with an operating condition 
of the system, a plurality of devices for control 
ling the flow of combustion gases through Said 
boiler and the supply of fuel thereto, control 
means individual to said devices and responsive 
jointly to said control force and the factors con 
trolled by their respective devices, means for 
regulating the supply of motive fluid directly in 
accordance with said operating condition of 
the system, means responsive to the temperature 
within said boiler near the inlet thereof for mod 
ifying the action of the control means of the no 
tive fluid supply control device, and means re 
sponsive to the load on said generator for modi 
fying the action of the temperature responsive 
means to compensate for changes in thermal 
gradient through said boiler with changes in load. 

18. A combustion control system for a fluid 
driven prime mover system including a prine 
mover, a flash tube boiler for Supplying motive fluid 
thereto and an electric generator driven there 
by, comprising means for establishing a master 
control force, means for regulating said force in 
accordance with an operating condition of the 
system, a plurality of devices for controlling the 
flow of combustion gases through said boiler and 
the supply of fuel thereto, control means indi 
vidual to said devices and responsive jointly to 
said control force and the factors controlled by 
their respective devices, means for regulating the 
supply of motive fluid directly in accordance with 
said operating condition of the System, a thermo 
couple disposed in said boiler near the inlet there 
of and connected to modify the action of the 
control means of the motive fluid Supply control 
device to maintain the temperature of the fluid 
output of Said boiler approximately constant, and 
means for introducing into the circuit of said 
thermocouple an electromotive force varying with 
the load on said generator to compensate for 
changes in thernal gradient through said boiler 
with changes in load. 
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19. A combustion control system for a fluid 

driven prime mover system including a prime 
mover, a flash tube boiler for supplying motive 
fluid thereto and an electric generator driven 
thereby, comprising means for establishing a 
master control force, means for regulating said 
force in accordance with an operating condition 
of the system, a plurality of devices for control 
ling the flow of combustion gases through said 
boiler and the supply of fuel thereto, control 
means individual to said devices and responsive 
jointly to said control force and the factors con 
trolled by their respective devices, means for reg 
ulating the supply of motive fluid directly in ac 
Cordance with said operating condition of the 
system, a thermocouple disposed in said boiler 
near the inlet thereof and operating quickly to 
modify the action of the control means of the 
motive fluid supply device to maintain the tem 
perature of the fluid Output of said boiler approxi 
mately constant, a thermocouple disposed in the 
fluid outlet of said boiler and operating with a 
time delay to modify the action of said first ther 
mocouple to maintain more accurately the tem 
perature of the fluid output of said boiler, and 
means for introducing into the circuit of said first 
thermocouple an electromotive force varying with 
the load on said generator to compensate for 
changes in thermal gradient through said boiler 
with changes in load. 

20. A combustion control system for a fluid 
driven prime mover system including a prime 
mover, a boiler for supplying motive fluid there 
to and an electric generator driven thereby, com 
prising means for establishing a master control 
current, means for regulating said current in 
accordance with an operating condition of the 
System, a plurality of devices for controlling the 
flow of combustion gases through said boiler and 
the supply of fuel thereto, control means indi 
vidual to said devices and responsive jointly to 
said control current and the factors controlled 
by their respective devices, means for regulating 
the supply of motive fluid directly in accordance 
with Said Operating condition of the system, means 
responsive to the temperature within said boiler 
near the inlet thereof for by-passing a variable 
portion of said control current from the control 
means of the motive fluid supply control device, 
and means responsive solely to the temperature of 
the fluid output of said boiler for modifying the 
action of Said last-named means. 

21. In a combustion control system, means for 
establishing a master control current for govern 
ing conditions of combustion, means for produc 
ing an effect varying with an operating condition 
Of Said system, means for producing an effect 
varying with said control current, means for pro 
ducing an adjustable constant effect, means for 
regulating said control current to maintain the 
first of said effects proportional to the sum of the 
other two, and means for varying the factor of 
proportionality and at the same time maintaining 
the relative magnitude of said constant effect. 

22. In a combustion control system, means for 
establishing a master control current for govern 
ing conditions of combustion, means for produc 
ing an electrical effect proportional to an oper 
atting condition of said System, means for produc 
ing an electrical effect constant in magnitude, 
means for deriving an electrical effect propor 
tional to said control Current, means controlled . 
by said electrical effects for regulating said con 
trol current to balance the effect derived from 
said operating condition and the sum of the other 

9. 
two effects, and means for independently varying 
said last-named two effectS. 

23. In a combustion control system, means for 
establishing a master control current for govern 
ing conditions of combustion, means for produc 
ing an electromotive force proportional to tie 
electrical power output of said generator, a pC 
tentiometer impedance energized from a source 
of constant electromotive force, a second potentia 
ometer impedance energized by said control cur 
rent, a circuit including an electroresponsive de 
vice for comparing said first electromotive force 
with the sum of those across said potentiometer 
impedances, means including said electrorespon 
sive device for regulating said control current to 
balance said circuit, means for independently ad 
justing the settings of said potentiometer imped 
ances, and means for adjusting the value of Said 
constant electromotive force. 

24. A system comprising a prime mover, an 
alternator driven thereby, a boiler for supplying 
motive fluid to Said prime mover, means for pro 
ducing a control force, means responsive to the 
frequency of the current generated by said alter 
nator for regulating said control force, and a 
plurality of control devices regulated by Said con 
trol force for governing conditions of combustion 
in Said boiler. 

25. A system comprising a prime mover, an 
alternator driven thereby, a boiler for supplying 
motive fluid to said prime mover, means for pro 
ducing a control force, means responsive to the 
frequency of current generated by said alternator 
for regulating said control force, means respon 
sive to the Output of Said alternator for modifying 
Said control force, and a plurality of control de 
vices regulated by said control force for govern 
ing conditions of combustion in Said boiler. 

26. An electric power system comprising a 
generator, a prime mover therefor, boiler means 
for supplying motive fluid to said prime mover, 
means for producing an effect varying as a func 
tion of the System load, means for producing an 
effect varying as a function of the generator out 
put, and means jointly responsive to Said effects 
for varying the rate of production of motive fluid 
by said boiler means. 

27. An electric power System supplied from 
generating units each comprising a generator, 
a prime mover therefor, and boiler means for sup 
plying motive fluid to the prime mover, separate 
means for individually controlling the rate of 
production of motive fluid by the individual boiler 
means, means responsive to System load for 
effecting operation of said control means, and 
means responsive to the Outputs of said genera 
tors for effecting operation of said control means 
to effect predetermined division of load between 
said units. 

28. An electric power System. Supplied from 
generating units each comprising a generator, a 
prime mover therefor, and boiler means for sup 
plying motive fluid to the prime mover, means 
responsive to the outputs of Said generators, and 
means controlled by said responsive means indi 
vidually to control the rate of production of mo 
tive fuid by said individual boiler means to accord 
with predetermined division of load between said 
generators. 

29. A system comprising a generator, a prime 
mover therefor, boiler means for Supplying motive 
fluid to the prime mover, means producing an 
effect varying as a function of the output of said 
generator, means producing a standard effect, 
and means jointly responsive to said, effects for 
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controlling the rate of production of motive fluid 
by said boiler means to maintain a predetermined . 
relation of the magnitudes of said effects." 
30. An electric power system supplied from 

generators having individual prime movers and 
a common boiler for supplying motive fluid to 
said prime movers, means responsive to the sys 
tem demand for changing the rate of production 
Of motive fluid by Said boiler, means producing 
effects each varying as a function of the output 
of One of the generators, and means responsive 
to Said effects for varying the distribution of 
motive fluid from said boiler to said prime movers 
to effect predetermined division of load between 
Said generators. 

31. An electric power system comprising boils 
ers, one or more prime movers supplied with 
motive fluid from each of said boilers and indi 
vidual thereto, alternators individually driven by 
Said prime movers, means responsive to changes 
in System frequency for similarly varying the rate 
of production of motive fuid by said boilers, 
means producing effects each varying as a func 
tion of the output of one of said alternators, and 
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varying the rate of production of motive fuid by 
said boilers to maintain a predetermined relation 
between the outputs of the alternators associated 
With the different boilers. 

32. An electric power system comprising boil 
ers, one or more prime movers supplied with 
motive fluid from each of Said boilers and indi 
vidual thereto, alternators individually driven by 
said prime movers, means responsive to changes 
in system frequency for similarly varying the 10 
rate of production of motive fluid by said boilers, 
means producing effects each varying as a func 
tion of the output of one of said alternators, 
means responsive to said effects for individually 
varying the rate of production of motive fluid by 
Said boilers to maintain a predetermined rela 
tion between the outputs of the alternators asso 
ciated with the different boilers, and means re 
sponsive to said effects to vary the distribution 
of motive fluid to prime movers supplied from a 20 
common boiler to maintain a predetermined rela 
tion between the outputs of alternators associated 
with the same boiler. 
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CERTIFICATE OF CORRECTION. 

Patent No. 2,053,061. September 1, 1936. 

EDWARD S. BRI STOL 

It is hereby certified that error appears in the printed specification of 
the above numbered patent requiring correction as follows: Page 2, second 
Column, line 46, for the syllable and words "tudes, as determined by the 
calibration of the" read of direct current through either the contacts 30a; 
page 7, first column, line 14, claim 3, strike out the semicolon after 
"mover"; and that the said Letters Patent should be read with these correc 
tions therein that the same may conform to the record of the case in the 
Patent Office. 

signed and sealed this 16th day of March, A. D. 1937. 

Henry Wan Arsdale 
(Seal) Acting Commissioner of Patents. 


