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The invention relates generally to control means 
for a power generating System and, more partic 
laxy, to the control of a steam generating means 

forning a part of an electric power generating 
System. m 

In any Steam generating System, proper opera 
tion requires that the energy Supply to the steam 
generating means, that is, fuel and air less the 
heat losses, equal the energy consumed by the 
Road. Means responsive to various indications, 
such as the speed of a prime mover driven from 
the steam generating means, change insteam con 
sumption, or change in steam pressure, have in 
the past been employed to govern the energy Sup 
ply. These means are not completely satisfac 
tory, however, because the indications are too 
long delayed, Or are not responsive to the energy 
level of the steam Source, or result in a supply 
of steam to the load at decreasing pressure as 
the load increases. 
of energy Supply and energy consumption are 
mentioned, the inclusion of heat losses is implied 
unless otherwise specifically stated. 
A general object of this invention, therefore, is 

to provide a new and improved control means for 
a power generating system overcoming the short 
Conings above Set forth. 
A more particular object is to provide a new 

and improved control means for a steam generat 
ing System which is quickly responsive to changes 
in load, maintains a proper energy level, and as-- 
Stres delivery of steam to the load at proper pres 
Ste. 
Another object is to provide control means for 

a power generating System in which the energy 
Stipply to the system is governed by a plurality 
of variable factors integrated into a common 
signal. 
Another object is to provide a control means 

for a power generating System in which the en 
ergy Supply to the System is governed by a plu 
rality of factors integrated into a common signal, 
One of which is immediately and solely indica 
tive of the demand on the system and the other 
of, which is indicative of demand and also indica 
tive of the energy level of the system. 
Another object is to provide control means for 

a steam generating system in which the energy 
Supply to the System is governed by a plurality 
of factors, one of which is indicative of the energy 
level of the steam generating means and change 
in which is indicative of demand, the control 
means including regulating means responsive to 
the factor described and operable in response to 
that factor to equalize energy supply and energy 
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consumption and maintain the energy level, the 
other of the factors being solely and immediately 
indicative of demand and functioning through the 
regulating means and in conjunction. With the first 
factor to govern the energy Supply and, particul 
larly, to govern the energy supply in Such manner 
as to raise the energy level of the Stean Source 
as the load increases, So as to maintain more 
nearly constant the pressure at which Steam is 
supplied to the load. } 

Still another object is to provide control means 
for a steam generating System having a master 
regulator for governing the energy Supply which 
is jointly responsive to the pressure in the steam 

is header and to the load, as indicated by means in 
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mediately responsive to changes in the load. 
Still another object is to provide Control means 

for a steam generating System having means for 
governing the energy supply which is responsive 
to the pressure in the steam header and means 
immediately and solely responsive to changes 
in load for varying the Setting of Said pressure 
responsive means. 
Yet another object is to provide control means 

for a power generating System composed of a 
boiler, a prime mover and an electric generator, 
including a master regulator for governing the 
energy supply to the boiler which is jointly re 
sponsive to the pressure in the steam header and 
to the load on the generator. 
Other objects and advantages will become ap 

parent from the following detailed description 
taken in connection. With the accompanying 
drawing, in which one embodiment of the inven 
tion is illustrated diagrammatically. 
While the invention is Susceptible of various 

modifications and alternative constructions and 
adaptable for the control of a variety of Systems, 
it is herein shown and will hereinafter be de 
Scribed in a preferred embodiment and aS ap 
plied to an electric power generating system. It 
is not intended, however, that the invention is to 
be limited thereby to the specific construction or 
to the specific use disclosed. On the contrary, it 
is intended to cover all modifications and alter 
native constructions and all applications falling 
within the Spirit and Scope of the invention as 
defined by the appended claims. 

In the exemplary embodiment of the inven 
tion shown in the drawing, it is illustrated as 
applied to the control of an electric power gen 
erating System. Such a System comprises gen 
erally a steam generator or boiler it, a prime 
nover 2 driven by the steam generated in the 
boiler and usually in the form of a turbine, and 
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an electric generator 3 driven by the prime mover 
2. The electric generator 3 may be either a di 
rect current or an alternating current generator, 
but is here represented as a direct current gen 
erator. Steam is supplied from the boiler to 
the prime mover through a steam header or con 
duit 4 which has interposed therein a valve 5 
operated by a governor 6 responsive to the Speed 
of operation of the prime mover 2 and function 
ing to maintain the prime nover operating at 
a constant speed despite variations in load that 
may be placed thereon as a result of variations in 
load on the generator 3. When, as here illus 
trated, the prime mover is a turbine, it is cou 
pled to the generator 3 through the medium of 
a shaft. 
The boiler has means, generally designated 

8, for supplying fuel thereto, means, generally 
designated 9, for supplying combustion air, and 
also has means, generally designated fo, for re 
moving the products of combustion. The boiler 
here shown is adapted to employ oil as fuel and, 
to that end, has a plurality of recirculating oil 
burners , the fuel oil being supplied through 
a conduit 2 and the excess and unburned fuel 
oil being returned through a conduit 3. For 
purposes of obtaining a measure of the fuel con 
Sumption, there is interposed in the supply con 
duit 2 a positive displacement meter 5, and 
similarly interpOSed in the return conduit 3 is 
a positive displacement meter 6. These meters 
are connected to a differential gearing so ar 
ranged in conventional and well known manner 
that the revolutions of a shaft 8 represent, the 
rate of fuel consumption. For a purpose which 
will later become more apparent, the rate of fuel 
Consumption, as indicated by the rate at which 
the shaft f8 is revolving, is further translated 
by a device 9 into pressure values proportional 
to and indicative of the rate of fuel consump 
tion. The device 9 is a pneumatic tachometer 
of the type disclosed and claimed in the patent 
to Ziebolz, No. 2,185,970. 
The combustion air supply means 9 may take 

any of Several well known forms and is here dia 
grannatically illustrated as comprising a blower 
20 discharging combustion air to the boiler 
through an air supply conduit 2. The quantity 
of air Supplied may be controlled in any of the 
conventional manners, such as by varying the 
Speed of the blower, or by shutters, with such 
air Supply controller here represented by the 
Oscillatory shaft 22. 
Leading from the combustion chamber of the 

boiler, to permit escape of the products of com 
bustion, is a stack 23 with the natural draft of 
the boiler usually aided by an exhaust fan or 
blower (not here shown). The draft and hence 
the pressure within the combustion portion of 
the boiler is preferably controlled by some means 
Such as a damper 24 located in the stack 23. 
The damper 24 is under the control of an “As 
kania" jet type regulator, generally designated 
25. The regulator comprises a pivoted jet pipe 
26 directing a jet at an orifice plate having two 
closely adjacent orifices 27 and 28 connected re 
Spectively by conduits 29 and 30 with opposite 
ports of a fluid motor which herein is shown as of 
the reciprocatory piston type having a cylinder 
3 and a piston 32. The piston is connected to 
the damper 24 through a link or rod 33 pivotally 
connected at one end to the piston and, likewise, 
pivotally connected at the other end to an arm 
34 rigid with the damper 24. A compression 
Spring 35 urges the jet pipe 26 in one direction 
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4. 
while a pressure responsive device 3 acts on the 
jet pipe 26 in opposition to the spring 35. The 
pressure responsive device is, through a conduit 
37, made responsive to the pressure within the 
combustion portion of the boiler, and the Spring 
35 is adjustable so as to permit of the mainte 
nance of any desired pressure within a conven 
tional range. 
Control means is provided herein for govern 

ing the energy supply to the boiler, that is, fuel 
and combustion air, which results in improved 
operation and regulation of the system. The con 
trol means is not responsive or dependent upon 
such delayed indications as change in speed of 
the prime mover or change in pressure in the 
boiler drum, nor is it dependent upon a single 
factor or indication, with the partial regulation 
resulting. Herein the control means is respon 
Sive to a plurality of factors integrated into a 
common signal and with the factors so chosen 
as to result in improved and complete regulation. 
Generally a first one of such plurality of factors 
is affected both by the demand or load and also 
by the energy Supply to the boiler, and is indica 
tive of the energy level of the boiler, while change 
in this factor is indicative of the load or demand. 
This factor is, therefore, herein employed 
through suitable translating devices to govern 
the energy Supply to the boiler, and functions to 
maintain a desired and predetermined energy 
level in the boiler, as well as to equalize energy 
Supply and energy Consumption. The other fac 
tor is chosen to be immediately and solely indica 
tive of the load or demand and is so integrated 
with the first factor, through the translating 
means, as to effect a very prompt change in the 
energy supply in accordance With change in load, 
and, more important still, as to increase the en 
ergy level of the boiler with increases in load so 
as to prevent the Supply of steam to the load, 
herein the prime mover 2, at decreasing pres 
sure as the load increases. These two factors 
are readily measured and employed, the first be 
ing the pressure in the header 4 and the other be 
ing the load on the generator 3. 

Herein the control means comprises a master 
regulator, generally designated 40, a fuel supply 
regulator, generally designated 4, and a combus 
tion air supply regulator, generally designated 42. 
The master regulator is responsive to the two fac 
tors above described, namely, the header pres 
Sure and the load, and integrates the two factors 
into a single or common pulse or signal consti 
tuting a measure of the energy supply necessary 
to obtain the desired energy level in the boiler, as 
Well as equality between energy supply and en 
ergy Consumption. This signal is applied to the 
fuel supply regulator 4 and to the combustion air 
Supply regulator 42 which thus bring about the 
called for adjustment in fuel and combustion air 
Supply. Herein the master regulator 40 is of the 
"Askania' jet type having a pivoted jet pipe 43. 
Engaging the jet pipe 43 is a rod 44 of a lever 
System which additionally includes a beam 45 
mounted on a pivot 46 and having rigid there 
with and extending at right angles thereto an 
arm 47. The rod 44 is interposed between the 
arm 47 and the jet pipe 43 so as to transmit 
movement of the arm 4 to the jet pipe. Engag 
ing the beam 45 to one side, herein the right side, 
of the pivot 46 is a tension spring 48 which thus 
acts to tend to pivot the jet pipe 43 in a counter 
clockwise direction. The spring 48 is adjustable 
and provides for a basic loading of the master 
regulator. Specifically it represents the basic, 
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no-load, boiler drum pressure and hence the basic 
or normal no-load energy level, 

Engaging tie beam 45 to the other side, that 
is, the left, of the pivot 46 is a pressure respon 
sive device 49. This device is by a conduit 49 
connected to the Steam header 4 so as to be re 
sponsive to the steam pressure in the header and 
serves in conjunction with the spring 48 to con 
stitute a measure of the energy Supply necessary 
to maintain the basic boiler drum pressure, as 
predetermined by adjustment of the spring 48, 
and equality between energy supply and energy 
consumption. The pressure responsive device 49 
and the spring 48 operating through associated 
devices are thus alone capable of controlling the 
energy supply to the boiler in a manner main 
taining basic boiler drum pressure and equality 
between energy supply and energy consumption. 
However, with boiler drum pressure maintained 
as determined by adjustment of spring 48, the 
pressure of the steam supplied to the prime mover 
2 drops as the load increases. This is an unde 
sirable condition. . 
To eliminate this drop in pressure of the steam 

supplied to the prime mover and to provide regu 
lation of the energy supply to the boiler which is 
even more promptly responsive to change in de 
mand than is the header pressure, the second of 
the factors, namely, the load on the generator, 
is here employed and, like the header pressure, 
acts through the master regulator. This second 
factor accomplishes the end sought by raising 
the energy level of the boiler as the load increases, 
that is, it adds to the loading of the master regu 
lator by the spring 48. By proper selection and 
coordination of values, any desired relationship 
between boiler drum pressure and drop in header 
pressure may be obtained, including such rela 
tionship as will maintain constant at all loads 
the pressure of the steam supplied the prime 
mower. 
Herein, the electrical load on the generator 3 

is translated into a force applicable to the lever 
System of the master regulator through the me 
dium of a Wattmeter coil arrangement. To that 
end, an electrically responsive device 50 is pro 
vided composed of a core 5, and surrounding a 
leg of this core, in well known manner, to make 
the pull on the core proportional to the output 
of the generator is a current coil 52 and a voit 
age coil 53. The first of these, namely, the cur 
rent coil, is by a pair of leads 54 connected in 
shunt around a resistance 55 interposed in one 
of the power leads 56 leading from the generator 
3. The voltage coil 53 is by a pair of leads 57 con 
nected across the power leads 56. The device just 
described is connected to act on the beam 45 in 
the same manner as the tension spring 48 and 
is, moreover, so arranged that the force tending 
to rotate the lever System in a clockwise direc 
tion increases as the load on the generator in 
CeaSeS. 
Engaging the jet pipe 43 on the opposite side 

and tending to pivot the jet pipe 43 in opposition 
to the spring 48 is a compression spring 58, the 
force of which is varied by follow-up means, pres 
ently to be described in detail, under the con 
trol of the jet pipe 43. The follow-up means 
comes to rest when the jet pipe 43 is restored to 
its neutral or normal position, that is, when by 
increased or decreased compression of the spring 
58 its force equals the combined forces of spring 
48, pressure device 49 and electrical means 50. 
Hence movement of the follow-up device bears a 
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6 
dicating load or demand and is a measure of the 
change in energy supply needed. 

It will be seen from the foregoing that the 
forces imparted to the master regulator by the 
pressure device 49, spring 48 and electrical de 
vice are, by the lever system, integrated into a 
common force acting on and imparting move 
ment to the jet pipe 43 and, in conjunction with 
the follow-up means and spring 58, generate a 
signal having a definite relationship to the change 
in energy supply required. If the sum total of 
the forces tending to rotate the lever system in a 
clockwise direction increases, the jet pipe 43 is 
pivoted in a counterclockwise direction and a sig 
nal is generated calling for a definite increase in 
fuel and air supply proportional to the changed 
demand. Conversely, when the sum total of the 
forces tending to rotate the lever system in a 
clockwise direction decreases, the jet pipe 43 is 
rotated clockwise and a signal is generated calling 
for a definite decrease in the fuel and air Supply 
proportional to the changed demand. 
The fuel supply regulator 4 is herein also 

shown as of the "Askania' jet type. It com 
prises a pivoted jet pipe 60, a pressure device 6 
and a compression spring 62. The pressure de 
vice 6 is by a conduit 63 connected to the device 
9, previously described as operable to convert 
revolutions of the shaft f8 into proportional pres 
sure values. The device 6 is so arranged and 
asSociated with the jet pipe 60 as to tend to ro 
tate the same in a counterclockwise direction 
With increases in pressure. The spring 62 acts 
on the jet pipe 60 in opposition to the pressure 
device 6f the force of the spring 62 being var 
iable in accordance with the signal generated by 
the master regulator, as will presently be de 
Scribed. The jet pipe 60 discharges against a 
plate having two closely adjacent orifices con 
nected by conduits 64 and 65 to the ports of a 
fluid motor 66. Herein this motor is in the form 
of a reciprocatory piston type having a cylinder 
67 and a piston 68 reciprocable therein. The 
piston is by a rod 69 connected to the valve 4 
which is the fuel supply controller. 
The air supply regulator 42, likewise, is here 

shown as of the “Askania' jet type. It has a 
pivoted jet pipe 0, a pressure responsive device 

and a compression spring 72. The pressure 
responsive device is intended to be indicative 
of the actual flow of combustion air to the boiler 
and hence it has the chambers on opposite sides 
of its diaphragm 73 connected by conduits 74 and 
75 to appropriate points in the boiler. As here 
shown, the conduits are connected to pressure 
differential creating means, such as a flow nozzle 
or pilot tube, indicated at 76, and located in the 
combustion air supply duct 2. The jet pipe O, 
in Well known manner, discharges against a plate 
having a pair of closely adjacent orifices formed 
therein, these orifices being by conduits 77 and 
78 connected to the ports of a fluid motor 79. 
This motor herein again takes the form of a cyl 
inder 80 and a piston 8f reciprocable therein. The 
piston is by means of a rod 82 connected to an 
arm 83 rigid with the shaft 22 which is herein 
employed to represent the air supply controller. 
The rod 82 is pivotally connected at both ends 
So as to permit of the required movement. 
Means is provided to translate the signal of 

the master regulator into a signal impressed upon 
each the fuel supply and the air Supply regula 
tors 4 and 42. This means includes the follow 
up means generally referred to above and herein 

definite relationship to the combined factors in- 75 takes the form of a fluid motor 85 composed of 
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a cylinder 86 and a piston 8 reciprocable there 
in. Ports at opposite ends of the cylinder 86 are 
by conduits 88 and 89 connected one to each of 
a pair of orifices located in a plate against which 
the jet 43 discharges, all of which is a well known 
construction of "Askania' jet regulators. Driven 
by the motor is a first element 90 which acts on 
the spring 58 to change the force thereof so that 
after a predetermined movement of the element 
90 the unbalance created by change in force of 
one or both of the devices acting on the lever sys 
tem is overcome and the jet pipe 43 restored to 
its neutral position. Thus, for reasons previ 
ously pointed out, movement of the element 90 is 
a measure of change in demand. Herein the ele 
ment 90 takes the form of a cam and the Spring 
58 is provided with a cam follower 9?. The cam 
is mounted to move with a rack 92 driven in oppo 
site directions by a pinion 93 fast on a shaft 94 
which has rigid therewith an arm 95. This arm 
is by a rod 96 connected to the piston 87, the rod 
having a pivotal connection with both the arm 
95 and the piston so that reciprocation of the 
piston serves to oscillate the shaft 94. It is clear 
y seen from the drawing that when the jet pipe 
53 is pivoted counterclockwise to call for an in 
crease in energy supply to the boiler, the cam 90 
is moved in a direction to compress the Spring 
58 and thereby strengthen the Spring sufficiently 
to restore the jet pipe 43 to neutral position after 
a predetermined movement of the can has taken 
place. Conversey, when the jet pipe 43 is piv 
oted clockwise, the can 90 is moved in a direc 
tion to reduce the force of the spring 58 until 
the forces are again balanced with the jet pipe in 
neutral position. 

Also associated with the rack 92 are elements 
97 and 98 acting through the springs 62 and 72, 
respectively, to impart thereto a signal propor 
tional to and of the same character as the signal 
generated by the master regulator. Herein these 
elements are also shown as cans and, for sin 
plicity, are shown connected by a common rod 
OO so as to partake of the exact Same move 
ment as the cam 90 and the rack 92, though it 
is to be appreciated that in practice the nove 
ments may be proportional but either greater or 
less than the movement of the cam 90. Each the 
spring 62 and the spring 72 is provided with a 
cam follower O and O2, respectively. The en 
ployment of cams 90, 97 and 98 as the elements 
for varying the compression of the correspond 
ing springs has the advantage that the contours 
of the cams may readily be varied to bring about 
desired relationship between the fuel supply and 
air supply in a convenient and facile manner. If 
it is desired, a hand wheel 03 may be affixed to 
the shaft 94 to permit of manual adjustment and 
control, such as may be desirable during test runs 
or the like. To facilitate this, a valve 04 is 
connected between the conduits 88 and 89. This 
waive is normally closed but is opened when hand 
Wheel f3 is to be actuated to permit transfer 
if fiuid from one to the other end of motor 85. 

It is intended, of course, that in actual Opera 
tion the various parts of the control System will 
be so adjusted that for an increase in load the 
air supply will lead the fuel supply and that for a 
decrease in load the fuel supply will lead the air 
supply, so as to have smokeless combustion at 
is times. This lead in change of air supply upon 
increase in load, and this lead in change of fuel 
supply upon decrease in load is herein readily 
and conveniently effected through the em 
ployment of check valves and adjustable meter 
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8 
ing valves. To that end, there is interposed in 
the conduit 65 a check valve O5 arranged to 
close upon attempted flow of fluid from the jet 
pipe O to the motor cylinder 6 and to open upon 
flow in the reverse direction. Connected in 
shunt around this check valve 05 is an adjust 
able metering valve OS. Similarly, conduit TT 
has incorporated therein a check valve O and 
connected in shunt around this check valve is an 
adjustable metering valve O8. The check valve 
07 is arranged to close and prevent flow from 

the jet pipe 70 to the motor cylinder 80, and to 
Open and permit free flow in the Opposite direc 
tion. It will be seen that when the master regul 
lator calls for an increase in energy supply to the 
boiler the adjustment of the fuel supply regulat 
ing valve 4 will be retarded, for the fluid flow 
ing through the conduit 65 will have to flow 
through the metering valve 06, whereas flow of 
fluid through conduit 78 for adjusting the air 
supply is unrestricted, as is also the discharge of 
fluid from the lower end of cylinder 80, for check 
valve 07 opens to permit free flow of fluid 
through the conduit 77 in that direction. When 
the master regulator calls for a decrease in en 
ergy supply to the boiler, the fuel adjustment is 
effected first, for now flow through the conduits 
64 and 65 is unrestricted, whereas flow through 
the conduit 77 is through the metering valve O8. 
While it is believed that the invention is read 

ily understood from the foregoing description, a 
brief statement of the operation Will be made, 
further to facilitate Such understanding. Let it 
be assumed that the System is already in Oper 
ation at small load with a balance between the 
demand and the energy supply momentarily at 
tained. Under this condition, all of the regu 
lators 40, 4 and 42 will be in balanced condition 
with their jet pipes in neutral position, and hence 
maintaining equal pressures on opposite ends of 
the motors 85, 66 and 79. 

Moreover, despite the reduction in header pres 
sure, which occurs as a result of steam flow, the 
pressure of the steam supply to the prime mover 
is substantially that predetermined as the nor 
mal or basic boiler drum pressure. This results 
because the electrical means 50 has raised the 
energy level of the boiler by providing an addi 
tional loading on the master regulator in addi 
tion to the spring 48. With such additional load 
ing, the pressure responsive device 49 can bal 
ance the forces of the spring 48 and electrical 
device 50 only if the header pressure is increased, 
and since a given increase in flow of steam 
through the header, due to increased load, re 
sults in a fixed pressure drop, the actual pressure 
in the steam header 4 can attain the increased 
value necessary only if the boiler drum pressure 
is increased. 

If now an increased demand is assumed, such 
increased demand will immediately be indicated 
by the electrically responsive device 50 which acts 
as above pointed out additionally to load the 
master regulator. As an incident to such addi 
tional loading, the electrically responsive device 
50 acts through the lever system of the master 
regulator to rotate the jet pipe 43 in a counter 
clockwise direction since the spring 48 and the 
device 5) now overbalance the pressure device 
49. This results in the generation of a signal call 
ing for a definite increase in energy supply, for 
upon such rotation of the jet pipe 43 the piston 
87 of motor 8S is forced downwardly, with the 
result that the rack 92 and the rod OO asso 
ciated therewith, as well as the three cams 90, 
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97 and 98, are moved upwardly. Upward move 
ment of the can 90 increases the compression of 
the spring 58 which tends to restore the jet pipe 
43 to its neutral position, and such restoration 
is effected when the cam has been moved a pre 
determined amount proportional to the change in 
load on the generator 3, as indicated by the 
electrical means 50. 
With such movement of the cam 90, the cams 

97 and 98 each compress their respective springs 
62 and T2. thereby resulting in a pivoting of the 
jet pipes 60 and 70 in a clockwise direction. As 
a consequence, piston 68 of motor 66 is moved 
downwardly to increase the supply of fuel to the 
burners 8 which, in this instance, is accom 
plished by closing the valve 4, while the piston 
8 of the motor 79 also is moved downwardly to 
increase the quantity of combustion air supplied 
to the boiler. With increased consumption of 
fuel, the shaft 8 will rotate more rapidly and 
hence the device 9 will produce a higher pres 
sure which will, through conduit 63, be trans 
mitted to the pressure responsive device 6 and 
will, when the quantity of fuel supplied corre 
sponds to the amount called for, restore the jet 
pipe 60 to its normal or neutral position. Simi 
larly, the pressure responsive device will re 
store the jet pipe O to neutral position when the 
air surply has been increased sufficiently to meet 
the demand. 
Thus there is an immediate change in the en 

ergy supply in accordance with change in de 
mand, though it will be appreciated from what 
has gone before and what will follow that this 
change in energy supply does not constitute the 
entire change in energy supply called for by the 
change in demand, but represents merely that 
change necessary to raise the energy level of the 
boiler an amount to compensate or nearly com 
pensate for the change in header pressure which 
will occur as a result of the change in steam flow. 
Simultaneously with this adjustment an im 

mediate response to change in load, a second train 
of effects is taking place, though slightly belatedly, 
to bring about that change in energy supply to 
the boiler actually required to balance the change 
in energy consumption. With increased load on 
the generator 3, the prime mover 2 drops some 
what in speed, whereupon the governor 6 opens 
the valve 5 in order that an increased flow of 
steam necessary to maintain the prime mover at 
a constant speed, despite the increased load, will 
take place. Such increased flow of steam in the 
header causes a drop in header pressure, and 
hence the spring 48 and the electrical device 50 
will again overcome the device 49 and pivot the 
jet pipe 43 in a counterclockwise direction. Hence 
again the cam 90 driven from the motor 86 will 
be given a definite movement such that the added 
force of the spring 58 will compensate for the 
decreased force of the pressure device 49, thereby 
restoring the jet pipe 43 to normal position and 
simultaneously causing a signal to be generated 
which is precisely proportional to the change in 
load as indicated by change in header pressure. 
Such signal will, as previously described, act upon 
the fuel supply regulator and the air supply reg 
ulator to increase the energy supply to the boiler 
the called for annount. The jet pipes of the fuel 
and air regulators will, after the fuel supply and 
combustion air supply have reached their called 
for values, also be returned to neutral position. 
As the energy level of the boiler is raised to the 
level determined by the electrical device 50 re 
Sponsive to the load, the actual header pressure 
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will, of course, increase a proportional amount 
and, as a result, the pressure device 49 will over 
come the spring 48 and the electrical device 50 
and thus effect a slight reduction in the energy 
Supply just sufficient to eliminate that excess of 
energy Supply over consumption which was ten 
porarily required to raise the energy level of the 
boiler. The system has now again reached a state 
of stable operation and remains in this state until 
further change in load occurs. It will be appre 
ciated that a decrease in load will cause the same 
Operations to take place, but in the opposite di 
rection. While adjustment of the energy supply, 
as a result of the electrical device 50 and the pres 
Sure responsive device 49, have herein, for pur 
poses of more ready understanding, been treated 
as occurring separately, it is to be appreciated that 
actually, of course, the adjustment is a single op 
eration, with the indication of the electrically re 
Sponsive device 50 and the pressure responsive de 
Vice 49 integrated by the master regulator into a 
COInnon Signal. 
I claim as my invention: 
1. In a power generating system, a boiler, a 

Steam header leading from the boiler, means for 
Supplying energy in the form of fuel and air to 
Said boiler, a load supplied from said boiler, and 
control means for governing the supply of energy 
to Said boiler including a single master regulator 
Operable to integrate a plurality of factors into 
a common signal calling for a definite change in 
energy supply to the boiler having a first device 
uniformly responsive to the static pressure only 
in the Steam header so as to be subject both to 
change in demand, as refected by droop in steam 
header pressure, and change in boiler pressure, a 
second device independent of boiler pressure and 
of loading Said regulator to main a predeter 
mined basic boiler pressure, and a third device 
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connected to the load to receive primary indica 
tion of change in demand and in anticipation of 
a drop in steam header pressure operable to in 
crease the loading of said regulator, with an in 
crease in demand, so as to raise the energy level 
of the boiler above that maintained by said second 
device so as to maintain substantially constant 
the steam pressure supplied to the load. 

2. In a power generating system, a boiler, a 
steam header leading from the boiler, means for 
Supplying energy in the form of fuel and air to 
said boiler, a load supplied from said boiler, and 
control means for governing the supply of energy 
to Said boiler including a single master regulator 
operable to integrate a plurality of factors into 
a Connon Signal calling for a definite change in 
energy supply to the boiler having a pressure re 
Sponsive device connected to be subjected and to 
respond only to the static pressure in the steam 
header and reacting uniformly to changes in pres 
Sure, a first loading device independent of boiler 
pressure and of load connected in opposition to 
Said pressure device and operating in conjunc 
tion. With said pressure device to maintain a pre 
determined boiler pressure, and a second loading 
device connected to the load to receive primary 
indication of change in demand having its effect 
additive to the effect of said first loading device 
So as to vary the energy level of the system to 
maintain substantially constant the pressure of 
the steam supplied to the load despite the “droop' 
in the steam system at load. 

3. In an electric power generating system, a 
boiler, a steam header leading from the boiler, 
means for Supplying energy in the form of fuel 
and air to said boiler, a prime mover driven from 
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said boiler, an electric current generator driven 
by the prime mover, and control means for gov 
erning the supply of energy to said boiler includ 
ing a master regulator operable to integrate a plu 
rality of factors into a common signal calling for 
a definite change in energy Supply to said boiler 
having a first device responsive to the static pres 
sure only in said steam header, a Second device 
loading said regulator to maintain a predeter 
mined boiler pressure, said second device being 
manually adjustable and independent of any fac 
tor varying with change of load on the generator 
and a third device, electrically connected to Said 
generator to be responsive to the load thereon, 
associated with said master regulator directly 
and independently of said second device to in 
crease the loading on said regulator, with in 
creases in load on said generator, by amounts 
sufficient to maintain substantially constant the 
pressure of the steam supplied to said prime 
novel. 
4. In a power generating System, a boiler, neans 

for supplying energy in the form of fuel and 
air to said boiler, a load supplied from said boiler, 
and control means governing Supply of energy 
to said boiler including a master regulator of the 
jet type having a pivoted jet, a lever System en 
gaging the jet to pivot the Same, a first device 
responsive to change in demand, as reflected by 
droop in steam header preSSure, and to boiler 
pressure acting on said lever System in one di 
rection, a second device acting in opposition to 
said first device and serving to load said regulator 
to maintain a predetermined boiler pressure and 
a third device independent of steam flow con 
nected to the load to receive primary indication 
of change in demand operable to increase the 
loading on said regulator with increases in de 
mand, and means controlled by the jet pipe for 
restoring the jet pipe to normal position and in 
So doing generating a signal calling for a definite 
change in energy supply to the boiler proportioned 
to the demand as indicated by the condition of 
the three devices of Said master regulator. 

5. Control means for a power generating sys 
tem having a boiler, a fuel supply means therefor, 
an air Supply means therefor and a load driven 
from the boiler, comprising a fuel supply regula 
tor, in air Supply regulator, a master regulator 
responsive to a plurality of factors, integrated 
into a common signal proportional to the demand, 
one of which factors is immediately indicative 
of the demand on the system and influenced only 
by the load and the other of which is belatedly 
indicative of the demand and is also influenced by 
the energy level of the system, a device connected 
to the load to receive primary indication of change 
in demand producing the one of the factors, a 
second device producing the other of the factors, 
and means for translating the common signal of 
Said master regulator into a signal, definite and 
proportional to the demand, applied to said fuel 
Supply and said air supply regulators including 
means Operating in advance of ultimate change 
in boiler pressure to restore said master regulator 
as an incident to generation of the signal. 

6. Control means for an electric power generat 
ing System having a boiler, a steam header leading 
from the boiler, a fuel supply means and an air 
Supply means for the boiler, a prime mover driven 
from the boiler and an electric generator driven 
by the prime mover, comprising a fuel supply 
regulator, an air supply regulator, a master regu 
lator having a first device responsive to the steam 
pressure of the header and operable to call for an 

0 

5 

20 

25 

30 

35 

40 

60 

65 

70 

s 

2 
increase or a decrease in the energy supply to the 
boiler respectively as the header pressure drops 
or rises, a second device loading said master reg 
ulator to maintain a predetermined boiler pres 
Sure, a third device responsive only to the load 
On the generator and operable to call for an in 
crease or a decrease in the energy supplied to the 
boiler respectively as the load on said generator 
is increased or decreased and means integrating 
the responses of said devices into an unbalance 
of Said master regulator producing a signal pro 
portional to the change in demand, and means 
for translating the signal into a signal applied to 
each said fuel Supply regulator and said air supply 
regulator, Said last named means including a can 
Operatively associated with said fuel supply reg 
ulator, a cam operatively associated with said air 
supply regulator, and a cam operatively associated 
with said master regulator and functioning to 
restore blance to said master regulator upon 
predetermined movement of said cam, said cams 
being interconnected to have a common move 
ment. 

7. Control means for an electric power generat 
ing System having a boiler, a steam header leading 
from the boiler, a fuel supply and an air supply 
for the boiler, a prime mover driven from the 
boiler and an electric generator driven by the 
prine mover, comprising a fuel supply controller, 
a fuel Supply regulator operatively associated with 
said controller to govern the same, an air supply 
controller, an air supply regulator operatively 
asSociated with Said air supply controller to govern 
the Sane, a master regulator having a first device 
responsive to the Steam preSSure of the header 
and operable to call for an increase or a decrease 
in the energy supplied to the boiler respectively 
as the header pressure drops or rises, a second 
device loading said master regulator to maintain 
a predetermined boiler pressure, a third device 
responsive only to the load on the generator and 
operable to call for an increase or a decrease in 
the energy supplied to the boiler respectively as 
the load on said generator is increased or de 
creased and means integrating the responses of 
Said devices into an unbalance of said master 
regulator producing a signal proportional to the 
change in demand, and means for translating 
the signal of Said master regulator into a signal 
applied to each said fuel supply and said air 
Supply regulators including a first cam operatively 
asSociated with said master regulator and operable 
upon movement proportional to the demand to 
restore balance to said master regulator and a 
second and a third cam operatively associated 
respectively with said fuel Supply regulator and 
said air supply regulator and connected to have 
a movement common with the movement of said 
first can to produce an unbalance in Said fuel 
and Said air supply regulators resulting in ad 
justment of Said fuel and said air supply con 
trollers in accordance With the change in energy 
supply called for by said master regulator, each 
said fuel and said air supply regulators having a 
device respectively responsive to the actual fuel 
consumption and the actual air supply acting 
in opposition to said cams to restore the balance 
of Said regulators and arrest adjustment of said 
fuel and said air supply controllers when the 
fuel consumed and the air supplied reaches the 
values called for. 

8. Control means for an electric power generat 
ing System having a boiler, a steam header leading 
from the boiler, a fuel supply means and an air 
supply means for the boiler, a prime mover driven 
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from the boiler and an electric generato driven 
by the prime mover, comprising a fuel supply 
regulator, an air supply regulator, a master reg 
ulator of the jet type having a pivoted jet pipe, 
a lever system associated with said jet pipe to 
swing the same about its pivot, a pressure re 
sponsive device connected to the system to be re 
sponsive to the pressure of the header and op 
eratively connected with said lever system, a 
Spring acting on Said lever System in opposition O 
to said pressure device and adjustable to vary . 
the pressure at which the forces of said pressure 
device and said Spring are balanced, and an elec 
trical device responsive to the load on the gen 
erator and Operatively associated with said lever 
System to combine its effect with that of said 
pressure device, and means for translating change 
in the forces acting on said lever system into a 
signal applied to said fuel supply and said air 
supply regulators including a fluid motor the 
position of which is governed by said jet pipe, a 
can driven by said motor, a compression spring 
interposed between said cam and said jet pipe 
acting in opposition to said first mentioned spring, 
and neans movable in proportion to said can 
operable to influence said fuel supply and said air 
Supply reglators. 

9. Control means for an electric power generat 
ing System having a builer, a steam header leading 
from the boiler, a fuel supply and an air supply 
for the boiler, a prime mover driven from the 
boiler and an electric generator driven by the 
prime nover, comprising a fuel supply controller, 
a fuel Supply regulator operatively associated with 
said controller to govern the same, an air supply 
controller, an air supply regulator operatively as 
Sociated with said air supply controller to govern 
the same, a master regulator having an electrical 
device responsive to the load on the generator 
and operable to call for an increase or a decrease 
in the energy supplied to the boiler respectively 
as the load on said generator is increased or 
decreased, a pressure device responsive to the 
pressure of the header and operable to call for 
an increase or a decrease in the energy supplied 
to the boiler respectively as the steam pressure 
drops or rises, means for loading said master 
regulator to maintain a predetermined no-load 
boiler pressure and means integrating the re 
Sponses of Said devices into an unbalance of said 
master regulator producing a signal, and means 
for translating the signal of said master regulator 
into a signal applied to each said fuel supply and 
Said air supply regulators including a reversible 
motor driven as a result of said signal, a first 
element driven by said motor, a spring interposed 
between said element and said master regulator 
Operable upon predetermined movement of said 
element to restore balance to said master regul 
lator, and a second and a third element opera 
tively associated respectively with said fuel Supply 
regulator and said air supply regulator and con 
nected to have a movement proportional to the 
movement of said first element to produce an 
unbalance in said fuel and said air supply regu 
lators resulting in adjustment of said fuel and 
said air supply controllers in accordance with 
the change in energy supply called for by said 
master regulator, each said fuel and said air 
Supply regulators having a device respectively 
responsive to the actual fuel consumption and 
the actual air supply acting in opposition to said 
Second and third elements to restore the balance 
of Said regulators and arrest adjustment of said 
fuel and said air Supply controllers when the fuel 

s 

20 

25 

30 

35 

40 

45 

5 5 

60 

5 

14 
Consumed and the air supplied reaches the values 
called for. 

10. In an electric power generating System, a 
boiler, a steam header leading from said boiler, 
means frr supplying energy in the form of fuel 
and air to said boiler, a prime mover driven from 
Said boiler, an electric current generator driven 
by the prime mover, and control means for gov 
erning Supply of energy to said boiler including 
a master regulator operable to integrate a plu 
rality of factors into a common signal calling 
for a definite change in energy supply to said boiler 
having a first device wholly independent of steam 
preSSures in the System and of load on said gen 
erator Operable to call for a predetermined energy 
level in said boiler, a second device responsive to 
static pressure only in the steam header and op 
erable in conjunction with said first device to con 
trol the supply of energy to said boiler in accord 
ance with the load on said generator, and a third 
device electrically connected to said generator 
to be responsive to the load thereon and operable 
with varying loads on said generator to vary the 
energy level of said boiler by amounts to main 
tain substantially constant the pressure of the 
steam supplied to said prime mover at varying 
loads. On Said generator by acting directly on said 
master regulator and independently of said first 
and Second devices. 
1. In an electric power generating System, a 

boiler, a steam header leading from said boiler, 
means for supplying energy in the form of fuel 
and air to said boiler, a prine nover driven from 
Said boiler, an electric current generator driven 
from the prime mover, and control means for 
governing supply of energy to said boiler includ 
ing a master regulator operable to integrate a 
plurality of factors into a common signal calling 
for a definite change in energy supply to said 
boiler having a pivoted beam with a stationary 
fulcrum, a first device responsive to the static 
pressure only in said steam header and acting 
on said beam to pivot the same in one direction, 
a second device wholly independent of steam 
pressures and of the load on said generator acting 
directly on said beam to tend to rotate the same 
in the opposite direction from Said first device 
and loading said regulator to maintain a pre 
determined energy level in said boiler, and a third 
device electrically connected to said generator to 
be responsive to the load thereon engaging said 
beam to tend to rotate the same in the same 
direction as said second device and operable with 
changes in load on said generator to vary the 
loading of said regulator by amounts maintaining 
substantially constant the pressure of the steam 
supplied to said prime mover at the varying loads. 

12. Control means for a power generating sys 
tem having a boiler, a steam header leading from 
the boiler, a fuel supply and an air supply for the 
boiler and a load supplied from the boiler com 
prising a fuel supply controller, a fuel supply 
regulator operatively associated with said con 
troller to govern the same, an air supply controller, 
an air supply regulator operatively associated 
With said air supply controller to govern the same, 
a master regulator having a first device responsive 
to the steam pressure of the header and operable 
to call for an increase or a decrease in the energy 
supplied to the boiler respectively as the header 
pressure drops or rises, a second device loading 
Said master regulator to maintain a predeter 
mined boiler pressure, a third device connected 
to the load to receive primary indication of change 
in demand operable to call for an increase or a 
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decrease in the energy supplied to the boiler re 
spectively as the load is increased or decreased 
and means integrating the responses of Said de 
vices into an unbalance of said master regulator 
producing a signal proportional to the change in 
demand, and means for translating the signal of 
said naster regulator into a signal applied to 
each said fuel supply and said air supply regul 
lators including a first can operatively associated 
with said master regulator and operable upon 
movement proportional to the demand to restore 
balance to said master regulator and a second and 
a third cam operatively associated respectively 
with said fuel supply regulator and said air supply 
regulator and connected to have a movement com 
mon with the movement of Said first cam to pro 
duce an unbalance in said fuel and Said air Supply 
regulators resulting in adjustment of Said fuel and 
said air supply controllers in accordance with the 
change in energy supply called for by said master 
regulator, each said fuel and said air supply reg 
ulators having a device respectively responsive to 
the actual fuel consumption and the actual air 
Supply acting in opposition to Said cams to restore 
the balance of said regulators and arrest adjust 
ment of said fuel and said air supply controllers 
when the fuel consumed and the air supplied 
reaches the values called for. 

13. Control means for a power generating Sys 
tem having a boiler, a steam header leading from 
the boiler, a fuel supply and an air supply for 
the boiler and a load Supplied from the boiler 
comprising a fuel supply controller, a fuel Supply 
regulator operatively associated with said con 
troller to govern the same, an air supply controller, 
an air supply regulator Operatively associated with 
said air supply controller to govern the same, a 
master regulator having a device independent of 
steam flow in the header connected directly and 
Only to the load to receive primary indication of 
change in demand and operable to call for an 
increase or a decrease in the energy supplied to 
the boiler respectively as the load is increased 
Or decreased, a pressure device responsive to the 
Static pressure only of the header and operable 
to call for an increase or a decrease in the energy 
Supplied to the boiler respectively as the steam 
preSSure drops or rises, means for loading said 
master regulator to maintain a predetermined 
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no-load boiler pressure and means integrating 
the responses of said devices into an unbalance 
of said master regulator producing a signal, and 
means for translating the signal of said master 
regulator into a signal applied to each said fuel 
supply and said air supply regulators including a 
reversible motor driven as a result of Said signal, 
a first element driven by said motor, a Spring 
interposed between said element and Said master 
regulator operable upon predetermined movement 
of said element to restore balance to said master 
regulator, and a second and a third element opera 
tively associated respectively with said fuel supply 
regulator and said air supply regulator and con 
nected to have a movement proportional to the 
movement of said first element to produce an un 
balance in said fuel and said air supply regulators 
resulting in adjustment of said fuel and said air 
supply controllers in accordance with the change 
in energy supply called for by said master regu 
lator, each said fuel and said air supply regulators 
having a device respectively responsive to the 
actual fuel consumption and the actual air supply 
acting in Opposition to Said Second and third ele 
ments to restore the balance of said regulators 
and arrest adjustment of said fuel and said air 
supply controllers when the fuel consumed and 
the air supplied reaches the values called for. 
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