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This inivention relates generally te control sys-
terins for steam boilers and particularly to sys-
temis for controlling the flow of combustibles to
the boiler furnaees. It is particulssly useful ih
certain types of installations where, if the ab-
sence of the invention, objectionable fiictuations
in boiler output would result from varistions in
certain factors which, for conveniencs, will be
referred to as fuel quality.

Steam boiler control apparatus has heretofore
been devised for controlling the Aow of comibus~
tion air to the furnace for efficierit combustion
of fuel. Control apparatus has been devised alss
for controlling the flow of fuel to the furhace to
maintain substantially constant the steam pres-
sure from the boilér. These systems are useful
in single-boiler installations where the problem
is to maintain steam pressure under varying loads
with good combustion efficiency. The effect of
varying fuel quality in g single-hoiler installa-
tion wierely is to vary slightly the steam pressure,
and the flow of fuel then is corrected: automati-
cally in respofise to this slight change,

In certain important types of boiler control
installations, hewever, it is not feasible to rely
upon variations iti steam pressure alone to bring
dbout compensation for varying fuel quality. One
example of such an installation is where multiple
boilers supply steam to a common load. In this
case & change to pder fuel in-only one boiler wouid
produce a change in the steam pressure of the
whole system that would affeet all boilers alike
causing g proportienate increase in fuel flow to
all boilers. As a result the boiler receiving poor
fuel would supply less than its intended share of
the steam load. The principal object of the in-
vention is to so control the flow ‘of fuel to the
boilers of & multiple-boiler installation that each
boiler supplies its predetermined share of the
steam load regardless of ordihary varigtions in
fuel quality at individusl boilers.

Another example of a condition under which
variations in steam pressure cannot be relied
upon to control fuel flow is where it is desired to
maintain constant the steam flow from sn indi-
vidial boiler. Suppose that one boiler in g mul-
tiple-boiler ihstallation has higher efficiency than
othets and that, therefore, it is desired to oper=
ate ib continuously at its full-load capacity, fluc=
tuations in system load being met by other boilers.
This boiler may be disconnected from the stesm-
pressure control, as described miore fully herein-
after, and connected to the equivalent of g con-
stant-fuel-fiow control thereby achieving con-
stant steant flow from the boiler if fuel quality
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does not vary. To maintain constant the steam
flow frem such a boiler despite varying fuel qual-
ity is another object of the invention.

To accomplish the aforesaid objects, in accord-
ance with the invention, fuel fiow to 2 steami-
boiler furnace is controlled in response to two
control quantities usually acting with different
response times. The first control quantity, ex-
emplified by air-loading pressure as 8. measure
of steam systém load, by itself weuld eause the
fuel fow to vary in respunse to slight variations
in steam pressure, such as are produced by
chianges in steam systemt loud, to maintain the
steam pressure substantially constant by chang-
ing the rate of fuel feed in response to the changes
in steamy system logd. The second control quan-

. tity, exemplified by the resistance of a rheostat,
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autematically causes the fuel flow to vary in re-
sponse t0 ahy change in the relative value of this
first control quantity and the steam flow from the
boiler to maintain the proper relationship be~
tween steam system load and steam flow despite
variations in fuel quality. Such g change in rela-~
tive value of the first control quantity and stesny
flow ordinarily would be due to a change in fuel
quality, although it might be due to g change in
other factors some of which are described here-
inafber.

Stated gtherwise, the usual fuel control is pro-
vided for maintaining steam pressure having in-
herent therein & quantity that may be used a5 a
measure of steam system load and an auxiliary
fuel control is provided for maintaining o pre-
determined distribution of steam flow from the
boilers. Steam fiow is maintained constant de-
spité variations in fuel quality when the air-load-
ing pressure is constant; the auxiliary fuel con-
trol operates only when steam fow fluctuates in-
dependently of air-loading pressure, as it would
do when fuel quality varies. Such fluctuation is
measured by comparing the steam flow from the
boiler, either directly or indirectly, with the fitst
control quantity which might be, in a typiedl cass,
air=loading pressure. Any deviation from a pre-
determined relation Between these compared
quantities due t6 varying fuel quality produces
the second control gquantity which adjusts the
fuel flow to compensate for the varying fuel
guality.

Inasmuch as gir is a substantially constait-
heating-value componsent of combustion, it is
supplied to the boiler filrnace in proportion to the
steam flow from the boiler in accordance with the
invention. Sihce air fiow is thus proportional to
steam flow it may be substituted as g measure
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3 .
of steam flow in the foregoing remarks without
change of principle. Thus in accordance with
another aspect of the invention, and as an ob-~
jeet thereof, air flow, instead of steam flow, is
compared to the air-loading pressure to derive
the above-mentioned second control quantity
with resultant practical advantages to be de-
scribed hereinafter.

Other cbjects and advantages of the invention
will be apparent from the following more detailed
description thereof with reference to the accom-
panying drawings, in which:

Fig., 1 is a diagrammatic view of a multiple-
boiler control system embodying the invention;

Fig. 2 is a more detailed diagrammatic view of
a unit shown in Fig. 1;

Fig. 3 is a fragmentary diagrammatic view of
& modification of apparatus illustrated in Fig. 1;

Fig. 4 is a fragmentary detail view taken sub-
stantially along the line 4—4 in Fig. 3, portions
thereof being shown broken away;

Fig. 5 is a diagrammatic view of a modifica-
tion of the unit shown in Fig. 2;

Fig. 6 is a vertical sectional detail view oi a
portion of the structure shown in Fig. 5;

Fig. 7 is a diagrammatic detail view of a por-
tion of the apparatus shown in Fig. 1;

Fig. 8 is a fragmentary detail view taken along
the line §—8 in PFig. T,

Fig. 9 is a fragmentary diagrammaftic detail
view taken along the line 9—8 in Fig. 7; and

Figs. 10, 11, and 12 are diagrammatic detail
views of portions of the apparatus shown in
Fig. 2.

Referring to Fig. 1, boilers 18, ii and {2 sup-
ply steam to turbine 13, or other suitable load,
through a common steam pipe or header (4.
Master controller §6, deseribed more fully here-
inafter, regulates compressed air entering the
system through pipe 9 from any suitable source,
not shown, as a function of the steam pressure
in header 14 to produce 2 fluid pressure in bipe
i5a which is a measure of the steam demand or
joad on the muliiple-boiler installation. The
resultent compressed air, known as loading air
in distinction from the combustion air men-
tioned hereinafter, controls the rate of feeding
fuel to boilers 10, ti, and 12 through loading
valves 10a, {ia, and 12a, respectively; these
loading valves are manually adjustable for appor-
tionment of load as desired among the three
poilers. Valves i0g, 1ia, and i2¢ may be of any
suitable well-known type, such as throttie-and-
bleed valves, adapted to produce individual~
poiler loading-air pressures of any desired mag-
nitude commensurate with the output loading-
air pressure from master controller i6.

Fuel control units 106, 11b, and 12b, described
more fully hereinafter, normally supply fuel to
boilers 8, i1 and i2, respectively, at a rate de-
termined by the individual-boiler loading-air
pressure from loading valves 19a, iig, and {2¢.
The relation between loading-air pressure and
fuel flow at fuel control units 10, {ib, and i2b
may be varied by auxiliary control units i6e, 1ic,
and 12¢, described more fully hereinafter. The
flow of combustion air through each of boilers
19, {i, and {2 is maintained proportional to
steam flow from each boiler by dampers ied,
{id, and {2d controlled by motors {0e, ile, and
i2¢, respectively, each of which is controlled by
a steam-air unit 107, t17, or 12f, described here-
inafter.

1t will be understood that, as used herein, the
expressions “steam flow,” “air flow,” and “fuel
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flow” refer to the rate at which the respective
substances pass toward or away from a boiler
or other point, and “fuel flow” is intended to ap-
ply to any form of fuel, whether solid or fluid,
except where a specific form of fuel is indicated.

Referring to Figs. 7, 8, and 9 as exemplary of
5 suitable master controller, pipe i§a connects
header i4 to Bourdon tube 16b which expands
under steam pressure against spring i6c to ac-
tuate loading-air valve 164 through push-rod
16e and lever {8f supported on pivot tég. Coun-
terweight 187, Fig. 9, acting through lever 1861
and push rod i8e opposes spring i8¢ so that ex-
tension under steam pressure of Bourdon tube
i6b is opposed by the net force of spring 8¢ and
counterweight 167 and this net force may be ad-
justed by any suitable screw means 16 by which
spring {6c is anchored to frame member 167
thereby adjusting as desired the midpoint of
pressure about which controller i6 operates.

~ Bourdon tube {6b transmits force to push rod
{6e through leaf spring 16k which yields under
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the contractive force of Bourdon tube {8b when
steam pressure is removed from pipe i6g with-
out yielding, however, during the normal opera-
tion of controller i8.

Compressed air entering through pipe (3 is
reduced in pressure, and thus converted to load-
ing air, and applied to pipe i8¢ by valve 15b,
Fig. 8, actuated by the cumulative effect of two
forces applied to lever i6f. One force originai-
ing in Bourdon tube {6b tends to produce air-
loading pressure in pipe i%a having a pressure
varying inversely with that in steam pipe 18a.
As will be described more fully hereinafter the
other force, originating in counterweight I6x,
magnifies variations in loading-air pressure in
pipe i5a¢ according to the product of the dura-
tion and extent of deviations of steam pressure
in pipe {8z from a predetermined value, an effect
known as reset action. As changes in system
load produce changes in steam pressure, tie
loading-air pressure in pipe {5¢ may be taken as
a measure of system load.

When Bourdon tube {6t expands in response
to an increase in steam pressure in pipe i6a, as
would result from a decrease in system load, the
right-hand end of lever {8/, as viewed in Fig. 7,
is tilted downward slightly to close by a slight
amount valve {5 thereby tending to reduce the
air pressure in chamber i8¢ to which pipe i5a
connects. Simultaneously cup 15d moving with
valve {5b permits air tc leak at a slightly in-
creased rate through passageway I8e so that
loading-air pressure in chamber {5c decreases
in response to an increase in steam pressure I
pipe i6a by the double effect of closing valve 1.3
and increasing the leakage rate through. pas-
sageway (8e thus producing a substantial de-
crease in loading-air pressure with a very slight
increase in steam pressure.

Counversely, upon a decrease in steam pressure
spring i6c predominates over the force from
Bourdon tube i8b slightly to open valve 15b and.
simultaneously to reduce the Ileakage rale
through passageway i5e by moving cup i5d up-
ward thereby increasing the loading-air pras--
sure. These changes in air-loading pressure ef-
fect changes in the fuel supply as mentioned
above and more fully deseribed hereinafter.

As thus far deseribed the operation of master
controlier {6 would provide a definite air-loading
pressure and therefore a definite fuel flow for
each value of steam pressure. The system nor-
mally would be so adjusted that this fuel flow
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would supply a normal demand for-steam at the
desired 'steam pressure. Any deviation from this
demand, however, would require -a -correspond-
ing change in fuel fiow which might be brought
about ‘by ‘an appropriate change, from that pre-
viously mentioned, in the air-loading pressure
for the particular steam pressure being main-
tained. This adjustment of fuel flow t0 main-
tain -constant steam pressure at varying boiler
loads, as distinguished from the adjustment -of
fuel flow to meet varying fuel quality in -accord-
ance with the invention, is known as reset action
and may be produced by the following-described
reset means.

‘Referring to Fig. 9, loading air from pipe 15¢

is ‘applied through valve 15f to storage tank I15g.

at-a rate depending upon the setting of valve {57
and the difference in pressure across.it. The air
pressure of storage tank 159 is applied to cham-
ber 187 of the master controller and to a mer-
cury column 5/ therein to force the merecury
column downward thereby raising the opposite
mercury column 1§ to partially .support, and
therefore reduce the effective weight of, counter-
weight 16%. This reduction in the effective weight
of ‘counterweight 162 permits spring (§e to fur-

ther open valve {5b. It is apparent that the

pressure of air in storage tank 15g, by reducing
the effective 'weight of counterweight 16h, will
cause Bourdon tube 16b and spring I8¢ to be in
equilibrium under a given steam pressure at a
position of valve 150 and cup i5d which results
in increased air-loading pressure in chamber [5c
and-at pipe 15a.

-As menticned, an increase in steam demand or
load on the boiler results in a somewhat deereased
steam pressure which increases the air-loading
pressure in chamber {5¢. The further gradual
increase in air-loading pressure as air from
chamber 15¢c flows through valve 157 into tank
I5g, and the consequent gradual increase in fuel
flow to the boiler, continueg until the steam pres-
sure returhs to its proper constant value which
acting through Bourdon tube |6b causes the pres-
sure in chamber (§c to equal that in tank 15¢g.
whereupon reset action ceases, leaving fuel flow
properiy adjusted for the increased demand as
a result of increased air-loading pressure. Ona
decrease in steam system load or demand this

action is reversed. The final result of this reset -

action is to adjust the air-loading pressure to
compensate for variations in steam demand or
total load on the steam boilers or for -certain
other factors that similarly change the fuel re-
quirements for a predetermined steam pressure.
It ‘cannot, however, compensate for varying fuel
quality at one particular boiler of a multiple-
boiler installation since it necessarily affects -all
boilers . -alike, whereas, in accordance with the

invention, individual boiler steam flow also is

controlled.

Referring to Fig. 2, boiler 12 may be supplied
with fuel from any suitable fuel supply means
such -as, for -example, coal pulverizer mill 11. A
vortion of the combustion air for the furnace .of
boiler {2, supplied by any suitable ‘well-known
source, such as blower 7g, is blown through con-
duit {Te to pulverizer mill {7 to carry the pul-
verized coal output thereof through conduit {Ib
to boiler 12. The rate at which fuel is thus sup-
plied to ‘boiler 12 is determined by the speed at
which feeder {7c is rotated by constant-speed
motor iTd through g variable-speed transmission
such, for'example, as transmission i7Te.

- Variable-speed  transmission i7e comprises a
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6
cone {17 driven, directly or through any suitable
reduction gearing, by motor 1 14, idler {1g adapt~
ed to be moved along -cone 11f by rotation of
worm 11k, and cone |7 arranged parallel to cone
11 in contact with idler 7¢ so that rotation of
cone 17f rotates idler {19 which in turn rotates
cone i7¢ at a ratio determined by the position of.
idler 11g9. Thus to vary the speed of feeder 17c
a ‘certain amount, it is only necessary to rotate
worm 477 a certain amount.

Rotation of worm [1% is accomplished by re-
versible motor 17/ controlled as described here-
inaffer. The speed of feeder I17¢, and hence the
rate at which fuel flows to boiler 12, .is measured
by tachometer generator 1Tk rotatably connected
thereto and adapted to generate an ‘output volt-
age proportional to its speed of rotation. Such
generdtors are well known :and need not be de-
scribed further herein,

Fuel feeder 17c rotajes within housing 11m
which is so arranged that movement of each of
its ‘blades {in past fuel inlet conduit (1p prefer-
ably should teed a-predetermined volume of ‘coal
to pulverizer mill (1. In practice, this volume
may vary somewhat due to such things as wet
coal sticking in the corners at the base of the
blades. It is apparent that the weight of coal
in this predetermined volume will depend to a
cettain extent on the size of the lumps of coal,
and its heating value will depend on its moisture
content. Thus lump size and moisture content,
in a coal feeder of the type described herein by
way of example, constitute some of the above-
mentioned quality factors which, like fuel heating
value, tend by their variation to cause the flue-
tuations in boiler output which are corrected in
accordance with the invention. As used herein
the expression “fuel guality” is intended to -in-
clude anything that affects the amount of heat
produced in the furnace at & given speed of the
fuel feeder or equivalent measure of fuel flow.

Referring to Figs. 2'and 11, fuel-feed controller
8, forming part of fuel control unit 125, controls:
motor 177 to rotate worm (%A to vary the speed
of feeder [Tc thereby to control the fuel fow to
hoiler 12. This operation of controller {8 is in
concurrent response to, first, the voltage output
from tachometer generator {7k, this being pro-
portional to fuel flow to boiler {2, as previously
described. Second, it responds to the air-loading
pressure.from master controller 16 by way of con-
duit 18a. Third, its operation depends upon the
resistance of rheostat 18¢ which is a function of
the unbalance between air-loading pressure and
a quantity representative of steam flow, as -de-
scribed:more fully hereinafter.

Motor 11/ may be of any suitable reversible
type; for convenience it will be considered o be
a-two-phase induction motor operable from power
line 19 in one direction when conductor 18p en-
gages conductor i8c, and in the other direction
when -conductor 8b engages conductor {8d, all
in a well-known way. Movement of conductor
186 to cause motor 177 to rotate in one direction
or the ofther is brought about by the rotation of
frame 18e, to which conductor 18b is attached,
about pivot 18f under the net torgue of solenoids
18g, 18h, 18i, and 18k opposed by torque from
diaphragm 18/ actuated by air-loading pressure
from pipe 18m -and acting through push rod {8
pivotally connected to frame 182 in any suitable
manner such as by pin {8p.

Solenoids 18g and 18k are so connected elec-
trically that their magnetic fields are additive
whereas solenoids. {8% and 187 are so connected
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electrically that their magnetic fields are in oppo-
sition, all four solenoids being connected in series
with each other and with tachometer generator
{1% and rheostat i8¢ by suitably insulated con-
ductors. Thus motor {7 will be operated when-
ever there is a departure from a predetermined
relation between air-loading pressure and fuel
flow as measured by tachometer generator 17X,
and it will be operated in the proper direction to
restore that relation. The aforesaid predeter-
mined relation may be varied, however, by ad-
~ justment of rheostat 18a as deseribed hereinafter.

For the purpose of maintaining the air flow
through each of boilers {0, 11, and 12 propor-
tional to its steam fiow, steam-air units (07, I17,
and 12f are provided (Fig. 1).

Referring to Fig. 12 as exemplary of a suitable
steam-air unit, it is desired to rotate frame
26 pivotally supported on stationary frame 28a
by pivot 20b to cause conductor 20c to make
contact with conductor 204 to cause motor (2e
(Figs. 1, 2) to rotate in one direction or to make
contact with conductor 20e to cause the motor
to rotate in the opposite direction thereby to ad-
just damper 12d to control the flow of combus-
tion air through boiler {2. Of course other suit-
able well-known means for controlling the flow
of combustion air through the boiler may be em-
ployed, if desired. For example motor I2e may
adjust a suitable speed control, not shown, for
the corresponding one of blowers 10g, Ilg,
and 129.

It will be understood that the following-
described means for measuring the flow of com-
bustion air may, in practice, be so positioned that
they measure the flow of all gaseous products of
combustion instead of only air. The relation of
these products of combustion to combustion air
is well known and, therefore, measurement of one
is equivalent for present purposes to a measure-
ment of the other.

-*As is well known, air fiow through a furnace
may be measured by a pair of properly posi-
tioned tubes, commonly known as draft taps,
such as taps 207 and 28g, shown partly schemat-
ically in the drawings. Air under pressure from
these taps is applied to opposite sides of dia-
phragm 20h, Pig. 12, to apply torque to frame 29
through push rods 20i and 207 and lever 20% piv-
otally mounted by pin 20m. When it is desired
to change the ratio of air flow to steam flow
because, for some reason such as the formation
of boiler scale, the amount of heat produced in
the furnace for a given steam flow from the boil-
er changes, this torque must be varied. For
such purpose, motor 20n of any suitable well-
known type is mounted on frame 28 and opera-
tively connected by any suitable mechanical link-

" age to push rod 287 to move the upper end there-
of toward or away from pivot 20D, thereby ad-
justing the distance from pivot point 200 to the
point where pin 20p engages wall 20¢ of slot 20s
which is the effective lever arm whereby dia-
phragm 287 tends to rotate frame 20.

Motor 207 may be actuated by any suitable
power supply and control apparatus such as 2
servo or push-button system, not shown. It will
be understood that Fig. 12 is a diagrammadtic view
illustrating the principles of steam-air unit {2f
and that, in a practical application, certain parts
thereof preferably should be rearranged from the
position in which they are shown for clearness:
particularly motor 24n may be located near the
center of gravity of frame 20 with suitable
counterbalancing of it and other parts; and
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8
steam tubes 20t and 28u, described hereinafter,
may be coiled about the axis of pivot 208 to fa-
cilitate the free movement of frame 20 in re-
sponse to slight unbalance torque.

As mentioned, the difference in pressure in taps
2¢8f and 28¢ is a measure of the air flow in boiler
12 (Figs, 1, 2) so that the torque applied to frame
20 by diaphragm 20% is a function of the air flow.
Steam flow from each of boilers 10, 11, and 12
may be measured in & well-known way by pro-
viding restrictions 64, 114, and 12 in steam pipes
10R, ik, and {2h, respectively extending from
the individual boilers to the header {4 (Fig. 1).
Steam tubes 20t and 294, connected to steam pipe
12h (Fig. 2) on opposite sides of restriction 124
are connected (Fig. 12) to pressure chambers 20w
and 20z, respectively, above mercury columns
208y and 26z, respectively. Combustion-air flow
through boiler {2 results in a clockwise torque
on frame 28 while steam flow from boiler 12 will
displace mercury column 28z toward column 20y
to cause & counterclockwise torque on frame 20.

When these two torques are balanced, as a
result of a predetermined relation between steam
fiow and air flow, conductor 28c. occupies a posi-
tion intermediate conductors 28e and 294 so thab
motor 12¢ (Figs. 1, 2) is de-energized and damper
124 remains stationary. A relative increase in
steam fow over air flow will cause frame 20 to
rotate counterclockwise so that conductor 20c
contacts conductor 28d to cause motor [2e to
open -damper {2d sufficiently to re-establish the
predetermined relation between steam flow and
air flow thereby to rebalance steam-air controller
127 to disconnect conductor 20c from conductor
28d. Conversely, a relative decrease in steam
flow compared to air flow will unbalance steam-
air unit 121 oppositely to cause motor 12e to close
damper 12d sufficiently to rebalance the unit.

Referring to Fig. 10 as exemplary of one of the
auxiliary controllers i8¢, fic, f{2c (Figs. 1, 2,
loading air from valve {2a (Fig. 1) is applied to
diaphragm 2{a of auxiliary conirol unit f2e
through pipe 18m to apply a clockwise torque
through push rod 215 to frame 2lIc¢ pivotally sup-
ported on stationary frame 21d by pivot 2ie. By
itself this clockwise torque would cause conductor
217 attached to frame 2ic continuously to engage
conductor 2{g thereby to energize motor 21k, Fig.
2, to adjust contact 24 of rheostat 18a toward
its maximum-resistance position thereby requir-
ing tachometer generator {7k to rotate at a high
speed corresponding to fast fuel flow. However,
counterbalancing the above-mentioned clockwise
torque is a counterclockwise torque due to the
unbalance of mercury columns 217 and 21k which,
in magnitude and sense, depends on the air flow
through boiler {2. Chamber 2in over mercury
column 21k is connected to draff tap 20f and
chamber 2im over mercury column 217 is con-
nected to draft tap 298¢ which, being downstream-
ward of draft tap 207, has the lower pressure and
consequently the greater height and weight of
mercury. It will be understood that other liquids
may be employed wherever mercury is referred
to herein, if desired. :

When the aforesaid counterclockwise and
clockwise torques are equal so that conductor 21f
assumes s position intermediate conductors 2{g
and 21ip, contact 21¢ of rheostat 8¢ will remain
stationary and the fuel flow to boiler 12 will be
controlled in the usual way solely by master
controller 16 and fuel-feed confroller {8. Sup-
pose now that the quality of fuel at boiler 12 be-
comes poorer than that at boilers 10 and 1§ re-
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sulting in a reduction in steam flow from boiler
12 and a slight reduction in the system steam
bressure. Master controller 1§ (Fig. 1) will then
cause the fuel flow to all three boilers to increase
slightly to maintain the system steam pressure
by increasing slightly the loading-air pressure in
pipe 15a thereby increasing correspondingly the
loading-air pressure in pipe {8m. This increase
in fuel flow for boilers 10, 1, and {2 brought
about by master controller 16 will maintain the
system steam flow but it will not offset complete-
ly the assumed reduction in heating value of the
fuel supplied to boiler 12 so that steam flow
from boiler {2 will necessarily be reduced and
that from boilers (0 and i1 correspondingly in-
creased if only master controller {6 and fuel-
feed controlier i8 (Fig. 2) are relied upon for
control.

However, in accordance with the invention,
auxiliary control unit {2¢ will be unbalanced to
cause complete offsetting of the assumed poor
fuel quality at boiler {2 for two reasons. First,
the air-loading pressure on diaphragm 2{g (Fig.
10) will be increased slightly to increase the
clockwise torque on frame 2lc; and, second, the
counterclockwise forque on frame 2ic will be
reduced due to the reduced air flow through
boiler 12, the air flow in boiler i2 following the
reduced steam flow therefrom as previously de-
scribed. )

This unbalancing of auxiliary controller {2c
in response to the decrease in steam flow from
boiler 12 relative to the air-loading pressure on
diaphragm 2{¢ causes conductor 2{/ to make
contact with conductor 2ig thereby energizing
motor 212 (Fig. 2) and causing it to rotate con-
tact 21¢ of rheostat 18a to the left, as viewed
in Fig. 2, thereby increasing the fuel flow to
boiler 12 by requiring a greater voltage from
tachometer generator 17% to balance fuel-feed
controller 18 as previously described.

This increase in fuel flow to boiler 12 over and
above that brought about by master controller
{6 continues until it is sufficient to restore the
steam output of the boiler and therefore the air
flow therethrough to balance auxiliary controller
i2¢ whereupon conductor 21/ (Fig. 10) resumes
its position intermediate conductors 21g and 2 ip,
and the auxiliary controller then remains inop-
erative until there occurs another change in
quality of the fuel supplied to that particular
boiler. As boiler {2 assumes its proper share of
the load upon operation of auxiliary controller
{2c, the extra load on boilers {8 and {4 disappears
and the air-loading pressure resumes its normal
value leaving as the sole result of the decrease in
fuel quality at boiler 12 the readjustment of rheo-
stat 18a (Fig. 2) to offset the poor fuel quality.

Of course the operation of auxiliary controlier
t2c is reversible so that, if unsually good fuel is
supplied to boiler 2, a counterclockwise torque
is applied to frame 2{c (Fig. 10) to cause motor
21h (Fig. 2) to reduce the resistance of rheostat
{8a 50 that a slower flow of fuel and hence a lower
voltage from tachometer generator {1k will suffice
to balance fuel-feed controller 18 for that partic-
ular boiler. Motor 217 for adjusting rheostat
18a may be of the well-known two-phase type
having its common phase-winding connection
more or less permanently connected to conduc-
tor 21q of power line 18, the opposite ends of its
two phase-windings being connected to conduc-
tors 21g9-and 2ip with a suitable capacitor 21r in
shunt relation thereto. As is well known, con-
nection. of conductor 217 to conductor 2ip will
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cause rofation of motor 2i% in one direction,
while connection of conductor 2if to conductor
219 will cause rotation. in the opposite direc-
tion.

As will be readily understood by one skilled
in the art, other well-known controllers may be
employed instead of the specific controller
units 12b, i2¢, and §2f. Particularly, controllers
depending for their operation on the relation of
positions of elements, rather than upon forces or
torques, are well-known substitutes and need not
be described herein in detail.

In accordance with the invention it is con-
templated that substantially independent ad-
justments of fuel flow shall result from, first,
variations in steam pressure operating through
the resultant variation in air-loading pressure
and, second, deviation from a predetermined, sub-
stantially permanent. relation between air-load-
ing pressure, a measure of steam demand, and
steam flow or air flow, a measure of steam supply.
Ordinarily this first. adjustment of fuel flow in
response to a change in air-loading pressure will
be as rapid as possible, but a certain amount of
delay in the completion. of such adjustment may
occur due to such factors as the above-described
reset action.

It may be desired to delay completion of the
aforesaid second adjustment in order that it
may not objectionably affect completion of the
first adjustment. In other words, it may be de-
sired to make the second adjustment in response
to only sustained deviations in the relation of air-
loading pressure to steam flow rather than to
transient deviations. To this end, make-and-
break element. 2is (Fig. 2) is interposed in con-

uctor 2{f of transmission line I8 to interrupt
the application of power to motor 2¢h peri-
odically. Make-and-break element 2{s may be
driven by motor 21t of any suitable well-known
type. Other delay means may be employed, if
desired. ‘ _

In order that the aforesaid delay readily may
be adjusted screw 2iu threaded in any suitable
frame member 2(v-is provided for adjusting the’
position of conductor 24w relative to the axis of
rotation of cam or eccentric 2iz. If conductor
2lw is closer to eam: 21z, make-and-break ele-
ment 21s will remain closed longer at each revo-
lution of the cam thereby operating motor 217
for a greater portion of the time, whereas if screw
24y is adjusted to move conductor 2w farther
from cam 2 Iz motor 2i% will operate onily a small
portion of the time auxiliary controller {2¢ is
unbalanced, and the correction of fuel flow due
to-operation of controller (2¢ will proceed slowly.

As previously deseribed, in accordance with the
invention it is desired to balance some quantity
representative of steam flow from boiler {2
against air-loading pressure in pipe 187, a quan-
tity representative of total steam system load, to
adjust the fuel flow- to boiler 12 to compensate
for variations in fuel quality. There has been
described a system in which- the quantity repre-
sentative of steam flow is the difference in pres-
sure in draft taps 28f and 20g. This differential
pressure, being a measure of air flow through
boiler 12, is a satisfactory representation of steam
flow through boiler 12. because, as described,
steam-air unit 127 maintains a fixed relation be-
tween steam flow and air flow. This air flow ar-
rangement is advantageous since the draft taps
supply a convenient low pressure whereas steam
pressure sometimes: is too high for conirol pur-
poses..
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However, if desired, steam flow as measured
by the differential steam pressure in steam tubes
26t and 20u connected on opposite sides of re-
_striction {1i may be balanced against loading-air
pressure in pipe {8m directly in auxiliary control
unit 22, Fig. 3, corresponding exactly to auxiliary
control unit {2c¢ in principle and differing there-
from only in proportion and therefore not sepa-
rately described herein. Preferably condensers
23¢ and 23b are interposed in steam tubes 2%u
and 28%, respectively, which are functionally in-
terchangeable at control unit 22 with draft taps
28f and 20¢, respectively, at control unit i2e.
Preferakly condensers 23a¢ and 23b are positioned

near steam pipe {i{h in order that pressure of -

water condensing therein and in tubes 20{ and
26u will be substantially independent of tempera-
ture.

As hereinbefore mentioned, it may be desirable

_to isolate one of boilers 10, i1, or {2 from master -

controller 16 in order that the isolated hoiler may
be operated at a substantially constant load as,
for example, when it is desired to operate one of
the boilers continuously at substantially its full
rated load. To this end a transfer valve 24, Fig.
1, is interposed between valve {2¢ and pipe iba
whereby valve {2¢ may be disconnected from the
air-loading pressure in pipe 15¢ and connected
to a suitable source of constant air pressure, not
shown, through pipe 24e. 'This source of air
pressure to which pipe 24a is connected prefer-
ably should ke precisely regulated at a pressure
comparable to the maximum pressure in pipe
i5¢ in order that pressure-reducing valve {2a
may be so adjusted that the constanti air-load-
ing pressure in pipe {8m will cause auxiliary con-
trol unit 12¢ to balance at the desired steam flow
from boiler 12. Any fluctuation in the air pres-
sure in pipe 24¢ would result in uneven operation
of boiler 12.

It should be noted that, in accordance with the
invention, auxiliary control unit {2¢ functions to
maintain constant the output from baoiler {2 de-
spite varying fuel quality supplied thereto when

~transfer valve 24 is set to connect pipe {8m
through valve {2a fo pipe 24a. If poor fuel qual-
" ity tends to reduce the steam flow from boiler {2,
control unit {2c¢ will cause rheostat 18a to be
adjusted to increase the fuel flow fo boiler {2

sufficiently to increase the steam flow therefrom 5

to rebalance auxiliary unit {2c against the air-
loading pressure in pipe 18m.

Referring to Fig. 5, in case the invention is
applied to the burning of liguid or gaseous fuel

the flow of which more appropriately may be :

measured by a pressure differential than by a
tachometer generator voltage, a supplemental
conirol unit 25 may be substituted for fuel-feed
controller (8. Supplemental control unit 25
may be like auxiliary control unit {2c structur-
ally and therefore need not be described herein.
It functions like the auxiliary control unit {2¢ of
Fig. 5 except, first, the air-loading pressure sup-
plied to it by pipe (8¢ is modified as described
hereinafter; second, the motor 25¢ which it con-
trols serves a different purpose; and, third, it
balances against the modified air-loading pres-
sure a differential pressure that is a measure of
fuel flow instead of air flow.

By way of example, in the embodiment shown
in Fg. 5, boiler 12 is supplied with gaseous fuel
from any convenient source, not shown, through
pipe 25a having a control valve 25b of any suit-
able well-known type interposed therein. When
actuated, motor 25c positions valve 25% through
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any suitable gearing to control the flow of fuel ta
boiler 2. Restriction 254 in fuel pipe 25a and
tubes 25e and 257 connected on opposite sides
thereof serve to measure the flow of fuel to boiler
{2 and to apply to supplemental control unit 26
a differential pressure representative thereof.

Tubes 257 and 252 may be connected to unit
25 in the same way that draft taps 20f and 20g,
respectively, are connected to unit 12¢. They
function differently, however, being analogous to
the tachometer generator {1k of Fig. 2 in that
they both measure fuel fiow. Thus unit 25 bal-
ances air-loading pressure against a quantity
representative of fuel flow and, through motor
25c, adjusts fuel flow in response fto variations
in air-loading pressure just as would be done by
the equivalent apparatus shown in Fig. 2. As
thus far described there is lacking in Fig. 5, how-
ever, a substitute for rheostat {8a whereby, in
accordance with the invention, fuel flow is addi-
tionally controlled in response to the unbalance
of auxiliary control unit {2c to control the output
of boiler 2.

This additional control may be accomplished
by moedifying the air-loading pressure from pipe
{8m by means of valve 25¢ which may be of the
well-known throttle-and-bleed type like valve {2a.
It should have the characteristic of reducing the
air pressure from pipe 18m to a lower but pro-
portionate value in pipe i8g. In other words
variations in air-loading pressure from master
controlier 1§ will appear in pipe i8¢, but they
will be scaled down by manually adjusted load-
ing valve {2a and by similar valve 25g adjusted
by motor 21h. Valve 25g may be actuated by
motor 2ih through any suitable gearing.

When guxiliary control unit {2¢ is unbalanced
due to a decrease in air flow, representing a de-
crease in steam flow, motor 21k will open valve
25¢ slightly to increase the loading-air pressure
in pipe i8¢ thereby unbalancing supplemental
control unit 25 to cause motor 25¢ to increase the
fuel flow to boiler 12 to restore its steam fiow.
Conversely, an increase in steam flow from boiler
12 without a corresponding increase in air-
loading pressure would unbalance unit {2¢ oppo-
sitely to cause motor 212 to close valve 25g
slightly thereby unbalaneing unit 25 in the direc-
tion to cause motor 25¢ to decrease the fuel flow
to boiler 12 by adjustment of valve 28b. If will
be apparent to one skilled in the art that valve
25¢g could be interposed in pipe {8m in the ap-
paratus shown in Fig. 2, and that this valve when
actuated by motor 2i7 would serve the same pur-
pose as rheostat {8a, namely, the adjustment of
fuel flow in response to an unbalance of steam
fiow and steam pressure, this adjustment of fuel
flow being in addition to the usual confrol of
fuel fiow by master controller (6.

Tt is contemplated that valves 25g and I2a,
Fig. 5, may be of the well-known throttle-and-
bleed type in which case operation of one would
disturp the adjustment of the other by changing
the rate of bleeding air to the atmosphere, which
would be an undesired resulf. To avoid this re-
sult pressure regulator 25k is connected between
pipes 18m and {8r thus being connected between
valves i2¢ and 25g. Regulator 252 includes a
spring-loaded diaphragm 25i (Fig. 6) actuating
2 ball valve 257 to pass air from any suitable
source, not shown, entering through pipe 25k to
pipe 18r at a pressure proportionate to the air
pressure in pipe i8m. Any other type of regu-
lator that will pass to pipe I8r air pressure pro-
portionate to that in pipe 18m without passing
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objectionable quantities of air may be employed
instead of valve 257, if desired.

It will be understood that, as used herein, the
word “steam” is intended to include the vaporous
or gaseous phases of water and substances other
than water such, for example, as mercury.

While preferred embodiments of the invention
have been described it will be understood that
modifications thereof may be made within the
spirit and the scope of the invention as set forth
in the appended claims.

What is claimed is:

1. Control apparatus for maintaining substan-
tially constant the steam pressure and relative
steam outputs of g plurality of boilers adapted
to supply a common variable steam load, said
boilers utilizing fuel subject to independent varia~
tion in quality at each of said boilers compris-
ing the combination of common pressure-respon-
sive: means for said boilers for producing a con-
trol quantity varying in magnitude in response
to variationg in said common steam load, means
associated with each of said boilers for measur-
ing steam flow therefrom, means associated with
each of said boilers and operatively connected
to- the steam-flow measuring means associated
therewith and to said common pressure-respon-
sive means for comparing said measured steam
flow and said control quantity, and an automatic

fuel-feed controlier for each of said boilers op- &

eratively connected to said comparing means
assoclated therswith and to sald common pres-
sure-responsive means to adjust the fuel flow to
said boilers in response to said control quantity
and in response to deviations from g predster-
mined relation between said compared quantities.

2, The method of maintaining constant the
rate of flow of steam from a boiler despite vary-
ing quality of fuel supplied to said boiler which
comprises varying the flow of combustion air to
maintain the balance of effects respectively cor-
responding with the rate of flow of steam and
the rate of flow of combustion air, varying the
rate of supply of fuel normally to maintain the
balance of effects respectively corresponding with
the rate of supply of fuel and a reference, and
upon deviation from a predetermined magni-
tude of said air flow effect correspondingly chang-
ing the relationship of balance between said fuel
effect and said reference effect in a compensat-
ing sense.

3. In the control of a group of steam genera~
tors supplying a common steam load, the method
of compensating for variations in quality of fuel
fed to the respective generators in avoidance
of disturbing the sharing of said common load
which comprises varying the rate of fuel supply
to an individual generator of the group in ac-
cordance with variations in said common steam
load, and effecting a supplemental control of the
rate of fuel supply to said individual generator
each in accordance with the unbalance of the
relationship of the rate of generation of steam by
said individual generator and said common steam
load of the group.

4. A method as in claim 2 in which for effect-
ing supplemental control of the rate of fuel sup-
ply, the combustion air flow of said individual
generator is balanced against its rate of genera-
tion of steam and the rate of fuel supply modi-
fied in accordance with the unbalance of com-
bustion air of said individual generator and said
common steam load of the gsroup.

5. A method as in claim 2 in which for effect~
ing the supplemental control of the rate of fuel
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supply, the rate of fuel supply to said individual
generator is-modified in accordance with the un-
balance of steam flow from said individual gen-
erator and said common steam load of the group.

.6, Apparatus for controlling the operation of
a- group of steam generators supplying s com-
mon steam load to compensate for variations in
the quality of fuel supplied to the individual
generators comprising means for varying the
rate at which: fuel is supplied to a generator of
the group ih accordance with variations of said
common steam- load, and means for effecting a
supplemental control of the rate at which fuel
is supplied to said generator in accordance with
the urbalance of the relationship of the steam
supplied by said individual generator and the
common: steam load supplied by said group of
steam generators.

7. An- apparatus as in claim 6 in which the
first-named means for varying the fuel includes
bressure-responsive means for producing a first
control quantity varying in accordance with sys-
tem load, in which a controller maintains bal-
ance between the combustion air to and the

? steam output of the individual generator and

provides- & second control quantity correspond-
ing with deviation from a predetermined rela-
tion between said first control quantity and said
combustion air, and in which the second-named
means for varying the fuel includes a second con-

‘troller responsive to unbalance of said first and

second control quantities.

8. In the control of a plurality of steam gen-
erators adapted to supply a common variable
steam load  apparatus for compensating for var-
iations in the quality of fuel fed to said genera-
tors to maintain the predetermined share of said
common load to be carried by each of said gen-
erators despite variations in fuel quality sup-
plied to the individual generators comprising
means responsive to said common steam load for
producing a control quantity varying in magni-
tude and sense in accordance with variations in
said common steam load, means for controlling
the flow of fuel to each of said generators in
accordance with the balance between said con-
trol quantity and rate at which fuel is supplied
to each of said generators, and means for modi-
fying the rate of supply of said fuel in accord-
ance with the balance between said control quan-
tity and a quantity representative of the steam
flow supplied by each of said generators as its
share of said common steam load.

9. The method of maintaining the rate of fow
of steam from a boiler at a constant value de-
spite varying quality of fuel supplied thereto
which comprises upon departure of the rate of
flow of steam from said constant value varying
the rate of flow of combustion air in accordance
with the sense and extent of such departure from
said constant value of the rate of Aow of steam,
comparing the air flow so varied with respect to
8 reference, varying the rate of flow of fuel in
sense opposite to such departure of the rate of

5 steam flow and depending upon the sense of the

deviation of the air flow from said reference, and
continuting such variation of the rate of flow of
fuel in said opposite sense until such time that
the steam flow is restored to said constant value
and the air flow corresponds with said reference.

10. Apparatus for maintaining the rate of flow
of steam from a boiler at a constant value de-
spite varying quality of fuel supplied thereto
comprising regulating means for varying the rate
of flow of combustion air in the same sense as
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departure of the rate of flow of steam from said
constant value, and a controller responsive to
deviation of said air fiow from a predetermined
value to vary the rate of flow of fuel in sense
opposite to the departure in steam flow from said
constant value and continuously to effect varia-
tion of fuel in such opposite sense until such time
that the air flow is restored to said predetermined
value.

11. In control of a generator supplying steam
to a system, the method of insuring said genera-
tor shali supply its share of the system load
under varying system load conditions and de-
spite varying quality of its fuel which comprises
producing a first control quantity representa-
tive of the system load, varying the rate of fuel
flow to said generator in response to said first
control quantity and in sense corresponding with
the change in system load, comparing said first
control quantity with the steam flow from said
generator to produce a resultant second control
quantity in sense corresponding with the devia-
tion from a predetermined relation between said
first control quantity and the steam flow from
said generator, and further adjusting the rate
of fuel flow to the generator continuously in sense
corresponding with the aforesaid deviation of the
second control quantity until such time that said
predetermined relation is reestablished.

12. An arrangement for controlling the flow
of fuel to a steam generator in a system fo in-
sure it shall supply its share of the varying sys-
tem load despite varying quality of fuel supplied
to that generator comprising pressure-responsive
means for producing a control quantity varying
in accordance with system load, a balanceable
controller for comparing said control quantity
with the steam-flow from said generator, and
automatic means operatively connected to said
first-named means for varying the fuel flow in
accordance with said control quantity and in
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sense corresponding with the change in system
load, and operatively connected fo said balance-
able controller to effect further variation in the
rate of flow of fuel in sense compensatory of
variation in fuel quality of the generator and
continuing until such time that a predetermined
relation of the steam flow of the generator to
said control guantity is reestablished.

13. In the control of a group of steam gen-
erators supplying a common load, said group in-
cluding a first sub-group of one or more gen-
erators to supply & fixed amount of steam and
a second sub-group of one or more generators
to supply the remainder of the common load
demand, the method of compensating for varia-
tions in quality of fuel fed to the respective gen-
erators in avoidance of disturbing the sharing
of said common load which comprises varying
the rate of fuel supply to each generator of the
second sub-group in accordance with variation
of the load common to both sub-groups, effect-
ing a supplemental conirol of the rate of fuel
supply to each generator of the second sub-
group in accordance with the unbalance of the

5 relationship of its steam output to the load com-

mon to both sub-groups, and varying the rate
of fuel supply of each generator of the first sub-
group in accordance with the unbalance of the
relationship of its steam output to a constant
reference.
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