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UNITED STATES

1,304,616

PATENT OFFICE

ERVIN ¢ BAILEY, OF CLEVELAND HEIGHTS, OHIO, ASSIGNOR, BY VESNE ASBIGN-
MENTS, 70 BAILEY METER COMPANY, A CORPORATION OF DELAWARE

ATUTONMATIC CONTROL SYSTEM

Jpplication filed Wovember 15, 1924, Serial No. 748,768,

This invention relates to an automatic con-
trol system wherein several factors require
independent or individual control for the at-
tainment of the desired resuit. .

8 The invention is shown embodied in an au-
tomatic .control for boiler plants by which
the action of the furnace is automatically
regulated to maintain a substantially con-
stant, or desired, steam pressure under all

10 conditions of use, while also maintaining an
efficient action of the furnace so that the
requisite power is supplied with a minimum
consumption of fuel. - o

The proper and efficient control of the ac-

15 tion of the firing of a steam generator de-
pends upon certain well known factors, or
natural laws, which will be briefly stated
to facilitate the description or understanding
of the appliances involved in the automatic

20 control forming the subject of this inven-

‘ tion.

The pressure of the steam in a boiler plant
may be taken as an indication of the sufficien-
cy of the heat input to meet the various de-

25 mands for power, for if the heat input is in-
sufficient the pressure will fall, and, on the
other hand, if the pressure rises it shows that
more heat is being supplied, or more fuel is
being consumed, than is required to meet the

30 demand. This condition has’ been availed
of for automatic regulation of beiler fur-
naces by appliances of various kinds respon-
sive to the boiler pressure, which act to di-
minish the draft or the supply of fuel, or

35 both, when the pressure rises, or to increase
ghe draft or supply of fuel when the pressure

alls.

In such automatic systems as have been
employed pribér to my invention, the fire has

40 been controlled to maintain an approxi-
mately constant steam pressure, but there is
no control of the factors which are involved
in efficient combustion of the fuel, and while
sufficient heat may be produced to meet the

45 varied demands upon the plant, there is no
automatic regulation to prevent excessive
combustion of fuel as compared with what
would be required if the conditions for effi-
cient combustion were maintained. -

50  Furthermore, in the usual type of regulat-

- the boiler at the time may be.

ing apparatus the corrective action depends
upon the result tc be regulated (the steam
pressure) being and remaining abnormal.
When the demand for power is above the
average or normal, the boiler pressure falils
and brings about an increase of the fire and
heat input until it becomes sufficient to sup-
ply the increased demand. It cannot, how-
ever, so long as the demand remains above
normal restore the pressure to normal for
in so doing it would again cause the fire or
heat input to be reduced, tending to de-
crease the pressure and calling for further
or continued correction. Thus, with the
usual type of regulator the boiler remains at
a pressure below normal so long as the rat-
ing or demand for power is above normal or
average, and the pressure remains above nor-
mal when the demand for power or rating is
below the normal. :
In the regulating system forming the sub-
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ject of the present invention, the pressure is

restored to normal by the corrective action
whatever the demand for power or rating of . ..
78
There is a definite relation, not necessarily
a constant ratio, between the quantity of
steam output and the quantity of fuel re-
quired for its generation, and in the case
of the fuels in common use, such as gas, oil,
or coal in various forms, the quantity of air
required for perfect or highly efficient com-
bustion is so nearly proportional to the quan-
tity of fuel that it may be taken as a meas-
ure of the fuel consumed. If an increased 85
demand for steam calls for increased heat .
input, or consumption of fuel, there will ob-
viously be a corresponding increase in the
supply of air or oxygen required to main-
tain the proper combustion of said fuel.
There is, therefore, a definite relation be-
tween the flow of air through the furnace,
(corresponding to heat input) and the out-
flow of steam (heat output) when the com-
bustion is efficient, and a departure from this
relation indicates that the conditions, or fac-
tors, involved in the combustion of the fuel
are not correct. If the air flow exceeds the
proper proportion for any given steam flow,
it indicates that an excess of air over what 100
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is re%uired for proper combustion is being
supplied to the furnace, which involves a
waste or loss of heat; and if, on the other
hand, the proportion of air is less, it indicates
an excess of fuel, resulting in imperfect
combustion and waste of heat is unconsumed
smoke or S. ‘

In Reissue Patent No. 15,080, dated April
12, 1891, I have described a method of indi.
cating the relation of steam flow to air flow,
and 1n Patent No. 1,257,965, I have shown
an indicator of the kind now well known as
the Bailey air-flow steam-flow meter, which
indicates when the proper relation of steam
flow and air flow exists at any rate of output
of steam, and also indicates any departure
from such relation, such indications having

been used to inform the fireman of the con- -

dition of the furnace in order that if efficient
conditions were not prevailing a proper cor-
rection could be made either by increasing
the fuel supply or the air supply, or, in the
case of sohd quel, by correcting the condi-
tion of the fuel bed. ‘ '
In the present invention the automatic
control system causes the proper corrections
to be made automatically, or itself performs
what the fireman was called upon to perform
when only the indicator or meter was used.
The present invention is applicable to a
lant containing a number of individual
ilers and furnaces affording a common sup-
ply of steam and the apparatus serves to
maintain the pressure of the steam output
substantially constant at all ratings, and also

"to maintain the combustion in each of the

individual boiler furnaces at a state of high
efficiency.

The appliances involved in the control sys-
tem forming the subject of this invention

"include & primary controlling device respon-

give to variations in steam pressure and act-
ing to increase or decrease the combustion
in all of the furnaces simultaneously, and a

. secondary controlling appliance, or readjust-

ment control, including and responsive to a
Bailey air-flow steam-flow meter, or some
equivalent appliance, cooperating with the
main control to govern the supply of air

_and fuel to each individual boiler, so as te

maintain the same in a condition of highly
efficient operation. A

The flow of air may be varied in the usual
way, as by a damper, or blower, or both,
and where liquid or gaseous fuel is used the
delivery of fuel may be determined by a suit-
able valve, and where, as in the embodiment
of the invention herein shown, the fuel is

pulverized coal, the rate of fuel supply may.

be varied by the action of a coal feeding ap-
plance, the air supply being automatically
regulated under control of the Bailey air-
flow steam-flow meter, concurrently with the
primary control of fuel and air in response

1,804,616

to a pressure gauge, or element responsive
to variations in steam pressure.

There are various other features involved
in the proper action of the automatic con-
trolling apparatus forming the subject of
this invention which will be best understood
when explained in connection with the con-
crete embodiment of the invention illustrated
in the drawings forming a part of this speci-
fication, in which

Fig. 1 is a diagrammatic view representing

the general relation of the various compo-
nents of the control system to one another
and to the steam plant to be regulated, a suf-
ficient portion of one boiler and furnace be-
ing shown to indicate the relation of the
other appliances thereto.
Fig. 2 is a diagrammatic view showing the
cooperative relations to one another of the
several instrumentalities, and the provision
for transmitting the action from one to
another of the several instrumentalities.

Figs. 8, 4, and 5 are diagrammatic views
indicating different conditions of the circuit
connections, which will be hereinafter ex-
plained.

Figs. 6 and 7 rear and end elevations, re-
spectively, of the secondary controller show-
ing a sufficient portion of a steam-flow air-
flow meter for an understanding of its rela-
tion to the other components of the second-
ary controlling instrument, and

igs. 8 and 9 are side and end elevations
of a portion of the primary controlling in-
strument, a portion of Fig. 9 being shown in
section to illustrate a feature of construc-
tion which will be explained.

General organization

The general organization of the compo-
nents in their working relation to one another
is shown in Fig. 1 as applied to a boiler fur-
nace, 200, which may be one of a battery or
number of boilers generating steam for a
common supply, the intensity of the fire or in-
put of heat being as shown in this instance
governed primarily in part by a damper, 201,
in the uptake, 202, the shaft, 203, of which
damper 1s adapted to be operated by a worm
and sector, 204, actuated by a shaft, 205, itself
actuated by the control or corrector driving
mechanism shown at 100, which also oper-
ates a rheostat, 206, governing the operation
of a motor, 207, for a powdered coal feeding
appliance, 208, from which the powdered coal
or fuel is delivered through a duct, 209, to
the furnace. The input of heat from the
furnace may thus be increased by increasing
the speed of the fuel feed motor, 207, and
thus supplying the fuel at a more rapid rate,
and also increasing the draft or supply of air
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by giving a wider opening to the damper in

the uptake, 202. Conversely the input of
heat is diminished by reducing the speed of
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the miotor, 207, and reducing area of the pas-
sage for the air in the uptake, 202.

‘The primary controlling device, which per-
tains to the whole battery of boilers, is in-
dicated at 2 and comprises a steam gauge, or
indicator responsive to changes in the pres-
sure of the steam from the boiler thus in-
dicating the character and amount of depar-

ture from normal and consequently the char--

acter and amount of correction required, and
appliances which govern in part the action
of the corrector driving mechanism, 100, in
such manner as to increase the feed of fuel
and flow of air in response to a reduction of
steam pressure from normal, or to diminish

the feed of fuel and flow of air in response

to an increase in boiler pressure.
The secondary or readjustment control is

afforded by the appliance shown at 40 in Fig.
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1, one of which pertains to each individual
boiler and furnace and is herein shown as
comprising a Bailey steam-flow air-flow
meter, of substantially the character of that
shown in Patent No. 1,257,965, dated March
5, 1918, to which reference may be had for
an understanding of said instrument, it be-
ing sufficient for the purposes of the present
case to state that the instrument shown at 40
in Fig. 1 also comprises mechanism of a
character similar in some respects to that
contained in the primary control instrument,
2, which also governs in part the action of the
corrector driving mechanism, 100, and modi-
fies the action thereof which would result
from direct control by the primary control
instrument, 2, if acting alone.

The above mentioned components are so
organized that a fall of boiler pressure, indi-
cating deficiency of input of heat, causes the
primary controlling device to affect the cor-
rector driver in such manner as fo increase
the fire, by acting through the rheostat, 206,
to increase the speed of the fuel feed motor,
207, and at the same time by acting through
the shaft, 203, on the damper, 201, to increase
the air supply, and conversely a rise in boiler
pressure causes less. fuel and less air to be
supplied.

The secondary controller is at all times
responsive to the steam-flow air-flow meter
and acts to adjust the air flow through the

action of the shaft, 208, upon the damper, it .

being possible for this action to take place,

when required, concurrently with the action.

of the primary controller by reason of a
differential connection in the driver between
the air correcting mechanisms under control
of the primary and secondary controllers, re-
spectively. :
“The effect of the corrective action brought
about by the primary controller continues
until the pressure has been restered to nor-
mal, and the operation of the steam generator
will continue at the higher rating under nor-

mal pressure and with the fuel supply suffi-
cient to maintain the higher rating.

When, on the other hand, the pressure rises
above normal, indicating a lower rating or
demand for power, the primary control acts
through the corrector driver, 100, in a similar
manner to reduce the supply of fuel and air
until the heat input is only sufficient to main-
tain the boiler at the lower rating but with
the pressure brought back to- normal and
maintained there until further change of rat-
ing is called for, the secondary controller in-
suring that the supply of air is corrected to
maintain efficient combustion.

Before describing the various instrumen-
talities by which the desired results are at-
tained, it may be stated that the action is such
that the effect of the primary controller is to
increase the supply of air in advance of, or

‘more rapidly than, the supply of fuel is in-

creased when increasing the heat input of the
furnace to meet a larger demand for power,
and, on the other hand, in the operation of
reducing the output of power the supply of
#nel is reduced in advance of, or more rapidly
than, the supply of air, so that an abnormal
excess of air is present when any change,
either increase or decrease, is being made 1n
the rate of supply of fuel.

Tt may be noted that, especially in the case

of gaseous or liquid fuel or of pulverized

solid fuel, any one of which is consumed
practically concurrently with its entrance to
the combustion chamber, it is desirable to
maintain at all times a slight excess of air over
that which theoretically just combines chemi-
cally with the fuel, and it is especially de-
sirable to insure that such excess should exist
while changes in the rate of supply of fuel
are being made, as any excess of fuel over
what will combine with the oxygen supply
is wasteful, smoke producing, and otherwise
objectionable, and may even be dangerous or
cause an explosion to take place.

‘While the controlling apparatus is so con-
structed as to cause an increase in the excess

of air while changes are being made, the ac-

tion of the secondary, or readjustment, con-
trolling means at 40 is such as to bring about
a readjustment of the air flow to the proper
relation to the fuel for efficient combustion,
this being responsive to the steam-flow air-
flow meter, which indicates when the relative
flow of steam and air is correct for efficient
action at any rate of generation of steam
within the capacity of the plant. Thus when
an adjustment of the rate of fuel consump-
tion is made in response to the action of the
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primary controlling appliance, 2, the flow of -

air will be further adjusted by the secondary,
or readjustment, appliance, 40, to the proper
relation to the then rate of fuel supply for
efficient combustion.

The construction of the controlling devices
furthermore, is of such character that-the rate
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creases the greater the amount of readjust-
ment required. That is, of the steam pressure
should be rather suddenly reduced by the
amount of two or three per cent, the increase
of delivery of fuel and air to the furnace
would be much larger or more rapid than
would be the case if the pressure had fallen
off only one per cent or a fraction thereof.
The construction of the primary control-
ling device, furthermore, is such that the cor-
rective action depends upon whether the
change of steam pressure is towards or away
from normal, the construction being such
that account is taken of the lag or necessary
lapse of time between the moment when a cor-
rection, such as an increase of fuel, is made,
and the time when the boiler pressure re-

sponds thereto, which will be some time later

as the water cannot instantly absorb and re-
sEond to the increase of heat. The controller
thus anticipates the result that will follow
its action, and awaits the appearance of the
result before taking further action. -

Primary control instrument

The primary control instrument, shown 1n
its entirety at 2 in Fig. 1 and somewhat di-
agrammatically at 2 in Fig. 2, a portion of
the mechanism being shown more in detail in
Figs. 8 and 9, comprises an indicator or ap-
pliance responsive to variations in steam

ressure in the boiler, the heat input to which

1s to be controlled, which appliance may be
likened to an ordinary steam gauge and is
shown in Fig. 2 as comprising a Bourdon
tube, 3, connected by a pipe, 4, with the bat-
tery of boilers to be controlled, and as operat-
ing,in nse to the changes of pressure, an
arm or pointer, 5, which will be referred to as
the indicator, which carries at its extremity a
bearing piece, 6, best shown in Fig. 8, the
position of which indicates the pressure in
the boiler. '

Cooperating with the indicator is a feeler,
7, also best shown in Fig. 8, which has a con-
tinuous slow to and fro periodic movement
relative to the contact piece, 6, of the indi-
cator. . :

Said feeler is carried by a sliding frame, 8,
(see Fig. 8) having a cam roller, 9, acted upon
by a cam, 10, which is continuously rotated
at a slow speed by gearing, 12, driven by a
worm and worm gear, 13, from the shaft, 14,
of a continuously running motor indicated
diagrammatically at 15 in Fig. 2.

The feeler, 7, thus periodically moves to-
wards the indicator bearing piece, 6, but
when the indicated pressure is normal and
said indicator is in its intermediate or nor-
mal position said indicator is in the path. of
a deep notch or recess, 16, in the feeler, which
consequently does not have any effective en-
gagement with the indicator and does not

1,804,616

have any effective action upon the correcting
instrumentalities, as obviously no correction
is needed so long as the pressure remains
at normal. , ‘

If, however, there is a rise or fall in boiler
pressure the indicator, 5, in responding there-
to will move the bearing piece, 6, away from
the notch, 16, in the feeler to one side or to the
other, it being shown in Fig. 8 as having been
moved in response to a decrease in boiler pres-
sure indicating a call for increased fuel.

In this movement of the indicator the bear-
ing piece, 6, is brought between a transmit-
ter actuator and a portion, 18, of the feeler,
7, at one side of the deep notch, so that in the
next movement of the feeler towards the indi-

_cator bearing piece, 6, the feeler will move the

said bearing piece with it and through the
said bearing piece will move an actuating
frame or slide, 20, which operates the con-
troller proper or the transmitter of the con-
trol action to the correcting device which is
to be operated, in this case to increase the in-
put of heat.

As shown in this instance, the transmitter
is a cireuit closer, 22, having the anvil con-
tact carried by the main or body member, 23,
of the circuit closer, while the other or rela-
tively movable contact is carried by a finger,
24, pivotally connected with the said body
member at 25 and acted upon by a spring,
926, tending to separate the contacts and keep
the circuit open.

70
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The said transmitter, in this case simul-

taneously controls two responsive instru-
ments, (electro magnets or solenoids in the

‘control driving instrument, 100,) which act

one upon the fuel supply, and the other upon
the air supply, and concurrently effect a grad-
ual increase of the fuel and air supplies as
long as the circuit remains closed at 22, as will
be hereinafter described.

The action of the driver, 100, on the cor-
recting devices is slow and gradual so that
the amount of corrective action depends
upon the time during which the driver is ac-
tuating the correcting devices, which in turn
depengs upon the length of time that the cir-
cuit remains closed at 22, by the transmitter
of the primary controller.

Referring again to the feeler, 7, it will be
seen at the parts 18, 19, that the sides of the
inactive notch, 16, are cam shaped or of
varying height, being shown in this instance
as formed in a series of steps one or another
of which engages the indicator bearing piece,
6, according as the indicator is moved a
greater or less distance from normal posi-
tion.

As shown in Fig. 8, the bearing piece, 6, is
in position to be engaged by the second step
from the notch and thus produces a greater
movement of the actuator, 20, than would be
the case if it were moved only to the first step
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but iess than if 1t were moved to the third

_ step or anything beyond,

an

16
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Thus the amount of movement imparted to
the actuator, 20, and the length of time of
closure of the circuit at 22, varies according

to amount of change in boiler pressure from

normal, affecting the indicator, 5, which ac-
crues in the period between successive move-
ments of the feeler,

This variation in amount of movement of
the actuator, 20, produced by the feeler ef-
fects the variation in the time duration of
the contact of the circuit closer, 22, and con-
sequently the amount of corrective action in
the following manner, .

- The body member, 23, of the circuit closer

is fized to a tubular shaft, 28, which is fric-.

tionally driven at a slow speed relative to the
speed of the feeler driving cam, 10, by gear-
ing, 29, from the shaft, 14, of the motor, 15,
which actuates the feeler, the action being to
tend to turn the circuit closer bodily (both

members together whether in contact with -

one another or not) in the direction to carry
the movable member, 24, towards the actua-
tor, 20, this bodily movement of the circuit
closer being limited by a stop, 80, (see Fig.
8) in such position that it normally remains
standing with the contacts separated by the
action of the spring, 26, when the actuator,
20, is in normal position, as is the case when
the feeler, 7, receives the bearing piece, 8, in
its notch, 16, or when the said feeler is at

of near the end of its movement away from

the said contact piece,

When the indicator is away from normal
position as shown in Fig. 8, and the feeler, 7,
makes its movement towards the bearing
piscs, 6, of the said indicator, the latter will
be engaged by a step of the raised portion;
18, of the feeler and will in turn engage and
move the actuator slide, 20, which will first
move the movable circuit closer member, 24,
towards the body member until the contacts
come together at 22, closing the circuit, after
which the further movement of the actuator,
20, will overcome the frictional engagement
between the circuil closer and its driving
mechanism and will then produce s bodily
pivotal movement of the entire circuit closer
around the axis of the shaff, 28, in the re-
verse direction to that in which the circuit

- closer is carried by the frictional drive of said

55

shatt, 28, the circuit remaining closed dur-
ing the period in which the actuator, 20,
is thus turning the said circuit closer about
its axis.

The moment-when the actuator, 20, begins

" ifs return movement, in the return stroke of

89

the feeler, 7, the movable member, 24, of the
circuit closer separates from the main mem-
ber and opens the circuit, the period of clo-
sure of which thus depends upon the length
of movement of the actuator, 20, by the feel-

5 er, 7, which in turn depends upon the step

8

or portion of the cam or modifier, 18, of the
feeler which has engaged the indicator bear-
ing piece, 6, depending upon the amount of
departure from normal of the pressure indi-
cated in the time occupied by the to and fro
movement of the feeler. Thus a slow drop
in pressure, moving the indicator from nor-
mal only to the first step of the feeler in the
time occupied by one backward and for-

ward movement of said feeler, would produce '

only a very short period of closure of the cir-
cuit, and consequently a very short period of
corrective action, which might be sufficient to
correct for the slight change in output indi-
cated by the slow change in pressure; but g
larger change in pressure, in the same inter-
val of time, indicating the need for a greater
correction, would produce a longer move-
ment of the actuator, 20, and consequently a
longer period of closure and a correspond-
ingly greater corrective action resulting
therefrom.

Inasmuch as there is some time lag between
the correction, or change of fuel feed and

draft, and the change of pressure responsive ¢

thereto, it may not be necessary to make any
further correction even though the indicator

70
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does not at ence return to normal position, as

it may be found that the correction already
made without further addition will restore
the pressure to normal as soon as the correc-
tion has had time to take effect in the genera-
tion of steam.

Consequently the control instrument is so
devised that upon the next action of the feel-
er, 7, upon the actuator, 20, there will not be
a further correction corresponding to thej
mede at the first corrective action of the
feeler, this being due to the slow return move-
ment of the circuit closer towards its normal
position in engagement with the stop, 30.

Consequently if there has been no further
departure of pressure from normal at the
next operation of the feeler, the contacts of

2

the circuit closer will be brought together -

only for a very. short interval of time near
the extreme end of the movement of the
actuator, 20, towards the circuit closer, but
the eircuit closer will again be moved to the
same distance from normeal and consequently
at the next action of the feeler, assuming no
change of pressure to have been indicated,
the circuit closer will be closed for only 2
very short interval, usually insufficient to
produce any substantial effect upon the cor-
recting devices. There would, however, be
o small corrective action sufficient ultimately

to restore the pressure to normal if the initial

corrective action was insufficient to do so.

If, however, the pressure should drop fur-
ther before the next operation of the feeler,
7, the bearing piece, 6, would be engaged by
& higher step and the actuator, 20, would be
moved to a greater distance thus again clos-
ing-the circuit at 22 and moving the circuit
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closer bodily still further from the normal
position, the time of contact being substan-
tially the same for the second step as for the
first, because the circuit closer is not operated
in the second step until after the actuator has
made a movement about equal to that derived
from the first step. .

Thus a continued but relaively siow varia-
tion of pressure from normai in the same di-
rection will produce a further but reiatively
small correction in the same direction, and
such corrections would continue to be made
so long as the variation continued slowly in
the same direction, but when the resulf of the
correction begins to appear and the indicator
begins to return towards normal, its move-
ment presents the bearing piece, 8, to succes-
sively lower steps of the modifier, 18, of the
feeler, and consequently no further corrective
action takes place during the return move-
ment of the indicator towards normal, ai-
though the actual departure of pressure from
normal in the-same direction might continue
for some little time.

If the change in pressure had been sudden
and relatively large as in the case of 2 sudden
large increase in demand for power, the indi-
cator in the interval between movements of
the feeler would move to & position relative
to the feeler which would cause the actuator,
90, to produce a relatively long eontinued
movement of the circuit closer and closure
of the circuit. .

At, or near, the extreme or maximum
movement imparted by the feeler, due to an
indication of a wvery large change in pres-
sure, the circuit closer will be carried against
a yielding stop 32, which will yield to permit
of the relatively extensive movement of the
circuit closer, but in the return movement
of the actuator, 20, will overcome the fric-
tional connection between the circuit closer
and its driving mechanism and thus carry the
circuit closer back towards normal position
sufficiently to cause another substantial clo-
sure of the circuit to take place at the next
succeeding movements of the actuator, 20,
unless, or until, the indicator begins to re-
spond to the correction and begins to move
back towards normal position.

The primary controlling instrument in-
cludes another circuit closer, 220, (see Fig.
9) in all tg similar to the circuit closer
22 which has been described, except that
its actuator, 2000, is operated by the indi-
cator bearing piece, 6, and the modifier or
step surface, 19, of the feeler when the de-
parture of the pressure from normal is in
the other direction to that which operates the

“eircuit closer, 22.

This second circuit closer, 220, similarly
transmits to and controls responsive instru-
ments in the corrector driver, 100, which pro-
duce the opposite change or correction in the
fuel and air supply from that which is pro-
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duced by the parts responsive to the circuit
closer, 22,

The actuator, 20, engages the movable
member, 24, of the circuit closer by a bearing
piece, 85, adjustably fixed at a desired point
in a slot in said circuit closer member, so that
by setting it at a greater or less distance
from the axis of movement of the circuit
closer a correspondingly less or greater an-
gular movement of the circuit closer will
result from the same movement of the ac-
tuator.

The actuators and feeler have their return
movement produced by springs, 36, which
hold the cam roiler, 9, against the actuating
cam, 10,

The patterned or stepped acting portions,
18, 19, of the feeler constitute a modifier of
the corrective action, by which the amount
of correction is made to depend upon the
rate of variation of the steam pressure or
variable factor for which the correction is
made. If the variation is at a slow rate the
corrective action will be small, but if much
greater variation takes place in the same
period of time the correction is correspond-
mgTig larger.

e retarder or provision for effecting the
relatively slow return movement of the cir-
cuit closer to normal position after each op-
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eration constitutes an anticipator, as it de- -

lays further operation of the corrector in an-
ticipation of and while awaiting the result
due to the correction which has been made.

By these expedients, the modifier in the
initial corrective action, and the retarder
for subsequent actions, over-correction is usu-
ally prevented, and when a change of rating,
or increase or decrease of demand for power
relative to normal or average, takes place
there is a correction of the fuel supply suffi-
cient to make up for the change og rating,
and to restore the pressure to normal, after
which all parts remain in normal position
until some further change in the factor to
be controlled takes place, when the corre-
sponding correction is made.

Oorrector driver

The proper corrections are made in the
fuel and air supply to provide for increased
or decreased input of Eeat by an actuating
machine indicated as a whole at 100 in Fig.
1, one such machine pertaining to each in-
dividual boiler furnace. The essential com-
ponents of the machine are shown in per-
spective in Fig. 2, the general character of
the mechanism being such that it causes a
corrective action or movement of the thing
or things to be corrected (in this case fuel
feed and air supply) to be made in one or the
other direction at a comparatively slow rate
and during periods of time that are under
control of the primary controlling instru-
ment, 2, above described, and of the second-
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ary controlling instrument, 40, as will be
explained hereinafter. _
Referring to Fig. 2 the corrector driver
comprices a connected train of mechanism
normally kept in confinuous operation by
a motor, 110, which primarily drives a shafi,
112, which 1s one of six shafts numbered
from 111 to 116 respectively (which, with
associated parts will be heremnafier referred
to as first, second, and so on, for convenience
and brevity) all of which are driven by the

train of gearing, 117, in such manner that

the shafts of each of the several pairs, 111,
112, and 113, 114, and 115, 116, are votated
in opposite directions and at an effective
relative speed that will be exzplained here-
inafler, '

The said shafis all have loose upon them
clubch membsers, 118, each provided wiih
gears and the gears of the pair of cluiches
on the first and second shafts mesh with &
gear, 119, on shaft 120, connected by worm
gearing with one member, 121, of a differen-
tial gearing, the other member, 122, of which
is similarly connected with & shaft having
a gear, 123, meshing with the clutch gears
of the intermediate pair of shafis, 118, 114,
~The differential gearing may be of the
usual well known character, the members,
121 and 1922, being loose upon the shafy, 181,
and comprising bevel gears meshing with
opposite sides ot the intsrmediate, 180, which
rotates on an axis fixed to the shafi, 181,
Consequently, if one of the memkbers, 121 or
192, is stationary while the other rotates the
intermediate will roll around the periphery
of the stationary one and will cause the shaft,
181, to rotate at one-half the speed of the
movable member. If both members turn ab
equal speeds but in opposite direction the in-
termediate, 180, will merely roiate upon iis
axis without turning the shaft, 181, while if
both members turn at the same speed in the
same direction the intermediate will act
merely as & key connecting them to the shaft,
181, which will then rotate in the same direc-
tion and at the same speed as the two mem-
bers of the differential. Tor all intermediate
speed and direction relations between the
two members, 121, 1292, the shaft, 131, will

"be rotated dccordingly, at the average, or

one-half the algebraic sam of the rotations of
the two members, .

The third pair of cluiches are similarly.

geared to & gear, 125, on the shaft, 126, con-
nected by worm and worm gear, 127, and
suitable further connections with the con-
trolling shaft of the rheosiat, 206, which
varies the speed of the fuel feed motor, 207,
and is thus the corrector for the fuel supply
to meet the demands pub upen the furnace
and boiler. ~

The shaft, 181, carrying the intermediate
member, 130, between the differential gears,
120, 122, is connected through any suitable
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gearing, such as that conventionally shown,
at 132, 204, with the damper, 201, or control
of the air supply and is thus the corrector
for the flow of air to be used with the supply
g(f) fuel which is corrected by the rheostat,

6.

By this construction it will be seen that if
one of the clutches of the first pair is engaged

and consequently connected with the corre-"

sponding shaft it will cause the correspond-
ing gear, 119, to be turned in one direction
(the other clutch member then idling onm its
shaft) while if the clutch of the other shaft
of said first pair is engaged, the said gear,
119, will be turned in the opposite direction,
the same being true of the second and third
pairs of clutches and the gears, 123.and 125,
driven by them respectively.

In the construction of the machine an in-
terlociing stop is provided, as shown (for
the first pair only) at 140, between the
clutches of each pair which operates to pre-
vent the second clutch of & pair from being
thrown into engagement while either one is
in engagement and thus prevents possibility
of ciashing of the gears and the damage or
breakage that would be likely to ensue there-
from,

Referring to the third pair of actuating

shafts, 115, 116, and clutches thereon, it will
be seen that with the cluich of shaft 115 en-
gaged, the rheostat, 206, will be operated in
one direction, say to increase the supply of

fuel, while if the other clutch, on shaft 116,

is engaged, the rhecstat will be operated in
the opposite direction to make the reverse
correction or provide less fuel per unit of
time. . : N
The several cluiches are shown as operated
by instruments, 141, 1492, 143, 144, 145, 146,

which are responsive to the transmitters from .

the primary and secondary control instru-
ments, being shown as solenoids under con-

trol of the circuit closers, 22, and 220, of the

primary controlling instrument, 2, above de-
scribed, and of a somewhat similar $rans-
mitter forming a part of the secondary con-
trol instrument, or, when desired, under

manual control by an attendant as will be

hereinafter described. .

If it be assumed that the member, 122, of
the differential is kept stationary, rotation
of the member, 121, under the actuation of
the shaft, 120, will cause & movement of the
shaft, 131, and corresponding movement of
the damper or correction of the air flow and
it will be seen that the movement will be in
one or the other direction, to increase or de-
crease the air flow, according as the clutch
on cne or the other of the first and second
shafts, 111, 112, is engaged.

In the present example the operation of
the air control under actuation from the first
shaft, 111, increases the air supply, and from
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the second shaft, 112, diminishes the air sup-

ly, and similarfy the actuation of the shaft,
126, by the fifth shaft, 115, incrcases the rate
of fuel supply while actuation from the sixth
shaft, 116, diminishes the rate of fuel supply.

The solenoids, 141, 145, corresponding to
the shafts, 111 and 115, are connected to the
circuit closer, 22, of the primary controlling
instrument so that at the time when said
cireuit closer is closed the ciutches on said
shafts will be in engagement and correction
will be made in the way of increasing both
the fuel and air supply concurrently.

Similarly the solenolds, 142 and 146, as-

sociated with shafts, 112 and 118, are con-
nected with the circuit closer, 220 of the
primary instrument (which responds when
boiler pressure rises above normai) and when
said circuit closer is closed said shafts wiil
operate to reduce the supply of fuel and air
concurrently.

Furthermore, the relative speed of rotation
of the several shafts is such that in the op-
eration of increasing the suppiy of fuel an
air by the action of the first and fifth shafts,
111, 115, the increase of air is made at a rela-
tively higher rate than the increase of fuel,
and conversely the relative speed of the second
and sixth shafts, 112 and 116, is such in reduc-
ing the supply of air and fuel that the sup-
ply of fuel is reduced at a relatively greater
rate than the supply of air, so that in making
any change, either to increase or to diminish
the fire, the excess of air above that required
for perfect combustion is increased, while the
change is being made, so far as the effect of
the instrumentalities under contrel of the
primary controlling instrument are con-
cerned.

The gearing connections between the shafts
112 and 116 and from said shafts respective-
ly to the air control corrector or damper, 201,
end the fuel control corrector or rheostat,
206, are such that when the clutches on said
second and sixth shafts, 112 and 116, are en-
gaged the operation of the rheostat, 206,
would be relatively faster than the operation
of the damper, 201, so that the fuel supply
will be reduced at a relatively greater rate
than the air supply. ' '

The shaft, 111, which when its clutch is en-
gaged causes an increase of the air supply, is
driven from the gearing, 117, at a higher rate
of speed than the others (by a somewhat
smaller driving gear than the others in the
train) and consequently when the first and
fifth shafts are operating to increase the air
and fuel respectively, the air correcting de-
vice will be moved at a relatively greater
rate to produce a relatively greater increase
of air than of fuel.

The intermediate pair of shafts, 118 and
114, are under control of the secondary con-
trolling instrument, which will be described

1,804,616

later, although it may be noted at this point
that it contains two circuit closers, similar
in character to those of the primary control-
ler, one of which-governs the solenoid, 143,
which operates the clutch associated with the
third shaft, 113, while the other solenoid,
144, operates the clutch associated with the
fourth shaft, 114. Thus when one of the
clutches of the second pair is in operation the
member, 192, of the differential will be op-
erated in the direction to increase the air flow,
while the other clutch of said pair when en-
gaged w.th its shaft will similarly cause a
diminution in the air flow, and through the
differential connection the movement, or the
modification of the movement, of the damper,
due to the action of either shaft 113 or 114,
may take place concurrently with the action
of either shaft 111 or 112, under control of
the primary controil'ng instrument, or may
take place at any time while the clutches of
shafts 111 and 112 are not in operation,
Thus, while the primary controllin instru-

d ment, 2, as above stated, aiways tends to in-’

crease the excess of air flow while any change
is being made, the secondary controlling in-
strument actng through the differential
is always under control of the steam-
flow air-flow meter forming part of the sec-
ondary instrument pertainng to each boiler,
and operates to correct the air flow for its
own boiler furnace, and it may operate con-
currently with the operation due to the pri-
mary control or after that operation is com-
pleted. It, in fact, stands ready at all times
to correct the flow of air according to re-
quirements for efficient combustion, as indi-
cated by the secondavy controlling instru-
ment, whether an increase or a decrease of
air is required. '

Secondary control instrument

The secondary control instrument desig-
nated as a unit, 40, in Fig. 1 is best shown as
to its working components in Figs. 6 and 7.

Like the primary instrument, it comprises
an indicator the change of position of which
indicates the character and extent of correc-
tion required, in this case increase or de-
crease of air supply to the furnace.

It also comprises a feeler similar in char-
acter to that of the primary instrument al-
ready described, and actuators and circuit
closers operated thereby in a similar manner,
except that there is no retarder or appliances
for providing for time lag in the response to
correction, as none is needed in the case of
the adjustment of the air supply when fuel
of the nature of pulverized coal is used.

Referring to Fig. 6, which shows the work-
ing components of a Bailey air-flow steam-
flow meter of the kind forming the subject of
Patent No. 1,257,965, the component respon-
sive to the air flow through the furnace oper-
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ates upon a lever, 41, pivoted at 42 and acting
through suitable linkage upon a pointer, 43,
said lever, 41, being rocked in one direction
by increase and in the opposite direction by
decrease in the air flow through the furnace.

The part responsive to steam flow acts
upon a lever, 44, pivoted at 45 and acting
through suitable linkage upon a pointer or
indicator, 48.

The levers, 41 and 44, which respond to air
flow and steam flow respectively are connect-
ed by links, 47, 48, with a floating bar or link,
49, having a bearing piece, 50 (see Fig. 7) in-
terposed between the feeler, 51, and carriers
or actuators for the movable members of two
circuit closers, 60, 61, the normally station-
ary or anvil members of which are yield-
ingly supported, as indicated in the case of
the upper one at 62 in Fig. 7. )

The feeler, 51, is operated with a continu-
ous slow back and forth movement by a cam,

52, operated through suitable geariqg indi-
cated at 53, by the continuously running mo-

tor, 55.

The Bailey steam-flow air-flow meter,

which itself forms no part of the present in-
vention, is devised to indicate the relation be-
tween steam flow and air flow at which effi-
cient combustion is maintained, the steam-
flow air-flow pointers or indicators, 43, 46,
being in substantially coincidence when the
proper relation exists and being both movable
in response to changes in steam flow and air
flow. .
So long as the movement of the pointers is
practically coincident, as is the case when the
proper relation is maintained, (although both
factors may be individually undergoing
change) the floating link, 49, will be merely
turned about its central point where the bear-
ing piece, 50, is located and will not change
the position of said bearing piece vertically,
but if one of the pointers moves when the
other does not, or moves at a different rate
from the other, thus indicating a departure
from the proper relation between the steam
flow and air flow, one end of the link, 49, will
rise or fall to a greater extent than the other
and consequently the bearing piece, 50, at or
near the middle of the link will be raised or
lowered as the case may be.

1£, for example, the air flow is less than it
should be for the existing rate of steam flow
the bearing piece will be moved upward, and
on the other hand if the air flow is greater
than required for the combustion to maintain
the existing steam flow, the bearing piece will
be moved downward.

The feeler, 51, has a central notch, and

stepped or cam shaped engaging portions at

the side of said notch, being similar to the
feeler of the primary controller in this re-
spect and consequently needing no. further

~description, and it will be seen by referring

S

to Fig. 7 that when the indicator bearing
piece, 50, is in normal position, as when the
relation between steam flow and air flow is
correct, said bearing piece will be received
in the notch of the feeler when moved to-
wards it by the cam, 52, and no effect will be
produced.

If, however, the air flow is greater than i
should be for normal combustion, as is the
case when a change is being made in response
to the primary contrel instrument, as before
explained, the bearing piece, 50, will be
moved downward and wiil come between the
modifier or stepped portion of the feeder and
the actuator or bearing piece of the lower
circuit closer, 61, moving the said bearing
piece and circuit closer member towards the
anvil member of the circuit closer and thus
closing the circuit during a portion of the
movement of the feeler, and energizing the
solenoid, 144, of the fourth shaft of the cor-
rector driver which responds with the tend-
ency to supply less air.

The anvil is shown as yielding and spring
pressed towards the movable member of the
circuit closer and consequently will main-
tain the contact during the further move-
ment of the movable member after the con-
tact has been made and in the return move-
ment until the anvil member arrives at nor-
mal position and the contacts are again sepa-
rated.

Thus the time duration of the circuit clo-
sure is varied in accordance with the dis-
tance the bearing piece, 50, of the indicator
is moved from mnormal position, giving a
longer period of corrective action the greater
the deviation of the air flow from the proper
relation to the steam flow.

In case of deficiency of air the bearing
plece, 50, of the indicator would be moved
upward and the actuator for the other cir-
cuit closer, 60, would be operated in a simi-
lar manner to make a correction in the way
of increasing the air flow to the furnace.

Referring now to the relation of the sec-
ondary control instrument to the corrector
driver, the circuit closers, 60, 61, control the
responsive instruments or solenoids, 143 and
144, pertaining to the clutches on the inter-
mediate pair of shafts, 118, 114. Thus, ac-
cording as one or the other circuit closer is
operated, one or the other of the clutches will
be connected to the intermediate gear, 123,
and will drive the member, 122, of the dif-
ferential in the proper direction to operate
the shaft, 131, and connections to the damper
or air controlling device in such manner as
to increase or decrease the air flow as is
called for, this operation taking place
through the differential connection regard-
less of the action of the other member, 121,
of the differential due to the primary con-
trol instrument. : =
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daqlr
Transmitting conneciions
In the embodiment of the invention herein
shown the transmitting connsct Pt

the several instruments ars electrica
though the invention is nob Imit & to such
construction, as obviously other transmitiing
mechanism, such for example as paeumatic
or even mechanical connecti linkage,
might be employec.

The electrical connections emp!
present example of the inve:
shown in Fig. 2 and require
planation or analysis, as
understood by those famili

As there shown, & main s
500—, has a branch, 50%,
motor, 110, of the corre
and a branch, 502, gt
of the primary instrument, an
508, supplying the motor,
of the secondary instrumenc.

The primary and secondary instruments
have provision for chan a
to hand operation whe

5
Nranehn
& f3151b11€119

the feeler

58,

quired under con-
trol of switches indicated s £ whole in Fig. 1

at 02 for the primary instrument, 2, and at
04 for the secondary Instrumens, 4

The primary instrumen? i
automatic operation of th
trols only the fuel and
ducing through the action
fifth shafts of the correc
crease in supply of fuel and ai
or through the action ot
shafts causing less fuel
supplied.

The switch 02 merely
tion from the automasic
and 220, to two correspond
M, L, (see Fig. 1) so shet when the said
switch is in the No. I position the push but-
tons control the circuit, and the operator by
pressing the button “IL” will ‘cause the
corrector driver to give mor 1 and more
will cause

nal

changes the connec-
~cult closers, 2%
¢ push buttons,

instrument has four wo: positions, the
one numbered 4 being normal, or for com-
plete automatic operation making the
connections as indicated di nmatically
in Fig. 2, while if the switch
No. 3 position it malces the
cated diagrammatically in
push buttons M, L, such

push button M gives more iu
concurrently, while operation of the push
button L gives less fuel and less air con-
currently, these hand operations thus being
brought within control of an attendant at

o
ig. B, with the
; operation of

and more air

any one of the secondary instruments, which

lace in the plant more
primary instrument

LALAEEL

may be located at &
or less remote from ihe
and from one another.

" noids, 148 and 144, pest

_ Other changes in tne connections produced
by the switch 04 at the secondary ingtrument
are indicated -diagrammatically in Higs. 3
and 4, that shown in Fig. 8 being the posi-
tion in which the air supply only may be
operated by the push buttons, while that
shown in Fig. 4 is such that the fuel only Is
controlled by the push buttons, increasing or
diminishing the fuel feed according as the
button M or L is operated.

With the connections as shown in Iig.
the push buttons of both instruments are out
of circuit and the operation is automalic
throughout.

Referring to the diagram, wire 510 con-
nects with one terminal of each of the sole-
noids, 141, 142, 145 and 146, pertaining to
the first and second and the fifth and sixth
shafts of the corrector driver.

When the switches 02 and 04 are in normal
position for complete automatic operation
the connection from wire 510 of the switch
04 in the secondary instrument is continued
on to the positive side of the meain supply
cireuit, 500, so that a connection in some Wway
from the negative side of the main circuit
%o the other terminal of any one of the sole-
noids of the corrector driver will complete the
cirenit through said solenoid and energize
the same.

The wire, 510q, similariy connecis to one
serminal of each of the middie pair of sole-

ining
and fourth shafts, which are under control of
the secondary controlling instrument.

Wires 511, 512, etc., extend {rom the other
terminal of each of the several solenoids
to the correspondingly marked connections
ot the switch 04 of the secondary controlling
instrument, (Figs. 8, 4 and 5) and 1n the
normal position of said switch the said con-
nections 511 and 515 are continued to one
member of the circuit closer, 22, of the pri-
mary instrument, so that when said circuit
closer is operated the first and fifth clutches
are operated, and the fuel supply and air flow
are corrected by an increase of each.

Similarly the wires 512 and 516 connect to
one member of the other circuit closer, 220, ot
the primary Instrument, so thab when closed
by the action of the feeler and actuator, as
hereinbefore described, the clutches of the
cecond and sixth shafts of the controller
driver will be operated to give less fuel and
air.

The other member of each of the circuit
closers, 22, 220, is connected by a branch, 5053,
(see Fig. 2) with the negative lead, 500—, of
the main supply circuit, thus completing the
circuits of the corresponding solenoids, 141,
145, and 142, 146, when said circuit closers
are operated.

Similarly the wires 513, 514, connect to one
member of each of the respective circuit clos-
ers, 60, 61, of the secondary instrument, the
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other members of which are connected by
branch 506 to the negative lead, 500—, so
that the circuit of the third or fourth solenoid
is closed by the circuit closer, 60, or 61, accord-
ing as more or less air is required.

As shown in Fig. 2, the main supply cir-
cuit, 500, and the control circuits from the
primary controlling instrument, extend be-
yond the secondary instrument, this being to
indicate that they may lead to other second-
ary instruments pertaining to other boilers,
all of which form a single steam generating
unit or battery under control of the single
primary instrument, 2.

Referring to Fig. 2, the switch 02 of the
primary instrument is shown as a three-pole
or three-arm switch and it will be seen that
if thrown to the other position it will merely
transfer the connections from the automatic
circuit closers, 22, 220, to the push buttons,
M, L, which will then operate the first and
fifth or the second and sixth clutches con-
currently, according as the push button M or
L is operated. '

So far as the control by the primary instru-
ment is concerned, the circuit connection
might lead directly from the circuit closers
or push buttons thereof to the terminals, 511,
512, 515 and 5186, of the solenoids of the cor-
rector driver. They are, however, passed
by branches through the switches 04 of the
secondary instruments, so that the correction
or change of fuel and air supply either con-
currently or individually, may be made by
an attendant at any of the secondary instru-
ments.

When the switch, 04, is in the position
numbered 1, in Fig. 1, the connections are as
indicated in Fig. 3 in which it will be seen
that the wires leading from the first and
second and the fifth and sixth solenoids are
not connected with anything beyond the
switch, so that control is taken entirely away
from the primary instrument. Furthermore,
the connections, 513 and 514, from the third
and fourth solenoids are shifted from the
connection with the automatic circuit closers.
60, 61, of the secondary instrument to the
push buttons, M and L, thereof, while the
connection 510¢ from the positive terminals

of the said third and fourth solenoids is con-

nected by branch 5105 (see Fig. 2) to the

. positive main lead, 500+. Consequently in

this position of the switch of the secondary

3 instrument the attendant at that instrument

can effect an increase or decrease in the air
supply, that being for the time being the only
control afforded.

In the No. 2 position of the switch 04 of
the secondary instrument the connections are
as shown in Fig. 4 in which the wires leading
from 21l of the solenoids except the fifth and

sixth are disconnected and the latter (wires.

515, 516) are connected to the push buttons

of the secondary instrament, while

11

the positive connection, 510, from said sole-
noids is connected to the branch 5100 leading
to the positive main lead, 500.

In this position, therefore, the operator at
the secondary instrument where the switch
04 is set in the No. 2 position, can increase or
diminish the fuel supply by pressing the but-
Eon M or 1, and no other control is provided

or.

Thus it will be seen that with the switch 04
either in the No. 1 position as shown in Fig.
3, or the No. 2 position as shown in Fig. 4,
or alternately in either of these positions, the
boiler whose ratio of fuel and air may be auto-
matically controlled by this particular con-
troller 40 will be entirely cut off from auto-
matic control of both the primary instrument
02 and the secondary instrument 40 while the
switch is either in the No. 1 or No. 2 position.
As many boilers of the battery as may be de-
sired can thus be cut off from automatic con-
trol, while the remaining boilers of the bat-
tery are being automatically controlled by the
primary controller 2 and the controller 40
appurtenant to the particular furnace as
heretofore described. In this way it is pos-
sible to operate a battery of boilers so that
the boilers of the battery that are discon-
nected from the automatic control can have
their fuel and air manually set to take care
of a constant load, or so that the output of
these boilers so manually set will be constant,
while the variations in the total load will be
taken care of by the boilers of the battery
that are still being controlled by the auto-
matic controllers 2 and 40. For example,
the boiler to which the connections A (Fig.
2) appertain may be cut off entirely from
automatic control by leaving the switch 04

in the No. 1 position (Fig. 3) or in the No. 2

position (Fig. 4), thus permitting this boil-
er to care for the steady load, while other
boilers to which connections B and C (Fig. 2)
that are like connections A appertain, may be
kept under automatic control by leaving their
corresponding switches 04 in the No. 4 posi-
tion as shown in Fig. 2 to permit these other
boilers to care for the variations in loads. In
this way any desired number of the boilers
of a battery may be isolated from the auto-
matic control and be caused to operate with
constant output, while the remaining boil-
ers are left susceptible to the automatic con-
trol in order to have their output varied with
varying loads.

In the No. 8 position (Fig. 5) of the switch
04, the corresponding boiler is also discon-
nected from the primary instrument so that
its output can be manually set by the push
buttons M and L of the secondary instrument
to care for steady load conditions, while the
boilers of the battery that have their switches
04 in the No. 4 position (Fig. 2) will care for_
the variations in load. At the same time the
secondary instrument 40 of the boiler or boil-
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The operation of the spparatus will be
readily understood rom Lhe 1'01‘0001"1 de-
seription.  With he switches 02 and 04 in

normal position and with the indicators of
the primary and secondu:‘" instruments in
normal position, that is, the steam gauge in-
dicating the normal pressure Whmh t 18 de-
sired to mamtmns and the steam-fiow air-flow
meter indicating by comcme”m\, of 1ts point-
ers that the relation of steam flow to air flow
is such as prevails when the combustion is
efficient, there will be no e{i‘gc’m7 operation
of the parts and the condition of the Fuel sup-
ply and air supply will remain the same and
in proper amount to generate the steam re-
quired at whatever demand then exists or
whatever the power rating at the time
may be.

The feelers of the controlling instruments
will, however, continue to Derform thelr
pﬂnod ¢ to and fro working movements and
the shafts of the corrector ~driver will con-
tinue to run, although without producing any
effect as all of the cluiches ave disengaged.

Tf, however, there is a change in demand
for power, or call for a cha nge in the rating
of the steam plant, the indicator of the pri-
mary instrument will be moved in one or the
other direction according as the steam pres-
suve falls or rises in response to increased
or decreased demand. The feeler of the pri-
mary instrument will then operate one or
the other of the circuit closers, 22, 220, ac-
cording as an increase or decreqse of heat
input is called for, thus energizing the first
and fifth solenoids of the corrector driver,
or the second and sizth, sccording as the

steam pressure had i Hen or risen. The
energiz mg of the first and ffth solenoids
connects the first and fitth clutches and thus

causes the correc ctor driver to move, by the
first shaft. the air controlling device in the
(urncmon to give more air Um)lv and io
move, by the fifth shatt, the -heos cat, 206,
in the du‘ecmcﬁ to cause increase of speed of
opcmmoq of the mel feeding motor, 207.

This operation of SLOWW increasing the
fuel and air supmus will continue for a
sho,t interval of time, while the feeler LS

making its forward mov emenu towards the
m(hcuor and will then cease when the ;ceier
begins its return movement, s0 that the cor-
rective ackion-on the fuel and air uppiles is
discontinued and & new rate of fuel.and a
feed is for the time being established.

Tf the change in demand for power is com-
DA v‘ahvd\/ small and the movement of the
cessure  indicator consequently compara-

rely slow the feeler will produce oniy a
feLz ively short closure of the eireuit and
the corrective action or change of fuel and
air feed will be relatively small. If, how-
ever, the change in demm@ is-large and the
change of p“essure rapid, the amount of cor-
vection 1 .vou]d he correspondingly increased.

Tf the change in pressure did not increase
further there would be no further correction
at the next overation of the feeler if the
change had been small, or only a small
further correction if the change In pressure
had been somewhat more ra pld but if the
change had been ’Sudﬂe‘fl and large so that the
vwldm(r stop, 39, for the 01rcu1L closer, 22,
had been cailed into operauon a further cor-
rection of the same character would be made
at the next and at succeeding operations of
the feeler until the pressure began to return
towards normal.

The retarder, or provision for delaying the
return of the automatic circuit closer of the

srimary instrument to its normal position
would, in the case of the small correction
first con‘ndered prevent further corrective
action on the next-and ensuing operatlons
of the feeler and the appliances would wait
for a short period, thus testing, as it were, the
effect of the slight co"rectlon already made.

Tf the correction has been sufficient it
would, as soon as the increase of combus-
tion had time to take effect upon the genera-
tion of steam, restore the pressure to Tormal
with but chght liability of carrying the
change. beyond normal, so as to require a
new correction of the oppo:31te kind.

If, however, the slight correction made
Were insufficient the pressure would continue
to change in the same direction as before and
would then bring about an additional cor-
rective action, abou* the same in amount as
the first, which would be followed by another
delay to test the effect of the further cor-
rection.
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In this way the action of the controller
anticipates the effect produced by it and
waits until the result of an initial correction
is made evident before making a further
corrective action.

However great and rapid the change of
pressure may have been, as soon as the pres-
sure begins to return towards normal the
action of the retarder will be to prevent the
feeler from bringing about further correc-
tive action, until the pressure is restored to
normal.

Thus, except in the case of excessive fluc-
tuations in the demand for power, the cor-
rection is usually effected and the pressure
brought back te normal at the new rating
without overcorrection and carrying the
pressure beyond normal so as to require cor-
rection of the opposite kind, or hunting.

Owing to the described effective speeds of
the first and second shafts of_the corrector
driver, relative to that of the fifth and sixth,
when the first and fifth shafts are operating
to increase the fuel and air supply the latter
will be increased at a relatively higher rate

thus producing an excess of air above what

is required for proper combustion, while the
change is being made, and similarly when
the second and sixth shafts operate to dimin-

ish the fuel and air supply the fuel supply is.

" operated more rapidly than the air supplg, scé
ou

C)

that an excess of air is also brought abc
while making such correction for reducing

" the input of heat.

The secondary controlling instrument, 40,
responds to an excess of air beyond what is

‘required for efficient combustion for the gen-
-eration of the amount of steam produced, as

indicated by the steam-flow component of the
meter, or to a deficiency of air if such should
at any time arise, and by the action of its

“feeler and circuit closers causes more or less

air to be supplied as the indication calls for.

The differential . connection between the
shaft, 120, for correcting the air supply under
control of the primary instrument, and the
shaft, operated by the gear 123, for correet-
ing the air under control of the secondary
instrument, permits both corrections to be
made concurrently when required, the damper
or thing to be corrected responding to the
differential or algebraic sum of the correc-
tions due tq the action of the primary and
secondary instruments.

The invention is not limited to the mechan-
ical details of the various instruments herein
shown, as obviously they may be widely
varied without departure from the essential
matters of organization and cooperation of
the instrumentalities hereinbefore described.

Novel features of the mechanical construc-
tion which are not herein claimed will form
the subject of other applications for patent.

It will be apparent that the organization

5 *s such as to lend itself to a great variety

of structural organization. Taking into ac-
count the fact that the problem of maintain-
ing efficient combustion is exceptionally diffi-
cult when powdered coal is the fuel used, the
construction herein shown for purposes of
illustration is comparatively simple and suffi-
cient only to show a complete adequate organ-
ization of the cooperating elements of the
controlling apparatus, which obviously might
be expanded to include other factors the con-
trol of which would be necessary or desirable
to complete the effective attainment of the
result desired. :

The use of the control apparatus forming
a subject of this invention is not limited to
the control of a steam generating plant such
as has been taken to illustrate an embodiment
of the invention, as the same or equivalent
controlling means might be employed for the
regulation of any variable, the variations of
which may be regulated or controlled by
changing or correcting one or more variable
factors, and in which, if required, the vari-
able factors may be correlated to one another
as a secondary or readjustment regulation
additional to but independent of the varia-
tion of all of the factors for controlling the
variable which is primarily to be regulated.

I claim :

1. An automatic controlling apparatus for
maintaining the desired condition of combus-
tion in a steam generator furnace, comprising
an indicator responsive to changes of steam
pressure; correctors for changing the rate of
supply of fuel and air to the furnace, and a
controlling instrument comprising a feeler
which has a periodic movement relative to
the indicator and which causes the correctors
to operate during portions of the period of
movement of the feeler when the indicator is
in abnormal position. ’ :

2. An automatic controlling apparatus for
maintaining the desired condition of a vari-
able to be regulated, comprising a primary
control instrument having an indicator re-
sponsive to changes of said variable; cor-
rectors for changing correlated factors, by
which said variable 1s regulated, and a con-
trolling instrument which causes the proper
correctors to operate concurrently. when the
ind*cator is in abnormal position, and a sec-
ondary control instrument for varying one
or more of said factors independently of
the primary control to bring it to proper or
normal relation to the others.

8. A control system for regulating the op-
eration of a steam generating plant, com-
prising a primary instrument having an in-
d*cator movable in response to changes of
pressure of the steam generated; correctors
for changing the rate of supply of fuel and
of air concurrently to the furnaces; means
responsive to said indicator for causing the
said correctors gradually to increase or de-
crease the rate of supply of the fuel and air
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controlled by them, and a secondary control
instrument having an indicator responsive
to change in the relation of steam output to

rate of air supply to the furnace and means

responsive to said indicator for effecting an
action of the air flow corrector independent
of that responsive to the primary control in-
strument. .

4. An automatic controlling apparatus for
regulating the ratio of fuel to air in a fur-
nace, comprising an indicator responsive to
changes of said ratio; correctors for changing
one or more factors by which said ratio is
regulated ; a corrector driver having a con-
tinuously running, but normally inactive,
means for operating each of said correctors
to change the same gradually in one or the
other direction; and a controlling instrument
responsive to the indicator and controlling
the effective engagement of the driver and
* correctors.

5. An automatic controlling apparatus for
regulating the ratio of fuel to air in a fur-
nace, comprising an indicator responsive to
changes of said ratio; correctors for chang-
ing one or more factors by which said ratio
is regulated and a controlling instrument
comprising a feeler which has a periodic
movement relative to the indicator and has
provision for causing the correctors to oper-
ate during greater or less portions of the
period of movement of the feeler, dependent
upon the amount of change of the indicator
in one period of said movement.

6. An automatic controlling apparatus for
‘maintaining the desired condition of a vari-
able to be regulated, comprising an indicator
responsive to changes of said variable; cor-
rectors for changing one or more factors by
which said variable is regulated and a con-
trolling instrument comprising a feeler which
has a periodic movement relative to the indi-
cator and has provision for causing the cor-
rectors to operate during greater or less por-
tions of the period of movement of the feeler,
dependent upon the amount of changes of the
indicator in one period of said movement, and
retarding means whereby the effect of the
feeler on the correctors is diminished at its
succeeding periods of operation. :

7. An automatic controlling apparatus for
maintaining the desired condition of a vari-
able to be regulated, comprising an indicator
responsive to changes of said variable; cor-
rectors for changing one or more factors by
which said variable is regulated and a con-
trolling instrument comprising a feeler which
has a periodic movement relative to the indi-
cator and has provision for causing the cor-
rectors to operate during greater or less por-

tions of the period of movement of the feeler,

dependent upon the amount of change of the
indicator in one period of said movement, and
retarding means whereby the effect of the
feeler on the correctors is annulled during

1,804,616

change of indicator from abnormal towards
normal position.

8. A control system for regulating the op-
eration of a steam generating plant, compris-
ing an indicator movable in response to
changes of pressure of the steam in the boiler;
correctors for changing the rate of supply of
fuel and air to the boiler furnace, and a con-
trolling instrument comprising a feeler hav-
ing a periodic movement relative to the indi-
cator and cam surfaces for cooperating with
the feeler when moved in response to de-
parture from normal pressure, and means op-
erated by said feeler for causing operation of
said correctors dependent upon the direction
and extent of change of the indicator in a
period of operation of the said feeler.

9. A control system for regulating the op-
eration of a steam generating plant, compris-
ing an indicator movable in response to
changes of pressure in the steam boilers; cor-
rectors for changing the rate of supply of fuel
and air to the boiler furnace; a corrector
driver having continuously running means
for operating said correctors individually
gradually to increase or decrease the supply
of fuel and air controlled by them, said oper-
ating means being normally disconnected
from the said corrector; electromagnetic de-
vices controlling the operative engagement of
the driver with the individual correctors for
driving the same in either direction, and a
controlling instrument responsive to the indi-
cator, comprising a feeler having a cam sur-

face and a circuit closer operated thereby con--

trolling the electromagnetic devices of the
driver.

10. A control system for regulating the op-
eration of a steam generating plant, compris-
ing an indicator movable in response to
changes of pressure of the steam generated;
correctors for changing the rate of supply of
fuel and of air concurrently to the furnaces;
a corrector driver having continuously run-
ning, but normally inactive, means for oper-
ating said correctors individually gradually
to’increase or decrease the rate of supply of
the fuel and air controlled by them; connect-
ing mechanism between said driver and cor-
rectors adapted to increase the air supply at
a relatively higher rate than that of the con-
current increase in fuel supply, and to de-

crease the fuel supply at a relatively higher

rate than that of the concurrent decrease in
air supply; a controlling instrument respon-
sive to the indicator governing the operative
engagement of the driver with the correctors;
and a secondary control instrument and an
independent connection therefrom to the cor-
rector for the rate of air supply governed
thereby to correlate the rate of air supply to
that of fuel supply for efficient combustion.
11. A control system for regulating the op-
eraticn of a steam generating plant, com-
prising a primary control instrument having
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an indicator movable in response to changes
of pressure of the steam generated ; correctors
for changing the rate of supply of fuel and
air concurrently to the furnaces; a corrector
driver having continuously running, but nor-
mally inactive, means fof operating said cor-
rectors concurrently gradually to increase or
decrease the rate of supply of the fuel and air
controlled by them ; means controlled by the

indicator for governing the engagement of

the driver with the correctors to be operated ;
a secondary control instrument having an in-
dicator; and means controlled by the said
secondary indicator for governing the en-
gagement of the driver with the corrector for
the air supply; and a differential connection
between the components of the actuating
mechanism of the driver for the air supply
corrector which are controlled by the primary
and secondaary control instruments respec-
tively. .

12. A control system for regulating the op-
eration of a steam generating plant, compris-
ing a primary control instrument having an
indicator movable in response to changes of
pressure of the steam generated; correctors
for changing the rate of supply of fuel and of
air concurrently to the furnaces; a corrector
driver having a continuously running but
normally inactive means for operating said
correctors concurrently gradually to increase
or decrease the rate of supply of the fuel and
air controlled by them; connecting mecha-
nism between said driver and the correctors
whereby the air supply is increased at a rela-
tively higher rate and is decreased at a rela-
tively lower rate than the concurrent in-
crease or decrease in rate of fuel supply; said
primary controlling instrument having a
feeler provided with a modifying cam sur-
face; means for operating said fecler periodi-
cally ; and means controlled thereby for effect-
ing operative engagement of the connecting
mechanism of the driver with the correctors;
a secondary control instrument having an in-
dicator responsive to variations in efliciency
of combustion and a periodically operated
feeler and means operated by said feeler and
indicator which control the operative engage-

ment of the driver with the air flow corrector .

other than that governed by the primary
control instrument.

13. A control system for a plurality of
steam boilers feeding a main line comprising
means for initially correcting the supply of
fuel and air to said boilers when the pressure
in the main line departs from the normal, and
means to prevent further correction of the
two until time has elapsed to test the initial
correction. -

14. A control system for a plurality of

- steam boilers feeding a main line comprising

-3

means for initially correcting the supply of
fuel and air to said boilers when the pressure
in the main line departs from the normal,

15

and means to vary the amount of initial cor-

_rection in accordance with the amount of de-

parture from the normal.

15. A control system for a plurality of
steam boilers feeding a main line comprising
means for initially correcting the supply of
fuel and air to said boilers when the pressure
in the main line departs from the normal, and
means to increase the correction after an in-
terval of time provided the pressure has in
the meantime departed farther from the nor-
mal.

16. A control system for a plurality of
steam boilers feeding a main line comprising
means for initially correcting the supply of
fuel and air to said boilers when the pressure

in the main line departs from the normal, and

means to increase the correction after an in-
terval of time provided the pressure has in
the meantime departed farther from the nor-
mal, the increase in the amount of correction
being proportional to the change in boiler
pressure during said interval of time.

17. A control system for a plurality of
steam boilers feeding a main line comprising
means for changing the supply of fuel and
air to said boilers when the pressure in the
main line departs from the normal, and
means to modify the proportion of fuel and

“air supplied to each boiler independently of

the proportion of fuel and air supplied to the
other boilers after said change in fuel and
air supply has been made.

18. A control system for a plurality of
steam boilers feeding a main line comprising
means for initially correcting the supply of
fuel and air to said boilers and feeding an
excess of air during said correction when
the pressure in the main line departs from
the normal, and means to prevent further
correction of the two until time has elapsed
to test the initial correction.

19. A control system for a plurality of
steam boilers feeding a main line comprising
means for changing the supply of fuel and
air to said boilers when the pressure in the
main line departs from the nermal, and
means to modify the proportion of fuel and
air supplied to each boiler independently of
the proportion of fuel and air supplied to the
other boilers after said change in fuel and
air supply has been made until the propor-
tion reaches the maximum efficiency.

20. A control system for a plurality of
steam boilers feeding a main line comprising
means for initially correcting the supply of
fuel and air to said boilers when the pres-
sure in the main line departs from the nor-
mal, and maintaining a correction at least

- substantially as great as said initial correc-

tion until the normal pressure is again
reached.

21. A control system for a plurality of
steam boilers feeding a main line “ompris-
ing means for initially correcting the sup-
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ply of fuel and air to said boilers when the
pressure in the main line departs from the
normal, and means to prevent further cor-
rection of the two until time has elapsed to
test the initial correction and to produce
small corrections in the same direction upon
further slow departure from the normal.

99. A control system for use with appara-
tus having a factor which, during operation
of the apparatus, tends to vary from the
predetermined value, for maintaining said
factor at the predetermined value, compris-
ing means which when operated tends to re-
stove said factor to its predetermined value
and ceases substantially to operate for ad-
ditional restoration of said factor for a pe-
riod of times sufficiently long to test the
effect of its last restorative operation, con-

trol means comprising mechanism for effect-

ing movement of said means, means whereby
the magnitude of said movements is de-
pendent upon the rate of departure of said
factor from the predetermined value, means
whereby upon departure of the factor an
adjustable predetermined amount from the
predetermined value, the successive move-
ments of said first-named means will be of a
constant magnitude.

93. A control system for use with appara-

tus having a factor which, during operation

- of the apparatus, tends to vary from the pre-

35

40

determined value, for maintaining said fac-
tor at the predetermined value, comprising
means positioned in accordance with varia-
tions of said factor from the predetermined
value, means which when operated tends to
restore said factor toits predetermined value
anid ceases substantially to operate for ad-
ditional restoration -of said factor for a pe-
riod of time sufficiently long to test the effect

- of its last restorative operation, and control
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means through which said first-named means
effects operation of said second-named means,
said control means comprising mechanism for
effecting movements of said second-named
means in each direction, means whereby the
magnitude of such movements is dependent
upon the rate of departure of said factor
from the predetermined value, and means
whereby upon departure of the factor an ad-
justable predetermined amount from the pre-
determined value, the successive movements

of said first-named means wiil be of a con-.

stant magnitude.

94, A control system for regulating the
operation of a steam generating plant, com-
prising ‘a primary control instrument having
an indicator movable in response to changes
of pressure of the steam generated, correctors
for changing the rate of supply of fuel and
air concurrently to the furnaces, a corrector
driver having normally inactive motor means
for operating said correctors concurrently
gradually to increase or decrease the rate of
supply of the fuel and air controlled by them,

1,894,616

means controlled by the indicator for making
the driver effective on the correctors to be
operated, a secondary control instrument
having an indicator, and means controlled
by the said secondary indicator for making
the driver effective on the corrector for the
air supply, and a differential connection be-
tween the components of the actuating mech-
anism of the driver for the air supply cor-
rector which is controlled by the primary
and secondary control instruments respec-
tively. ]

95" A control system for regulating the
operation of a furnace, comprising a primary
contro! instrument having an indicator mov-
able in response to a variable factor produced
by said furnace, correctors for changing the
rate of supply of fuel and air concurrently
to said furnace, a corrector driver having
normally inactive motor means for operating
said eorrectors concurrently gradually to in-
crease or decrease the rate of supply of the
fuel and air ‘controlled by them, means con-
trolled by the indicator for making the driver
effective on the correctors to be operated, a
secondary control instrument having an in-
dicator, means controlled by the said sec-
ondary indicator for making the driver ef-
fective on the corrector for the air supply,
and a differential connection between the
components of the actuating mechanism of
the driver for the air supply corrector which
is controlled by the primary and secondary
control instruments respectively.

96. A control system for regulating the op-
eration of a furnace, comprising a primary
control instrument having an indicator mov-
able in response to a variable factor produced
by said furnace, correctors for changing the
rate of fuel and air concurrently to said fur-
nace, a corrector driver having normally in-
active motor means for operating said cor-
rectors concurrently gradually to increase or
decrease the rate of supply of the fuel and
air controlled by them, means controlled by
the indicator for making the driver effective
on the correctors to be operated, a secondary
control instrument having an indicator,
means controlled by the said secondary indi-
cator for making the driver effective on the
corrector for the air supply, and a differen-
tial connection between the components of the
actuating mechanism of the driver for one
of the elements of combustion for the fur-
nace which is controlled by the primary and
secondary control instruments respectively.

97. An automatic controlling apparatus
for maintaining the desired condition of a
variable to be regulated, comprising an in-
dicator responsive to changes of said va-
riable, correctors for changing one or more
factors by which said variable is regulated,
a corrector driver having normally inactive
motor means for operating said correctors
concurrently gradually to increase or de-
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crease the factors controlled by them, means
controlled by the indicator for making the
driver effective on the correctors to be op-
erated, a secondary control instrument hav-
ing an indicator, means controlled by said
secondary indicator for making the driver
effective on the corrector of one of the factors,
and a differential connection between the
components of the actuating mechanism of
the driver corrector of one of the factors

which are controlled by the primary and sec--

ondary control instruments respectively.

28. Combustion control apparatus com-
prising in combination, a furnace, apparatus
for supplying the elements of combustion to
the furnace, a gear driven corrector of the
rate of supply for each element, means re-
sponsive to a factor in furnace operation for
concurrently actuating the correctors, means
responsive to a second factor in furnace op-
eration for actuating one of the correctors,
and a differential gear connection between
said means and said last-named corrector.

29. A control system for a vapor generator
comprising means for initially correcting the
supply of the elements of combustion to the
generator when the vapor pressure departs
from normal, and means to prevent further
correction of the elements of combustion un-
til time has elapsed to test the initial corree-
tion.

30. A control system for a vapor genera-
tor, comprising means for initially correct-

ing the supply of the elements of combustion

to the generator when the pressure departs
from normal, and means to increase the cor-
rection after an interval of time provided the
variable has in the meantime departed farth-
er from the normal.

31. A control system for maintaining the
value of a variable, comprising means for ini-
tially correcting a factor influencing the val-
ue of said variable when the variable departs
from the normal, and means to increase the
correction after an interval of time only if
the variable has in the meantime departed
farther from the normal.

32. A control system for maintaining the
value of a variable, comprising means for ini-

_tially correcting a factor influencing the value

of said variable when the variable departs
from the normal, and means to increase the
correction after an interval of time only if
the variable has in the meantime departed
farther from the normal, the increase in the
amount of correction being proportional to
the change in said variable during said inter-

val of time,
ERVIN G. BAILEY.
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