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To all whom it may concern: 
. Beit known that I, CEORGE H.GIBSON, a citizen of the United States, and a resi 
dent of Montclair, New Jersey, in the 
county of Essex and State of New Jersey, 
have invented certain new and useful Im 
provements in Combustion Regulation, of 
which the following is a specification. 

10 
- and apparatus for regul 

.. The general object of the present inven 
tion is to provide an improved method of 

ating combustion in 
furnaces in automatic response to the heat 
requirements of the furnaces. 

y present invention in its entirety is 
especially designed and adapted for use in 
regulating combustion in boiler furnaces 

20 

heated by the combustion of solid fuel, but 
some features of my invention are useful in 
other furnaces and some features are useful 
in furnaces heated by the combustion of 
liquid orgaseous fuel as well as those in 
which solid fuel is burned. 
One specific object of my invention is 

to provide an improved control of the sup 
ply of fuel to the furnace in automatic re 
sponse to the fuel requirements of the fur 
nace. Another specific object of the inven 

" tion is to provide for the automatic regu 
30 

35. . 
| visions for automatically supplying to the 
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lation of the rate of combustion in boiler 
furnaces not only in response to the volume 
and pressure of the steam generated by the 
boilers of the regulated furnaces, but also 
in response to the rate at which feed water 
is supplied to the boilers. 

In general my invention comprises pro 
furnaces fuel, and primary and secondary 
air for the combustion of the fuel, in pro 
portion to the heat requirements of the 
furnaces, but the proportions between heat 
requirements and fuel and air supplies 
which I. am enabled to maintain in accord 
ance with the present invention are not 
necessarily linear proportions, as I have 
found it desirable in some cases to vary the 
supply of fuel to a furnace, and to vary the 
distribution of the total air Supplied for 
combustion of the fuelinto primary and secondary portions on changes in the heat 
requirements, at rates or proportions rela 
tive to the heat requirements whichrates or 
proportions vary as the heat requirements 
vary. W 

The various features of novelty which 

Fig,4; and “ v | - - - - - 
Fig. 6 is a view illustrating a modification 

characterize my invention are pointed out 
with particularity in the claims annexed to 
and forming a part of this specification. 
For a better understanding of the inven 
tion, however, its advantages and specific 
objects attained with its use, reference 
should be had to the accompanying draw 
ings and descriptive matter in which I have 
illustrated and described preferred embodi 
ments of my invention. “ 
Of the drawings: - 
Fig. 1 is a diagrammatic representation 

of a battery of boiler furnaces and regulat 
ing apparatus therefor; “ 

Fig. 2 is an elevation partly in section of 
one of the automatic regulators employed in 
carrying out the invention; 

Fig. 3 is asideelevation with parts broken 
away and in section of a portion of the 
aPF shown in Fig. 2; 

'ig. 4 is a sectional elevation of a por 
tion of one of the automatic damper control 
mechanisms; 
Fig. 5 is a section on the line 5-5 of 

of äportion of the apparatus shown in Fig. 1. . . . 
f the drawings A', A° and A° represent 

boiler furnaces each of which receives air 
through a corresponding branch pipe B 
from the discharge conduit B’ of a forced 
draft, fand (not shown). The stack outlets 
C of the different furnaces connect to a com 
mon stack connection Cº, and the steam 
pipes D from the different boilers discharge 
into a common steam main or header D'. 
Each of the boilers receives feed water 
through a Pé branch pipe G from a boiler feedpipe Gº. The Supply of 
water to each/boiler is controlled by a boiler 
feed regulator H which may be of any usual 
or suitable type. Secondary air is supplied 
to each furnace above its fuel bed through 
an adjustable inlet Bº, the pressure in the 
combustion chamber in the furnace being 
regulated as hereinafter explained so as to 
draw into each furnace through the inlet 
Bº the proper amount of secondary air. 
Fuel is süpplied to each boiler furnace by a 
corresponding automatic stoker E driven by 
an individual motor F at a rate dependent, 
as hereinafter explained, on the operation 
of a corresponding regulator KC. The vol 
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ume of draft through each furnace, and the 
pressure conditions in the latter are regu 
lated by a damper I in the air inlet connec 
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, lators K automatically operate to maintain 
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tion B and a damper IA in the stack outlet 
connection C. Each of the dampers I and 
IA is automatically adjusted by an indivi 
ual control mechanismcomprising adamper 
actuating motor J and a regulator K. 

In the embodiment of my invention il 
lustrated in the drawings, the various regu 
a predetermined relation between the 
amount of fluid flowing through the air in 
let B or the stack connection C to which 
the regulator pertains, and the strength of 
an electric control current. The latter is a 
joint function of the rate of steam outflow 
through the main D', the pressure of the 
steam in the main D', and the-rate at which 
feed water passes to the boilers through the 
supply pipe Gº. Each regulator KC. acts 
tomaintain a supply of fuel to the fuel bed 
of the corresponding furnace which will 
make the pressure dropor loss of draft 
head through the fuel bed a function of the 
electric control current for the regulators 
K of the same furnace. The means shown 
for maintaining the electric control current 
at the proper strength comprises a master 
controller KA responsive to steam flow 
through the conduit D', a master controller 
KB responsive to the rate of water flow 
through the boiler feed line Gº, and a mas 
ter controller L responsive to the pressure 
of the steam in the conduit Dº. °. 
The master controller KA as shown in 

Figs. 2 and 3 consists essentially of an elec 
tro-magnetic flow. balance comprising a tilt 
ing differential F gauge to the upper 
end of one leg Kof which, the static pres 
sure in the main Dº is transmitted by a con 
duit K“ and to the upper end of the other 
leg K° of which, the total pressure in the 
conduit Dº is transmitted by a pipe Kº. 
The differential pressure thus impressed on 
the tilting pressure gauge tends to displace 
the sealing liquid in the gauge and thereby 
exerts a tilting force on the gauge which is 
a. function of the rate of flow through the 
conduit Dº. This tilting force is opposed 
by the resultant of an electro-magnetic in 
teraction between coils K", and an electro 
magnetic interaction between a coil Pand a permanent magnet Pº. The electric cur 
rent flowing through the coils Kº and P is 
automatically adjusted as required to nor 
Inally maintain the balance in its neutral 
position by a current regulator including 
a resistance Q and mechanism for utilizing 
more or less of the potential impressed upon 
the resistance Q in forcing current through 
the coils Kº and P, as I shall now explain. 
As shown the arms Kº and K? of the 

gauge are adjustably clamped to arms Kº 
of a gauge frame Kº having a knife-edge 
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?o: K“ resting on suitable bearing blocks 
*. The frame Kº. carries Kone of the coils 

K° and normally holds the latter midway 
between the other two coils Kº which are 
stationary. The movable and stationary 70 
cois Ko in essence to the float 
ing and movable coils of. a. Kelvin balance. 
The coil Pis also carried by the frame mem 
ber K“ and the various coils may be so con 
nected that the electro-magnetic pull be 75 
tween coil P and the stationary permanent 

, magnet Pº 
coils K0. » * “ 

Associated with, and regulated by the 
magnetic flow balance of the master con 
troller KA is an electrical current adjusting 
device Q comprising in the form shown a 
supporting shaft Q’ on which is loosely 
journalled a member Q“ having ratchetteeth 
on its periphery. Also journalled on the 
shaft Qº is a ratchet oscillating lever P°. 
The latter is oscillated by a constantly run 
ning electric motor Othrough connections 
including a. gear wheel Pº in mesh with a 
pinion carried by the motorshaft and car 

opposes or assists the pull of the 
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rying a crank pin connected by a link P“ 
to the lever Pº. The latteris provided with 
two pawls Pº and Pº. The pawl Pºtends 
to engage the ratchet teeth on the periph 
ery of the member Q° and turn the latter º 
with the lever P° as the latter swings in the 
clockwise direction as seen in Fig. 3, while 
on the return stroke of the lever Pº, the pawl 
Pºtends to move the member Q in a coun 
ter clockwise direction. A pawl controller 100 
K° carried by the lower end of the flow 
balance frame member K“ prevents the si 
multaneous engagement of both pawls Pº 
and Pº with the ratchet teeth of the mem 
ber Q° and regulates the amount and direc 
tion of movement imparted to the member 
Q° by theoscillatory movements of the lever 
P3. 
in the form of an arc shaped strip of sheet 
metal fittin 
of the 
ing pressure gauge is in its neutral position 

105 

As shown the pawl controller K° is 
over aportion of the periphery º » 
er Q° and serving when the tilt 

as shown in Fig. 2 to hold both pawls Pº 
and Pº out of engagement with the ratchet 
teeth on the member Q° in all positions of 
the lever P°. 
gauge is swung from its neutral positiori in 
the direction in which it moves when the 
steam flow through the conduit Dº decreases 
relative to the electric current flow through 

115 
nen the tilting pressure 

120 
the coils K' and P, the shield K° will hold 
the pawl P° out of engagement with the 
ratchet teeth on the member Qº throughout 
the complete stroke of the lever P°, but the 
pawl Pº will then bepermitted to engage the 
ratchet teeth during a portion of the move 
ment of the lever P°and will correspondingly - 
adjust the member Q“ in a clockwise direc 
tion as Seen in Fig. 3. The portion of the 
movement of the lever Pº in wich the pawl 
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Pºoperatively engages and adjuststhemem 
ber Q° will depend upon the extent of dis 
placement of the shield K° from its neutral 
position owing to the shape of the corre 
spondingly stepped or inclined side edge K° 
of the shield member. Similarly when the 
shield member is displaced to the right from 
its neutral as shown in Fig. 2, the 
pawl Pº will beheld out of engagement with 
the teeth of the member Q* and the pawl 
Pº will effect the adjustments of the mem 
ber Q* in a counter clockwise direction as 
Seen in Fig. 3 in steps the magnitude of 
which depends upon the extent to which 
the shield Kº is 
position. ... “ 

Themember Q includes a resistance ele 
ment Q“ wound in a flattened helix about a 
ring shaped support Q°. The terminals of 

* are connected to inner and 
outer centrally disposed contact orslip rings 
Q“ and Q“. S and Sº represent stationary 
brushes engaging the slip rings Q“ and Q“ 
respectively. Sº is a stationary brushen 

2 gaging the resistance conductor Q. The 
brushes Sand Sºare connected by branch 

| conductors 3 and 4 respectively to main 
current supply conductors 1 and 2, re 
spectively, between which a suitable po 

º tential difference is maintained. The coils 
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Kº and P of the master controller KA 
are connected in a control circuit includ 
ing the portion of the resistance Q“ be 
tween the end of the latter connected to the 
slip ring Q“ and thereby to the main supply 
conductor 2, and the point at which the re 
sistance is engaged by the brush Sº, the lat 
ter, a conductor 5 and a conductor 6. The 
conductor 6 is connected to a similar con 
ductor 6º from the master controller KB. 
The common continuation 11 of the control 
conductor 6 and.6º is connected to the main 
supply conductor 1 through branch conduc 
tors 13, 14 and 15 in each of which is placed 
a manually adjustable rheostat R and a 
cut-out switch M. / 
The conductor 13 includes the windings 

of the two regulators K and the regulator 
KC for the boiler A, ands the conductors 
14 and 15 similarly include the windings of 
the regulators K and KC for the boilers A? 
andA“, respectively. . « v 

Themaster controller KB may beidenti 
cal in construction and operation with the 
controller KA, the pressure transmitting 
ipeconnections Kº and K* of the control 

ler KB transmitting the static and total 
ressures in the boiler feed line Gº to the dif 
erential pressure gauge of the balance KB. 
The connections 3º and 4° between the mas 
ter controller KB and the supply conductors 
1 and 2, correspond to the connections 3 
and 4 for the controller KA. 

' The mastercontroller L comprises in the 
construction illustrated a hollow head to 

isplaced from its neutral. 

which the pressure in the steam line Dº is 
transmitted by a pipe L“, and two flexible 
hollow curved arms Lº each of which is in 
effect a Bourdon tube. Themovable ends of 
the two, flexible tubes Lº are connected by 

- a part Lº which serves as a movable con 
tact member sliding over three resistances 
L“. The three resistances L“ are connected 
by conductors 13', 14º and 15º respectively 
to the conductors 13, 14 and 15 respectively 

70 

75 
at points between the correspondingbalances 
Kand KC and the rheostats R. The mov 
able contact member L“ is connected to the 
conductor 11. In consequence of the de 
scribed arrangement, the portion of the re 
sistance L“ between the contact Lº and the 
conductor 13 forms a shunt about the bal 
ances K and KC of the furnace A', so that 
when the steam pressure in the pipe Dºin 
creases above normal and the contact mem 
ber L“ is correspondingly depressed, the re 
sistance of the shunt including the conduc 
tor 13“ about the balances Kand KC of the 
furnace A is reduced and the electric cur 
rent flowing throagh the balance K and KC 
of the furnace Aº is correspondingly re 
duced. On a decrease in the pressure of the 
steam, the shunt resistance is increased and 
the effect of this is to increase the current 
flow through the balances K and KC. The 
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resistances L“ connected to the conductors 
14º and 15º respectively, form similar and 
similarly operated adjustable shunts about 
the balances K and KC of the furnaces A? 
and Aº respectively, whichtend to increase 
and decrease the current flow through those 
balances as the pressure of the steam in the 
main Dº decreasès and increases. . 
Each of the regulators K comprises an 

electromagnetic flow balance which may be“ 
identical with the electromagnetic flow bal 
anée of the master controller KA and hasits 
static and total pressure transmitting con 
nections K“ and Kºrunning to the corre 
sponding conduit Bor C. In the regulators 
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110 
K however, the current regulator. Q of the 
master controller KA is replaced by a regu 
lator for the corresponding damper actu 
ating motor J. The motor Jas shown is a 
fluidpressure motor comprising a piston Jº, 5 

the stem J* of which is connected to theop 
erating arm of the corresponding damper I 
or LA. Fluid under pressure is admitted to 
and exhausted from the opposite ends of the s in which the piston Jº operates 
through pipe connections U° and U“ to a. 
valve chest. U. The valve chest U is pro 
vided with an inlet U’ for a suitable motive 
fluid, as water under pressure, with an ex 
haust outlet U* and with spaced apartports 
to which the pipes U° and U* are connected. 
Working in the valve chest, U is a cylin 
drical valve memberX provided with spaced 
apart ports X“ which are interposed between 
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the inner wall of the valve chestand avalve 130 
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tion of the corresponding pawls Pº in a. 

a 

member Wof the rotary D valve type. The 
ports X* open at their outer ends into pock 
ets orrecesses U and U° in the innerwall of 
the valve chest U into which the pipes U* 
and U“ open. The valve member W is se 
cured to the shaft Tº to which is also se 
cured a segmental ratchet T. - Associated 
with the ratchet T ofeach balance K is os cillating mechanism for operating it, com 
prising an oScillating lever P, its actuat 
ing motor pawls Pº and Pº and a shield Kº 
carried by the frame K of the gauge of the 
flow balance element of the regulator K 
whereby the gearsegment T may be oscil 
lated in one direction or another in varying 
degrees dependent upon the position of the 
flow balance of the ator in a manner 
exactly similar to that in which the current 
regulator element Q* of the master control 
ler KA is oscillated. The valve member X 
has an arm Xº connected by a link J“, an 
armJ“, a stem Jºtoapiston Jº. v v 
The intended operation of each 
K isto adjust the corresponding damper I 
or LA as required to maintain a predeter 
mined ratio between the electric eurrent flowing through the coils Kº and Pof the 
balance, and the volume of primary air flow 
ing through the pipe B, or the volume of 
the products of combustion flowing through. 
the stack connection C, as the case may be. 
When the current flow through the branch 
conductor 13, for example, increases, the 
shields K° of the two balances Kpertaining 
to the furnace Aº are shifted to the left as, 
seen in Fig. 5 and the member T of each 
balance is thereby adjusted through the ac 

| clockwise direction to thereby permit pres 
40 sure fluid to flow through thevalve chest U 

and the pipe, U into theright hand ends of 
the corresponding cylinder J as shown in 
Fig, 4, while at the same time permitting the 
left hand end of the cylinder to exhaust 

- - current flows 
regulator 
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each balance KG is responsive to the drop 
in draft head through the fuel bed. The 
coils of each regulator KC corresponding to 
the coils Kº and P of the balance KAare 
connected in series with the corresponding 
circuit conductor 13, 14 and 15, and are 
not connected to resistances Q of the regu 
lator. In the balance KC, the resistance 
Q“ forms a part of the control mechanism 
for the electric motor F. by which the cor 
respondingstoker E is driven. For exam 
ple, the resistance"Q“ of each regulator KC 
may have its terminals connected to the 
supply conductor 1 and 2 and one terminal 
of the motor Fº may be connected to the 
supply conductor 2, while the other termi 
nal of the member is connected to the con 
ductor 60 leading from the brush of the con 
troller KC corresponding to the brush S 
of the controller KA, the connections, in 
any event, being such that as the electric 

» f. the control circuit 
conductor 13 increases and decreases, the 
rate at which the stoker member F runs 
tends to increase and decrease. 
With the electro-magnetic flow balance 

shown in Figs. 3 and 4, it is possible to 
maintain many different kinds of ratios be 
tween the pressure differential to which the 
flow balance is subjected on the one hand, 
and the balancing electric current on the 
other hand. Forexample, bydisconnecting 
the coil Pand/setting the different pressure 
gaugelegs Kand K* vertical, the pressure 
differential will vary in li 
with the square of the strength of the bal 
ance current and hence, in the case of the 
balance KA for example, the electric cur 
rentflowing through the control conductor 
6 will be proportional in strength to the, 
volume of steam flow through the conduit 

. D, since the pressure ºdifferential in that 
case is proportional to the square of the 
rate of steam flow. When the coil Pis con 

in linear proportion . 
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45 through the pipes U* and exhaust outlets nected in circuit with the coils Kºas shown 110 

| 50 

U?. This shiftsthe piston Jº to the left as 
seen in Fig. 4, and opens the corresponding 
damper Ior-LA andthereby increases the 
flow through the corresponding conduit B 
or C. Theadjustment of themember T in 
the counter clockwise direction correspond 
ingly adjusts the damper in the closing di 

, rection. With either adjustment of the 
55 

damper, the corresponding movement of the 
valve member X produced through the arms 
Jº and Xand the link J tends to prevent 

- over-travel and hunting of the damper. 

60 

The stoker regulators KC mayeach be 
identical in construction and general mode 

P with the master controller KA. 
e pressure transmitting connections Kº 

and Kº of each regulator KCare con 
nected to the furnace chamber above and 
below the fuel bed in the latter and hence. 
the differential pressure gauge element of 

in Figs. 2 and 3, the magnetic pull between 
the coil Pand the permanent magnet Pºis 
proportional to the strength of the electric 

| current and in this case with vertically dis 
posed pressure gauge legs Kº and Kº, the 115 
flow balance will tend to maintain an equal 
ity between the pressure differentialim 
pressed on the gauge of the balance, and an 
electro-magnetic force which increases more 
rapidly than does the electric current flow-120 
ing through the coils, but less rapidly than. 
the square of the electric current. -k. 
The effect of securing the different dif 

ferential pressure gauge legs Kand K° to 
their supporting frame arm K* in different 125 
angular adjustments is to vary the change 
in tilting moment produced b given 3. 

amount of displacement of ?e sealing. 
liquid in the gauge. By such adjustments 
of the gaugelegs Kºand Kºit is possible to 130 
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so calibrate the flow balance that the pres 
sure differential impressed upon the gauge 
willvarymore rapidly than does the Square 
of the electric current by which it is bal 
anced, or will vary less rapidly than the electric-balancing current, or will vary ac 
cording to some intermediate relation be 
tween the pressure differential and the elec 
tric balancing current. Much the sort of 
gauge adjustmentobtained changes in 
the inclination of the axes of the gauge legs 
Kº and K°, may be secured without chang 
ing the inclination of the legs by replacing 
one or both of thelegs Kºand Kºby others 
which vary in horizontal cross section along 
their lengths, but the adjustment by change 
in inclination is simpler and more flexible. 
The proper relation to be maintained be 

tween the pressure differential and the 
strength of the balancing current in the 
damper controlling regulators and master 
controllerswill dependon conditions of op - eration. Thus, for example, in some cases 

30 

40 

45 sealing liquid is disp 
into the leg K* the change in turning mo 

itis desirable to have the rate of combustion 
in linear proportion to the rate of steam 
generation solong as the steam pressure is 
constant and feedwater is being introduced 
into the boilers at the same rate at which 
steam is generated. This result may beob 
tained by dispensing with the coils P, ordis 
connecting the latter, in the regulators K 
and master controller KA, andby an ad 
justment of the corresponding gauge legs 
Kº and K* so that they will be vertical 
in the neutral positions of the various flow 
balances. If with constant steam pressure 
and with boiler feedwater supplied at the 
same rate at which the steam is generated 
it is desired to have the rate of combustion 
increased more rapidly than does the rate 
of steam generation, this result may be ac 
complished by inclining the le 
of the master controller KA 
tical as shown in f from the leg K 3 m the leg Kº 

ment on the gaugeframe exerted by the displaced liquid will begreater than the 
50 
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change in the volume of displaced liquid. 
In the operation of some furnaces it is 

desirableto increase the ratio. of primary to secondary air as the rate of combustion 
increases. With apparatus as shown in Fig. 
1 in whichtheratio of primary to secondary 
air is obtained by maintaining a determined 
ratio between the volume of primary air 
and the volume of products of combustion, 
the ratio of primary to secondary air may 
be caused to increase with the load by a 
relative adjustment ofgaugelegs Kand K. of the regulators Krespectively, controlling 
the correspondings dampers I and IA of a 
furnace so that as the load increases the vol 
ume of primary air passing from the fur 
nace to the conduit B will increase at a more 

Kº and K? . 
om the ver 

2 so that when the 

rapid rate than therate at which the volume 
of products of combustion leaving the fur 
nace increases. z - , 

. In the operation of some types of furnace, 
notably those equipped. with chain stoker 
grates, the difference between the pressures 
above and below the fuel bed or loss of 
dräft in the fuel bed is approximately pro 
portional to the square of the volume of 
draft. With such a furnace the flow bal 
ance in the regulator KC does not require 
the coil Pandshould have the legs Kand 
K* ofits pressure gauge vertically disposed 
in order to so operate the stoker motor as to 
maintain a fuel bed of approximately con 
stant thickness. With a fürnace equipped 
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with an underfeedstoker however the pres 
| sure drop through the fuel bed does not in 
crease with the square of the volume of 
flow through the fuel bed, as would be the 
case if the flow resistance of the fuel bed 
‚were constant with different volumes of 
flow. In such a furnace the effect of in 
crease of draft is in general to so loosen or 
open up the fuel bedthat in some cases the 
pressure drop through the fuel bedincreases 
but little more rapidly than does the vol 
ume of For this case the coil P may 
advantageously be used in the regulator 

85 

KC and the gauge legs Kº and Kºmay be 
inclined o 
clination 
of-this sort the coil Pºis not only desirably 
employed but may be used to furnish the 
entire electro-magnetic balancing force, the 
cois K0 bei then dispensed with or dis 
connected. Much the same results obtain 
able with the coil Pand permanent mag 

positely to the direction of in 

net Pº can beobtained by replacing the per 
manent magnet e by an electro magnet hav 

» » an oversaturated core. 
n addition to the variations in the char 

acteristics of the controllers and regulators, 
resulting from the use or non-use of the 
various coils and the changes in the inclina 
tion of the gauge tube legs mentioned above, 
it is possibleto modify the relative effect of 
one controller or regulator upon the others. 

own in Fig. 2. Indeed in a case 

100 

in the system by the use of adjustable re- . 
sistance shunts R“ about the electro-mag 
netic nce coils of the flow balance ele 
ment of the controller or ator. Simi 
larly the rheostats R in the conductors 13, 
14 and 15 
effect of themaster controller L on the dif 
ferent control circuits. . - 
When, as will sometimes be necessary or 

permit of a modification of the 

desirable, one or more of the boilers in the 
battery is temporarily cut out of-service, 
theswitch M. in the circuit with each of the 
corrèsponding control conductors 13, 14 and 
15 shunt conductors 13", 14º or 15’ for 
the furnace or furnacescut out of operation 
should be opened so that the master con 
trollers KA, KB and L may continue to 



conduit. 
10 
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“ exercise the p 

- in operation. 
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oper control upon the regu 
lators K and the furnaces remaining 

' N, Nº and Nº represent electrical instru 
ments connected in series with the conduc 
tors 6 which may be used to indicate, record 
and integrate the steam flow through the 

When the flow balance of the 
master controller KA. is of such character 
that the electric current flowing through the 
conductor 6 is in linear proportion to the 
rate of steam flow through the conduit D, 
the instruments N, Nº and Nº may be ordi 
nary ammeters having indicating, record 
ing and integrating provisions, r ively. 
The apparatus shown in Fig. 1 embodies 

a substantial improvement over. Somewhat 
similar apparatus heretofore devised by me 
in whichthe rate of combustion is made 
proportional solely to the volume, or to the 
volume and pressure of the steam generated, . 
in that provisions are made in the Present 
case for supplementing the regulation in 

to steam generation, by a regula 
tion responsive to the rate at which feed 
water is introduced into the boiler. Thé importance of thiswillberecognized when 
it is realized that in a high pressure boiler 
plant a. very considerable pertion of the 
total amount of heat required to convert 
cold boiler feed water into steam is utilized 
in raising the temperature of the steam, Thus in convertinga pound of boiler feed 

- water at 60° F. into steam at 250 pounds 
35 

40 

pressure, about one half as many heat units 
are required to raise the temperature of the 
water as water to the temperature of the 
steam, as are required to evaporate the water 
after it is so heated. Even with lower pres sure and higher feed water temperaturethe 

| regulation of the rate of combüstion Solely 
in response to the volume and pressure of 

.. the steam generated is less accurate than 
-45 

.. “ 50. 
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may often be desirable at periods in which 
thedemand for steam is relatively low but 
in which the "F of feed water may, be 
quite rapid as frequenty be the case 
with fluctuating steam demands. . 
In Fig. 6 I have illustrated a modified 

form of control for the stoker motor F of 
the boiler furnace A whereby. the Speed 
of the stoker is madea function of the strength of the eleetric current flowing 

hthe corresponding controlconductor 
13. Forthis purpose Imay 
employ a balance KC, but the pressuredif 
ferential to which the pressure gauge of 
the balance is subjected in this case, is the 
difference between the pressure of the at 
mosphere and the suction orinlet pressure 
of a fan W driven by the stoker motor and 
varying inspeed with the latter As shown 

.. the pipe K? of the balance KC shown in 
S Fig.6 has its outerend open to the atmos phere and the pressure transmitting pipe 

and Serial No. 41808 

latter varies. 
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of the fan W. The suction of the fan W. 
may be adjusted as disclosed in my prior 
Patent No. 1,360,285 by means of a radial 
slot Wº in the side of the fan housing and 
a rotatable damper Wº formed with a slot 
W* intersecting the slot Wº so that the in 
tersection of the slots W* and W“ maybe 
adjusted toward and away from the fan axis by rotating the damper Wº. 
Theapparatus and modes ofusedisclosed 

herein involve various features novel with 
ime but not claimed herein as they are dis 
closed and claimed in my prior applica 
tions, Serial No. 121547, filed se 22, 

Kº! runs from the balance to the inlet. Wº 

o 

75. 

1916; Serial No. 247858, filed August 1, 
1918; Serial No. 375728, filed April 22, 1920, 

ºfiled the 19th of 
October, 1920. . ) - . 
While in accordance with the provisions 

of the statutes I have illustrated and de 
scribed the best forms of my present inven 

to those skilled in the art that. changes may 
bemade in the form of my invention, with 
tion now known to me, it will be apparent 

out departing from the spirit of my inven- : 
tion as set forth in the appended claims, 
and that certain features of my invention 
may sometimes be used to advan with 
out a corresponding use of other features. 
Haying now describedmy invention, what 

| claimas ney and desire to secure by Letters Patent, is: . . . 
1. The method 

combustion therein in automatic response 
of 9perating aboiler für 

nace which consists in varying the rate of 
both totherateat whichfeedwaterisp 
plied to the boiler and to the rate at which 
steam is withdrawn from the furnace. 

2. The method of operating aboiler fur 105 
nace which consists in varying the rate of 
combustion therein in automatic response 
to the rate at whichfeed water is supplied 
to the boiler and to the rate at whichsteam 
is withdrawn from the furnace, -- and to the 
pressure of the steam generated. . 

10 

3. The method of regulating combustion 
in a furnace which consists in separately 
supplying primary and secondary air for 
combüstion and varying the ratio of pri 1 - 

mary to secondary air in apredetermined . 
relation to the rate of combustion as the 
4. The method of automaticallv regulat 

ing combustion in a plurality of furnaces 
supplyingheatfor one or more uses which 

120 

consists in building up a controlling force 
by adding.together elements each of which. is proportional to. the requirements of One 
of said uses, subdividing the total control 25 
ling force into proportiönal parts, one for 
each furnace, and controlling the combus- . 
tion in eachfurnace by the corresponding . 
part of said forcé. 

5. The combination with aboiler furnace ' . 130 
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of means for regulating the rate of combus 
tion thereinincluding provisionsautomat 
ically responsive to the rate at which feed 
water is supplied to the boiler tending to. 
increase and decrease the rate of Scombus 
tion as the supply of feed water increases 
and decreases respectively. 

6. The combination with a boiler furnace 
of means automatically responsive to the 

10 

15 

20 

25 

30 
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rate of steam generation, the pressure of the 
steam generated and to the rate at which 
feed water is supplied to the boiler for 
jointly regulating the rate of combustion. 
| 7. The combination with a furnace hav ing separate primary and Secondary air sup 
plies of means for increasing and decreas 
ing the ratio of primary to secondary air 
supplied in automatic response to increases 
and decreases in the heat requirements of 
the furnace. 

8. The combination with a furnace heated 
by the combustion of solid fuel On a fuel 
bed, of means automatically responsive both 

. to the volumie of draft through the fuel 
bed and to the difference between the pres 
sure at opposite sides of the fuel bed for 
supplying fuel to the fuel bed at a rate 
increasing more rapidly than does said dif 
ference in pressure as the volume of draft 
through the fuel bed increases. 

9. In combination with a plurality of 
boiler furnaces, means individually respon 
sive to separate heat requirements of all 
the furnaces for maintaining electric cur 
rents corresponding in intensity to the dif 
ferent requirements, means for combining 
said currents into a single control current, 
separate combustion controlling circuits for. 
the different furnaces, and means fordivid 

40 

45 

ing said control current among said cir 
cuits. * » ' = - 

- 10. In combination with a plurality of 
boiler furnaces, automatic means for sup 
plying an electrical current which is 
portional to the sum of the heat require 
ments of all the furnaces, separate com 
bustion controlling circuits for the differ 
ent furnaces, means for dividing said cur 
rent among said circuits, and means for 

pro 

modifying the current in each of said eir 
cuits in response to changes in the steam 
pressure. . 

11. The combination with a boiler fur 

Z » 

50 

nace, of means separately responsive to dif 
ferent heat requirements of the furnace for 
maintaining electric control currents corre 
sponding in intensity to the different re 
quirements, and meansjointly controlled by 
said currents for regulating combustion in 
said furnace. 

12. In a flow responsive device consisting 
of a tilting frame carrying a U-tube ma 
nometer subject to a pressure difference due 

55 
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to the flow of the fluid and also carrying electro-magnetic means for opposing the 
tilting a?tion of the manometer, the im 
provement which consists in provisions for 
varying the angle at which the limbs of the 

- manometer are attached to the frame. 
13. The combination with a steam boiler 

having a furnace, of means for regulating 
the pressure ofgases in the furnace, means 
for feeding fuel to the furnace, and means 
responsive both to steam conditions and to 
fuel bed resistance, for controlling the feed 
of fuel. “ “ * 

- 14. The combination with a steam boiler 
having a furnace, of means for controlling 
the flow ofgases through the furnace, means 
for feeding fuel to the furnace, and means 
responsive to steam conditions and fuel bed 
resistance, for controlling the feed of fuel. 

15. The combination with a plurality of 
boiler furnaces, means individually respon 
sive to separate heat requirements of all 
the furnaces for maintaining electric cur 
rents corresponding in intensity to the dif 
ferent requirements, means for combining 
said currents into a single control current, 
and separate combustion regulating devices 
for the different furnaces actuated in re sponse to changes in the strength of said 
control current. 
Signed at New York, in the county of 

New York and State of New York, this seventh day of September Ä. D. 1921. 
GEORGE. H. GIBSON. 
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