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This invention relates to apparatus for con-
trofling furnaces, particularly furnaces asso-
ciated with steam boilers,
invention being to provide novel and im-

5 proved means %br automatically controlling
the drafts of the furnace and the supply of
fuel to the furnace. '

_ Another object is to provide’such apparatus
including novel and improved means for con-
10 trolling the drafts and the supply of fuel
in accordance with the'demand or load on the
furnace, for example the demand for steam
on a steam boiler associated with the furnace.

A further object is t6 provide such appa-

15 ratus including means for automatically con-
trolling the drafts 4nd means for automati-
cally controlling the supply of fuel, in com- -
bination with means actuated in accordance

~ with the load or demand on the furnace which

20 in turn regulates the actuation of the draft

control means and the fuel supply control
means, so that the draft and the supply of
fuel are controlled in accordance with the

load en the furnace. C .

Other objects are o provide in such appa-
ratus a normally balanced means for con-
trolling the draft in the furnace, a normally
balanced means for controlling the supply
of fuel to the furnace, and means actuated in-

30 accordance with the load on the furnace for
varying the balance of the first two-mentioned
means so that both the draft and the supply
of fuel are’regulated in accordance with the
loadue(ﬁ the furnace; to f)rovide in such ap-

35, paratus a pair of movable members both ac-
tuated by a -pilot motor. controlled in accord-

~ ance with the demand on the furnace and one
-of which-varies the actuation of the means
. for ‘controlling the draft, and the other of

40 which varies the actuation of the means for
controlling the supply -of .fuel; to provide
such apparatus including lever systems for
respectively controlling the draft and the sup-
ply of fuel, the leverage of said systers be-

45 ing varied by means actuated in aecordance
with the load on the furnace; and to obtain
other advantage§:;and results as will be
brought out by the following description.

Referring to the accompanying: drawings,

50 in which corresponding and like parts are
designated throughout the several views of
the same reference characters, , L

Figure 1 is a schematic illustration of a

one object of the

. . :
214,930, sand in, Germany September 1, 1928,

furnace controlling aﬁparatu’s embodying .my

invention, and - _

Figure 2'is a fragmentary schematic view

of a modified form of apparatus for control-

ling the supply of fuel. - _
The apparatus embodying my invention in-

cludes certain features described and claimed

in my .copending - application Serial No..

94,629, filed April 20, 1925, but in that appli-
cation there is no means for controlling the
supply of fuel. o o
Specifically describing the illustrated em-
bodiment of the present invention, the refer-
enee character A designates a steam boiler in
which steam is generated by a furnace B
which includes an automatic stoker C. The
draft through the furnace is regulated by a
damper D which is automatically contro led
by mechanism generally designated E. The
supply of fuel by the stoker C is automati-
cally ~controlled by mechanism' generally
designated ¥, and both of the mechanisms
E and F are regulated by mechanism G ac-
tuated in accordance with the load on the fur-
nace, or in the present instance the demand
for steam on the boiler A. In this connec-
tion, it should be understood that any condi-
tion variable in accordance with the demand
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on the furnace may be utilized as the actuat- -

ing force for the mechanism G, for example
temperature, steam pressure, rate of flow of
steam from the boiler, etc. : S
The mechanism E includes a fluid pressure
operated servo-motor 10 including a cylin-:

- der and piston, the latter of which is opera-

tively connected to the damper D so that re-
ciprocation ‘of the piston will oscillate the

damper to open and closed positions. The’
flow of compressed air or the like to and from -
‘the motor 10 is.controlled by a governor valve
11 of the cylinder and piston type, the piston

of which is connected to:one end of a lever
192 fulerumed intermediate its ends upon a

“movable roller 13 interposed between the lever

and a fixed support 14. Said end of the lever
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is also connected to the diaphragm 15 of a -

device 16 responsive to differences in pres-
sure of the combustion gases in the furnace

100

at the points 17 and 18, said device 16 being

connected at opposite sides of the diaphragm
to the furnace by pipes 19. The other end
of the lever is connected by a bow 20 and a ten-

106 -

sion spring 21 to a fixed support 22. The
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tension of the spring 21 is adjustable in any
suitable manner by a set screw 23. With this
construction, it will be understood that the
tension of the spring 21 may be adjusted to
balance the pressures exerted on the dia-
phragm 15 so that the apparatus will be in
balanced condition with a predetermined
draft pressure in. the furnace; and when the
draft pressures vary the change in the dif-
ference in pressure at opposite sides of the

, diaphragm 15 will cause an oscillation of the
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lever 12 which in turn will actuate the gov-
ernor valve 11'and set the motor 10 in motion,
whereby the damper D is adjusted-to increase
or decrease the draft, depending on the origi-
nal variation. The apparatus E therefore
automatically tends to maintain a constant
draft pressure in the furnace.

The fuel supply mechanism F includes an
electric motor 7 which actuates the automatic
stoker C, the current to said motor being con-
trolled by a rheostat 24 actuated by a servo-
motor 25 similar to the motor 10, the flow of
compressed air to and from which is.con-

trolled by a governor valve 26 similar to the
valve 11. The piston of the valve 26 is con-~

nected to one end of a lever 27 fulerumed in-

termeciate its ends on a movable roller 28

interposed between the lever and a fixed sup-
port 29. The motor 7 drives a blower fan or
the like 30 the outlet of which is connected by
a pipe 31 to a pressure responsive device 32
at one side of the diaphragm 33 the other
side of which is exposed to the atmosphere.
The diaphragm 33 is connected to the same
end of the lever 29 as the piston of the valve
26, and the other end of said lever is connect-
ed by a bow 34 and a tension spring 35 to a
fixed support 36. The tension of the spring
35-1s adjustable by suitable means 37. With
this construetion 1t will be observed that the
blower fan 30 constantly exerts pressure on
the diaphragm 88, which pressure varies in
accordance with the supply of fuel by the
stoker C for the reason that both the fan
and the stoker are actuated by the same motor
7. The difference in pressure at opposite
sides of the diaphragm 33 may be initially
balanced by setting the spring 35, so that the
mechanism will be in balanced condition when
a predetermined rate of fuel supply obtains,
and the mechanism will therefore tend to
maintain a uniform rate of fuel supply.

The rate of fuel supply must vary in ac-
cordance with the demand or load on the
furnace, more fuel being required when the
load increases and less fuel when the load
decreases.  Accordingly, means is provided
for regnlating the actuation of the mecha-
nisin F in accordance with the demand on the

furnace, in the present instance the withdraw- .

al of steam from the boiler A. The boiler is
connected by a pipe38to a pressure responsive
device 39 at one side of a diaphragm 40 the

other side of which is exposed to the atmos-
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Pphere and carries a fulcrum pedestal 41 upon

which bears a knife edge 42 on a lever 48 piv-
oted at one end adjacent the knife edge 42 as
at 44 to a fixed support. The piston of a fluid
pressure governor valve 45, like the valves
11 and 26, is connected to the lever 43 and
controls the flow of fluid pressure to and from
a piston and cylinder pilot motor 46, the pis-
ton rod 47 of which projects froni opposite
ends of the cylinder and has one end pro-
vided with a lateral arm 48 operatively con-
nected to the roller 28 so as to move said roller
longitudinally of the lever 27 upon longitu-
dinal movement of the piston rod. The pres-
sure exerted by the steam from the boiler A
on the diaphragm 40 is balanced by a coun-
terweight 49, so that when a predetermined
steam pressure obtains in the boiler A the
lever 43 is at rest and the mechanism (i is in
balanced condition. ‘When the steam pressure
increases or decrea s,\t%:a lever 43 is moved
in one dircction or the other and actuates the
governor valve 45 so that the piston rod 47
is moved in one direction or the other, where-
by the balance between the spring 85 and the
difference in pressure at opposite sides of the

turbance will cause an actuation of the gov-
ernor valve 26 which in turn produces move-
ment of the piston of the motor 25 which ac-
tuates the rheostat 24 to vary the current sup-
plied to the motor7. The speed of the motor
1s thereby varied and accordingly also is the
supply of fuel by the stoker C.”Obviously the
pressure created by the fan 30 is also varied. .
It will be clear that an increase in the steam
Jpressure in the boiler A due to a slack in the
demand, will cause a reduction in the rate of
fuel feed, while a decrease in the steam pres-
sure due to increased demand on the hoiler
will cause an increase in the rate of fuel sup-
ply. The rate of fuel supply will continue
to be varied until the pressure created by the
fan 30 again balances the tension of the
spring 35. The piston rod 47 is connected by
a flexible cable 50 and a tension spring 51 to
the lever 43 so that movement:of the piston

70

75

80

90

-diaphragm 33 will be disturbed. Such dis- -
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rod tends to return the lever to normal or neu-

tral position.. In other words, when the lever
43 is moved upwardly by an increase in steamn
pressure, the piston rod 47 moves in the di-
rection of the arrow so as to increase the ten-
sion of the spring 51, thereby tending to re-
turn the lever 43, and upon a decrease in steam
pressure a reverse action takes place. It
will be understood from the foregoing that
the supply of fuel is controlled in accordance
with the demand on the furnace,

It-is also desirable that the draft be con-
trolled in accordance with the demand on the
furnace, and accordingly the piston rod 47 is
provided with a second arm 52 which is op- .
eratively connected to the roller 13 so that
movement of the piston rod varies the bal-
ance of the lever 12, an increase in the demand

120-
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. construction, i
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on the furnace causing a movement of the
roller' 13 so.as to increase the draft, while
a decrease in the load on the furnace causes
actuation 6f the mechanism E to reduce the
draft, /. '

A modified form of a pafﬁtus for cbntrol;

ling the fuel supply is shown in Figure 2 of-
the drawings, and includes the electric motor:

53 the current supply for which is coritrolled

by/a rheostat, as shown in Figure 1 of the

Yawings. The motor is preferably disposed

with its shaft vertical and has secured to said’

shaft a disk 54 against which bears a' wheel
55 mounted upon a countershaft 56 to rotate
therewith but slidable longitudinally thereof.

The wheel 55.is actuated longitudinally of the

shaft 56 by a bifurcated arm 57 secured to
the piston rod 47 of the motor 46. The shaft
56 has a worm which meshes with a worm
gear 58 on a second countershaft 59, which is
in turn geared by chain and sprocket gear-
ing 60 to the automatic staker C. With his
will be observed. that the
speed of actuation of the stoker C will vary
“in accordance with the relative position of

the wheel 55 and the disk 54, the greater the

distance of the point of contact of the wheel

55 with the disk 54 from the center of the
disk, the greater being the speed of actuation .

‘of the stoker. This point of contact is.con-
‘trolled by movement of the piston Tod 47
which as above described is controlled in ac-
cordance with the demand on the furnace.: -
Obviously the piston rod 47 ma

T by merely adding other armslike 48 and 52.

. Having thus described the invention, what v

T claim is: _ e
1. Furnace controlling apparatus, com-~
rising means for varying the flow of com-
ustion gases in a furnace, means responsive
to variations in the pressure of said’combus-

tion gases, means cooperating with said re-’

sponsive means to produce a_normally bal-
anced relation, a movable member for vary-

* ing said relation, means actuated by coopera-

_ cause actuation of the first-mentioned means,
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tion of the two last-mentioned means. upon
departures from said balanced relation to

a fuel supplying means, means automatically
responsive to
supplying means operates, means cooperating
with the last-mentioned means to produce &

normally balanced relation, a second mov-’

able member for varying the last-mentioned
velation, means actuated by cooperation of
said means responsive to the rate of fuel sup-
ply and said means roducing a balanced
“relation to vary actuation of said fuel supply-
ing means, & common means for
both of said movable members, and means
responsive to a condition variable in accord-

ance with the heat demand on the furnace

for- controlling actuation of said common’

means. - o

PN

_ be con-.
“nected -to additional mechanisms like E and

the rate at which said fuel

tuating

3
9. A combustion controlling system, com-
prising means for varying the flow of com-
bustion gases in a furnace, a servo-motor for
actuating said means, a governor for con-
trolling said motor, a movable pressure sensi-
tive means responsive to variations in the
pressure of the combustion gases of the fur-

‘nace, means to cooperate with’said sensitive
. means to produce a balanced relation, a mov-

able member for varying the cooperation of
said two last-mentioned means for varying

‘the flow of combustion gases, means for sup-
-plying fuel to the furnace, means for varying

the speed of said means for supplying fuel
to vary said supply, a second movable member
to cooperate with the last-mentioned means
so as to regulate the variations in said speed,
the position of said member having a pre-

determined adjustable relation to the magni--

tude of the fuel feed, an auxiliary pilot motor
for actuating both of said movable members,
a.governor for controlling said pilot motor, a
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movable means sensitive to a condition varii - -

able with the heat demand to actuate said‘
governor, and a return drive actuated by said,

“auxiliary. motor for cooperating with the

last-mentioned movable sensitive means.
3. A combustion controlling system, com-
prising means for varying the flow of com-

bustion gases in a furnace, a servo-motor for °
“actuating said means, a governor for con-

trolling said motor, a movable means re-

cooperate with said responsive means to pro-

“duce a normally balanced relation, a movable

member for varying the cooperation of the
two last-mentioned means so as to vary the

_flow of combustion gases, means for supply-

ing fuel to the furnace, means for varying.
the rate of operation of said neans for sup-

lying fuel, a second servo-motor for actuat-
ing the last-mentioned means, a governor for
controlling said second servo-motor, means
actuated according to the rate of fuel supply
to produce a force which has a certain rela-

tion to the rate of fuel supply, a movable .

means responsive. to said force, means to co-
operate with the last-mentioned responsive

means for balancing said force, a second mov- .

able member for varying the relation of the
two last-mentioned means, a common auxil-
iary pilot-motor for actuatin

said motor, movable means sensitive to a con-
dition variable with the heat demand to
actuate said governor; and -a return: drive

.actuated by said auxiliary motor for co-
operating with the last-mentioned movable

sensitive means. :

4. A combustion contrblling system, com-

prising means for varying the flow of com-
bustion: gases in a furnace, a servo-motor for
actuating said means, a governor for_con-

‘trolling said motor, movable means respon-
L : ~

both of said .
“movable members, a governor for controlling

90

* ‘sponsive to variations in the pressure of the -
_combustion gases in the furnace, means to
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sive to variations in the pressure of said
combustion gases in the furnace, means in-
cluding a lever system to cooperate with said
responsive means to produce a normally
balanced "condition, a movable member for
varying the relation of the two,last-men-
tioned means so as to vary the flow of com-
bustion gases, means for supplying fuel to
the furnace, means for varying the rate of
operation of said fuel supplying means, a
second movable member to cooperate with the

- last-mentioned means so as to control the

variations in said rate of operation of the
fuel supplying means, a common auxiliary
pilot motor for actuating both of said mov-
able members, a governor for controlling
said motor, a movable means sensitive to a
condition variable with the heat demand to
actuate said governor, and a return drive
actuated by said auxiliary motor for co-
operating with the last-mentioned movable
sensitive means.

5. A combustion controlling system, com-
prising means for varving the flow of com-
bustion gases in a furnace, a pilot motor for
actuating said means, a governor for control-
ling said motor, movable means responsive
to variations in the pressure of said-combus-
tion gases in the furnace; means including a
lever system to cooperate with said respon-
sive means to produce a normally balanced
relation, a 'movable member for varying the
relation of the two last-mentioned means so
as to vary the flow of combustion gases, means
for supplying fuel to the furnace, means for
varying the rate of operation of said fuel
supplying means, a second pilot motor for

- actuating the last-mentioned means, a gov-

40

50

55

60

65

ernor for controlling said second pilot motor,
means actuated according to the rate of fuel
supply, a movable means responsive to varia-
tions in the actuation of the last-mentioned
means for producing a force which has a cer-
tain relation to the rate of fuel'supply, means
to cooperate with the last-mentioned respon-
sive means for balancing said force, a second
movable member for varying the relation of
the two last-mentioned means, 2 common aux-
iliary pilot motor for actuating both of said
movable members, a governor for control-
ling said motor, movable means sensitive to
a condition variable with the heat demand
to actuate said governor, and a return drive
actuated by said auxiliary motor for cooper-
ating with the last-mentioned movable sensi-
tive means. ' '

6. A combustion controlling system, com-
prising means for varying the flow of com-
bustion gases in a furnace, a servo-motor for
actuating said means, a governor for control-
ling said motor, movable means responsive
to variations in the pressure of said combus-
tion gases in the furnace, means including a
lever system to cooperate with said respon-
sive means to produce a normally balanced

1,695,472

condition, a movable member for varying the
leverage of said lever system to vary the rela-
tion of the two last-mentioned means, means
for supplying fuel to the furnace, means for
varying the rate of operation of said fuel sup-
plying means, a second movable member to
cooperate with the last-mentioned means to
control the variations in said rate of opera-
‘tion, a common auxiliary pilot motor for ac-
tuating both of said movable members, a gov-
ernor for controlling said motor, movable
means sensitive to a condition variable with
the heat demand to actuate said governor,
and a return drive adapted to be actuated by
said auxiliary motor for cooperating with the
last-mentioned movable sensitive means.

7. A combustion controlling system, com-
prising means for varying the flow of combus-
tion gases in a furnace, a servo-motor for ac-
tuating said means; a governor for control-
ling said motor, movable means responsive to
variations in the pressure of said combustion
gases in the furnace, means including a lever
system to cooperate with said responsive
means to produce a normally balanced con-
dition, a movable member for varying the le-
verage of said lever system to vary the rela-
tion of the two last-mentioned means, means
for supplying fuel to the furnace, means for
varying the rate of operation of said fuel
supplying means, & second servo-motor for
actuating the last-mentioned means, a gov-
ernor for controlling said second servo-motor,
means adapted to be actuated according to the
rate of .fuel supply, a movable means respon-
sive to variations in the actuation of the last-
mentioned means for producing a force which
has a certain relation to the rvate of fuel sup-
ply, means to cooperate with the last-men-
tioned responsive means for balancing said
force, a second movable member for varying
the relation of the two last-mentioned means,
a common auxiliary pilot motor for actuat-
ing both of said movable members, a gov-
ernor for controlling said motor, movable
means sensitive to a condition variable with
the heat demand to actuate said governor, and
a return drive actuated by said auxiliary
motor for cooperating with the last-men-
tioned movable sensitive means.

8. Furnace controlling apparatus, com-
prising -means for varying the flow of com-
bustion gases in a furnace, means responsive
to variations in the pressure of said combus-
tion gases, means cooperating with said re-
sponsive means to produce a normally bal-
anced relation, a movable member for vary-
ing said relation, means actuated by coopera-
tion of the two last-mentioned means upon
departures from said balanced relation to
cause actuation of the first-mentioned means,
a fuel supplying means, means automatically
responsive to the rate at which said fuel sup-
plying means operates, means including a -
lever system cooperating with the last-men-

70

80

»r
(51

100

110

115

120

125

130



1,605,472 5

tioned means to produce a normally balanced of said fuel supplying means, a common
‘relation, a second movable member for.vary- means for actuating both of said movable
ing the leverage of said lever system to vary members,and means responsive to a condition 10
the last-mentionel relation, means actuated variable in accordance with the heat demand

5 by cooperation of said means responsive to on the furnace for controlling actuation of
the rate of fuel supply and said means pro- said common means. . S
ducing a balanced relation to vary actuation - R ERICH ROUCKA.



