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This invention relates to a method and ap 
paratus for combustion control. The inven 
tion is particularly applicable to stoker-fired 
furnaces, but is also useful in other types of 

s combustion apparatus wherein the fuel is 
mechanically supplied. 
The principal object of the invention is 

to provide a method and apparatus for prop 
erly proportioning the amount of fuel Sup 

10 plied and the amount of air supplied by arti 
ficial draft for combustion purposes. Here 
tofore it has been the practice, in installa 
tions wherein a mechanical stoker and an 
artificial draft are intermittently operated, 

16 to operate the stoker and the draft fan simul 
taneously and for equal periods of time. By 
that method, draft is supplied only during 
the time that, fuel is fed to the furnace. As 
soon as the feeding of fuel stops, the supply 

20 of artificial draft is also stopped. Unless 
the rate of fuel supply and rate of air sup 
ply are accurately adjusted for a given fuel, 
an amount of unburned fuel will be present 
in the furnace when the draft supply is cut 
off. Since different fuels require different 
lengths of time and different amounts of air 
for their burning, such an arrangement, even 
when accurately adjusted, is only efficient 
for one type of fuel unless the rate of fuel 
supply or air supply may be adjusted with 
the change of fuel. 
The principal feature of the present inven 

tion consists in the provision of a method 
and means for proportioning the length of 

35 time of fuel feed and the length of time of 
draft supply rather than proportioning the 
rates thereof. The stoker is preferably op 
erated for a shorter length of time for each 
operation than the fan and the driving 
mechanisms for the fan and stoker are inter 
connected in such manner that the stoker is operated a predetermined percentage of the 
time of the fan operation. Means are pro 
vided for conveniently varying this prede 
termined percentage of time so that the prop 
er proportion of fuel and air is easily ob 
tained for the particular grade of fuel being 
used. 
Other objects and features and the full 

nature of the invention will be understood 
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from the accompanying, drawings and the 
following description and claims: 

Figure 1 is a perspective view of a boiler 
having a furnace, a stoker and a forced draft 
fan. In this form of the apparatus, the fan 5 
and stoker are driven from separate power 
sources. Figure, 2 is an elevational view of 
the apparatus used for proportioning the 
time of operation of the stoker and fan. 
Figure 3 is a sectional view taken on the line 
3-3 of Figure 2. Figure 4 is a diagram of 
the control apparatus used in applying the 
invention to a boiler to maintain a uniform 
boiler pressure. Figure 5 is a diagrammatic 
representation of the apparatus wherein a 
single power source is used for both the 
stoker and fan. Figure 6 is an elevational 
view of the apparatus used for proportion 
ing the time of stoker and fan operation with 
the arrangement shown in Figure' 5. 
In the drawings there is shown a boiler 10 

fitted with a fuel hopper 11 from which fuel 
is supplied through a stoker housing 12 to 
the furnace of the boiler. The housing 12 
contains any suitable form of feeding mecha 
nism driven by a motor 13 through reduction 
gears contained in a gear box 14. Forced 
draft is supplied to the furnace by means of 
a fan 15 driven by a motor 16. A switchbox 
17 is mounted upon the motor 16 and contains 
a shaft 18 driven from the motor shaft by 
suitable gears contained in a gearbox 19, 
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The shaft; 18 extends within the switch 
box 17 and has fastened thereto a cam 20hav 
ing a projection 21 formed thereon. A cam 
22 having a projection 23 is also carried upon 
the shaft 18 but is free for both longitudinal 
and rotational movement with respect there 
to. The cam 22 is fitted with openings 24 en 
gaging pins 25 carried by the cam. 20. When 
the said pins and openings are engaged, there 
fore, the cams 20 and 22 rotate in unison with 
the shaft 18. The engagement of the said 
pins and openings is maintained by a spring 
26 carried within the hub of cam 22 and abut 
ting against a collar 27 threadedly fastened 
upon the end of the shaft 18. By this means, 
the cam 22 may be manually drawn back 
ward upon the shaft 18 and rotated to bring 
the pins 25 into engagement with the open 

35 



O 

15 

20 

25 

30 

35 

40 

2 

ings 24 in Such manner as to place the pro 
jections 21 and 23 in any desired angular 
relation with respect to each other. A slide 
28 is supported upon bosses 29 by means of 
Screws 30 engaging longitudinal openings 31 
in the said slide. As will be seen from Fig 
ure 3, the slide 28 is so placed as to have the 
projection 21 upon one side and the projection 
23 upon the opposite side thereof. Upon one 
side of the slide 28 there is formed a projec 
tion 32 adapted to be engaged by the projec 
tion 23. Upon the opposite side is formed a 
projection 33 positioned to be engaged by the 
projection 21. By this means the rotation of 
shaft 18 moves the slide to the left in Figure 2 
when projection 23 engages projection 32 and 
returns the said slide to the right when pro 
jection 21 engages projection 33. Since the 
projections 21 and 23 may be set at any desired 
angular relation, the slide 28 may be main 
tained in the left hand or right hand posi 
tion any desired percentage of the time of ro 
tation of shaft. 18. 
A mercury switch 34 is carried upon a 

lever 35 pivotally mounted by means of a 
screw 36 within the switch box 17. The op 
posite end of the lever 35 engages an opening 
37 in the slide 28. By this means the move 
ments of the said slide to right and left alter 
nately tilt the mercury switch 34 into open 
circuit and closed-circuit positions. The 
mercury switch 34 has connected thereto elec 
trical connections 38 leading to a motor con 
troller 39 adapted to start and stop the motor 
13 by means of electrical connections40. These 
electrical connections and the motor control 
ler are such that the motor 13 maybe operated 
only when the mercury switch 34 is in closed 
circuit position. 
In the form of apparatus shown in Figure 

4, the fan motor 16 is controlled by a con 
troller 41 connected thereto by conductors 42. 
The controller 41 is connected by conductors 
43 with a pressure-operated switch 44 of any 

45 

50 

55 

60 

well known form which is adapted to close 
and open its circuit in response to pressure 
changes in a steam pipe 45 leading from the 
boiler 10. The adjustment of the switch 44 is 
Such that its circuit is closed when the pres 
Sure in pipe 45 is below the boiler pressure it is 
desired to carry. The said circuit is opened 
when the boiler pressure is above this desired 
pressure. Conductors 46 supply power to 
controller 39 from any suitable power source. 
Power is in turn supplied from controller 41. 
to controller 39 by conductors 46a only when 
controller 41 is actuated by the closing of the 
circuit in Switch 44 so that the stoker motor 
8 can operate only during operation of the 
fan motor 16. By this means the fan motor 
16 is operated only when it is necessary to 
increase the furnace temperature to bring the 
boiler pressure up to normal. The stoker mo 
tor 13 and the Stoker are operated only dur 
ing a predetermined percentage of the time of 
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operation of the fan motor 16 and are stopped 
during the remainder of fan motor operation 
and when the fan motor is not in operation. 
This predetermined percentage of time is de 
termined by the angular position of the pro 
jections 21 and 23 in the switch box 17. This 
angular position is indicated by an index ar 
row 47 marked upon the collar 27 and regis 
tering with index numbers 1 to 12 carried 
upon a flange 48 formed upon the hub of cam 
22. For example, if it is desired to run the 
stoker fifty percent of the time of fan opera 
tion, or six minutes out of every twelve min 
utes of the fan operation, the arrow 47 is set 
to the index number 6. The mercury switch 
34 will then be moved to closed-circuit posi 
tion six minutes out of every twelve minutes 
of fan operation. 

In the form of apparatus shown in Figure 
5, a boiler 110 receives fuel from a fuel hop 
per 111 through stoker housing 112. A mo 
tor 113 drives the said stoker through a clutch 
149 in a housing 150 and suitable gears in 
a gear box 114. The clutch 149 may be 
thrown into operative and inoperative posi 
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tions by a lever 151 controlled by a mecha 
nism 152 similar in all important respects to 
the mechanism previously described for con 
trolling the mercury switch 34. This mecha 
nism 152 is driven by a worm 153 and a 9: 
worm wheel 154, the said worm being mount 
ed upon the motor shaft 155 driven by the 
motor 113. The motor 113 is directly con 
nected to a fan 115 which supplies forced 
draft to the boiler through conduits not 
shown. In the operation of this form of the 
apparatus, the motor 113 may be controlled 
in the same manner as the motor 16 in the 
previous form that is, it operates only when 
an increase of furnace temperature is re 
quired. The mechanism 52 operates the 
clutch 149 to drive the stoker a desired per 
centage of the time of operation of the motor 
113. It is to be noted that while the mecha 
nism 152 is of the same general form as that 
for operating the mercury switch 34, the 
parts must be of heavier construction because 
of the heavier duty required thereof. 

In the operation of the method and ap 
paratus herein described a larger quantity 
of fuel is fed to the furnace at each stoker 
operation than is immediately required. 
After the feeding of fuel ceases, the fan con 
tinues to operate as long as an increase of 
furnace temperature is required. If this pe 
riod is longer than that required for one com 
plete revolution of shaft 18, another period 
of fuel feeding is initiated. If the heating 
requirements do not require the operation of 
stoker and fan, such operation ceases and is 
again taken up at the point of cessation when 
heating requirements again increase. 
While the foregoing specifications describe 

the invention as applied to a boiler in such 
manner as to maintain a predetermined boiler 
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pressure, it is evident that it can also be ap 
plied to heaters for other purposes. As ap 
plied to a heater, a thermostatic switch is 
substituted for the pressure-operated switch 
44. The said switch then operates the appara 
tus to maintain a predetermined temperature 
rather than a predetermined pressure. 
The invention claimed is: 
1. Combustion control apparatus for a fur 

nace including intermittently operable draft 
apparatus adapted to supply draft at a sub 
stantially constant rate when operating to 
said furnace, a stoker adapted to supply fuel 
to said furnace, means for intermittently 
operating said draft apparatus in automatic 
response to heating requirements, a source of 
power for said stoker, and means for con 
necting said power source and said stoker 
for supplying fuel, said means being auto 
matically operable a predetermined per 
centage of the time of operation of said draft 
apparatus. 

2. Combustion control apparatus for a 
furnace including intermittently operable 
draft apparatus adapted to supply draft to 
said furnace at a substantially constant rate 
when operating, a stoker adapted to supply 
fuel to said furnace, mechanism for automat 
ically starting said draft apparatus, in re 
sponse to a requirement for increased fur 
nace temperature and for automatically stop 
ping the same when said increased furnace 
temperature is no longer required, a source 
of power for said stoker, and means for con 
necting said power source and said stoker 
for supplying fuel, said means being auto 
matically operable a predetermined percent 
age of the time of operation of said draft 
apparatus. 

3. Combustion control apparatus for a 
boiler furnace including intermittently oper 
able draft apparatus adapted to supply draft 
to said furnace at a substantially constant 
rate when operating, a stoker adapted to sup 
ply fuel to said furnace, control mechanism 
for intermittently operating said draft ap 
paratus in automatic response to variations 
in boiler pressure. a source of power for said 
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stoker, and means for connecting said power 
source and said stoker for supplying fuel, 
said means being automatically operable a 
predetermined percentage of the time of 
operation of said draft apparatus. 

4. Combustion control apparatus for a 
furnace including intermittently operable 
draft apparatus adapted to supply draft to 
said furnace at a substantially constant rate 
when operating, a stoker adapted to supply 

co fuel to said furnace, a motor for driving said 
draft apparatus, a second motor for driving 
said stoker, regulating means for intermit 
tently operating said draft motor in auto 
matic response to furnace heating require 
ments, control means for stopping and start 
ing said stoker motor, and mechanism driven 
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by said draft motor and adapted to actuate 
said control means to operate said stokermo 
tor a predetermined percentage of the time 

' of operation of said draft motor. 
5. Combustion control apparatus for a 

furnace including intermittently operable 
draft apparatus adapted to supply draft to 
said furnace at a substantially constant rate 
while operating, a stoker adapted to supply 
fuel to said furnace, a motor for driving said 
draft apparatus and stoker, said motor being 
permanently connected to said draft appara 
tus, a clutch for intermittently connecting 
said motor and said stoker, regulating means 
for intermittently operating said motor in 
automatic response to furnace heating re 
quirements, and mechanism driven by said 
motor and adapted to actuate said clutch a 
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predetermined percentage of the time of op 
eration of said motor. 

6. A method of combustion control for 
stoker-fired furnaces including intermit 
tently supplying draft at a substantially 
constant rate in automatic response to heat 
ing requirements, and automatically operat 
ing the stoker to supply fuel a predetermined 
percentage of the time during which said 
draft is supplied. 

7. A method of combustion control for 
stoker-fired boilers-including intermittently 
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supplying draft. at a substantially constant 
rate in automatic response to variations in 
boiler pressure, and automatically operating 
a stoker to supply fuel a predetermined per 
centage of the time during which said draft is supplied. 
In witness whereof, I have hereunto af 

fixed my signature. 
WALTER F. TROTTER. 
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