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This invention relates to thermostatic stoker
controls; and it comprises in combination with an
automatically stoked furnace having means, in-

- cluding a fire pot, adapted for the establishment

and maintenance of a fire bed of substantial
depth, of a temperature responsive element
mounted in heat receiving relationship to said
fire bed at a point where the normal fire tem-
perature is around 1400° F', in combination with
control switches controlling the operation of the
stoking means; all as more fully hereinafter set
forth and as claimed.

Automatic coal stokers of the under-feed type

have recently come into considerable use. In
these furnaces combustion is effected in a bed of
coal of substantial depth contained in & chamber
variously called a fire pot and a retort. Furnaces
of this automatically stoked type are used in vari-
ous sizes and for various purposes; the larger
sizes being used in boiler firing and for general
heating purposes. These under-feed stokers are
particularly adapted for heating buildings -and
for burning cheap and low-grade fuels; mine
screenings, slack coal, ete. Their employment re-

sults in an average fuel saving, as compared with.

hand stoking using sized coal. With hand stok-

- ing, if smoke is to be eliminated the use of an-

thracite or semi-anthracite is necessary, whereas
with automatically stoked furnaces of the type

described smokeless firing can be secured with -

bituminous fuels.
. In a particularly advantageous form of these
automatically stoked furnaces, there is a fire pot
adapted for the establishment and maintenance
of a body of burning fuel of substantial depth
with a conveyor for supplying it with coal from
a suitable source; the conveyor supplying the coal
to the bottom of the fire bed.

In under-feed stokers of this type 1t is usual
to employ an electric motor as a source of power
both_for the conveyor.and for the operation of a

" . fan or a blower supplying air to the furnace. The

upper portion of the fire pot is provided with
tuyéres for admitting air from-the blower to the
fire. . In these furnaces the fire pot is smaller in

- lateral extent than the fire box of the furnace
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- and it is usually provided with a tuyére grate.

Some of the air from the blower is sent upwardly

through this grate and through the bed of burn-

ing fuel. In smaller sizes, the tuydre grates are
sometimes omitted. In operation the conveyor
feeding coal into the fire pot is adapted for a slow
feed at a uniform rate. The rate is adjustable
and is usually set for the maximum heating re-
quirements to be met by the furnace. As ordi-

narily operated, the rate of air feed below the
fire pot is usually more or less fixed; a supply of
225 cubic feet of air per pound of fuel burnt being
common, while the flow of air to the tuyéres be-~
yond the fire pot is adjustable by means of &
damper. In cases were the furnace requirements
are constant and the fuel supply is of unvarying
characteristics no particular controls are neces-
sary. But ordinarily these conditions do not ob-

tain; and in particular in the case of equipments 10

used for heating buildings where the require-
ments for heat are quite irregular; varying with
the time of day, the weather, etc. Sometimes
room thermostats are provided adapted to start

the stoker functioning when the room tempera- 18

ture falls below a certain level and to stop it when
the temperature rises above another certain point.

These do not provide for any regulation of the

speed of operation; the stoker is either operating
or not. In the case of the heating equipment in-
cluding a boiler there may be a boiler pressure
control adapted to cut in or cut out the stoker
as the case may be; this control being in series
with the room thermostat. With these devices
there is the obvious difficulty that if the stoker is
out of function for more than a very short period,
the: fire goes-out and miust be rekindled before
the stoker again goes into operation. Other-

' wise, green coal is fed into a cold fire box. To

rectify these difficulties controls have been pro-
posed in which the stoker is put into intermittent
operation from time to time in order to maintain
the fire in being irrespective of the setting of the
room thermostat. In their best form these pro-
posed controls comprise, in a general way, tem-

perature responsive means placed in the flue or

stack or in the path of the hot gases in the fire
box above the fire; and adaptéd to start the stoker
functioning when the furnace temperature drops
below a predetermined minimum. These devices
take care of one.difficulty, that of-the fire becom-

" ing extinguished, but they afford no remedy when
_ the fire becomes too hot, either by failure of the

room temperature or of the pressure control or by
reason of excessive demands on the stoker. To

prevent over-heating, however, a maximum tem- -

perature control device is often placed in serles
with the room temperature control and is adapted
to break the stoker motor circuit when the flue

temperatures rise above a . predetermined point.

This device is useful in governing the normal

20

25

30

35

40

45

50

cperation of the stoker as well as in serving as a .-

safety device, Stokers are designed to operate

of active combustion of the fire is kept up above

-at such rates of coal and air feed that the zone
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the retort or fire pot proper. If the high heat
zone of the fire bed is allowed to descend lower
in the retort for any length of time, the metal
of the retort may melt or be injured. In addi-

tion, if the stoker be run too fast with firing at

pick-up load rate for a considerable length of
time, the excess air sweeping .through the.fire
Dpot may burn the retort or even the tuyére grate.
The maximum temperature control, properly set,
prevents such an occurrence regardless of any
attempts on the part of the attendant to force
the firing.

The controls described are complicated in
operation and moreover make no provision for
contingencies when a fire becomes extinguished.

- With a cold fire pot the stoker will keep on work-
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ing since the minimum temperature control re-
mains in the “on” position; green coal being fed
in.

The invention relates in part to a control
adapted to shut off the stoker when the fire goes
out; as explained post.

Temperature responsive devices in the flues, in
the stack breeching or water compartment of the
hoiler, and even those in the fire box near the
fire, have the common disadvantage that they are
not directly responsive to the temperature in the
fire bed itself; there is a time lag. A sudden
rise or fall in the fire bed temperature affects the
temperature responsive device only after a time
which may be several minutes if the ‘de¥ice is Io-
cated at a distance from the fire, as in the stack
for instance. A further difficulty occurs in shift-
ing to a coal having different coking character-
istics; burning diffefently. Heavy-coking coals
maintain fire longer than free burning coals. In
changing coal, readjustment of controls is usual-
1y necessary.

In installing a stoker with these types of con-
trol there must be individual adjustment for
each installation, for the coal, etc. The temper-
atures vary over a wide range in the stack breech-
ings of various types of furnaces and boilers.

I have found that all the disadvantages of the
variability of temperature in stacks, etc. can be
avoided, and new advantages secured, by placing
the temperature responsive element under the
thermal control of the fire bed itself. I have de-
termined the region in the fire where temper-
atures are most constant during normal com-
bustion, and where any change in firing temper-
ature is reflected most quickly and find it to be
the zone where the temperature fluctuates around
1400° F. In the present invention I locate the
temperature responsive element in thermal rela-
tionship to this zone. Changes in fire temper-
ature are immediately registered, without lag,
and the stoker is promptly cut on or off when the
temperatures rise or sink and the controls go into
or out of action.. The result is to maintain a fire

- under all conditions since this zone is maintained
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at itsnormal temperature in firing (about 1400°
F.). 'Thereby, all other zones are maintained
at their respective normal temperatures. The
fire cannot go out and remains, so to speak, in
a standardized condition whatever the heating
demands. I may mount other and separate tem-
perature responsive elements for all' desired con-
trols at appropriate lecations in the fire box.

In the accompanying drawing I have shown,
more or'less diagrammatically, my tempersdture
controls embodied in an automatic stoker of the
uhilgder-feed ‘screw-conveyor type. In this show-
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Fig. 1 is a view in vertical section, some parts
being shown in elevation, of an automatic stok-
er fitted in a boiler and embodying a single tem-
perature control;

Pig. 2 is an enlarged view in. vertical section
taken along line 2—2 of Fig. 1;

Fig. 3 is a diagrammatic view in elevation of
an automatic stoker embodying three controls
depending on fire temperature;

Fig. 4 is a diagrammatic view showing vapor
bulb expansion vessels and one type of control
switch;

Fig. 5 is a view showing another type of switch
useful in my invention; and

Fig. 6 is a view of a control circuit showing a
third type of switch which may be used in my in-
vention. ,

Fig. 1 shows the fire end of a boiler { pro-
vided with water tubes 2 and a fire box 3. The
beiler is fired by an automatic stoker, compris-
ing a fire pot 4, coal conduit 5, screw conveyor
6 and fuel hopper 1. The conveyor is rotatable
by a motor 8 through a, mechanical speed re-
ducing transmission (not shown), conveying coal
from the hopper to the fire pot. A blower 9 op-
erated by the same motor, furnishes air through
air conduit 0 to the air chamber |1 between the
outside of the fire pot and a casing 2. Air en-

. ters the' fire pot through orifices 13 in the walls

thereof. An orifice 14 is provided in the walls
of the casing 12 to admit air into the ash-pit
space 15. This orifice is regulable by a siiding
damper 16 operable by rod 11. In the horizontal

.space between the rim of the casing 2 and the

walls 18 of the furnace fire box is a stepped
tuyére grate 11A having a plurality of orifices 19
in the vertical risers, the grate terminating
slightly below the top of the fire pot 4. Air, is-
suing from orifice 14 in tt~ stoker casing into the
space (8, emerges through these orifices in the
grate into the fire bed.

«

25

30

35

40

The stoker is provided as shown with a dust -

and back smoke preventive device adapted to
maintain a slight suction on the fuel hopper, car-
rying away dust and back smoke therefrom.
The device comprises an injector 20 mounted on
the hopper, an air conduit 21 leading from the
injector to the blower, and a second, larger air
conduit 22 leading from the injector to the stack
of the boiler as shown. Air under slight pres-
sure is forced into the injector by the blower
pressure, producing a slight suction in the hop-
per and carrying dust or smoke therefrom to the
stack as shown.

In Figs. 1 and 2 I have shown diagrammati-
cally the conditions which exist in a normal fire
in a stoker-operated furnace, as determined from
pyrometric tests. Combustion may be considered
as taking place in three zones. In zone A, the
temperatures are those associated with the heat-
ing of green coal to the point where gases and
vapors are evolved. The top of this zone usual-
ly shifts more or less during each firing period.
This zone represents conditions preliminary to
coking. In the course of time, the green coal
may go higher in the bed if the air supply is at
all deficient. Conversely, this level may sink
deeper into the retort if there is a considerable
excess of air with pressure sufficient to penetrate
the coke bed and thus draw the hot coke level
lower.

Zone B is the coking and gas producing zone
of the bed and has a temperature varying from
1400° F. in the center to a maximum combustion

[
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temperature of approximately 2800° F. at a point
on the lip of the fire pot corresponding ap-
proximately to the edges of the first tuyére grate
on each side. The temperature of this zone is
lower in the area directly above the fire pot, due
to the low ignition temperatures of the volatile
matter that is rising through the bed. As the
coal cokes in the lower part of zone B a shrink-
age occurs and the fuel draws away from the
walls. ' This allows air to by-pass over the lip
of the fire pot and out in a substantially hori-
zontal direction into the sides of the fire bed.
Here is where the highest temperatures exist,
when measured in the coke. Here coke and some
volatiles are burning under an excess of air.
1t is in this zone that clinker is heaviest. Pecu-
liarly enough, the temperature readings taken
immediately on top of the fire pot tuyére blocks,
that is, at the lip of the fire pot (as indicated
at 13, Fig. 1), are sometimes as low as 800° ¥
This is probably due to excess air by-passing un-

der the bed. Immediately above the lip are found

temperatures of approximately 2800°.

Zone C shows an average temperature varying
from 2200° up. The temperature variations ap-
parently depend upon blow-hole formation in
the bed.

The boundaries between these zones are usual-
1y not particularly well defined, and they may
shift up and down somewhat in normal operation
of the stoker.

In determining just which section of the en-
tire fire remains most nearly at constant tem-
perature during normal burning; I find that
this section is just above the top of the fire
pot, in the lower layers of the zone B. The tem-
perature here is around 1400° F. I place my
temperature responsive element in heat receiv-
ing relation to the portion of the fire bed ab
this temperature.

There are several types of temperature respon-
sive elements suitable for use in my invention,
e. g. pyrometer elements, liquid bulbs employing
mercury for instance, and vapor bulbs. Ordi-
narily I use vapor bulbs, comprising a container
filled with volatile matter, conveniently a gas
such as air, and placed in the desired zone. The
bulb is connected by a vapor line with a pressure
operated switch outside. The bulb may take the
form of a small cylinder or vessel of any suit-
able shape. Sometimes I make the bulb in the
form of a complete ring encircling the fire pot.
This design eliminates the effect of local varia-
tions in temperature in the fire. With slight
modifications in the vapor bulb and vapor line,
mercury may be used. Mercury is sometimes
convenient.  For the sake of concreteness, I have
illustrated my invention using vapor bulb tem-

.perature controls. In Figs. 1 and 2 the control
illustrated is & minimum temperature control,

adapted to turn on the stoker when the tem-
perature of the fire drops.near the lowest at
which combustion can be maintained.

A vapor bulb 23 containing air is mounted:

slightly above the edge of the fire pot in the
position shown. A vapor line 24 leads from the
bulb outside the fire box to a pressure operated
switch 25. One or more expansion vessels 26
are advantageously interposed in the vapor line,
the size of the vessels depending upon the pres-
sure necessary to operate the switch and on the
temperature at which it is desired that the switch
operate, By using one or more expansion cham-
bers of suitable size, the switch may be made to

3

operate at any desired temperature. The vapor
bulb, vapor line, expansion vessel and pressure
operated switch form a sealed system. -

The switch in Fig. 1 is shown in detail in Fig.
4. 1t is adapted to remain open at normal fire
temperatures and to make circuit at a predeter-
mined low fire temperature. It comprises a mer-
cury bulb rocker tube 27 of a well-known type,
having a pair of electrodes 28 adapted to be sub-
merged in mercury in one position of the tube
and- to be removed from the mercury, breaking
the circuit, in another position of the tube. The
tube is mounted on a rod 29 pivoted at one end
as shown and carrying an adjustable screw
weight 30 on the other end. By adjusting this
weight, the pressure necessary to throw the
switch is changed. Hence the switch can be set
to operate at any desired fire bed temperature.
The pressure responsive element comprises a bhel-
lows 31 mounted in a chamber 32 and adapted to
be acted upon by pressure in vapor line 24. A
rod 33 connects the bellows with the switch rod.

In Fig. 4 the control is shown in “on’” posi-

- tion, the temperature at the bulb 23 in the fire

being low, and hence the pressure in vapor line
24 being low. As shown in Fig. 1, the switch is
connected in parallel with the room thermostat
and the boiler pressure control, hence in the “on”
position the stoker will be put in operation what-
ever the demands of the room thermostat. Upon
increase in fire temperature, pressure is de-
veloped in the bulb and vapor line, and the bel-
lows is compressed, throwing the switch off. .

" Sometimes, a differential control is used, em-
bodying springs rather than weights, and adapt-
ed to permit the switch to be moved on or off at
one pressure on. the bellows, and then to be
moved back to the original position at a different
pressure; thereby allowing the length of the
stoker operating period to be varied. Inasmuch
as this differential adjustment forms no- part of
the present mechanism, I have chosen for thé
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sake of clarity in Alllustration a simple weight .

operated control.

A minimum temperature control ordmanly is
effective in preventing the fire from going .out.
But if the fire should go out for some reason, the

45

minimum temperature control switch remains in - -

“on” position, and the stoker goes on feeding
green coal into the fire box indefinitely. This is,

50

of course, undesirable. According to the present ’

invention, I provide a control for turning off the
stoker when the fire temperature goes below a
predetermined very low point, a point below that

at whigch combustion can be maintained. This

control is highly advantageous in automatic stok-
ers. Choking of the filre box with green coal
upon accidental extinction of the fire is prevented.
Also, if the coal hopper should become empty, the
stoker will be shut off. The pressure system is
advantageously similar to that of the minimum

60

temperature control described, and the vapor bulb

is advantageously mounted in the same region of
the fire. But the switch is of a different type—
one adapted to go off on decrease of temperature '
and pressure, rather than on.

In Fig. 5 is shown a suitable sw:tch compris-
ing a reservoir 34 and a chamber 35, both partly
filled with a body of mercury 36. A pair of elec-
trodes 31 insulated from each other are mount-

ed in chamber 35 as shown.
in chamber 35 is as shown in dotted lines, when
the fire is burning and pressure is high in reser-
voir 34, but drops, breaking the circuit, when

The mercury level -
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pressure falls. This switch is in serfes with the
room thermostat and other controls, hence when
it breaks the circuit upon extinction of the fire
the stoker remains off, whatever the demands of
the other controls.

Fig. 3 shows diagrammatically a stoker pro-
vided with five controls: a room thermostat 38 of
an ordinary type, a boiler pressure control 39, a
minimum temperature or fire maintenance con-
trol 40, a maximum temperature control 41, and
an out-fire control 42. This diagram illustrates
the wiring connections for the several controls.
It is seen that conirols 40, 41 and 42 are in series
with the relay switch 43 controlling the motor
circuit. The room thermostat and the boiler
pressure control are in series, and are in parallel
with the fire maintenance control. The other
controls are in series with the latter control. The
vapor bulbs are all shown mounteé in the posi-
tion corresponding to a fire box temperature of
around 1400° F.

Fig. 6 shows a control circuit embodying a mod-
ification of the switch shown in Fig. 4, this con-
trol embodying both a minimum temperature
control and a control for stopping the stoker at
a predetermined low temperature. As will be
seen in Fig. 6, in normal operation of the stoker
while running, the bellows is collapsed; the bot-
tom of the bellows taking a position indicated at
A. In that position the upper mercury switch is

.open, the lower one closed. The stoker is started

and stopped at the demands of the room thermo-
stat and boiler pressure control, the circuit be-
tween these controls and the motor starting
switch 43 being completed through lower
switch 28. Upon decrease in fire temperature to
a point corresponding fo the lowest point at
which combustion can be maintained, the bel-
lows takes the position shown in full lines. In
this position both switches are on, as shown, and
hence the stoker is put into operation. TUpper
switch 28 completes a clrcuit through  starting
switch 43 and (closed) lower switch 28. This
takes place irrespective of the demands of the
room thermostat and boiler pressure controls.
Upon further decrease in temperature as by ex-
tinction of the fire, the bellows expands to the
limit, the bellows bottom taking a position as
shown in dotted lines at B. In this position the
upper mercury swit¢h is on, but the lower one is
off, hence the stoker switch circuit is broken and
remains so whatever the demands of the room
thermostat and boiler pressure controls.

In some cases I incorporate the maximum tem-
perature control in the same housing. This sim-
ply requires the addition of a third mercury switch
to the control in Fig. 6, adapted to break contact
upon high pressure on the bellows corresponding
to undesirably high fire temperatures. .

Mounting of the temperature responsive de-
vices in the fire pot, in the position shown, pre-
sents many advantages. The controls can be
built into the stoker, and adjusted at the factory,
whereas when stack or boiler temperatures are
used for controlling the operation of the stoker,
each stoker installstion presents a new problem.
Individual adjustments must be made. Further-
more, the stoker is controlled according to the
temperatures in the fire itself, rather than by sec-
ondary temperatures, so to speak; temperatures of
flue gases, boiler water, or the like. Sensitive quick
control is assured. There is no lag. There is
the additional advantage that a built-in control
is cheaper to make.

While I have found it better to locate my heat
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control in heat receiving relationship to the zcne
of the fire with a temperature fluctuating around
1400° F., it can, of course, be placed in heat re-
ceiving relationship to other zones of the fire, as,
for instance, zones where the temperature is high-
er or lower. It may be used, for example, in con-
nection with a zone where the temperature is as
low as 800° F. However, the best results are ob-
tained by having the heat control related to a
zone of the fire where the average temperature is
around 1400° F. This is the fire bed temperature
and is not necessarily the temperature of the
heat control device; allowance being made for
drop in temperature of heat passing through the
walls of the fire pot.

My method of controlling stoker operation
uccording to fire bed temperatures may be ap-
plied successfully to stokers of other types, for in-
stance plunger-feed stokers and overfeed stokers
of the automatic type. In all applications of my 20
method, the temperature responsive elements are
placed in heat-receiving relationship to a suit-
able layer in the fire bed, and are arranged to
-contro] the operation of the stoker through suit-
able relays. By suitably adjusting the setting of 25
the maximum temperature control, the furnace
temperature may be limited to a point below that
at which slag and clinker formation occurs.

What I claim is:

1. In a stoker-fed furnace having a fire pot 30
adapted for the establishment and maintenance
of a fire bed of substantial depth with a zone
therein of substantially constant temperature,
this temperature being above the ignition point
of the fuel, a.conveyor supplying solid fuel to
the pot, power means adapted to operate the
conveyor, control means comprising a tempera-
ture responsive element located in direct heat
receiving relationship to said zone and a switch
actuated by said temperature responsive element
and adapted to control the operation of the
power means.

2. The apparatus of claim 1 wherein the tem-
perature responsive element is a bulb contain-
ing vapor mounted on the fire pot and the switch
is a pressure operable switch in operative, pres-
sure tight connection with the vapor bulb.

3. A control for automatic motor-operated
stokers, comprising a temperature responsive ele-
ment located in direct heat receiving relation-
ship to the fire pot in a zone of approximately
constant temperature in the fire bed, this tem-
perature being above the ignition point of the
fuel and a control switch in series with the stoker
motor circuit adapted to be operated by the ele-
ment, the element being adapted to keep the
control switch closed at temperatures correspond-
ing to normal combustion of the fire and to open
the switch when the temperature falls below a
predetermined low value, whereby the control 60
serves to shut off the stoker immediately when
the fire goes out.

4. The apparatus of claim 3, wherein the tem-
perature responsive element is a vapor bulb
mounted on the fire pot and the cont. )1 switch 65
is a pressure operated switch in operative com-
munication therewith.

5. A method of controlling automatic stokers
having a fire pot and power driven means for
feeding solid fuel to the fire pot comprising 70
measuring the temperature at points in the fire
bed, and cutting off the stoker when the tempera-
ture rises above a predetermined maximum safe
value, turning on the stoker when the tem-
perature drops to a value corresponding to the 75
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minimum at which combustion can be main-
tained, and cutting off the stoker when the tem-
perature drops below a predetermined value cor-

‘responding to the temperature at which combus-

tion cannot take place, the cutting on and cut-
ting off of the stoker closely following the changes
in the fire bed temperature. -

6. In a furnace provided with'a stoker having

a fire pot, a conveyor adapted to feed solid fuel -

into the fire pot from below, power means for
driving the conveyor, a tuyére grate surrounding
the fire pot, and means for feeding a draft of
air to the fire pot and through the grate, whereby
a fire bed can be established and maintained in
the fire pot and on the grate, a control for the

 stoker comprising a temperature responsive ele-
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ment in heat receiving relationship to an in-
terior section of the fire bed at which the tem-

" perature fluctuates around 1400° F'., and a switch

adapted to be operated by the element and to

control the operation of the stoker. -

7. The apparatus of claim 6, wherein the con-
trol is adapted to turn on the stoker when the fire
bed temperature drops to a predetermined point
corresponding to the lowest temperature at which
combustion can be maintained.

8. The apparatus of claim 6, wherein the con-
trol is adapted to turn off the stoker when the
fire temperature drops below a predetermined
point below the temperature at which combus-
tion can be maintained.

9. The apparatus of claim 6, wherein the con-

* trol is adapted to turn off the stoker when the

fire temperature rises above a predetermined
maximum value. e

10. In a stoker-fed furnace, a fire pot-of a
substantial but limited depth and having an
upper lip, a conveyor supplying solid fuel to
the fire pot and adapted to establish and main-

B

tain a bed of fuel of substantial depth in said

pot extending above said lip, power means adapt-

“ed to operate the conveyor, a temperature re-

sponsive element mounted adjacent the lip of
the fire pot and a switch actuated by the tem-
perature responsive element adapted to control
the operation of the power means.

11. In a stoker-fed furnace having a fire pot
adapted for the establishment and maintenance
of & fire bed of substantial depth, a conveyor
supplying solid fuel thereto, power means adapt-
ed to operate the conveyor, control means com-
prising a temperature responsive element mount-
ed on the fire pot at a position intermediate the
top and the bottom of the fire bed during nor-
mal operation thereof and corresponding to a
zone of approximately constant temperature of
the fire bed and in direct heat receiving rela-

tionship with respect to this zone and a switch

actuated by said temperature responsive ele-
ment -and adapted to control the operation of
the power means. :

12. In a stoker-fed furnace having a fire pot
adapted for the establishment and maintenance

of a fire bed of substantial depth extending

above the lip of the pot, a conveyor supplying
coal thereto, power means adapted to oper-
ate the conveyor, control means comprising

. a temperature responsive element mounted ad-

jacent the lip of the fire pot at a position inter-

25

mediate the normal top and the normal bot- -

tom of the fire bed and corresponding to a zone

-of approximately constant temperature of the

fire bed around 1400° F. and in direct heat re-
ceiving relationship with - respect {o this zone
and a switch actuated by said temperature re-

“sponsive element and adapted to control the

operation of the power means.
WALTER M. CROSS, Jr.
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