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"6 Claims.

My invention relates to the control of stokers
which feed and burn coal or other fuel in fur-

naces utilized by steam generating hoilers and/or -

other heating systems.

Broadly stated the object of my invention is
to provide means for automatically controling
the operating rate of such stokers including un-
derfeed stokers equipped with an open-top re-
tort having a screw-type fuel feeder and a re-
ciprocating fuel pusher bar organized in the gen-
eral manner disclosed by my U. S. Patent
2,049,688 of August 4, 1936, for “Fuel Burning
Device.”

A more specific object is to provide improved
means responsive to stoker-supplied heat de-
mand for effecting an automatic control of stok-
ers such as are referred to above when same are
equipped with variable-speed-drive mechanisnms
organized as disclosed by my U. 5. Patent
2,070,756 of February 16, 1937, entitled “Variable
Speed Drive for Mechanical Stokers.” |

Another object is to overcome cerfain defi-
ciencies in prior systems of automatic stoker con-
trol such as that disclosed by my U. S. Patent
2,199,012 of April 30,71940, entitled “Automatic
Control Means for Stokers.” !

A further object is to effect the foregoing
automatic control of stoker operating rate in
such an improved way ‘as to avoid wastage of
fuel, minimize smoke and increase fuel burning
efficiency.

A still further object is to accomplish the de-
sired control through the medium of apparatus
which is low in cost, simple and compact in con~
struction and reliable and trouble-free in opera-
tion.

Other objects and advantages of my invention
will become apparent from the following descrip-
tion of illustrative embodiments thereof when
read in conjunction with the accompanying
drawings wherein:

Figure 1 is @ view in longitudinal vertical sec-

tion of a stoker equipped with myimproved auto-
matic control and serving to fire a hoiler ‘which
generates steam for heating and/or other pur-
poses;

Figure 2 is ‘a front elevational view ‘(enlarged
and looking from the left in Figure 1) of the
stoker’s operating and speed adjusting mecha-
nism, some parts being shown in -section on line
2—2 of Figure 3 to illustrate construction de-
tails;

Figure 3 is a side view, taken -on line 3—3 -of
Figure 2, of the stoker driving mechanism show-
ing my improved speed~selecting facilities-applied
thereto; :
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Figure 4 is a diagrain showing the electrical
connections between the control insirument
(pressure-responsive here) and the speed-adjust-
ing motor (on the stoker) governed tnerepy pur-
suant to this invention, .

Figure 5 is a front view of an instrument case
in which the main control, step-timer and se-
lector devices utilized by my invention may con-
veniently be housed;

Rigures 6 and 7 are front and side views which
correspond to Figs. 2 and 3 and which disclose
another organization for the stoker’s speed-se-
lector actuating parts; and

Figure 8 is a diagrammatic showing of how the
rearranged parts appear when viewed from line
§—8 of Fig. 6.

The drawings hereof show my automatic con-
trol improvements applied to an underteed stok-
er whose organization is broadiy similar to that
disclosed and claimed by my earlier Patent
2,049,668 (of 1936) above identified. This show-
ing is merely illustrative and is not to be con-
sidered as restrictive; as the description proceeds
it will become evident that my automatc con-
frol improvements also are useful with adjust-
able-speed stokers of other designs. -

The illustrative stoker to be benefited
In the stoker construction illustrated, a wind

‘box 8§ organized as in my earlier Patent 2,049,668

of 1936 supports the stoker’s open-top retort §9
within -the combustion chamber of a furnace 8.
Coal or other fuel (not shown) is supplied to the
retort from hopper il outside ‘the furnace by
way of conveyor tube 12 extending through the
furnace front wall £38. Fuel conveyor screw {4
within the tube is rotated by motor I8 (or other
power means) through reduction gearing {6,
the screw -speed (relatively slow as ‘several
R. P..M.) being selected by lever 19 to provide the
desired rate of fuel supply. Entry of conveyor
tube .12 into the retort’s end wall {8 is some-
what above the retort bottom as-shown.
FExtending lengthwise of the retort 0 just
above bottom wall 29 is the stoker’s fuel feeder
bar 22 ‘which passes through front end wall {8
below conveyor tube 12. As here shown, this
feeder bar 22 rests on end bearing plates 23 and
has the “non-packing” cross section taught by
my U.S. Patent 2,433,713 of December 30, 1947,
for “Stoker Pusher Bar”; reciprocating motion
is imparted thereto by -wobble cam 24 through
driving bar 25 (which carries roller 27) and con-
necting plates 2§; the bar-driving wobble cam
24 is mounted in front of stoker hopper (4 out-
side the furnace where it is rotated with con-
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veyor screw i4 by motor i at the speed (again
relatively slow) selected by lever i7; and each
full rotation of the cam produces a compiete cycie
of advance and return par travel.

In the stoker construction shown the named
feeder bar 22 has main pusher members 2§ at-
tacied to its two sides (only one visible in Fig-
ure 1) as taught by my copending application
Serial No. 710,260 filed November 16, 194v, for
“Stoker Fuel Pusher Means,” now Patent No.
2,549,252, Through the medium of these main
pusher members 25 (aided in proper -cases by

10

auxiliary pushers 38 closer to the center of the

main body of retort fuel) feeder bar 22, when
reciprocated as aforesaid, progressively adyances

15

fuel delivered into the retort by conveyor {4 ..

away from the retort’s front end wall and info

the main body of retort fuel (not here shown) -

toward inclining rear wall 31. Such advance~
ment displaces other fuel in that body upwardly
toward the burning fuel bed at the retort’s open-
top and outwardly upon grate bars 32—33 at
the retort’s top sides.

Air for supporting fuel combustion passes up-
wardly from wind box § and through small pas-
sages 34 between fire bars 32—233. Such air
may be maintained under pressure in the wind
box by a forced draft fan 35 (see Figure 2)
driven by motor i{§ as taught by my earlier
Fatent 2,049,668 of 1936.. In proper cases a
small portion of this wind box air may be ad-
mitied over the bed of burning fuel through
overfire passage 37 here shown as including an
adjusting damper 38.

All fire bars in the side rows 32-—338 may be
stationary, or certain bars in each row may be
arranged to reciprocate toward and ifrom the
retort 18 as taught by my U. S. Patent 2,136,807
of November 15, 1938, for “Side Retori Stoker”
and as further disclosed by my Patent 2, 142,701
of January 3, 1939 for “Underfeed Stoker.” A
dumping grate (not shown) also may be provided
at the outer edge of each of these fire bar rows.

Stoker installation represented

Underfeed stokers organized as here disclosed
in accordance with my earlier Patent 2,049,668
of 1936 (application therefor filed in 1932) have
enjoyed high commercial success in such uses
as firing the boilers of heating and power systems
for schools, churches, apartment houses, garages
and the like as well as in other applications in~
cluding laundries, factories and other industrial
establishments; this form of stoker uniquely com-
bining the advantages of the screw feed stoker
and of the sliding bottom, pressure and plunger
type of stoker without being subject to the dis-
advantages inherent in those other stoker types.

In the illustrative application of Figure 1 the
described stoker is shown as being mounted un-
derneath a boiler 40 arranged to generate steam
supplied through outlet 41 to cne or more utilizers
typified by radiator 42 employed to heat a room
or other enclosure 43. The steam pressure in
supply line 41 is indicated by a conventional gauge
44, while the temperature of room 43 (heated by
radiator 42) is responded to by a thermostat 45.

The purpose of my invention is to provide im-
proved means responsive to changes in the read-
ing of pressure gauge 44 or to the indication by
thermostat 45 (or to some other measure of the
demand for stoker-supplied heat) for automati-
cally adjusting the stoker’s speed-setting lever
{7 in a way which maintains the boiler-steam
pressure or the heated-room temperature (or
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other selected measure of the heat output by the
controlied stoker) substantially constant.

The stoker’s drive and speed change mechanism

The here represented variable-speed stoker
drive is broadly similar to that aisclosed and
ciaimed by my eariier Patent 2,070,756 of 1937
previously identified. Stoker drive motor {5,
stationarily mounted as shown, is of a conven-
tional type suitable for energization from an elec-

trical power circuit of commercial voitage and

frequency (such as 110 or 220 volts, 25 or 60
cycies) and represented at A—B—C in Figure 4.

- When so energized (as upon the closure of switch
:41) the motor rotates at a substantially constant
speed (of the order of 1700 to 1800 R. P. M.) suffi~

ciently fast to operate forced-drait fan 2§ (see
Figure 2) efficiently. :

" A pulley 48 on the other end (right in Fig-
ure 2) of the motor shaft drives belt 48 running
over an intermediate pulley 90 mounted on a
jack shaft 51 that is journaled in a bearing sup-
port 52 (see Figures 2—3) which is slidable along
a track 53 that is pivoted at 54. Gravity and-a
spring 36 urge the free end of the track dowil-
wardly thereby keeping belt 4% under proper
tightness regardless of the position of slide sup-
port 52 along track 53. In this way puliey 58
rotates jack shaft 91 at a substantially constant
speed fixedly related to that of motor i3.

Driving into reduction gearing I8 for the pur-
pose of rotating feed screw 14 and wobble cam

24 (at the relatively slow speed earlier indicated)
is a third pulley 58 over which there rides a sec-
ond belt 59 having the flat cross section shown.
This second belt is driven from a composite pulley
that is carried by the jack shaft 5! (see Figure
2) and that includes left and right ‘members §3A
and 60B having opposed frusto-conical faces
against which the eages of belt 59 bear. Mem-
ber 60A is fixed to motor-driven pulley 5§ on
the jack shaft while member €0B also receives
turning movement from that shaft 51 but is

_ slideable lengthwise thereof, it being urged toward
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G60A by spring 61 (again see Figure 2).

Upon separation of membeis &JA. and 808,
produced by a pulling of flat belt 58 closer to
the center of pulley 60, the effective diameter of
that composite pulley is reduced with the result
that the gear box input wheel 58 is driven at a
lower rate of speed; likewise, upon closer ap-
proach of members 63A and 68B one to the other,
as accompanies a riding (aided by spring &f) of
belt 59 farther from the pulley cenier, the efiec-
tive diameter of pulley 60 is increased with the
result that the gear box input wheel §8 then is
driven at a higher rate of speed. 'To facilitate
the separation of members 68A and §88B when
the belt 59 is placed under added tension, the
latter may satisfactorily be provided with bev-
elled edges giving it the wedge shape represented.

Belt 59 being of constant total length, the
aforesaid effective diameter of composite pulley
60 is determined by the pcsition of jack shafi
support 52 along slide 83. Serving fo establish
that position  is the earlier mentionsd spesd
change lever {7 keyed as shown in Figure 2 to
the left end of an adjuster shait 62 whose right
end carries an arm 63 as shown in Figures 2—3.
A link 64 connects the lower end of arm 83 with
the slidable jack shaft support 52. With this
arrangement movement of lever (7 away from
hopper (1 (to the left in Figures 1 and 3) in-
creases the effective diameter of composite pulley

75 60 and hence raises the speed of gear box drive:
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wheel 58; while movement of lever {1 foward
hopper {i (to the right in Figures 1 and 3) de-
creases the effective diameter of pulley 66 and
correspondingly lowers the speed of gea1 box
drive pulley §8.

Conventional reduction gearing within box {6
steps down the speed of input pulley 58 (of the
order of several hundred of R. P. M. and adjust-
able as aforesaid) toa relatively low value (of the
order of only several R. P. M.) suitable for rotat-
ing the stoker’s feed screw 14 and wobble cam 24.
These so driven feeder parts accordingly operate:
() at their minimum speed when lever 17 is in
the position closest in hopper 41; (b) at a pro-
gressively increasing speed as lever {7 is moved
back (to the left in Figures 1 and 3) away from
hopper §f; and (&) at their maximum speed
when lever {7 occupies the position most remote
from the hopper.

The gear box here illustrated is further pro-
vided with a clutch 86 by means of which the drive
connection from motor i5 to the stoker’s fuel
feeder members {4 and 24 may at proper times
be broken (as upon actuation of a suitable hand
lever not represented). Such decluiching com-
pletely stops the stoker’s fuel feed thereby allow-
ing forced draft fan 38 to continue in cperation,
as is sometimes useful when it is desired to burn

all the fuel in retort {9 and on grate bars '%2—-.13
before adding new fuel thereto.

The complete stoker of Figures 1—2—3 still
further includes for fan 86 an air intake fitting
87 (see Figure 2) provided with conventional
damper means (not here represented) controlled
by a lever 68 and otherwise organized as disclosed
by my earlier Patent 2,189,012 of 1940 as pre-
viously identified. Upward movement of this
lever opens the inlet and thereby allows con-
stant-speed fan 36 to supply (by way of air duct
69) more air to the stoker’s burning fuel bed;
downward movement of this lever cuts down the
area of inlet opening and correspondingly re-
duces the supply of air to the fuel bed. .

" Through suitable linkage means including

shaft 11 (ses Figure 2) and associated elements
712-—-73-—%4, the position of damper lever 68 is
made to follow the position of fuel-feed speed
selector lever {7 in such a way that each increase
in fuel feed rate is accompanied by a correspond-
ing increase in fan-air cutput, and vice versa;
all as taught by my earlier Patent 2. 199,012 just
mentioned. In this way the represented stoker
simultaneously adjusts both its fuel-feed rate
and its air-supply rate in a way assuring most
effective fuel combustion throughout the entire
range of stoker operating speed.

Means for actuating speed selector lever 17

My invention as here disclosed provides im-
proved means for automatically adjusting the
position of speed-selector lever 17 in response to
variations in a measure (as by pressure gauge 44
or by thermostat 45 of Figure 1) of the stoker-
supplied heat, the adjustment proceeding in such
manner that only so much fuel will be burned in
the stoker-fired furnace 8 as is required to sat-
isfy the demand for heat or power.

For imparting the required. speed-adjusting.

movements to lever 1T my new confrol system

utilizes a reversing motor 78 ‘which through re-~
duction gearing 77 drives a pinion 78 that meshes
with g large gear wheel 78 mounted on idler shaft
80 and carrying a roller 8f engaged by the forked
opening (see Figure 4) in-a lever 82 attached at
its lower end to the same speed-adjuster shaft 62
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as supports the stoker’s speed selector lever 171
earlier described.

Control motor 76, shown as mounted on fop of
the stoker’s main-drive gear box 18, may satis-
factorily be of fractional horse power capacity
suitable for energization from the alternating
current voltage (110 or 220 volts, 25 or 60 cycles).
appearing between two of the .conductors
A—B—C of the main power circuit which sup-
plies. sioker driving motor {§ as indicated in
wigure 4. There current for opersting contrcl
motor 18 is fed through conductors A’ .and B'.
Connection (as later deseribed) of condustor A’
with motor terminal I produces “forward” rota-
tion, while connection of A’ (again as later de-
scribed) with terminal D causes motor 'lc to
rotate in the “reverse” direction.’

The normally high speed (such as of the order
of 1700-1800 R. P. M.) of. the control motor 78
is by gearing 171 (which may include a worm or
other equivalent drive) stepped down to tha point
where pinion 78 is driven at the relatively slow
speed of only two or three R. P. M. In con-
sequence gear wheel T8 meshed with that pinion
is ‘during motor operation moved at an even
slower rotational speed, so that forked lever 82
engaged by gear-carried roller 81 (see Figure 4)
reguires a substantial time to move from the ex-
treme left position of Figure 4 (corresponding
to the minimum stoker-speed setting of selector
shafi 6§2) to the extreme right position of Figure
4 (corregponding to the ma*nmtm* speed setting
of shaft 62).

In order to prevent motor 76 from moving
forked lever 82 too far in either the speed-raising
(right in Figure 4) or the speed-lowering (left
in Figure 4) direction, use is made of normally-~
closed limit switches 84 and 83 respectively in-
serted in the “increase” and in the “decrease”
supply leads to motor 716, as per the diagram
of Figure 4. These limit switches are conven-
tional and lend themselves to mounting in a
number of well known ways; one of these is indi-
cated in Figures 2 and 3 where the “box” repre-
sentations 86—85 designate the two so numbered
switches of Figure 4. and where the actuating
means therefor take the form of a pin 86 protrud-
ing as shown from the bolt which secures roller
8i to the gear wheel 79. Still other arrange-
ments may of course be employed to cause these
limit - switches  84—85 to selectively open when
forked lever 82 approaches the extremes in its
range of adjustment positioning.

Control devices and circuits for speed adjuster
motor 76

In the illustrative organization shown by Fig-
ure 4 energization of reversing speed-adjuster
motor 16 is automatically controlled by means of
g novelly-organized system made up of: (1) a
pressure-responsive device 87 including a bellows
88 connected at 39 (see Figure 1) with the steam
offtake line 44 from boiler 43 and functioning to
urge floating contact 88 against stationary con-
tact B when fthe boiler pressure rises above a
predetermined value and to engage floating con-
tact 80 with stationary contact.I, when the boiler
pressure drops below that value; (2) a'step-timer
device 92 including contacts 93—84 which are re-
peatedly closed and opened under the cyclic ac-
tion .of a cam 95 continuously rotated (at some
relatively slow speed such as.about 1 R.P.M.J) hya
clock-type ‘of synchronous mofor 96 energized
from conductors A’—B"; (3) a selector switch 98
settable ‘in any one of the four positions (“off”;
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“minimum”; “gutomatic”; “maximum”) marked
for purposes later to be made evident; and (4)
the interconnecting conductors represented by
Figure 4. .

All three of the devices 87, 92 and 88 may
satisfactorily be housed in an instrument casing
indicated at 100 in each of Figures 1 and b.
This casing can be made relatively compact, one
practical design therefor having height, width
and depth dimensions approximating eight, seven
and four inches respectively.

In this illustrative instrument organization the
pressure-responsive device 87 is totally housed
inside the casing 109, pressure connection thereto
being established through top tubing 83. Calibra-
tion of this device 87 is adjusted by turning a
top screw 162 which adjusts the tension on a
spring 163 that opposes (see Figure 4) the tenden~
cy of bellows 88 to close contacts 80—H uron
rising pressure of the boiler steam (see Figure 1).
For each setting of screw (02 there exists a pres-
sure at which floating contact 92 is disengaged
from both contacts H and L. As the pressure in
bellows 88 falls below that predetermined value
spring 103 brings contacts 90 and L together; and
as the bellows pressure rises above that prede-
termined value the added bellows expansion
brings contacts 80 and H together.

In the illustrative step timer shown at §2 (Fig-
ure 4), clock motor 96 is during the represented
“gutomatic” positioning of selector switeh 98 con-
tinuously energized over a circuit extending from
supply conductor A’ through swiich segment 99,
conductors 185—106, the winding of timer motor

86 and conductor 107 back to supply conductor :

B’. Under this condition motor 96 rotates timer
cam §% at some slow and uniform speed such as
one R. P. M.; the two cam lobes represented then
serving to move timer contact 84 up and down
once each 30 seconds in regularly repeated cycles.
Each upward movement engages contact 94 with
companion contact 93 while each downward
movement breaks that engagement.

For adjusting the ratioc of “on” (engaged) to
“off”  (disengaged) periods in these recurring
timer contact cycles, provision is made for mov-
_ing the upper contact 93 either closer to or further
away from the lower contact 94. As here shown
this provision takes the form of a second cam 87
settable in different rotational positions by 2
timer adjusting dial 108 protruding through the
front of instrument casing 180 as indicated in
Figure 5. When dial {08 is turned counterclock-
wise to the extreme left, each thirty second cycle
of timer operation will include a five second “on”
period during which contacts 93—94 are engaged,
and a twenty-five second “off” period during
which contacts $3—94 are disengaged.

Turning dial 188 clockwise increases the length
of the timer “on’” periods and decreases the
length of the timer “off” periods. If set to the
extreme clockwise direction (marked “Increase’”
in Figure 5) the timer contacts 93-—94 will be
engaged for twenty-five seconds and disengaged
for five seconds during each thirty second cycle.
In this way there is provided a simple and ef-
fective adjustment in the relative lengths of
timer “on” and “off” periods throughout a rela-
tively wide range.

The four-position selector switch represented
at 98 in Figure 4 is arranged for setting by meauns
of a knob (10 extending through the front of
instrument casing (00 as shown in Figure 5.
With the knob in the vertical or “automatic” po-
sition. represented . switch .segment 99 connects
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conductor A’ with conductor 105; turning knob
118 clockwise to the “maximum?” position causes
segment 98 to transfer the connection of con-
ductor A’ to a conductor 112; shifting of the knob
counterclockwise to the “minimum” position con-
nects conductor A’ (through segment 99) to an-
other conductor I1i; and further counterclock-
wise rotation of knob ii8 to.the “off”’ position
disconnects conductor A’ from all three conduc-
tors 109, H{l andg f12.

The three control devices just described (pres-
surestat 87; step timer 92; selector switch 88)
are as shown in Figure 4 interconnected with each
other, with supply conductor A'—B’ and with the
stoker’s speed-adjuster motor 7§ and limit
switches 84—85 to constitute the complete auto-
matic control system of this invention.

How the automatic control system
of Figure 4 operates

In considering operation of the complete con-
trol system of Figure 4 assume that step timer 32
is adjusted so that each recurring thirty-second
cycle of closing and opening by contacts 95—84
includes g fifteen second “on” periocd- (contacts
engaged) and a 15-second ‘“off” period (contacts
disengaged); that pressurestat 87 is set to hold
contact 88 between contacts H and L when the
pressure in boiler £5 (see Figure 1) has s selected
value of 60 pounds per sguare inch (as indicated
by gauge 88); and that selector switch 98 is in
the “automatic” position with segment 99 verti-
cal as indicated. - ’ :

In order to maintain the steam pressure in boil-
er at this value of 80 pounds per square inch the
stoker of Figure 1 will need to coperate at some
intermediate value of fuel-feed rate such as is-
typified by the represented position of manual
speed selector lever 1T (Figures 1-—2-—3) and by
the corresponding intermediate position of forked
lever 82 which is fixed to the same speed-ad-
juster shaft 82 as is the first lever i%i. Under
these conditions contact 88 of pressurestat 87
floats between contacts ¥ and I and keeps both -
of terminals D and I of speed-adjuster motor 76
disconnected (at pressurestat 87) from supply
conductor A’. .

Upon g drop in the steam pressure in boiler £8
(as may result when the demand for supplied
steam increases) pressurestat contact 98 sngages
contact L thereby completing for feed adjuster
motor 76 a “forward” energizing circuit which
extends from supply conductor A’ through se-
lector switch 88, conductor 169, step-timer con-
tacts 83—94 (when recurrently closed), conductor
{13, contacts 96—L of pressurestat 87, conductor
(14, limit switch 84, terminal I of motor 7§, and
the motor’s “ferward” driving winding back to
supply conductor B’.

Thus energized mofor 786 rotates forwardly
causing pinion 8 to drive gear wheel 19 in a
direction (clockwise as viewed in Figure 4) 1o in-
crease the rate at which stoker feed screw {4 and
wobble cam 24 (see Figure 1) are driven by motor

5 15 and further to open the air damper 87 for

forced draft fan 35. This “increasing” adjust-
ment in the rate of stoker fuel feed and air sup-
ply (accomplished through gear wheel 78 and
forked lever 82) precceeds in “step” fashion; the
adjuster motor 76 running only when step-timer
contacts 93-—84 are closed (fifteen cut of each
thirty seconds for the assumed setting of step
timer 92) and siopping during the intervening
“off” periods (also assumed to be fifteen seconds
each) when the step timer contacts -are opened.
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In consequence of the increased supply of fuel
and air by the stoker to furnace 8 the steam pres-
sure in boiler 48 again builds up. Upon close ap-
proach thereof to 60 pounds per square inch, pres-
surestat contact 80 separates from contact L and
thereby disconzets adjuster motor 76 from sup-
ply conductor A’. Further corrective action by
motor 18 is now discontinued.

In the event that the steam pressure in boﬂez
40 rises above the assumed predetermined vaiue
of 60 pounds per square inch (as may result when
the demangd for boiler supplied steam suddenly
drops) pressurestat 87 engages contact 88 with
contact B and thereby completes for adjusier
motor 18 a “reverse” circuit which extends from
sueply conductor A’ through selector switch 38,
conductor (85, contacts 53—94 of step timer €2,
econductor 118, contacts 90—H of pressurestat 87,
conductor ii5, limit switch 85, terminal] D of
motor 18, and the motor’s “reverse” dr1v1nrr wind-
ing back to supply conductor B’.

Thus energized motor - 16 rotates reversely
causing pinion 78 to drive gear wheel 78 in a
direction (counterclockwise as viewed in Figure
4) to decrease the rate at which stoker feed screw
{4 and wobble cam 24 (see Figure 1) are driven
by motor 15 and to effect a closing adjustment in
the air damper 67 for forced draft fan 38. This
“decreasing” adjustment in the rate of stoker fusl
and air feed proceeds in the same “step” fashion
(due to timer 82) as was explained for the in-
creasing adjustment by motor 78, . ‘

In consequence of the decreased supply of fuel
and air by the stoker to furnace 8 the steam
pressure in boiler 48 again falls. Upon close ap-
proach thersof to the. assumed 60 pounds per
square inch desired value, pressurestat contact &%
separates from contact H and thereby discon-
nects adjuster motor 76 (terminal D) from sup~
ply conductor A’. Further corrective action by
motor 78 is thersupon discontinued.

To adapt the system for maintaining the boiler
steam pressure constant at some value cther than
the 69 pounds per square inch above assumed, it
is only necessary to reset the pressurestat 87 for
contact disengagement at the other pressure se-
1ected. As alveady indicated, the necessary re-
setting is readily accomplished by simply turning
the calibrating screw (02; o increase the ten-
sion on spring {83 when it is desired to. maintain
s, higher pressure and to decrease the spring
tension when it is desired to maintain a lower
pressure.

Heat reguirement measurements other than

boiler steam pressure may also be used as the

control factor in my improved automatic sys-
tem. For example, the pressurestat 871 of Figure
4 may be directly replaced in the cireuits dis-
closed by the therimostat 45 of Figure 1. In effect-
ing such replacement the thermostat contacts L',
88’ and 7’ will be connected with conductors {14,

{13 and 1185 in the same manner as.are the pres-
surestat contacts L, 98 and H of Figure 4.  Op-
eration of the thermostat-controlled system will 5+
then be the same as that above described for the:
pressurestat-controlled system of Figure 4; sub- -
ject to the single difference that the tempera-

ture of room £3 (Figure 1) will then be main~
tained constant instead of the steam pressure in
boiler 48. Furthermore, temperature-responsive
contacts such as H'—88—L" can also be incor-

porated into an “aguastat” (not shown) sub-~

merged in water heated by the stoker-fired fur-
nace § and functioning through my new control
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system of Figure 4 to hold the temperature of

that water constant as some desired value.

The step timer 92 and comnection wvariations
therefor

In either arrangement step timer 82 functions
to eliminate “hunting” or overrunning in the fuel-
feed adjustment made through motor 76 in the
stoker driving mechanism of Figures 1—2—3.
Sueh hunting is prevented by adjusting the length
of the timer “on” (closed contact) steps to suit
the fuel burning characteristics of the stoker. As
has been seen each “on” portion of the timer cy-
cle is during corrective action accompanied by a
running of adjuster motor 76 and each interven-
ing “off”? (open contact) interval produces a wait-
ing period between motor operations.

Hence with the thirty second c¢ycle timer illus-
tlated at 92 the earlier assumed fifteen second
“on” and fifteen second “off” periods were chosen
merely to facilitate description. In certain fuel
burning systems such equal “on” and “off” peri-
ods may proye most suitable; in other systems a
shorter “on’ and a longer “off” period may prove
most satisfactory; and in still other systems a
longer “on” and a shorter “off” period may re-
sult in the best operation. As earlier indicated
the optimum adjustment for each installation is
readily effected through timer-adiuster dial §88.

The step-timer 52 obviolsly may be connected
into the conirel system in manners other than
the illusirative one shown by Figure 4. For ex-
ample, the timer contacts 93—84 may if desired
(but not here shown) ke reconnected to that they
serve recurrently to interrupt only one of speed
adjuster motor 76’s “forward” and “reverse” en-
ergizing circuits {44 and (415 (instead of both as

Figure 4 illustratively shows).

Moreover, by proper reorganization (not here
jllustrated) of the system it is possible to make
energization of timer motor 96 dependent upon
engagement of the contacts (90—H or 90—L) in
master control device 87.. With such an arrange-
ment the timer cam 85 will be rotated only when
the stoker’s speed-adjuster motor 96 is energized
(a4 one or the other of its terminals D and I);
this permits inactivity on the part of timer de-
vice 82 at all times except when motor 16 actu-
ally is being ealled upon to adjust the stoker

Non-qutomatic control of the stoker’s fuel-feed
speed

Under certain conditions it may be desirable

shaff 82 under manual control independently of
the automatic facilities just deseribed. Provision
for doing this is made in my new system. In the
organization shown by Figures 1 to 5 such pro-
vigion includes the selector switch 88 plus a re-
leasable ciutch mounting for pinion 78 which
drives into gear wheel 79 (see Figure 4) from
motor 76.

Referring to. Figure 2, pinion 18 is there

shown as being loosely mounted on the shaft {7

of the eonirol motor assemblage 16—177 and re-
eeives turning movement. therefrom through a
collar {18 fixed to the shaft. Abutting ends of

this collar and gear 78 are each provided with V

notches {19 which lock into each other as long
as a hand serew 120 on shaft 1i7s threaded
end holds gear 78 against collar {18. Under these
conditions pinionr 18 is rigidly fixed to and ro-
tates with the shaft 117 of speed adjuster motor
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gearing T1. The effect then is the same as were
pinion 78 to be keyed to shaft 117.

Should, however, it be desired to utilize manual
lever {7 for setting the stoker’s fuel-feed speed,
it is only necessary to turn hand screw 129 along
threaded shaft end 117 away from gear 18 for a
short distance as limited by cotter key 121. ‘The
V notches {19 now are effective to disengage gear
18 from collar ({8 and allow it to rotate freely
on shaft {17.

Pinion 18 is in this way freed to turn loosely
on shaft 1{1. Under this condition forked lever
82 (see Figure 4) can under the turning action
(through shaft 62) of hand lever 17 rotate gear
wheel 79 (through roller 81) to any speed-ad-
justing position which it may be desired to es-
tablish by lever 11. Once the position is so se-
lected, it may be there held by retightening hand
screw 129 against pinion 78, thereby again
locking it to control gearing shaft {i7. Access to
hand screw 128 may conveniently be provided for
by equipping the casing of the stoker drive
mechanism.with an access door as shown at 122
in PFigure 3. -

Incident to the foregoing manual setting of
the stoker feed drive, the selector switch 98 of
Figures 4 and 5 is preferably set to the “off” po-
sition wherein suvply conductor A’ is discon-

nected from all three of system conductors 185, .

{11 and ti2.

Under certain conditions this selector switch
98 Is further useful in selectivelv running the
speed-adjvster motor 76 (with pinion 78 locked
to shatt {{T) to the extreme position for forked
lever 82 in either the “maximum” or the “mini-
murm?” speed-adjusting direction.

Such maximum-direction running results when
knob 110 of the switch is rotated clockwise to its
“maximum” vosition to connect (through seg-
ment 99) supply conductor A’ with system con-
ductor 112. This by-passes both the sten-timer
92 and pressurestat 87 by connecting A’ directly
to motor conductor 1 {4, thereby enersizine motor
terminal I and cauvsing gear wheel 79 to be ad-
vanced in the speed-increasing direction (clock-
wise as viewed in Figure 4) until forked lever
82 contacts and ovens limit switch 84 in the
motor cirerit. Motor 16 then stops with forked
lever 22 in the “maximum” fuel-feed position.

To run motor 76 to the opposite or “minimum?”
range of travel for speed adjusting lever 82, it
is only necessary to turn knob 110 of selector
switch 98 counterclockwise to the “minimum”
position wherein segment 98 connects supply
conductor A’ with system conductor {i{. De-
vices 92 and 87 are again bv-passed and the re~
sultant connection of A’ with conductor {15 ap-
plies energizing voltace to terminal D of motor
18. 'This causes the motor to rotate gear wheel
T8 in the fuel-speed decreasing direction (coun-
terclockwise in Figure 4) until forked lever 82
contacts and opens selector switch 85 to inter-
rupt the supvly circuit and stop the motor with
lever 82 in the position of “minimum” fuel-feed
adjustment. .

As earlier indicated a setting of selector switch
98 in the “off” position disconnects supply con-
ductor A’ from all other system conductors and
thereby renders speed adjuster motor 18 totally
inactive.

The modified speed-adjusting mechanism of
Figs. 6—7-—8

Figures 6—7—8 disclose an alternative organi-
zation for the parts through which gear wheel

12
19 (driven by control motor 76) transmits speed
adjusting movements to the shaft 62 of the

- stoker’s speed selector mechanism earlier de-
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seribed. In this alternative organization: (a)
the two arms (T and 82 of Figures 2—3 are re-
placed by a single arm shown at 11’ in Figures
6-—T7—8; (b) the pinion 18 for driving gear wheel
19 is fixedly mounted on the shaft 117’ of the
control motor assemblage 16—17; (¢) gear wheel
19 has supported from its left face (as viewed in
Figure 6) a disc 124 upon which is mounted the
roller 81’ that engages one side of arm (T’ as
shown; (d) enough of the casing wall 127 is cut
away opposite gear wheel 79 to permit the en-
gagement named; and (e) movement of arm {7’
in the speed raising direction can at proper
times be limited to a selected position by placing
a stop pin 126 ahead of the arm (on same side as
roller 81’) in one of the holes provided in a
bracket (28 that is secured to the stoker casing
129 as shown.

Except for the changes above listed, the speed-
change mechanism represented in Figures §—7—
8 duplicates that already described by reference
to Figures 2—3. 1In it lever 1T’ is continuously
urged against (to the left in Figure 7 and to the
right in Figure 8) roller 81’ due to the tendency
of composite pulley 60 to ride belt 59 as far to-
wards the outer edges of beveled members
60A—860B as the positions of link 64, arm 63 and
speed-change shaft 62 will permit. The named
tendency results from the continuous urging by
pulley spring 61 (see Figure 6) of miember 663
towards member 60A; this, in turn, urges belt 59
away from the cenfer of pulley 60; and, in con-
sequence, the shaft support 62 for that pulley
continuously urges link 64 to the right in Figure
7. Arm 63 converts that urge into a torque on
shaft 62 which is counterclockwise as viewed in
Figure 7 and clockwise as viewed in Figure 8 and
which continuously urges lever 17’ towards roller
81’ as earlier stated. '

This modified mechanism of Figures 6—7—=8
employs the same reversing motor 78 as does the
mechanism of Figures 1—2—3 and it contem-
plates that this motor 16 be automatically con-
trolled through the novel apparatus shown in
Figure 4, as earlier described in detail. In ac-
tual use the parts of Figure 8 therefore form parf
of the complete automatic control systém of Fig-
ure 4; lever 11" of Figure 8 then replacing the
forked arm 82 of Figure 4 and limit switches 84
and 85 then being actuated (at proper times)
directly from the gear wheel 19 through the ac-
tuator 86’ carried thereby as indicated in each
of Figures 6—-7—8. )

Operation of the complete automatic control
system so disclosed by Figures 4, 6—7—8 there-~
fore proceeds in the same way as was earlier ex-
plained for the equipment of Figures 1 through 5.
In examining this operation first assume that
stop pin 126 is removed from bracket 128 there-
by allowing lever 7’ freely to follow roller gl
through all speed adjusting rotations of gear
wheel 79. Under this condition the modified
linkage mechanism of Figures 6—7—8 functions
in precisely the same manner as does the mecha-
nism of Figures 2——3—4, except that lever {1
takes the place of forked arm 82.

Thus, rotation of gear wheel 719 in the speed
decreasing direction (counterclockwise in Figure
8 and clockwise in Figure 7) pushes lever 17’ to
the right in Figure 7 (and to the left in Figure 8)
thereby causing link 64 to push composite pulley
50 further away (to the left in Figure 7) from
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the fixedly mounted pulley 58 over which the
belt 59 rides. This pulls belt 58 closer to the
composite pulley’s center and thereby appropri-
ately reduces the stoker driving speed; such re-
duction being accompanied by a corresponding
adjustment of air damper 88 (through linkage
71—1714) in the draft reducing direction.

Similarly, rotation of gear wheel 79 in the

speed increasing direction (clockwise in Figure 8
and counterclockwise in Figure 7) allows lever
{7’ to follow roller 84’ to the left in Figure 7 (and
to the right in Figure 8) and thereby permits
composite pulley 68 (urged by spring §1) to ride
belt. 59 closer to the pulley’s ocuter edges with a
resultant increase in stoker driving - speed.
moving, as stated, lever i1’ effects a correspond-
ing adjustment of air damper 88 in the drait
increasing direction.

This modified apparatus of Figures 6—7—8
offers special advantages.. The first of these is
that of permitfing ready establishment of an
upper driving speed limit at some selected value
that is less than the highest attainable stoker
speed which rotation of gear wheel 79 into its
extreme speed increasing position (wherein limit
switch- 84 opens) determines. Such establish-
ment of a reduced upper limit is accomplished
by inserting stop pin 126 into the opening along
the length of bracket {28 which corresponds to
the particular reduced upper limit desired.

Under this condition (represented in each of
Figures 6—T1—=8), automatic stoker adjustments
within the speed range below that selected hy
pin {26 continue to proceed as before. However,
once lever 47’ is by roller 8§’ allowed to move
into contact with pin 126 then further advance-
ment of the lever is prevented even though gear
wheel 78 may be further rotated by contrel
motor 7§ in the speed. increasing direction. This
means that the automatic contrel facilities are
vendered ineffective within the range above the
intermediate speed value selected by pin 126.

A second advantage afforded by the modified
apparatus of Figures 6—7—38 is that of permit-
ting a setting of the speed adjuster lever {7’

under full manual control and with complete.

independence of the automatic facilities dia-
grammed in Figures 4 and 8. To accomplish

In
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Restoration of the stoker to automatic control
is effected with equal simplicity merely by turn-
ing selector switch 98 of Figure 4 back into the

antomatic” position wherein segment 99 recon-
nrechs conductor A’ with system conductor {885,
and thereby conditions speed adjuster motor 76
of Pigures §—7-—8 for response to pressure-
stat 87.

Summary

From the foregoing it will be seen that I have
provided improved means for automatically con-
trolling the operating rate of stokers inecluding
wnderfeed stokers organized as taught by my
Patent 2,049,668 of 1936 and equipped with vari-
able speed drive mechanisms as taught by my
Patent 2,070,756 of 1937; that I have effected the
foregoing automatic control of stoker operating
rate in such an improved way as to avoid wast-
sge of fuel, minimize smoke and increase fuel
burning efficiencdy; that I have accomplished the
desired control through the medium of equip-
ment which is low in cost, simple and compact
in construction and reliable and trouble-free in
operation; and that I have organized the auto-
matic control apparatus in a way permitting the
stoker operating speed to be adjusted manually,
when and if desired.

My inventive improvements are therefore ex-
tensive in their application and hence are not
to be restricted to the specific form here dis-

clesed by way of illustration.

What I claim is:

1. In combination, a furnace, a stoker therefor

_inciuding fuel-feed elements, continuously oper-

this it is only hecessary to turn selector switch -

98 of Figure 4 to the “maximum” position.
Such turning connects (through segment 29)
supply conductor A’ with system conductor i{2.
This hy-passes both the step timer 82 and pres-
surestat 87 by connecting A’ directly to the

motor conductor $14 thereby energizing terminal

T of motor 18 and causing gear wheel 19 to be
advanced in the speed increasing direction
(clockwise as viewed in Figure 8) until actuator
86° contacts and opens limif switch 34 in the
forward motor circuit. Motor 7% then staps with
the roller 81’ in the “maximum” full speed posi~
tion (to the right in Figure 8 and to the left in
Figure 7).

Roller 84’ is now completely out of the nor-
mal-range path of lever 3’ and that lever is
accordingly free for manual setting to any posi-
tion in the stoker speed range which may be
desired. - Each such selected position can now
readily be retained by inserting stop pin {28 in
the appropriate place along the length of bracket
128, Tt will thus be seen thai the modified or-
ganization of Figures 6—7—38 permits manual
setting of the stoker feed speed to be effected

without disconnecting gear drive pinion 'ES from'

motor assemblage shaft {17.
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able mechanism for driving said elements, a
member in said mechanism movable to adjust

$he speed at which said fuel-feed elements are

driven, a gear wheel rotatively mounted to im-
part. speed-adjusting movement o said member,

i gn electric motor for slowly rotating said gear

wheel through a meshing pinion mounted on a
motor-driven shaft, an instrument responsive to
the demand for furnace-supyplied heat, first con-
tacts engaged by said instrument when said sup-
plied heat falls below said demand, second con-
tacts engaged by said instrument when said sup-
plied heat rises above said demand, a forward
energizing circuit for said motor completed dur-
ing each engagement of said first contacts and
then effective to cause the motor to move said
stoker-adiusting: member in the fuel-feed in-
creasing direction, a reverse energizing circuit
for said motor completed during each engage-
ment of said second contacts and then effective
to cause the motor to.move said stoker-adjusting
member in the fuel-feed decreasing direction, a

- selector switeh for at times rendering said. for-

ward and reverse motor circuits both unrespon-
sive to said automatic instrument control, and
means mounting said gear-driving pinion on said
motor-driven shaft in a way permitting selec-
tive release of the shaft-to-pinion driving con-
nection when during the aforesaid times it may
be desired to free said gear wheel for a manual
rotative shifting to any selected point in said
stoker-adjusting member’s range of feed-speed
varying movement.

2. In combination, a furnace, a stoker for sup-
plying said furnace with fuel to be burned thers-
within and with air to. support said burning,
continuously operable stoker driving mechanism
including a lever effective to adjust the rate at
which the stoker feeds both said fuel and said
air inte the furnace, a gear wheel rotatively

5. mounted to impart speed-adjusting movement to .
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said lever, a pinion meshing with said gear wheel
and carried by a shaft, an electric motor for
driving said shaft in order siowly to rotate said
gear wheel through said pinion, an instrument
responsive to the demand for furnace-suppiied
heat and effective to engage a first set of con-
tacts when said supplied heat is less than said
demand and to engage a second set of contacts
when said supplied heat is greater than said
demand, a forward energizing circuit for said
motor completed during each engagement of said
first contacts and then effective to cause the mo-
tor to move said stoker-adjusting lever in the
fuel-feed-increasing direction, a reverse energiz-
ing circuit for said motor completed during each
engagement of said second contacts ang then
effective to cause the motor to move said lever in
the fuel-feed-decreasing direction, a selector
switch for at times rendering said forward and
reverse motor circuits both unresponsive to said
automatic instrument control, and means mount-
ing said gear-driving pinicn on said motor-driven
shaft -in a way permitting selective release of
the shafi~to~pinion driving connection when dur-
ing the aforesaid times it may be desired to free
said gear wheel for a manual rotative shifting
to any sslected point in said stoker-adjusting
lever’s range of feed-rate varying movement.

3. In combination, a furnace, a stoker for sup-
plying said furnace with fuel to be burned there~
within and with air to support said burning, con-
tinuously operable stoker driving mechanism in-
cluding a lever effective to adjust the rate at
which the stoker feeds said fuel and air into
the furnace, said lever being settable anywhere
between an extreme low speed position and an

extreme high speed position, means urging said -

lever in the direction of its said high speed posi-
tion, a gear wheel rotatively mounted and carry-
ing at a point displaced from its axis a -roller
organized to restrain said lever from travel be-
yond the roller towards said extreme high speed
position, an electric motor for imparting rota-
tion to said gear wheel, a motor-contro]l instru-
ment responsive to the demand for furnace-sup-
plied heai, a forward energizing circuit for said
motor activated by said instrument when said
supplied heat is less than said demand and then
effective to produce forward rotation of said
gear wheel causing said roller to allow advance~
ment of said lever in the feed-speed-increasing
direction, a reverse energizing circuit for said
motor aciivated by said instrument when said
supplied heat is greater than said demand and
then effective to produce reverse rotation of said
gear wheel causing said roller to move said lever
in the feed-speed-decreasing direction, and
means supplemental to said motor-driven gear
wheel and roller for restricting said lever in its
said speed-raising movement to a selected inter-
mediate position in the aforesaid lever travel
range notwithstanding that said gear wheel may
advance said roller in the speed-raising direction
to beyond said selected intermediate position.

4. In combination, a furndce, a stoker for
supplying said furnace with fuel to be burned
therewithin and with air to support said burning,
continuously operable stoker driving mechanism
ineluding a lever eifective to adjust the rate at
which the stoker feeds said fuel and air into the
furnace, said lever being settable anywhere be-
itween an extreme low speed position and an
-extreme high speed position, means urging said
lever in the direction of its said extreme high
speed position, g gear wheel rotatively mounted

[~
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and carrying at a point displaced from its axis
a roller organized to restrain said lever from
travel beyond the roller towards said extreme
high speed position, an electric motor for im-
parting rotation to said gear wheel, a motor-
control instrument responsive to the demand for
furnace-supplied heat, a forward energizing cir-
cuit for said motor activated by said instrument
when said supplied heat is less than said demand
and then effective to produce forward rotation
of said gear wheel which causes said roller to
allow advancement of said lever in the feed-
speed-increasing direction, a reverse energizing
circuit for said motor activated by said instru-
ment when said supplied heat is greater than
said demand and then effective to produce re-
verse rotation of said gear wheel which causes
said roller to move said lever in the feed-speed-
decreasing direction, means including a selector
switch for at times rendering said forward and
reverse motor circuits both unresponsive to said
automatic instrument control and for thereupon
causing the motor to drive said gear wheel for-
wardly to a position wherein said roller frees
said lever for full advancement into its said
extreme high speed position, and means effective
t0 hold said lever in any position within its
complete range of travel that during the afore-
said times it may be desired to select by manual
setting.

5. In combination, a furnace, a stoker for
supplying said furnace with fuel to be buruned
therewithin, continuously operable stoker driving
mechanism including a lever effective to adjust
the rate at which the stoker feeds said fuel into
the furnace, said lever being movable between
an extreme low-speed position and an extreme
high-speed position, a gear wheel rotatively
mounted and carrying a roller at a point dis-
placed from the gear wheel axis, means causing
said lever to move with said roller upon changes
in the rotational position of said gear wheel,
an electric motor for imparting rotation to said
gear wheel, a motor-control instrument respon-
sive to the demand for furnace-supplied heat, a
forward energizing circuit for said motor ac-
tivated by said instrument when said supplied
heat is less than said demand and then effective

‘to produce forward rotation of said gear wheel

causing said roller and said lever to move in
the feed-speed-increasing direction, a reverse
energizing circuit for said motor activated by
said instrument when said supplied heat is greater
than said demand and then effective to produce
reverse rotation of said gear wheel eausing said
roller and said lever to move in the feed-speed-
decreasing direction, and a selector switch for
at times rendering said forward and reverse
motor circuits both unresponsive to said auto-
matic instrument control and for at other times
enabling each circuit selectively to be supplied
with energizing current under manual control
directly through the switch in by pass relation
to said instrument. .
6. In combination, a furnace, a stoker for
supplying said furnace with fuel to be burn=sd
therewithin, continuously cperable sioker driving
mechanism inecluding a lever effective to adjust
the rate at which said stoker feeds fuel into the
furnace, said lever being movable between an
exireme low-speed position and an exiremse high-
speed position, a gear wheel rotatively mounted
and carrying. a roller at a point displaced from
the gear wheel axis, means causing said lever
to move with said roller upon changes in the’
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rotational position of said gear wheel, an electrie
motor for imparting rotation to said gear whesl,
5 motor-control instrument responsive to the
demand for furnace-supplied heat, a forward
energizing cireuit for said motor activated by
said instrument when said supplied heat is less
than said demand and then effective to produce
forward rotation of said gear wheel causing said
roller and said lever to move in the feed-speed-
inereasing direction, a reverse energizing circuif
for said motor activated by said instrument when
said supplied heat is greater than said demand
and then efective to produce reverse roiation
of said gear wheel causing said roller and said
lever to move in the feed-speed-decreasing di-
rection, a timing device for said forward and
reverse motor circuits effective upon activation
of each as aforesaid then recurrentiy to interrupt
the activated circuit and thereby cause said
stoker-speed-adjusting motor to operate in re-
curring steps which are separated by intervening
periods of motor stoppage, a selector switch for
at times rendering said forward and reverse
motor circuits both unresponsive to the fore~
going automatic instrument control and for at
other times enabling each circuit selectively to
be supplied with energizing current under man-
ual control directly through the switch in by pass
relation to said instrument and said timing de-
vice, a first limit switch functioning o deactivate
said forward motor circuit upon either instru-
ment or selector-switch initiated movement by
said motor of said stoker-adjusting lever to its
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extreme limit of travel in the fuel-feed-increas-
ing direction, and a second limit switch func-
tioning to deactivate said reverse motor circuib
upon either instrument or selector-switeh initi-
ated movement by said motor of said stoker-ad-
justing lever to its extreme limit of travel in
the fuel-feed-decreasing direction.
JOHN S. SKELLY.
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