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1 Claim.

My invention relates to automatic systems for
- controlling the supply of pulverized coal to fur-
naces and one of the objects of the invention is
the provision of improved ahd efficient thermo-
statically controlled apparatus for starting and

stopping the opersation of a furnace and feed-

ing a mixture of powdered coal and air thereto
in accordance with requirements. o

Another object of the invention is the provi-
sion of improved mechanism and a control there-
for for feeding from storage pulverulent material
and mixing the same with air for delivery to a
furnace for combustion of the material therein.

A further object of the invention is the provi-
sion of an imgroved and efficient system of elec-
trical control

Other objects of the invention will appear here-
inafter, the novel features and combinations be-
ing set forth in the appended claim.

Referring to the accompanying drawings, Fig.
-1 is an elevational view with the furnace shown in
section, of my improved automatic system for

_burning pulverized coal;’

Fig. 2 is a front elevation of the ‘installation
shown in Fig. 1; _ .

‘Fig. 3 is a sectional elevation of the stack switch
‘mechanism, taken on the line 3—3 of Fig. 4 look-
ing in the direction of the arrows; ‘ .

Fig. 4 is an elevational view of the stack switch
mechanism with the front cover removed;

Fig. 5 is a sectional elevation of the feeding
and mixing mechanism shown at the lower right
hand portion of Fig. 1, the section being taken
along the line 5—8 of Fig. 8 looking in the di-
rection of the arrows; . - :

Fig. 6 is an elevational view partly in section
of that portion of Fig. 5 to the left of the fan shaft
therein; - . )

Tig. 7 is an enlarged sectional elevation of the
burner nozzle for the furnace with the electric
ignitor attached thereto; ' ,

Fig. 8 is a plan view of the feeding and mixing
mechanism shown in Figs. 5 and 6 but with the
storage bin removed; - C .

PFigs. 9 and 10 are broken away portions of Fig.
4 showing positions of the parts during the start-

" ing and running periods respectively;

60

Fig. 11 shows. a wiring diagram of the circuits
and connections-for the automatic system;

Fig. 12 is a modified wiring diagram embodying
an additional safety feature; and

Fig. 13 is another modified wiring diagram em-

bodving another safety feature.

In Fig. 1, 14 designates a furnace of the verti-

cal type and may be either in a hot air heating’

system, vapor hesating system or steam heating
system.  While my improvemenits are particular-
1y adapted to
furnace already

¢

in operation for the burning of

f the delivery of fuel to a furnace’
and rendering safe the operation of the furnace..

‘plate 87.

be installed in connection with & .

(CL. 110—28)

coal in the ordinary manner, it should be under-
stood that my system may be péfmanently or de-
tachably connected to a furnace when initially
installed. Upon removal of the ordinary fire door
of .a previously installed furnace an ignition or
preliminary combustion chamber 15 may be placed
in the furnace chamber 16 by inserting through
the fire-door of the furnace a casing 1T which. is
lined with refractory or fire resisting material 18
and which is provided with an opening at 19 in its
bottom to communicate with the furnace cham-
ber 16. The casing U7 is secured to a plate 20
which in turn is secured to the front of the
furnace to close the fire door opening therein. -
Secured to the front face of the plate 20 by
means of the radial flange or plate 21 is a-burner
nozzle 22 which has its inner end 28 projecting

into the auxiliary or preliminary combustion

chamber15. The nozzle 22 is preferahly conical
as shown in Fig. 7 with its rear end screw thread-
ed at 24 for- connection to the pipe 25 which
leads to the pipe 26 and casing 46 in which is
mounted a blower or fan 27 as shown in Fig. 5.
The powdered fuel such as pulverized coal is

- adapted to be stored in the large bin or casing 28

the lower end of which is conical or hopper=shaped
as shown at 29 in Fig. 1. The upper end of the

.casing 28 is provided with a filling opening at 30

through which the pulverized coal may be placed
in the bin 28 after removal of the cover 31. In
order to prevent coal dust from flying about in
the furnace room and to protect the persons per-
forming the filling -operations a vacuum cleaner
may bé connected through the suction pipe 164
to the interior of the bin 28 as shown in Fig. 1.
To the lower end of the hopper-shaped: por-
tion 29 of the pulverized coal bin 28 is secured a
casting 82 which is provided with an annular
groove 33 to receive a felt packing 34 shown in
Fig. 5, the latter serving to prevent leakage of
pulverized coal from the annular portion 59 of

The pulverized coal bin

cured a base frame 36 on which is mounted the
worm gear housing 37 as shown in Fig. 5.
Mounted in the bearings 41, 48 is a shaft 40
which is connected at one end #1 to the fan wheel
21. The other end of the shaft 40 is coupled at
42 to the shaft 43 and the latter is connected to

10 '
15
20
25
30
35

40

28 may be mounted on '
_spaced vertical standards 85 as shown in Fig. 1-
and to the lower end of these standards is se-

465

60

the armature of the electric motor 44. TUpon ro- -

tation of the motor #4 in the proper direction the

-fan 271 will operate to take a mixture of powdered

coal and air through the intake opening- 45 ot
the fan housing 46 and blow such mixture
through the pipe 26 into the pipe 25 and thence
{nto and through the nozzle 22 into the prelimi-
nary combustion chamber I8, Thrust bearings
for the shaft 40 are provided at 47, 48 as shown

55
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in Fig. 5 and assoclated with such thrust bear-
ings are suitable lubricating openings. .

Secured rigidly to the top of the worm gear
housing 37 in- stationary position is a circular
support or ring 49 which is provided with an in-
ner annular groove 50 to receive a felt packing
§1. The inner lower portion of the ring 49 car-
ries a spider frame 52 comprising a plurality of
arms inclined upwardly and secured at their up-
per ends to the thrust bearing support $3.

A vertical shaft 54 coaxial with the ring 49 is
provided with stepped thrust roller bearings at
its lower and intermediate portions. The lower
thrust bearing 55 resists movement of the shaft
54 upwardly and the upper thrust bearing 56
resists downward movement of the shaft 54 rela-
tive to the bearing support 53 and the oarts
secured thereto.

Secured to the enlarged upper end of the shaft
54 is a feed plate 57 the upper surface of which
is provided with a spiral groove 58 as shown
in Figs. 5§ and 8. The inner end of the spiral
groove is the leading end relative to the direc-
tion of rotation of -the feed plate 57 and the end

of the groove at the periphery of the feed plate .

57 is the trailing end so that when the feed plate
rotates in an anti-clockwise direction as viewed in
Fig. 8 the spiral groove 58 will produce friction

between the plate 57 and the powdered coal in .

the hopper 29 tending to prevent the plate from
sliding under a stationary mass of powdered coal.
Furthermore, due to the spiral groove, any such
sliding will assist in conveying the central por-
tions of the powdered coal on the feed plate 57
to the periphery thereof.

The feed plate 57 has connected to the lower
peripheral edge thereof an annular portion %8 the
upper peripheral surface of which engages the
bottom of the felt packing 34 so as to effectually
confine the powdered fuel in the anhular passage-

~way 88 which is below the horizontal plane of

45
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80
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the upper surface of the annular portion 58 of
said feed plate B57.
Also secured to the feed plate 57 is a depend-

ing annular flange 6§ the outer surface of which -

engages the felt packing 51 so that lubricating oil
thrown onto the thrust bearings 85, 56 and the
annular gear 62 by rotation of the collars 163,
163, will not leak out from the ring 49.

On the interior of the depending annular flange
6f is an annular gear 62 with which meshes a
pinion 63 at the upper end of the vertical shaft
64 as shown in Fig. 6. The shaft 64 is mounted
to rotate in the bearings 65, 66 and between these
bearings the shaft 64 is keyed to a worm gear
67 with which meshes a worm 68 on the shaft
40. It will thus be seen that when the motor
44 shown in Fig.. 1 is rotated, power will be
transmitted through the worm gearing 68, 67 and
the spur gearing 63, 62 to effect rotation of the
feed plate §1. Such rotation should be in an
anticlockwise direction as viewed in Fig. 8 so that
the inner end of the spiral groove 58 will lead
and the outer end will trail so as to effectually
transfer the powdered fuel without caking to the
annular passage-way 660.

The upper central portion of the feed plate 51
is provided with a hub 69 to which is secured
at 70, 10 an agipator 11 which has an arm inclined
upwardly for travel along & conical path parallel
to the inner surface of the conical hopper 29 and
adjacent thereto. The agitator 11 ‘co-operates
with the grooved feed plate to secure transfer
of the powdered fuel from all portions of the hot-

2,102,691

tom of the hopper 29 to the annular passage-
way 60.
By referring to Pigs. 5 and 8 it will be seen

‘that the inner surface of the casting 32 is coni-

cal at 12 in conformance with the inner surface
of the hopper 29 except that an opening is pro-
vided at T3 for the passage of the pulverized fuel
into the annular passage-way 80. The inner
lower edge of the surface 712 overlaps the periph-
eral edge of the feed plate 5T and is located
closely adjacent thereto. Also closely adjacent to

‘the upper surface of the feed plate 51 is a pointed

triangular deflector T4 secured at 19, 15 to the
casting 32 so as to occupy a stationary position
and so as to be adapted to deflect pulverized

coal from the plate 57 over an area extendingv

from the hub 69 to the opening 13.

In order to assure the pulverulent condition of
the material as it passes into the annular pas-
sage-way 80 and to break up any lumps.thereof,

10

1ib

20

I have provided radial spaced apart loops of .

wire attached to feed plate 57, as shown at 176,
16 in Figs. 5 and 8. I prefer to locate these wire
loops so as to travel closely adjacent to the top
of the passage-way 60 formed by the flat annu-
lar surface below the conical surface 72 of the
casting 32 so that the material will not tend to
adhere to such flat annular surface.

As a further assurance that the pulverized
coal will not form in lumps or become caked I
have provided radial grooves 11, 77 in the upper
surface of the feed plate 57.

On that side of the hopper bottom casting 32

diametricaily opposite the opening 13 is an ad-
justable plow 79 mounted in position for the an-
nular flange 59 to slide under the same as
shown in Figs. 5 and 8. The plow 19 is secured
to a vertical rock shaft 88 mounted in bearings
in a bracket 8! on the casting 32. A collar 82
secured to the vertical shaft 80 is provided with
an outwardly projecting or radial pin 83 which
is adapted to fit into a slot 84 at'the lower end
of the arm 85 of 2 bell-crank lever 86 which is
pivoted at 87 to the upper end of the bracket 8.

The horizontal arm 88 of the bell-crank lever
86 extends through a loop 89 secured to the up-
per énd of the vertical rod 90. A spring 9{ sur-
rounds the rod 99 between the plate 92 which is
secured to the upper end of the rod 90, and the
shelf 93 which extends laterally from the casting
32. The spring 8{ presses upwardly against the
plate 92 tending to hold the rod 98 in its upper-
most position. - The upper limit of the rod 89 may

- be adjusted by the nuts' 94 which are screw

threaded on rod 95 secured te the lower end of
the rod 96.

On the base frame 36 is mounted by means of

the bolts 96 the solenoid 87. A plunger $8 ex-
tends downwardly into the solenoid 97 and at $8
to the upper end of the plunger 28 is pivoted a
screw threaded rod 100. A connector {8f pro-
vided with right handed screw threads is mount-

2
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ed on the screw threadeq rods 95, {80. By re-

moving the pivot pin -at 99 and turning the
65

screw 100 and reconnecting the pivot pin the
position of the plunger 98 may be adjusted rela-
tive to the solenoid 97.
nections will then serve to lock the plunger 98

at adjusted elevation.

As hereinafter explained more fully, when the
furnace is started in operation the'solenoid 87 is
energized to pull down the plunger 98 which

will cause the loop 89 to swing downwardly the

arm 88 and consequently the shaft 88 will be
rotated to swing the plow 19 in a clockwise di-

The screw threaded con-

70 .
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rection as viewed in Fig. 8, and thereby cause
said. plow to effect an initial maximum scooping
of the powdered coal from the annular trough 60
into the chute 102 as shown:in Figs. 5 and 8.
After .the furnace is in running conditlon the
solenoid 87 .is de-energized automatlcally and the
spring 91 will move the plow 19 away from the

center of the feed plate 57 to a running posi-
tion. It can readily be seen that by means of the.

nuts 94 the running position of the plow 19 may
be adjusted so as to scoop pre-determined quan-

tities of powdered coal from the trough 68 during

each rotation of the feed plate 57.
On top of the nozzle 22 as shown in Fig, 7 s
mounted an .electric spark gap-igniter 103 com-

prising a lower terminal connected to the metal .

of the nozzle 22 and an upper terminal mounted
in insulating material 104.  The terminals of the
spark gap igniter 103 are electrically connected

to a transformer 105 (Fig. 11) in ‘the ignition

box {06 (Fig. 2).
An 111um1nat1ng gas supply plpe 107. 1s con-
nected as shown in Fig. 7 to the gas burner nog-

zle 108 which is preferably in alignment with the.

air intake port 109.: An electromagnet 110 as
shown in Fig. 11 is adapted to open and close
a. valve Ifl in the gas pipe (01. A manually
operated regulating valve 112 may also be located
in-the gas supply pipe [07. At the same time
that the spark gap igniter 103 is operated the
electro-magnet 110 acts to open the valve LI
and therefore during the flow of gas through
the nozzle 108 the igniter is operating a.nd air
is drawn into the intake port, §09.

Extending into the outlet flue 113 of the fur-
nace {4 is an electric stack switch device 114
which is shown in Fig. 4 with its cover removed.
This stack switch device comprises a thermostatic
element 115 which is in position to receive the
heat from the flue .gases and thereby rock the
shaft 116 to the outer end of which are freely
pivoted two mercury switch- carrying plates 117,
Clutch means including springs {18, 120
are relied on to effect rotating of the carriers
17, 118 with the shaft 116 until the carriers are
stopped by means of abutments. The rear car-

" rier [18 is limited in its arcuate movement by

striking against the abutments 121,122 shown in
Fig. 4, while the front carrier (11 has a larger
arcuate movement and is. limited by the ad-

. Jjustable abutments 123, 124,

GO

70

75

The rear carrier 118 carries the hold-in mer-
cury switch. 126 while the front carrier. {1 car-
ries the pull-in mercury switch 125 and the igm-
tion mercury switch 121. .

Below the outer end of. the rock shaft 116 is
mounted an electro-magnet 132 havmg a wind-
ing 128 and adjacent the pole 129 of this elec-
tro-magnet is a pivoted armature l30
armature has mounted thereon a motor mercury
switch 131 controlling the motor. circuit so that

'When the. armature 130 is attracted to.the pole

129 the circult of the electric motor . wlll be
closéd., " \

Plvotally mounted at 132’ on the frame of the
eleotro magnet 132 is-a lockout mercury switch
133 held normally in closed position” by the
trlppmg device 134. Wound on insulating ma-
terial is a resxstor or electric heater 135 under an
expansion element 135 as shown iri'Fig.’4. When

“this résistor receives a certain amount of current

for ‘s, ‘sufficient length ‘of time the trxpping de-
vice 134 will’ be operated to release the switch
{33 and the latter will be tilted in a clockwise
dlrectlon as Vlewed in Fig 4 to open the supply

This-

circuit. The supply . circuit cannot again be en-

ergized until the  tripping device has been reset_

manually. at 137. .

The, electro-magnet 132 also comprises two
transformers . comprising. one . primary Windingv'

138 and two secondary wmdmgs 428 and 139,

The operation of the system will be understood'

by referring to Figs. 3,4, and 11, ‘When the fur-
nace is not operating the stack switch'devme P14
will have its parts located as shown in Flg 4

switch {31 open, the pull-in switch l25 closed
the hold-in switch (26 -open, and the 1gnition

switch 127 closed. When the room thermostat’

mercury sw1tch 149 moves to closed position as
shown in Fig. 11 current flows through the. -pri~
mary l38 of the transformer of the electro- mag-

net 132 provided the main line switch {41 is"

closed. The circuit will be from the maih 142,
through the switch 141,
123, primary (38, conductors 144,
other supply maln 146. The closure of this ¢ir-
cuit will furnish suﬁicient voltage to the sec-
ondary 128 to cause sufficient” current to “flow
through the conductor {47, switch 125, conductor
148, resxstor 135, conductor Ms thermostat switeh
40, and conductor 150, to energize the electro-
magnet 132 to cause its armature 130 to tilf' the

mercury sw1tch 31 to ‘closed’ position’ as shown’
It should' be particularly noted that 3
in order to enable the electro-magnet to atfract’

in Fig. 11.

the armature 30 and 'close the switch 131 the
pull-in switch 125 must be closed,
Immediately upon the closure of the switch 131

current will be supplied'to the motor 44 through :

the conductors i151, 152 to effect rotation .of the
feed plate ‘5T in an anti- clockwxse direction as
viewed in Fig. 8.

Simultaneously with the startmg of the motor
44 the electro-magnet 97 is energized to move
the plow 19 toward the center of the feed plate
57 to enable such plow to scoop from the annular
passage-way 63 a maximum amount of powdered
coal during each rotation of the ‘feed plate §71
and deliver ‘such coal to the chute 102 for de-

livery to the fan: 21 which rotates 1mmed1ately

upon the starting of the motor 14

Also: s1multaneously with ‘the startlng of the
motor 44 the electro- -magnet 110'is energized to
effect the ‘opening of the valve 114 to effect a
flow of gas through the plpe 107 into the nozzle
{08 shown in Fig. 7.

‘By referrmg to Fig. 11'it will be seen that ‘the’

ignition switch 127 ‘is located in’ the conductor

153 and that between the conductor 153 and the
conductor {45 is located the primary 154 of the
transformer I05 to’ whlch the. termmals 103 of
the'spark gap igniter are connected “The closure
of the switch 131 by movement of ‘the’ armature
| 30 to the pole I29 starts’ the motor a4, ‘the ‘fan’
27 and the feed plate 57, wh.lle at’ the same tlme
the plow 19°is moved toward the center ‘of the
feed plate 51 ‘the valve 111 'is ‘'opened ‘and the
electnc ignltlonlls opernted Consequently as

prOJected from'the
burmng gas at the

conductor 143, switch"
145" to the-

10,
with the lockout switch 133 closed, the motor' B

20.
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When the gases flowing through the flue 113
become sufficiently heated the shaft (16 will be
rocked to move the inner carrier {18 from the
position shown in Fig. 4 to the position shown in
Tig. 9, whereupon the hold-in switch 126 will be
closed and the motor switch 131, the pull-in
switch 125, and the ignition switch (27 remain
closed. Fig. 9 represents the- positions of the
switches (25, 126, 121, and 131 for the starting
period. If the stack switch element {15 does
not become sufficiently heated within a predeter-
mined period of time to close the hold-in switch
126, say within a minute and a half, the heat gen-
erated by the resistor 136 will be sufficient to warp

- the flexible element (36 and enable the frip de-

vice 134 to open the switch 133, whereupon the
main supply current through the conductor 143

. will be opened thereby cutting off:current .from

20
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40
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the motor 44, the solenoid 110 and the ignition
transformer 105. Thereupon the feeding of the
fuel will be stopped and the flow of the gas
through the nozzle 108 will be cut off. Before the
furnace can be restarted the trip device 134 must
be manually reset by actuation of the knob 131.
Under normal conditions, however, the hold-in
switch 126 will be closed thereby short-circaiting
the resistor {35 and preventing further heating
thereof. Continued heating of the stack element
{15 will rock the shaft 116 to a greater angle to
move the carrier 117 to its position shown in Fig.

10 which represents the running positions of the.

switches 125, 126 and 121 or their positions when
the feeder is running after the transient or start-
ing period. When the switches 125 and 127 are
moved from their positions shown in Fig. 9 to
their positions shown in Fig. 10 they are both
opened and consequently the ignition switch 127
will cut off the current from the electro-magnets
97 and 110 and from the primary 154 of the igni-
tion transformer 105. The plow 18 will then be
moved by the spring 91 back to its adjusted posi-
tion where it will operate to scoop the predeter-
mined quantity of powdered coal from the annu-
lar passage-way 60 during each rotation of the
feed plate 51. The spark gap igniter {03 will-be
discontinued but the motor #4 will continue to
operate the fan 27 and the mixture of air and
powdered coal will continue to be delivered for
combustion, into the combustion chambers, i5
and t6. So long as the thermostatic switch 140
remains in the position shown in Fig. 11 the sec~
ondary 128 will continue to act to hold the arma-
ture 130 against the pole 129 and therefore hold
the motor switch 131 closed. .
When the room temperature reaches a pre-
determined point the thermostatic switch 140

-will be tilted to the opposite position from that

shown in Fig. 11 to effect closure of ‘the con-
tacts 155. Thereupon the circuit of the secondary
winding 128 will be opened and consequently the
armature (30 will be released and the switch 131
will be opened which will result in opening the
motor circuit and stopping the rotation of the

_ feed plate 51 and the fan 21 automatically.

70
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When the contacts 155 are closed a circuit is
completed through the secondary winding 138.
The voltage of this secondary winding is rela-
tively low and insufficient to energize the electro-
magnet to move the armature 130. The winding
139 therefore acts merely as a transformer sec-
ondary and the switch 13§ remains open. Assoon
as the operation of the furnace is discontinued
the stack element 115 tends to cool sufficiently
to open the hold-in switch 126 and close the
pull-in switch 125 and the ignition switch 12T.

- ping of the lockout switch 133.

2,102,601

If, however, due to some abnormal conditions the

. 'operation of the thermostatic switch 140 does not

stop the operation of the motor and the fan the
hold-in switch 126 will remain closed. Conse-
quently upon the closure of the contacts 155 the
auxiliary heating resistance 156 will effect trip-

The resistance
156 may be such as ito take a longer period of

time than is taken by the resictance 135 to effect

“ the opening of the switch 133. The circuit of

this safety feature may be traced from the sec-

ondary 139 through the conductor 151, contacts

155, conductor 158, hold-in switch 126, conductor

159, and resistance 56 to the other terminal of.
the secondary 38. If desired the voltage of the

secondary 139 may be approximately 20 and that

of the secondary 128 approximately 40 and the

time for the resistance 138 to act may be 1%

minutes and that for the resistance 156 to act

may be 3 minutes.

Under normal conditions of operation the mo-
tor 44 will be stopped when the thermostatic
switch 40 closes the contacts 155 and the stack
element 115 will act to move the parts back to the
normal position shown in Fig. 4, whereupon the
pull-in switch 125 will be closed, the ignition’
switch 121 will be closed, and the hold-in switch
126 will be openied. The resistances 156 and 135
will then be in series with each other through the
switch 125 and the current through the resist-
ances 135 and 156 will then be insufficient to
effect opening of the lock-out switch 133.

In the modification shown in Fig. 12 the same
resistance 135 is employed as a safety device for
both the starting period and the end of the de-
sired running period. The resistance 160 is an
added resistance placed in circuit with the re-
sistance 135 to prevent heating of the latter if -
the conditions are normal. During normal start-

5
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ing the thermostat closes the circuit from the 40

primary 128 directly through the resistance 135
and if the pull-in switch 125 does not open within
a pre-determined period of time, say 1% minutes,
the tripping device 134 will operate to open the
lock-out switch 133 thereby requiring manual re-
setting. If at the end of the intended running
period the contacts 185 close and the hold-in
switch 126 does not open within a period of about
3 minutes the current from the secondary (38
will heat the resistance 135 sufficiently to effect
opening of the lock-out switch 133. If, however,
the hold-in switch 126 opens as it should the re-
sistance 160 will be thrown in series with the re-
sistance 185 so as to prevent the latter from be-
coming sufficiently heated to open the switch 133.

In the modification shown in Fig. 13 the switch
126 is shown in position to deflect current from
the heating resistance {85 through the resistance
161. The circuit will then be from the secondary
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128 through the conductor 150, switch 140, con- 60

ductors 149, 158, switch 126, conductor 1%9, re-
sistance 161 and conductor 147 to the other termi-
nal of the secondary 128. So long as the pull-in
switch 125 remains closed the resistance 161 will

be in parallel with the resistance 135 and there 65

will be sufficient current by-passed around the
resistance 135 to prevent the latter from heating
sufficiently to open the lock-out switch 133. When
the pull-in switch 1285 opens, the circuit from the

secondary 128 will be through the resistance (61 70

alone and such resistance will cut down the cur-
rent so that the switches 140 and 126 will not be
overheated.

When the room thermostat tilts to close the

contacts 155 a circuit will be closed from the 756
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Iow voltage secondary 138 through the conductor = 2400° F, so that irrespective of the temperature of

{51, contacts 155, conductors 149, 158, switch 126,
conductor 158 and resistance 162 to the other ter-
minal of the low voltage secondary 139. The re-
sistance 162 will cut down the current in the cir-
cuit secondary to prevent overheating of the con-
tacts 155 and 126. In the same manner the re-
sistance 156 in Fig. 11 may be used to cut down the
current in the circuit of the secondary 139 and
not be used as an auxiliary heater. However, if
desired the resistance 162 in Fig. 13 may be used
as an auxiliary heater to effect the opening of the
lock-out switch 133 if such abnormal conditions
should occur as to unduly prolong the heating of
the stack element 115 in the flue 113. Such ab-
normal condition will unduly prolong the closure
of the switch 126 and consequently the heating
resistance 162 connected to the low voltage sec-
ondary 139 will effect the opening of the lock-out
switch 133 after a pre-determined length of time.
That is to say, both in the form shown in Fig. 11
and in the modification shown in Fig. 13 auxiliary
heating resistances may be employed as safety
features so as to operate afier a longer interval
than taken by the resistance 135 to automatically
open the lock-out switch 133 when abnormal
conditions of heating unduly prolong the heating
of the stack element (15. .

It should also be noted that various hook-ups
may be employed for the electrical circuit and
connections shown in Figs. 11, 12, and 13 without
altering the positions of the switches shown in

Fig. 4. Various results may be obtained by re-

wiring and by use of the auxiliary heating re-
sistances either to effect the opening of the lock-
out switch 133 or by serving to protect the
switches 126, 155.

~ While in some furnaces a pulverized fuel burn-
er may be provided without having connected
thereto the ignition or preliminary combustion

‘chamber 15, such burner would require contin-

ued burning of gas at the gas burner nozzle 108
during the burning of the pulverized fuel so as t0
assure the continued burning of the latter. That
is to say in a thermortatically controlled heating
system, certain furnaces may ab certain times be-
come so cooled that when started in operation the
cooling effect on the flame of. burning pulverized
coal may be sufficient to cause the same to be ex-
tinguished if the gas flame from the nozzle 108 is
not maintained. When the preliminary combus-
tion chamber 15 is omitted I therefore prefer to so
arrange the electro-magnetic valve structure 110
as to be dependent on the switch 131 alone. This
may be done by placing the electro-magnet of this
valve structure in the motor circuit direct in the
conductor 151, 152 or 145 shown in Fig. 11. Then
the gas will continue to burn at the nozzle 108
whenever the pulverized fuel burns at the nozzle
22 and the fuel flame will not be extinguished but
will be maintained so long as the motor 44 oper-
ates the feeding mechanism and the blower.
However, it is highly desirable to reduce the
consumption of the gas and I therefore prefer to
include the preliminary combustion chamber 15
so that the gas may be cut off during the running
period of the furnace. The refractory lining 18
of the preliminary combustion chamber becomes
sufficiently heated during the starting period to
act continuously during the running period to
muintain the pulverizad fuel flame. For instance,
such refractory lining may reach a temperature
during the running period of - approximately

5

the walls of the main furnace chamber 18 the
purning of the fuel will be maintained. Further-
more, the preliminary chamber 15 confines the
mixture of the pulverized coal and air for ignition
to a limited space without preventing gradual ex-
pansion from the opening {9 for further and com-
plete combustion in the chamber 16. This ar-
rangement also affords a more uniform distribu-
tion of the heat over the walls of the main fur-
nace chamber |16 and eliminates any warping of
the furnace walls.

Tt should also be noted that while the fan 27 is

.directly connected to the motor 44 the speed of

rotation of the feed plate 57 is greatly reduced
by reason of the speed reduction gearing 68, 67
and 63, 62. Since the intense heat of .the fuel
flame maintains the refractory lining 18 heated
to a high temperature the pulverized coal may
be burned with maximum efficiency and therefore
the consumption of the fuel may be reduced to a
minimum. For instance, I have found by actual
test of a practical heating system such as that
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disclosed herein, that the feed of the pulverized -

coal to the fan need be no greater than one cubic
foot in a period of twelve hours while burning of
the pulverized coal in the furnace is being con-
tinuously sustained without the burning of any
gas from the pipe 107 and burner nozzle 108 dur-
ing the running period.

Obviously those skilled in the art may make
various changes in the details and arrangement
of parts without departing from the spirit and
scope of the invention as defined by the.claim
hereto appended, and I wish, therefore, not to
be restricted to the precise construction herein
disclosed.

Having thus described and shown an embodi-
ment of my invention, what I desire to secure by
Tetters Patent of the United States is:

In a furnace system, the combination with
a furnace constructed and adapted fo. domestic
operation and having a main combustion cham-
ber, of an ignition chamber within said furnace
and within said main combustion chamber, feed-
ing means for supplying pulverized fuel mixed
with air to said ignition chamber for initial com-
bustion, said feeding means including a rotating
plate, an adjustable non-rotating plow positioned
to remove material from said plate, a fan, means

" directing material removed from said plate to

said fan, and means fed by said fan and directing
pulverized coal mixed with air to said ignition
chamber as aforesaid; electro-magnetic means for
adjusting said plow to increase the feeding rate
of said feeding means during a flame starting pe-
riod whereby the ignition chamber becomes suffi-
ciently heated during the flame starting to act
continuously during a following running period
to maintain combustion of the mixture of pul~
verized fuel and air, ignition means for igniting
said mixture, and automatic thermostatically
controlled means constructed and arranged to
effect operation of said ignition means, said feed-
ing means and said plow to initiate combustion
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with the mixture of pulverized coal and air fed at -

an increased rate during the starting period as
aforesaid after which said ignition means and
electro-magnetic plow adjusting means are de-
vitalized, and for stopping the operation of said
feeding means after a longer period of operation.

EARLE V. FRANCIS.
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