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METHOD AND APPARATUS FOR CONTROL-.
LING THE COMPOSITION AND SUPPLY OF
SOLID CARBONACEOUS MATERIAL AND
LIQUID BINDING MATERIAL TO A BRI-
QUETTING PRESS

Ellsworth B. A. Zwoyer, Perth Amboy, N. J., as-
signor to The General Fuel Briguette Corpora-
tion, New York, N. Y., a corporation of New
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York
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12 Claims.

The invention relates to methods and appara-
tus for automatically controlling in a uniform
manner the supply of a briquette mixture to a
briquetting press. The invention will be de-
scribed with particular reference to a briquette
mixture which comprises carbonaceous material
of the orderr of anthracite coal and a binder
therefor of the order of coal tar pitch or sulphite
pitch and molasses and to a briquetting press, of

0 5 type such as shown in the Zwoyer Patent No.
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Heretofore it has been customary in making
coal briquettes to prepare a mixture of the fuel
and the binder and to manipulate said mixture
in a mixer, masticator, or otherwise, until the
mixture is ready to be introduced to the briquet-
ting press itself. It was found that the briquet-
ting press required & fairly constant head of
briquette material in order to function satisfac-
torily. If there was not sufficient head, the
briquettes as formed in the molds of the press
were not sufficiently dense while if the head was
greater than necessary, the material would not
be properly compressed in the press pockets or
molds. It was, however, very difficult to main-~
tain a uniform head of briquette material or to
depend on human labor to maintain such a head
and the present improvements were accordingly
devised as a remedy for this situation and to
permit the head of briquette mixture to be auto-
matically maintained at a constant predetermined
height.

Apparatus capable of use in connection with
the new process is shown in the drawing in which
Tig. 1 is a diagrammatic elevation of the entire
apparatus with parts in vertical section; Fig. 2
is g diagrammatic view in the nature of a ver-
tical section, looking toward the lamps of Fig,
1, and Fig. 3 is a detailed plan view of the motor
and variable speed transmission.

In the drawing the motor 1 operating through
a variable speed transmission, such as illustrated
in Fig. 3, drives the coal conveyor 4 via the belt
2 running over the cone pulleys 3 and 3’ of the
variable transmission device in the direction of
the arrow shown in Fig. 1. The coal conveyor
is an endless conveyor which delivers coal to the
wheel 5 in quantities proportional to the speed of
the wheel 5. The coal fines enter at 6 and at
7 accumulate for continuous removal by the con-
veyor 4 at a rate corresponding to the rate of
progression of said conveyor. The wheel 5 is of
the water turbine type and is operated in an
over-shot manner by the coal fines which are
delivered to it by the conveyor 4. Connected with

1931, Serial No. 55,570
(Cl. 44—10)

and operated by the wheel 5 is a tachometer gen-
erator 9, the output current of which is used to
energize an electric meter or indicator 8 suitably
connected thereto and adapted to register said
current in terms of pounds per minute.  As the
amount of current generated by the tachometer
generator 9 is proportional to the speed at which
the wheel 5 is rotated by the flow of coal from
the conveyor 4, the amount of coal passed along
by the wheel 5 is registered on the indicator 8.
The wheel 5 delivers the coal to the mixer 10
wherein the coal meets binder material flowing in
through the conduit 11, the coal and the binder
being thoroughly intermingled while passing
through the mixer. From the mixer the
briquette mixture can be treated in a mas-
ticator (not shown) or it can be fed directly
into the press hopper 12. The briquetting
press 13 should not be in operation until
the briquette mixture in the hopper 12
makes contact as it might be called, with the
photo-electric cells 14 and 15 in the photo cell
amplifier 16; in other words, until a situation
such as indicated in Fig. 2 is reached. At this
moment the press 13 is put in motion. The head
of briguette mixture in the hopper 12 is estab-
lished by the location of the photo-electric cell
amplifier 16 by means of which the rate of flow
of the material to be briquetted is regulated in
such a way as to maintain the height of the
briquette mixture in the hopper 12 at a point
between cells 14 and 15, 14 representing the upper
limit and 15 the lower limit to which the head
may go.

Connected with the photo cell amplifier 16 is
the coal feed control switch 17 which through
the wires 18 controls the speed and direction of
the motor 19. The motor 19 affecting the variable
speed control shown in Fig, 3 in one way or the
other as governed by the photo cell amplifier 16
causes the cones 3 and 3’ to change their relations
and consequently to change the speed of the
belt 2, thereby causing the coal conveyor 4 to move
more rapidly or more slowly and in turn feeding
more or less coal to the wheel 5 and into the
mixer 10. 'The lamps 142 and 152 and the cells
14 and 15 establish lines of light which are
adapted to be obscured to a greater or to a lesser
extent by the height of the briquette material
accumulated above the press 13 in the hopper 12.
If the height of the mixture falls below the line
15—15a, this indicates that the rate of flow is
slower than the demand of the press 13. When
this occurs the electric bulb 152 will set the regu-
lating motor 19 in motion to increase the speed
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of the coal conveyor 4, thereby delivering more
coal. When, however, the head of the material
above the press 13 rises higher, that condition
indicates that the coal is being fed too fast and
since the light between 14 and 14 is obstructed
the regulating motor 19 will be set in motion in
the opposite direction, decreasing the speed of
the coal conveyor 4, delivering less coal to the
wheel 5 and the mixer 10, and creating a demand
rate of flow which will be indicated by the pointer
21 on the instrument 8 in pounds per minute.

The instrument 8 in turn controls the rate of
flow of the binder which must at all times be
proportional to the amount of coal flowing through
the mixer. This control is exercised through the
photo cells 20 and 202 of the instrument 8. This
instrument is a photo-electric cell amplifier. On
its pointer 21 is a thin plate 21 which acts as a
shutter to control the passage of light beams from
the lamp 36 to the two D. C. photo cells 20 and 202
below said shutter which are operated by current
furnished by the binder generator 22 through the
electric connections 23. The cells 20 and 202 are
enclosed in separate boxes, each having an open-
ing corresponding in length to the full travel of
the pointer bearing shutter, so as to be capable
of admitting all of the light to one or the other
cell when the shutter is in one or the other of its
extreme positions, and in the intermediate posi-
tions of the shutter to admit as much of the light
to one cell as is excluded from the other.

The function of the shutter 21¢ is consequently
to admit light to one cell and to exclude a like
amount through the other and in this way to
cause more current to pass through one than
through the other. The photo cells 20 and 20
‘have suitable output connections to amplifiers 37
and 372 respectively. 'The photo cell 20 and its re-
spective amplifier 37 are suitably connected to an
electric meter or indicator 24 and controls the
movement of a demand scale 38 having in coop-
erative relation therewith a fixed pointer 39 which
gives an indication corresponding to the amount
of binder, in pounds per minute, which should
flow through the conduit 11 in proportion to the
rate flow of the coal shown on the indicator 8.
‘When the rate of flow of the coal changes due to
a change in speed or direction of the motor 19,
the pointer 21 maves until it registers the new
rate of flow. Movement of the pointer 21 causes
the shutter 21 mounted thereon to vary the
amount of light beams reaching the photocell 20
from the lamp 36 thus causing the indicator 24
to rotate the demand scale 38 so that the pointer
39 indicates the amount of binder that is needed
to be mixed with the amount of coal now being
delivered to the mixer 10 in order to keep the pro-
portions of coal-and binder in the mixed hriquette
material constant. For example, let us now as-
sume that the rate flow of coal shown on the
instrument 8 is 1000 lbs. per minute, the capacity
of the instrument being 2000 1bs., and that the
hinder proportion shauld be 10%, the capacity of
the instrument 24 being 200 lbs, . In that case
the pointer of the instrument 8 would necessarily
be placed in a central position of its capacity,
the shutter 21» would admit a like amount of light
to each photo cell, causing the demand scale in
24 which has a capacity of 200 Ibs. to advance to
one-half of its:travel, indicating 100 Ilbs. per
minute,

The photocell 20* and its respective amplifier
373 are suitably connected to a binder delivery
control device 25, the function of which is to as-
sure a delivery of 100 lbs. per minute of hinder to

1,967,073

the conduit 11. Movement of the pointer 21
therefore also simultaneously causes the shutter
212 mounted thereon to vary the amount of light
beams reaching the photocell 20* from the lamp
36 to vary the position of a movable pointer 40

"in the control device 25. Mounted on the extreme

end of the pointer 40 is a thin plate which acts
as a shutter to control the passage of light beams
from the lamp 41 ta photo cells 27 and 272 situated
below the shutter. These light beams pass through
small openings 42 in the separate enclosures 43
and 432 and fall upon the photocells 27 and 272
respectively mounted therein, which have suitable
output connections to the amplifiers 26 and 263
respectively. The photocells 27 and 272 are suit-
ably connected to a regulating motor control
switch in the switch box 44 which controls the
direction and. speed of operation of the valve
motor 28.

~ If the demand rate of flow of the binder ma-
terial deviates as much as .1% of the total flow
as shown on the scale 45, in either direction due
to the changing rate of feed of the coal into the
mixer 10, the shutter on the pointer 40 will in-
terrupt the light beams from the lamp 41, to
cither the photocell 27 or 27¢ depending upon
whether the binder is to be increased or decreased
and cause the binder regulating motfor 28 to
increase or decrease the binder rate of flow, hold-
ing it to within .2% of the demand rate of flow
as shown on the scale 38. When the demanded
rate of binder, as shown on the scale 38, has been
established, the pointer 40 will then recede into
a-neytral zone hetween the photocells 27 and 27*
admitting light to both photocells, and the valve
motor 28 will continue to deliver the demanded
rate until the rate of feed of the coal is again
changed due to a variation of the head of mixed
material in the press hopper 12 from the prede-
termined height.

The power which operates the regulating motors
19 (for the coal) and 28 (for the binder) is
furnished from the electric main at any voltage
through relays operated by the photo cells 14, 15
for motor 19 and photo cells 27, 27* for motor 28.

Assuming that conditions were such that the
rate flow of coal shown on instrument 8 was 1000
Jbs. per minute and of the binder 100 1bs. per
minute, but that at this rate the head of briquette
mixture above the press 13 in the hopper 12 rises
to such a height as to shut off the light from
14= to 14 and that the proper rate of flow should
only be 500 Ibs. of coal and 50 1lbs. of binder:
In that case the result will be that the motor 19
and conseguently the cones 3 and 3/, the belt 2
and eonveyer 4 will be regulated so that less coal
will be fed to the wheel 5 and mixer 10 until
the proper condition is established with respect
to the cells 14 and 15. As half as much coal is be-
ing fed to the wheel 5, the tachometer generator
9 delivers proportionately less current, to the. in-
dicater 8- causing the pointer of the coal feed
indicator 8 to become stationary at 500 Ibs. on the
scale theresf and allowing, by means of the shutter
thereon, only half as much light as before, from
the light source 36, to fall on the photo cell 290.
The effect of this condition will be to cause the
electric meter or indicator 24 to register a. demand
cnly one-half as much as it previously was, i. c.

a demand. of 50 Ibs. per minute as the binder -

proportion still remains 10% with respect to the
coal. Since the instrument 8 has a capacity of
2000 1bs. and only 25% of the light beams from
the lamp 36 will be admitted to the cell 20 in
the 500 Ibs, instance it follows that 75% of the
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light must be admitted to the photo cell 20%, thus
simultaneously causing the pointer 40 to advance
and by means of the shutter mounted thereon to
exclude -one-half the amount of light reaching
the photo cell 272 from the light source 41 in the
100 Ibs. instance which starts the motor 28 in
the direction to reduce the kinder rate of flow
until it has reached the demanded rate of 50 lbs.
When the pointer 40 recedes into a neutral zone
between 27 and 27+, admitting light to both cells,
the demanded rate of 59 Ibs. of binder will have
been established and this rate of binder will con-
tinue to be delivered until there is a change in
conditions at 14, 142 and 15, 15%

Similayly if 1000 Ibs. of coal and 109 Ibs. of
binder are too little to maintain the proper head
of briguette mixture over the briquetting press
13, conditions are reversed by a corresponding
control over the motors 19 and 28 until the proper
flow of briguette material into the hopper 12 is
automatically reached, at which time the rate of
coal fow into the mixer and the rate of binder
flow into the mixer will be constantly maintained
ab the ratio of 10 to 1 or whatever other ratio the
appliance may be set for.

Taking up next the course of the binder, it re-
quires a certain amount of pressure to operate
the binder meter 32 which may be supplied either
by an over-head reservoir 30 or from a floor level
tank by a pump. In the latter case & relieving
system is required as shown. in my companion
application Serial No. 556,027. From an initial
cost point of view, it is more economical to use 2
floor level tank and a pumping system. As shown
in the drawing of the present dpplication, how-
ever, an over-head reservoir 30 Is illustrated
from which the binder flows by gravity to a reg-
ulating cock 31 to which is directly cennected
the binder regulating motor 28. The meter 32
is directly connected to a tachometer generator
29 which furnishes the current to operate instru-
ments 24 and 25. . .

The motors 1 and 28 are connected in series s0
that they may start and stop simultaneously. To
the regulating cock 31 is connected an electric cut-
out switch 33 which will be open when the regu-
lating cock is closed, causing the motors 1 and 28
to stop. The push-button switch 34 conuecis &
low A. C. voltage to the binder delivery control
instrument 25, causing the pointer hearing the
shutter to advance, excluding the light from cell
o7 when the push-butten is depressed. By de-
pressing the push-button for three seconds, the
motor 28 will have closed the regulating cock 31
and opened the switch 33 to both ‘motors 1 and
28 so that both coal and binder cease to flow.
When the push-button is released, the motors 1
and 28 again begin to function.

The two photo-electric cells 27, 27 of the
instrument 25 are arranged to operate on A. C.
current through s sensitive relay switch 35 which
is energized or deenergized in accordance with
the amount of light falling on the respective
photo cells 27 and 27* from the light source 41
so that the current to the motor 28 is either on
or off. There is a low voltage A. C. connection
through the push-button stop switch 24 tc the
switeh valve 31, 33 for the purpose of stooping
the apparstus as and when desired. The ar-
rangement and operations of the photo-electric
cells and the circuits are all more or less con-
ventional and therefore do not require detailed
elaboration or description. Their construction
may be varied in 'many ways so long as the funda-
mental principles are maintained; thus, the coal

3

delivering - sytem has the electric generator 9
responsive to the rate of coal flow and that gen-
erator controls the setting of conditions in the
instrument 8 by which the effects on photo cells
20 and 20 are varied. The cells 20 and 20* in
turn as they vary affect the setting of the con-
ditions in the instruments 24 and 25 as there
is a change in these instruments there ‘will be
a corresponding change effected through the ac-
tion of the photo csils 27 and 27%, on the binder
control motor 28, whereby the binder control
mosor 28 at all times delivers binder material
to the mixer 10 in the same ratio as between
ccal and binder which is predeterminately es-
tablished for the mixture. Thé coal flow on the
other hand is controlled by conditions established
by the photo cells 14 ‘and 15 with reference to
the height of the head of briguetie material above
the press 13. -As the height of that head varies,
the photo cells 14 and 15 exercise a corresponding
control over the c¢oal feed control motor 19 which
in turn-correspondingly feeds more or less coal
into the mixer and thence to the head while, by
reason of the electrical connections between 9, 8,
20, 202, 24, 27, 27> and 28, the binder rate fol-
lows the coal rate under maintenance of the
desired proportion.

Among the main features of the process de-
scribed is that the material to be measured (coal
shall be made to produce an electric current suffi-
cient to operate an electric indicating instru-
ment sensitive to the rate at which the material
to be measured flows through the apparatus and
that o constant rate of flow in any proportion
both of the coal and of the binder may be main-
tained without mechanical touch and at the same
time may be varied without changing the pro-
portion in conformity with a contrel determined
by the height of the head of the briquette mate-
rial in the hopper 12. According to the present
invention the speed of the press 13 and the height
of the head required therefor are first defermined
according to the nature of the material, con-
sistency, etc. Thereafter the height of the head
to be established is then automatically controlled
by the function of the cells 14 and 15 and is auto-
matically maintained at the proper level. In the
meantime the binder control is such that operat-
ing in harmony with the coal feed control the
proper amount of binder always in the predeter-
mined proportion will constantly flow info the
mixer in conformity with the amount of coal that
is being fed in. '

I claim: )

1. The method of controlling the composition
and supply of a mixiure of solid carbonaceous
material and liquid binding material to a bri-
quetting press, which comprises feeding solid
carhonaceous material from a source of supply,
introducing a liguid binding material into said
carbonaceous material for admixture therewith,
causing the feed of said solid material to control
the rate of.feed of said liquid bindihg material
to maintain a predetermined proportion ketween
the ingredients of the mixture, feeding the mix-
ture to the press at a rate sufficient to maintain
a predetermined head of mixed material above
the press, contrclling the rate of feed of said
solid carbonaczeous material to correspond with
the rate of feed of the mixture, and modifying
and correcting the raté of feed of the sclid and
liquid materials in accordance with variations
of the head of the mixed mafterial from a pre-
determined level.

.. 2 The method of controlling-the composition
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and supply of a mixture of solid carbonaceous
material and liquid binding material to a bri-
quetting press, which comprises feeding solid
carbonaceous material from a source of supply,
introducing a liquid binding material into said
carbonaceous material for admixture therewith,
controlling the rate of feed of said liquid bind-
ing material in dependence upon the rate of
feed of said solid material to maintain a prede-
termined proportion between the ingredients of
the mixture, feeding the mixture to the press at
a rate sufficient to create a head of mixed ma-
terial above the press, passing two vertically
spaced beams of radiant energy across the path
of drop of the mixture at predetermined dis-
tances from the press, and decreasing or increas-
ing the rate of feed of the solid material accord-
ing as the head of material above the press rises
high enough to block both beams or falls low
enough to afford unobstructed passage for both
beams whereby the feed of material is regulated
to maintain the head of mixture between the
limits defined by such beams.

3. The method of controlling the composition
and supply of solid carbonaceous material and
liquid binding material to a briquetting press,
which comprises feeding the solid carbonaceous
material from a source of supply, causing the
feed of said solid material to create electrical
currents and causing said currents in turn to
cause indication of the rate at which the solid
material is being fed, introducing a liquid bind-
ing material into said carbonaceous material for
admixture therewith, controlling the rate of feed
of said liquid binding material in accordance
with fluctuations in said generated current to
maintain a predetermined proportion between
the ingredients of the mixture, feeding the mix-
ture to the press at a rate sufficient to maintain
a predetermined head of mixed material above
the press, controlling the rate of feed of said
solid carbonaceous material to correspond with
the rate of feed of the mixture, and modifying
and correcting the rate of feed of the solid ma-
terial in accordance with variations of the head
of the mixed material above the press from a
predetermined level,

4. The method of controlling the composition
and supply of a mixture of solid carbonaceous
material and liquid binding material to a bri-
quetting press, which comprises feeding solid
carbonaceous material from a source of supply,
introducing a liquid binding material into said
carbonaceous material for admixture therewith,
causing the flow of said solid material to generate
electric current proportional to the actual rate
of flow thereof and causing said current in turn
to control the rate of feed of said liquid binding
material, feeding the mixture to the press at a
rate sufficient to maintain a predetermined head
of mixed material above the press, controlling
the rate of feed of said solid carbonaceous mate-
rial to correspond with the rate of feed of the
mixture, and modifying and correcting the rate
of feed of the solid material in accordance with
variations of the head of the mixed material
above the press from a predetermined level,

5. The method of controlling the composition
and supply of a mixture of solid carbonaceous
material and liquid binding material to a bri-
quetting . press which comprises feeding solid
carbonaceous material from a source of supply,
introducing a liquid binding material into said
carbonaceous material for admixture therewith,
causing the flow of said solid material to generate
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electrie current proportional to the actual rate of
flow thereof and causing said current to control
the rate of feed of said liguid binding material
50 as to maintain said flow of liquid material at
the same ratio to the flow of solid material irre-
spective of variations in the flow of the solid ma-
terial, feeding the mixture to the press at a rate
sufficient to maintain a predetermined head of
mixed material above the press, controlling the
rate of feed of said solid carbonaceous material
to correspond with the rate of feed of the mix-
ture, and modifying and correcting the rate of
feed of the solid material in accordance with
variations of the head of the mixed material
above the press from a predetermined level.

6. Apparatus for establishing a uniform supply
of briquette mixture to a briquetting press which
comprises a mixer, means for feeding solid car-
bonaceous material to said mixer, means for in-
troducing liquid binder material to said mixer
for admixture with said solid material, means
controlled by the flow of said solid material to
control the rate of feed of said liquid material so
that the liquid material is maintained at the same
ratio as predeterminately established with respect
to the solid material irrespective of variations in
the flow of the solid material, means for feeding
the mixed materials to a briquetting press, said
means comprising a hopper immediately in ad-
vance of said press, and means to maintain the
head of the mixed material in the hopper at a
predetermined level, said means comprising an
electrical control device responsive to variations
of the head of the mixed material from said pre-
determined level to correspondingly adjust the
means for feeding said solid material, thereby
causing said means to feed the solid material at a
faster or slower rate as the height of the material
in the hopper decreases or increases, respectively,
below or above said predetermined level.

7. Apparatus for establishing a uniform supply
of briquette mixture to a briquetting press which
comprises a motor, variable speed transmission,
feeding means responsive to said variable speed
transmission for advancing the solid carbona-
ceous material to be briquetted, means for intro-
ducing liquid binder material to the solid ma-
terial, means for mixing the two types of ma-
terials, means for feeding the mixed materials to
a briquetting press, said means comprising a hop-
per immediately in advance of said press, and
means to maintain the height of the mixed ma-
terial in the hopper within predetermined limits,
said means comprising an electrical control de-
vice responsive to the amount of material in the
hopper at the predetermined limits to corre-
spondingly adjust the variable speed transmis-
sion, thereby causing the feeding means for the
solid material to move faster or slower as the
height of the material in the hopper decreases or
increases respectively below or above the said
predetermined limits.

8. Apparatus such as set forth in claim 7 in-
cluding a mechanical driving means in the path
of the advancing sclid material operated by the
feed of the solid material, a tachometer generator
operated by said mechanical driving means, and
means controlled by said generator to indicate
the actual rate of flow of said solid material, said
means being also operative to control the rate of
flow of said liquid binder material.

9. Apparatus such as set forth in claim 7 in-
cluding means operative to vary the rate of flow
of the binder material into the mixer as the feed-
ing of the solid material increases or decreases,
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and means fof maintaining thé changed rate
of flow of binder material in the same ratio with
respect to the solid material as predeterminately
established.

10. Apparatus such as set forth in claim 7 in
which the electrical control device includes light
emitting means and photo-electric cells, the rays
being directed upon the photo-electric cells said
gells being situated at different levels with refer-
ence to said head and arranged to be obscured
in sequence as the head accumulates, and means
controlled by the photo-electric cells for increas-
ing the speed transmission for the feed of the
solid material when both photo-electric celis re-
ceive light rays and for decreasing the speed of
said speed transmission when both cells receive
no light.

11. In apparatus such as set forth in claim 7,
a regulating device effective upon the feed of

5
binder material comprising a regulating cock, an
electric switch controlled by said regulating cock,
and a manually controlled element for causing
said switch to open and thereby to stop entirely
the feed both of binder material and of solid ma-
terial altogether.

12. An apparatus such as set forth in claim 7
including a mechanical driving means in the path
of the advancing solid maferial operated by the
feed of solid material, a tachometer generator
operated by said mechanical motor, photo-electric
cells, a device operated by said generator to con-
trol the amount of light which is effective upon
the photo-electric cells, and means co-acting with
the cells for controlling the rate of flow of the
binder material into the mixer to correspond with
the rate of flow of the solid material into the
mixer.

ELLSWORTH B. A. ZWOYER.
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