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This invention relates to an improved system 

for automatically controlling the feed of mate 
rial to a grinding mill Or the like. 

In the reduction of ore, for instance, the rock 
containing the values is fed into a mill, together 
with water, where the Ore is crushed and ground 
preparatory to the next step in the separation 
and recovery of the values. 
The rate at which the ore and the Water are 

fed into the mill, determines the efficiency of 
the grinding process. Too much or too little of 
the ore or the Water lowers the output of the 
ini and the quality of the grind. 
Those skilled in the art, know that the sound 

O 

emitted from an ore grinding mill is indicative 5 
of the grinding conditions within. The power 
being consumed by the milling Operation is an 
other indication of conditions and of the work 
being accomplished inside of the mill. 

Therefore, it is an object of this invention 
to provide a system of automatic feed control for 
grinding mills that will detect and correct any 
departure from the optimum quantities of solids 
and/or liquid being fed to the mill. 
Another object is to provide a Systern of this 

character that will be jointly actuated and gove 
erned by the sound emitted by the Inill and the 
power consumed in its operation. 
A further object is the provision of a System of 

feed control for grinding mills or the like, that 
readily may be installed and applied to grinding 
inis that are already in use. 
Other objects and advantages reside in details 

of design and arrangement that Will be disclosed 
nore fully in the following description and in 
the drawings wherein like parts are similarly 
designated and in which: 

Figure i is a diagrammatic representation of 
a control System according to this invention; 

Figure 2 is a diagrammatic representation of 
as arrangement of the controlling means accord 
ing to this invention; 

Figure 3 is a diagrammatic sectional view on 
line 3-3 of Figure ; 

Figure 4 is a fragmentary view on line - of 
Figure ; 

Figure 5 is a fragmentary view on line 5-5 of 
Figure ; and 

Figures 6 and illustrate modified arrange 
ments of circuits shown in Figure . 

Description. 
While it will be apparent as the description 

proceeds, that the objects of the present inven 
tioX may be carried out by means other than 
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those disclosed herein, the structure described 
and illustrated is well suited for the purposes of 
the present invention and typifies the essential 
features of the invention, it being within con 
templation of the invention that equivalents may 
be substituted wherever practical. 

in the drawings, reference character 5 de 
notes a typical grinding mill, that is driven in 
any suitable manner and here indicated by an 
electric motor 6, the power demand for which 
is measured by a meter , here shown in an 
electrical circuit 8 which connects a source of 
electrical energy 9 with the motor. Connected 
With the meter is a control circuit 2 that con 
ducts energy to a current-responsive instrument, 
such as a galvanometer 2, to actuate it accord 
ing to the power consumed by the mill-driving 
notor 6. An arm 22 in the galvanometer 2, 
carries a disk target 23 that follows an arcuate 
path between the arcuate windows 24 on oppo 
site sides of the galvanometer housing, as the arm 
is defected by variations in the current value. 
A Source of light 25 directs a beam through 

the Windows 24, when the target moves from its 
predeterrained normal position, onto a photo 
electric cell 26. When the target is in its normal 
central position as shown in Figures and 4, the 
light beam is interrupted thereby and the cell is 
not energized. 

The photoelectric cell 26 is connected with a 
sensitive relay 2 by a circuit 28. The relay 2 
serves to open and close a control circuit 29 
that conducts energy from a source 3 to a main 
relay 3 that controls a main circuit 32, that 
Conducts energy from a source 33 to an arcuate 
Solenoid 3. The arrangement is such that when 
the light bean in interrupted by the target 23, 
the relay 2 permits the circuit 29 to be closed 
by a Spring 2a, to energize the main relay SS, 
that is opposed by Spring 3Aa, to open circuit 32 
and to establish conductive contact with a cir 
cuit 35 that is connected to a second arcuate 
Solenoid 36 and is subject to the control of an 
other main relay 3. 3oth main circuits 32 and 
35 are connected with a common source of en 
ergy 33 and the arrangement is such that both 
cannot be simultaneously energized since relay 
34 is connected to contact one or the other of the 
circuits, but not both. 
A microphone 38 is connected by a circuit, 39 

to an amplifier so the output of which is de 
livered to a second galvanometer & G, that in 
cludes an Oscillating arm 42, a target A3 and 
Windows 48 similar to the first mentioned galva 
nometer assembly. Another light beam is di 
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rected from the common source 2, or any other 
source, through the windows 44 and onto a second 
photoelectric cell 45 that controls the main relay 
37 through the intermediary of a sensitive relay 
46, and a circuit 47, inclusive of a source of en 
ergy 48. The arrangement is such, that when 
the target swings from its normal central posi 
tion to the side as shown in Figures i and 5, the 
light beam energizes the cell 45 to open control 
circuit 47 to close the main circuit 5 by the 
action of a spring a which is unopposed when 
the relay 3 is de-energized. Whether or not 
the closing of the main relay switch cons 
pletes the closing of the circuits, depends upon 
the position of main relay switch 3, which when 
not energized closes circuit 2 and when ener 
gized closes circuit 85 as shown in Figure 1. 
A normally-balanced element, such as a pendu 

lum beam 50 is pivoted at 5 and carries there 
above an arcuate magnetic core piece U2 that is 
engaged by the arcuate solenoids 4 and to be 
drawn into whichever one is energized, if any, the 
normal condition being that neither solenoid is 
energized and the pendulum beam is in its cen 
tral position as shown in Figure 1, for clarity. 
However, the condition illustrated in Figure 1 is 
such that solenoid is energized and the core 
piece 52 may be considered as about to move 
thereinto or to the left as viewed in Figure 1 of 
the drawings. The term "left' is used merely 
for convenience in illustrating, and has no per 
manent significance. 
At the lower end of the pendulum beam 5 is a 

pivoted arm 53 that is urged upwardly against a 
stop 54 by a spring 55. Above the arm 5 is an 
oscillating rod 56 that is pivoted at 5 and is 
moved in its OScillatory cycle by a crank pin 58 
on a crank 59 which is rotated constantly by a 
speed reducer 60, driven by any convenient no 
tive power not shown, through the intermediary 
of a belt . 
On each down stroke, the rod 56 forces the 

arm 53 downwardly and as long as the pendulum 
assembly is in its normal Central position the arm 
58 contacts nothing. But when either arcuate 
solenoid 34 or B is energized, the pendulum 
Swings from its central position so that the arm 
5 will contact either pivoted wedge 2 or 68, to 
depress the One thus engaged, which will, in turn, 
depress the upper end of an inclined, horizontally. 
pivoted switch element 64 that carries a mercury 
tube type switch 6, to close a main circuit 6 in 
clusive of a source of power at 67. 

Carried on the pendulum beam 50, is a cross 
arm 68 that carries two mercury tube type. 
switches 69 and 70 respectively that are cross 
connected to serve jointly as a motor reversing 
switch, through reversing circuits 7 and 2. 
The main circuit and the reversing circuits 
and 2 are connected respectively to a motor 
and a motor 4. The motor is in driving 

connection with a speed reducer 75, the output 
of which controls the speed and driving ratio of 
a variable speed transmission unit 6 that drives 
a conveyor 77, through the intermediary of a 
V-belt T6a, at selected speeds, to feed ore 78 or 
the like, to the grinding mill 5. Power input to 
the transmission unit 76 is from a source not 
shown through a belt 76b. The motor 4 drives 
another speed reducer 79, the output of which 
turns a valve stem 80, to open or close a valve , 
that controls a flow of liquid, such as water, from 
a source not shown, through a conduit 82 to the 
mill 5. 

O 

20 

25 

30 

40 

45 

50 

60 

65 

70 

75 

2,240,822 
Operation. 

In use, the microphone 38 is placed adjacent 
the mills, as shown in Figure 2, to pick up the 
sound emitted by the mill during its operation. 
So by this arrangement, and the circuits herein 
above described, the sound of the mill and the 
power consumed thereby, jointly control the 
movements of the pendulum bean 50 which, in 
turn, closes the main line switch is which con 
pletes the circuit to energize the motors and 
4 to drive them in the direction determined by 

the reversing switches 9 and O which, in turn, 
is governed by the direction of deflection of the 
pendulum beam 50 and the cross arm . The 
upper end of the pendulum will, Of course, swing 
toward the solenoid that is energized, if any, it 
being possible to have but one solenoid energized 
at one time. 

Normally, both targets 23 and 48 are in a cen 
tral position to interrupt both light beans and 
prevent both cells 2 and 45 from being ener 
gized thereby. This normal condition permits 
the pendulum to hang centrally with all main 
circuits open, and all control devices stationary. 
Then, for instance, suppose that the power de 

mand by the mill goes down below normal and 
the mill becomes quiet. This condition Will actu 
ate the target 23 that is controlled by the power 
demand, to move and pass the light beam from 
the source 25 to cell 26 which will actuate the 
relays 27 and 3 f to close circuit 32 to draw the 
upper end of the pendulum beam 50 into solenoid 
34 which, merely for convenience of illustration, 
is toward the right as viewed in Figure 1. 
The movement of the arm 53, that is carried 

on the lower end of the pendulum beam, to a 
position over pivot wedge 62, will force it to oper 
ate the main switch element 64 to thereby close 
the main circuit 66. The tipping of the mercury 
switches 59 and to Will close the notor-reversing 
circuits 7 and 2 in connections to rotate the 
motors 78 and 74 in the direction to reduce the 
speed and feed of the ore-conveyor belt 77 and 
the flow of water through the conduit 2, because 
the instant condition of the mill requires Such 
reductions. 
Then, for another example, suppose the power 

consumption is normal and the mill becomes ab 
normally noisy. This condition will actuate the 
target 43 to move it to pass the light beam to the 
photoelectric cell 45 so that the sensitive relay 
4 will be energized to break the control circuit 
47, to completely close the main circuit 35 as ill 
lustrated in Figure 1. This will move the pendu 
lum beam toward the solenoid 36, to close the 
main circuit 66 and the motor-reversing circuits 
7 and 72 to drive the motors 3 and 74 in a 
direction to increase the feed of ore and water 
to the mill, this condition requiring such in 
Crease. 
These are typical examples of the operation of 

the system that is the subject of the present in 
vention. Obviously, other circuits and arrange 
ments could be used to effect desired results. 
The invention resides in the broad idea of a sys 
tem of joint control of feed to a mill, by the two 
factors of the power being consumed, and the 
noise being emitted by the mill, during opera 
tion. 

In some installations, it may be preferable to 
connect the power demand control factor to op 
erate relay Switch 37 and to connect the sound 
control factor to operate relay 3. 
Power demand alone is not ordinarily a direct 
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function of the amotint of feed being delivered 
to a grinding mill of the type involved in this in 
ventive concept. Normally, there is a point of 
minimum power consumption or power demand, 
which may or may not indicate optimum feed to 
the mill. If the feed decreases after the mini 
mum or critical power demand has been reached, 
an unbalanced condition will develop in the mill, 
due primarily to the attrition members therein 
which will actually cause an increase in power 
demand, even though the feed to the mill has 
decreased and the amount of useful work being 
accomplished has also decreased. These erratic 
conditions are met, according to the present in 
vention, by employing another factor such as 
the sound emitted by the mill, to cooperate with 
the power demand by the mill to effect optimum 
feed to the mill and maximum operating eff 
ciency. 
From the foregoing it will be apparent that 

While sound and power are the factors measured 
in the preferred arrangement, other factors may 
be similarly used where practical. Because pow 
er demand is a more dependable criterion of op 
timum grinding conditions, a measure of this 
factor alone, under certain conditions, will be 
sufficient for feed regulation. Usually, a control 
of two factors will be essential, however, to avoid 
errors that otherwise Would be occasioned in the 
measure of an erratic condition of a single fac 
tor used alone. 

In Figure 6, an arrangement is shown wherein 
the output of the microphone 38 is conducted to 
the amplifier 40 by the circuit 39 and the output 
of the amplifier then is conducted directly to the 
sensitive relay 46 which functions as hereinabove 
explained. In Figure 7, the circuit 20 is connected 
directly to the sensitive relay 27 to actuate it and 
effect the sequence of events hereinabove de 
scribed. The photoelectric cells may be omitted 
by using these arrangements. A sound of pre 
determined magnitude or force may be amplified 
to actuate relay 46 and similarly, a power demand 
of predetermined value may be used to actuate 
relay 2. 
The control motors 73 and 74 respond to the 

functions of the mechanism illustrated and de 
scribed, their directions of rotation being deter 
mined by conditions in the mill. These control 
motors operate only intermittently and for brief 
periods. Motor 3 does not drive the conveyor 
element 77 but merely serves to change the out 
put ratio of the variable speed transmission unit 
76. Motor 4 operates for brief periods to open 
or to close the valve 8. 
Obviously other types of reversing motors could 

be substituted for the type illustrated and other 
circuits and reversing switches could be used 
thereWith to be controlled by the movements of 
the pendulum beam element 50 or any equivalent 
element. 
The two factors of power demand and the Sound 

emitted from the mill, cooperate to control both 
water flow and material feed to the mill but if 
either the feed or the flow are constant, the other 
input could be automatically varied to change the 
ore-water ratio Therefore, under certain condi 
tions either the material feed control or the water 
flow control may be omitted the mechanism 
then would start, stop and reverse but one of the 
motors, either 73 or 74 to control but one input 
to the mill, i.e., solid material or water, the other 
being subject to manual control or fixed at a con 
stant rate. Obviously, the changing of either one 
of the inputs Would change the ratiotherebetween 
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to correct grinding conditions, if such was re 
quired. 
When both solid-feed and liquid-flow to the 

mill are under automatic control, various ar. 
rangements of circuits can be used. For instance, 
the motors T3 and 74 can be so connected to the 
reversing switch that both inputs are increased 
or both decreased simultaneously, or the motors 
can be arranged so that when one input in 
creases the other decreases to quickly vary the 
ore-water ratio. The arrangements will depend 
upon conditions. By this system, the control 
factors and means to use them, are provided to 
Suit various circumstances. 
This disclosure is intended to teach the prin 

ciple that the feed to a grinding mill or the like, 
may be controlled automatically, by one or more 
measured factors of the operating conditions. 
These factors may be other than the ones de 
Scribed and preferably a plurality of factors may 
be used so that one is a cross-check on the other 
to the end that the ultimate control is the joint 
effect of two or more measured factors. The 
mechanism used to accomplish the control of the 
feed, may be electrical as illustrated or it may 
be mechanical or a combination of both, the 
electrical System disclosed being merely illus 
trative of one means to carry into effect the above 
Stated discovery of a new principle of automatic 
feed control. 
What I claim and desire to secure by Letters 

Patent is: 
. A system of feed control for an electrically 

driven grinding mill, comprising a source of fluid 
flow to the mill, a feed-element for the mill, two 
mechanically opposed solenoid coils, a magnetie 
movable element positioned to be acted upon by 
either solenoid coil, an electrically driven mecha 
nism controlling solid and liquid feed to the mill 
and controlled by movements of the magnetic 
movable element, a source of electrical energy, a 
Sound-actuated relay-switch controlling the con 
nection of one of the solenoid coils with the 
Source of electrical energy, and a power demand 
actuated switch controlling the connection of the 
other solenoid coil with the source of electrical 
energy. 

2. A system of controlling feed to a grinding 
mill, comprising means to feed the mill inclusive 
of a source of liquid flow and a solids conveyor, 
mechanism controlling said feed to the mill, a 
Source of electrical energy, electrical circuits 
operatively connected with the mechanism, a 
microphone positioned to pick up sound waves 
emitted by the mill, a source of a light beam, a 
photoelectric cell positioned in the path of the 
beam, a current-sensitive movable target between 
the cell and the source of light, an electric circuit 
conducting the output of the microphone to the 
target, a source of a second light beam, a photo 
electric cell positioned in the path of the second 
beam, a current-Sensitive movable target posi 
tioned in the second beam between the latter cell 
and the light source, a circuit connected to 
register the power demand of the mill on the 
Second said movable target, and relay-switches 
connected with the respective cells and con 
trolling the connection of the said mechanism 
operating circuits with the source of electrical 
energy. . 

3. A System of automatic feed-input control 
to a grinding mill or the like comprising a variable 
flow of liquid into the mill, a variable solids-feed 
element for the mill, means for automatically 
varying the rate of feed of at least one of said 
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inputs to the mill according to mill-operating 
conditions comprising an electric circuit inclusive 
of a source of electrical energy, a mill-sound 
actuated switch for the circuit, a mill power 
demand actuated switch for said circuit, the re 
sults effected by the operation of one of said 
switches being subject to the position of the other, 
and electromagnetic apparatus connected in the 
circuit and governed by the position of said 
switches and controlling the rate of input to the 
mill. 

4. A system of automatic feed-input control 
to a grinding mill or the like comprising a vari 
able solids-feed element for the mill, means for 
automatically varying the rate of feed to the 
mill according to mill-operating conditions com 
prising an electric circuit inclusive of a source 
of electrical energy, arnill-sound actuated switch 
for the circuit, a mill power-demand actuated 
switch for said circuit, the results effected by the 
operation of one of said switches being subject 
to the position of the other, and electromagnetic 
apparatus connected in the circuit and gov 
erned by the position of said switches and con 
trolling the rate of input to the mill. 

5. A system of automatic feed control for a 
grinding mill or the like, comprising a variable 
feed element for the mill, electrically operated 
mechanism for controlling said feed element, in 
clusive of two opposed solenoid coils, a movable 
beam element between the coils, a motor, a motor 
control switch operated according to the nove 
ments of the beam element, a magnetic core on 
the bean element for each of said solenoid coils, 

, and a source of electrical energy operatively con 
nected with the said mechanism, and a mill 
sound-actuated relay-switch and a mill power 
demand-actuated relay-switch for the respective 
coils whereby they jointly control feed input to 
the mill according to mill operating conditions, 
through the intermediary of the beam element. 

6. In apparatus of the character described, in 
clusive of variable means effective for controlling 
feed to a grinding mill or the like, mechanism 
for automatically governing said feed comprising 
a movable beam element, an electric circuit in 
clusive of a switch operable according to the 
position of said beam element, and electromag 
netic mechanism responsive to the factors of mill 
power demand and mill sound jointly, positioned 
and adapted to move said beam element accord 
ing to mill operating conditions whereby the 
said variable feed means is varied. 

7. In apparatus of the character described, in 
clusive of electrically driven variable means ef 
fective for governing feed to a grinding mill or 
the like, mechanism for automatically control 
ling said variable means, comprising a movable 
beam element, an electric circuit inclusive of a 
switch and a source of actuating electrical en 
ergy connected with said variable means and 
operated according to the position of said beam 
element, and electromagnetic mechanism re 
sponsive to the factors of mill power demand 
and mill sound jointly, positioned and adapted 
to move said beam element according to mill op 
erating conditions whereby the said variable feed 
means is varied. 

8. In apparatus of the character described, in 
clusive of electrically controlled variable means 

O 
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effective for governing feed to a grinding mill or 
the like, mechanism for automatically operating 
said variable means, comprising a beam element 
mounted for arcuate movement, an electric cir 
cuit inclusive of a switch and a source of actuat 
ing electrical energy connected with said variable 
means and operated according to the position of 
said beam element, and electromagnetic mecha 
nism responsive to the factors of mill power de 
mand and mill sound jointly, positioned and 
adapted to move said beam element along its 
normal arcuate path according to mill operat 
ing conditions, and means intermittently to move 
a part of said beam element out of its normal 
arcuate path whereby the said variable feed 
means is varied. 

9. A system of automatic feed-input control to 
a grinding mill or the like comprising a variable 
feed element for the mill, and means for auto 
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matically varying the rate of feed to the mill 
according to mill-operating conditions compris 
ing an electric circuit inclusive of a source of elec 
trical energy, a mill-sound actuated switch for 
the circuit, a mill power-demand actuated switch 
for said circuit, the switches being connected with 
said circuit so that the results effected by the op 
eration of one of said switches is subject to the 
position of the other, and electromagnetic appa 
ratus connected in the circuit and associated with 
the feed element and governed by the position of 
said switches thereby controlling the rate of 
input to the mill. 

10. In a system of automatic feed control for 
grinding mills and the like, the improvement 
which comprises means for automatically govern 
ing the rate of feed to the mill, which includes a 
variable feed element for the mill, electrically 
operated mechanism inclusive of a suitable ener 
gizing circuit governing the variable feed ele 
ment, a mill-sound-responsive electric switch, a 
mill power-demand-responsive switch, said 
switches being connected in said circuit so that 
the results effected by the operation of one switch 
depends upon the operative position of the other 
switch. 

11. In a System of automatic feed control for 
grinding mills and the like, the improvement 
which comprises means for automatically gov 
erning the rate of feed to the mill, which includes 
a variable feed element for the mill, electrically 
operated mechanism inclusive of a suitable ener 
gizing circuit governing the variable feed element, 
a mill-sound-responsive electric switch, a mill 
power-demand-responsive switch, said switches 
being connected in said circuit so that the re 
Sults effected by the operation of one switch is 
modified by the operation of the other switch, 

12. In a method for automatically controlling 
feed to a grinding mill or the like having a vari 
able feed element, the improvement which com 
prises actuating an electric switch by the sound 
of the mill, actuating another electric switch by 
the power demand of the mill, and coordinating 
the results effected by the dperation of the 
Switches so that one modifles the other, and 
governing the operation of the variable feed ele 
ment by the resultant effected by the two coor 
dinated switches. 

JAMESA, ADAMS, 


