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This invention relates to controlling systems, 
and more particularly to controlling systems for 
power driven mechanisms. This is a continua 
tion-in-part of my co-pending application Serial 

5 No. 110,207, filed November 11, 1936. 
It is well known that in devices, such as grind 

ing mills, crushers, dryers, mixers, and other 
apparatus, the operation is often regulated by 
an Operator in accordance with the sound pro 

10 duced by such devices. For instance, an oper 
ator often regulates the operation of a ball mill 
by the sound produced by the balls. That is to 
Say, in most cases, during normal operation of 
a ball mill, the noisier the mill is, the less it is 

ls being fed with fresh material. There is an op 
timum point of noise level where best grinding 
occurs. If a ball mill becomes too quiet, the 
balls are either coated or spaced apart and the 
capacity of the mill is reduced considerably. 
Conversely, where there is an excessive amount 
Of noise in a ball mill, the mill is underloaded, 
the balls hit themselves and the lining of the 
mill, and create an excess sound. 

- Heretofore the operator of a mill, or other 
similar device, has endeavored to manually reg 
ulate the mill to secure the optimum noise level, 
as above indicated, where best grinding occurs. 
However, manual operation can only roughly 
approach such optimum point in view of the fact 
that slight deviations from the optimum sound 
level materially reduce the efficiency of the 
grinding, and the human ear is not sufficiently 
sensitive to detect such slight variances. 

Even if such optimum noise level were se 
cured, it would be impossible for an operator to 
manually maintain the mill running at a con 
stant noise level, for noise meters will indicate 
relatively wide fluctuations in noise levels where. 
even the most eficient operator believes that he 
is maintaining a constant level. Furthermore, 
these fluctuations, are due to frequent changes 
in the feed size, grindability, moisture content, 
etc., from time to time, and, even if the operator 
were able to audibly detect such changes, it 

43 would be impossible to regulate the feed manu 
ally to follow all such changes as soon as the 
OCC. 
An object of the invention is to provide means 

for automatically controlling the rate of feed of 
u material to a mechanism by the sound produced 

by the mechanism. . v 
Another object of the invention is to provide 

a means for controlling a feeding device of a 
mechanism which is actuated by varying degrees 
in noise level produced by the mechanism, so 

40 

(CL. 83-44) 
that substantially constant-conditions are main 
tained by said mechanism. 
Yet another object of my invention is to pro 

Wide a feed control system for a grinding mill 
and the like, which includes means for regu 
lating the sound level set up by the mill. 
A further object of my invention is to provide 

a method and means for accurately determining 
and securing the optimum grinding conditions 
of a mill or the like, and for thereafter causing 
the mill to operate at such condition. 
A still further object is to provide a Sound 

Sensitive device of improved construction for a 
Control system of the above type and to so locate 
Such device as to Secure maximum SensitiveneSS. 
With the foregoing and other objects and ad 

vantages in view, the invention consists in the 
construction and arrangement of the Several 
parts which will be hereinafter more fully de 
scribed and claimed. 

In the accompanying drawingS: 
Figure 1 is a circuit diagram of a controlling 

device or system disclosing one embodiment of 
the invention, said device being shown in asso 
ciation with a well known type of ball mill. 

Figure 2 is a view similar to Fig. 1, of another 
embodiment of the invention. 

Figure 3 is a diagrammatic sketch showing 
the preferred location of the microphone with 
respect to the mill. 

Figure 4 is a frontal elevational view of a 
microphone arranged within its housing. 

Figure 5 is a view taken along the line 5-5 of 
Figure 4 looking in the direction of the arrows 
and showing diagrammatically the reception of 
noise waves and vibrations. 
Figure 6 is a graph depicting the relationship 

existing between the noise level of an operating 
mill and the eficiency of its operations. 
Referring to the drawings, and especially to 

Fig. 1, the ball mill has a feed hopper 2 at 
one end, into which is delivered material to be 
ground in the mill, from a feeder 3 of Well 
known type. . . 
The feeder 3 has an endless belt 4 which 

carries the material discharged from a hopper 
S to the hopper 2, said belt being driven by an 

electric motor f. 
The rate at which the material flows from the 

hopper S on to the belt f4 is controlled by a 
swinging gate T which is adapted to be adjusted 
to vary the site of the discharge opening of the 
hopper . 
During operation, the ball mill rotates at a 

predetermined speed and the feeder device 3 
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2 
is adapted to supply the mill with fresh material 
at a rate equal substantially to the rate at which 
the ground or pulverized material leaves the mill, 
So that the mill will operate at maximum ca 
pacity. Specifically, the rate at which the feed 
er delivers material to the hopper 2 may be 
varied in several ways, depending upon the par 
ticular type of feeder and actuating means 
therefor. In Figure 1, I have shown a feeder in 
which, when regulated by my control system, the 
belt operates at a constant speed, and, With the 
gate f. set for a given discharge opening, the 
quantity delivered to the hopper f2 is varied by 
intermittently operating the belt. Of course, the 
feed could be controlled by, continuously oper 
ating the belt 4 at a constant rate and adjust 
ing the gate f to control the amount of nate 
rial deposited on the belt fit. W 
Since sounds are produced by a ball mill and 

the like, and since these sounds vary according 
to the manner in which the mill is operating, 
by this invention propose to employ the Sounds 
to control the operation of the mill, particularly 
the rate of feed to the mill. The mill or the like 
may also vibrate according to the manner it is 
operated and these vibrations may likewise be 
used for the same purpose. , 

Located adjacent to the mill is a micro 
phone 29. The microphone may be sensitive to 
vibrations, Sound waves, or both, and adjusted 
to pick up and handle all character of condi 
tions prevailing at the mill , such as vibrations 
produced by the mill, reacting on the founda 
tions or other parts of the apparatus, which will 
cause a change in electric current, similar to 
that produced in a telephone or microphone 
pick-up of an amplifier or vibration sensitive 
device, along the same general principles. 
In a simple form, the microphone circuit uti 

lizes a source of electric current, such as a bat 
tery 2, the primary winding of a transformer 
22, and a variable resistance 23. 
The output side of the transformer 22 is in 

circuit with a relay 26 and an indicating device, 
such as an amneter 25. 

have also shown a rectifier 26, so that direct 
current is supplied to the relay 24 and animeter 
25 to take advantage of better operating char 
acteristics of the relay and ammeter where such 
a condition is desirable. The relay is adapted to 
operate at a definite energy level, and, while I 
have shown a conventional magnetic relay, it 
will be appreciated that a galvanometer relay, 
or any other type, may be used. 
The actuating contacts of the relay 24 are in 

another circuit, in which is located a time delay 
resistance contactor 27, and a source of power 
Such as a battery 28, or line current from a 
power line. 
The contact points 29, 30, of the contactor 27 

close the circuit in the control device or, as 
illustrated here, feeder motor f6, through a 
Source of power, such as a battery 3. 

If desired, the contactor 27 can operate other 
power relays or other control devices where the 
electric current is higher than the contact points 
29, 30, are capable of handling properly, but for 
the purpose of illustration, the arrangement 
shown here is all that is necessary, as I have 
found by actual practice, when controlling a cir 
cuit including a small motor used to drive the 
feeder. 
Since the noise df a ball mill Or any similar 

device is somewhat irregular, there is quite a 
wide fluctuation in the instantaneous power in 

all ea. 
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the relay circuit. In order to prevent damaging 
of the feeder motor 6 and other parts of the 
power circuit, by a rapid succession of on and 
off positions until the system is definitely over 
on one side, or the other, the time delay re 
sistance contactor device 2 having a thermal 
element is employed, so that while the relay 24 
flutters constantly, the contactor 27 will not 
close the contacts 29, 30, until the contacts of 
the relay 24 are closed for a sufficient length of 10 
time to generate enough heat in the thermal 
element 27 to close the contacts 29, 30. 
Thus, instead of having the power of the feeder 

motor 6 on and off many times a minute, de-, 
pending upon the current in the relay 24, the 
time delay resistance contactor device 27 Will 
Smooth out this fluctuation to the desired point, 
so that the feeder 3 will be cut in and out over 
a much longer period of time, which can be ad 
justed by adjustment of the thermal elemcnt of 
the contactor 27. 

I have found that satisfactory operation can 
be had if the thermal element of the contactor 2 
is set so that it will function only after the cir 
cuit to it has been closed for a period of from 
a few seconds up to half a minute, although the 
time element in this case is not critical, SO 
long as the power circuit is protected from too 
rapid make and break of contact. The time 
delay resistance contactor device 2 used is of 
standard design and construction Well-known in 
the art. 
Where more power to actuate the relay 24 and 

ammeter 25 is needed than is available from 
the circuit shown here, or a less sensitive relay 
is used, it may then be advantageous to use an 
amplifier between the microphone and relay cir 
cuit, which amplifier can be of the vacuum tube 
type, well-known in the art and need not be 
described here. 
A complete cycle of operation of the mill, 

feeder, and control system will now be described. 
Assuming that the entire System is properly in 
stalled, and that the mill and feeder are not 
operating, the mill will initially be started and 
the feeder, manually regulated to deliver the 
proper quantity of ore to the hopper 2, insofar 
as this quantity can be determined by the hu 

Examination of the mill operation in 
the conventional manner will determine Whether 
such rate of feed is correct or whether variations 
in rate of feed should be made to improve mill 
conditions. As heretofore indicated, the gate it 
is adjustable, and therefore the regulation of the 
feed rate may be accomplished by running the 
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belt 4 at a uniform speed and adjusting the 
gate 17, as is the preferable course, or a variation 
in feed may be accomplished by setting the gate 
7 at a fixed point and varying the Speed of the 

belt. A still further method is that aCCO 
plished by the present system-namely, Setting 
the gate at a fixed point and intermittently oper 
atting the belt. However, the preferred form for 
manual operation is to operate the belt at a, 
constant speed and regulate the gate 7 until 
the desired rate of feed is secured. 

During this manual operation, the motor 6 
is continuously operated by a source of current 
(not indicated in the drawings) independent of . 
the control system, or, at any rate, the control 
system is not actually controlling the motor 6. 
However, even though the control System is not 
actually controlling the motor 6 as yet, the 
microphone and relay circuit, (and possibly time 
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2,235,928 
observations made for the subsequent operation 
of the feeder. The relay 24 is actuated when the 
Current in the relay circuit is of some prede 
termined minimum intensity-say, 35 micro 
amperes in the instant case. With the desired 
rate of feed attained manually as just described, 
it is therefore necessary to establish in the relay 
circuit a current of just 35 microamperes. How 
ever, the current which is established in the mi 
crophone circuit before adjustments are made 
Will probably be somewhat different than the 
amount necessary to produce 35 microamperes 
in the relay circuit. The current in the relay 24 
depends upon the resistance 23 in the primary 
circuit as well as the amount of noise picked up 
by the microphone 20, and therefore the resist 
ance 23 will be adjusted to produce a current of 
35 microamperes in the relay. The current pass 
ing through the relay 24 will be indicated by the 
ammeter 25, which has a graduated dial. 
For instance, if the ammeter 25 indicates an 

average current in excess of 35 microamperes, 
with the desired conditions in the mill still being 
in effect and remaining constant for the time 
being, the resistance 23 in the microphone cir 
cuit must then be increased to decrease the cur 
rent in the relay, and such resistance is gradu 
ally increased until an average current of 35 
microamperes is established in the relay circuit. 
When the desired current is thus attained in the 
relay circuit, the control system is then cut into 
the motor f6, and the feeder 3 set So that, On 
constant operation, the amount of feed would be 
increased possibly 20% or more, or sufficipnt to 
insure a feed rate in excess of that the mill is 
capable of handling at any time due to variation 
in hardness, fineness, or other factors affecting 
mill operation. 

This re-setting of the feeder is usually accom 
plished by increasing the gate opening or belt 
speed, and is necessary in view. of the fact that, 
when automatically controlled, the feeder is in 
termittently operated. Consequently, it is neces 
sary that, when the motor 6 is operating, the 
feeder must be delivering to the mill a quanti 
ty which, if the feeder were operating constantly, 
would be in excess of that desired for the oper 
ating conditions which had been manually es 
tablished at the outset. 

After the control system has been cut into the 
motor, the operating conditions which were 
initially established will be maintained within 
extremely narrow limits, In view of the fact 
that the feeder is now set to feed an excess 
quantity of Ore, there is a tendency for the load 
in the mill to increase above the desired level, 
but the slightest deviation from such a level is 
reflected in the noise vibrations, and this ten 
dency to increase the load and quiet down the 
mill is reflected by a drop in the sound energy 
picked up by the microphone, which in turn re 
duces the energy in the relay circuit causing 
the latter to open. When the time delay relay 
circuit is broken, the time delay relay 27 breaks 
the power circuit to the motor 16, thereby stop 
ping the motor with consequent stoppage of 
feed. With this stoppage of feed, the noise 
level of the mill tends to increase, thereupon in 
ducing greater energy in the microphone and re 
lay circuit, and thus actuating the time delay. 
relay 27 to start the motor 6 and re-commence 
the feed. In actual operation, it is found that 
the On-and-off periods of the feeder are of rela 
tively short duration, due to the sensitivity of 

and consequently no grinding takes place. 

3 
the control system, and therefore uniform con 
ditions within narrow limits are maintained. 
An important feature of my invention resides 

in the fact that the control system not only nor 
mally maintains conditions within the mill con 
stant, but also this system may be used to readily 
vary those conditions as may be necessary or 
desirable. Such a change in the operating con 
ditions may be prompted by a difference in the 
type of feed, a difference in the product sought, 
Wear of the grinding media, etc., but one of the 
most frequent reasons for changing the operat 
ing conditions is to secure precise optimum re 
Sults. As mentioned above, the human ear is 
not Sufficiently sensitive to determine what the 
precise optimum conditions are. As shown by 
Figure 6, which is a graph of an actual operation 
showing the relationship of the noise level in the 
mill to the useful work done in grinding, there 
is One best noise level for any given condition of 
feed, desired product, etc. This graph shows 
that the maximum noise level obtains when there 
is a full load of balls in the mill but no material, 
and consequently no grinding. At the other end 
of the curve it will be observed that there is no 
noise because the mill is choked and Overloaded, 

Fron 
these two extremes, the curve ascends to a point 
a, which represents the optimum grinding for the 
conditions of feed, product, etc., which may be 
involved. It will be noted that this Optimum 
noise level is a relatively sharp point, and can 
never be reached with certainty by the human 
ear when it is attempted to control the feed 
manually. As stated, Figure 6 represents an 
actual operation, in which case the point b was 
selected by the operator as the optimum noise 
level, and it was only after repeated trials and 
testing that the actual optimum level was plotted 
and found, 
While I have referred to the point a as the Op 

timum noise level, and while this does represent 
the noise level at which the maximum useful 
work is done, under some conditions it may be 
desired to operate the mill at a point other than a, 
for instance at some point such as is designated 
c. This, for example, might be the case where 
a change in fineness is desired at the sacrifice 
of capacity. It will, of course, be appreciated 
that this desired point then becomes, in effect, 
the optimum operating condition under Such cir 
cumstances, and can be determined and main 
tained in the same way as above described with 
references to the point a. 
In order to ascertain the optimum noise level, 

it is necessary to vary repeatedly the noise level 
which is initially established by manual control, 
and the present control system affords ready 
means for effecting such variations. For in 
stance, if it is desired to operate the mill at a 
lower noise level, the resistance is decreased, 
which thereby increases the current in the mi 
crophone circuit and consequently in the relay 24. 
As a result of this, the relay 24 is actuated and 
this in turn closes the time delay switch 27 to 
actuate the motor. Due to the fact that the de 
creased resistance permits a greater current than 
before adjustment, the relay will, consequently 
remain closed until the noise level of the mill is 
reduced to a point where it does not actuate the 
microphone sufficiently to generate a 35 microam 
pere current in the relay circuit. As soon as this 
occurs, the relay 24 opens, opening the time de 
lay relay 2 and cutting of the feed to the mill. 
The noise level of the mill then starts to rise, 
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4. 
As such rise continues, the microphone is Suf 
ficiently influenced to induce an excess of 35 mi 
croamperes in the relay circuit, whereupon the 
feed Will be resurned. 
The reverse of the operation just described 

takes place when it is desired to increase the 
noise level-namely, the resistance in rheostat 
23 is increased, thus decreasing the energy in the 
relay circuit and opening the relay which stops . 
the feeder until such time as the noise level of 
the mill activates the microphone sufficiently to 
induce a 35 microampere current in relay 24. 

It Should be pointed out that, when the re 
sistance is increased or decreased in Order to 
decrease or increase the noise level, the current 
in the relay will be initially varied accordingly, 
but when the new noise level is attained, the cur 
rent will remain at about 35 microamperes. How 
ever, the resistance 23 is provided with an in 
dicator that will show that a change in noise level 
has taken place and can be used as a means of 
indicating the relative noise level of the mill by 
observing the position of the indicator. 
While I have heretofore described a manual 

regulation of the feed independently of the con 
trol system, the control system itself may be 
used to manually regulate the feed initially. 
When this is desired, the mill and feeder are 
started, and with the control system operatively 
connected to the feeder, the operator then ma 
nipulates the resistance 23 over relatively wide 
ranges until he determines by the sound of the 
mill or the character of the product what he 
believes to be the optimum operating conditions. 
From this point on, by “inching' the resistance, 
as just described, he can then determine the ex 
act noise level for optimum operating conditions. 
When the manual control of the feeder is ini 
tially effected by use of the control system, as 
just indicated, it is still necessary to adjust the 
gate a so that, upon constant operation of the 
belt, the mill would receive in excess of the 
amount of feed that would be needed at any time 
at the given setting of the control system. 
Another alternate arrangement of a more com 

plicated nature for obtaining intermediate con 
trol of operation, rather than simple on and off 
control of the feeder, is that shown in Fig. 2, 
in which the ball mill and feeder 3 are of 
the same general type as that shown in Fig. 1, 

feeder being operated by an electric motor 

As shown in Fig. 2, a microphone 28, located 
near the mill picks up noises which are am 
plified by a vacuum tube amplifier 2, having 
suitable output control indicated at 22. The am 
plifier may be of standard construction and it is 
connected to a relay 23 by conductors 28 and 
25. If the relay 23 requires D. C. current, a 

suitable rectifier 26 is connected to the circuit . 
between the amplifier 2 and the relay f23, in 
the manner shown. 
The relay 23 is adapted to control the Oper 

ation of a galvanometer 28 of any approved 
type. 
As the noises will have sharp variations in in 

tensity for any given average intensity, a dash 
pot 29 or some dampening device is employed to 
smooth out the peaks, or wide fluctuations in 
current which occur, as previously described. 
As the average intensity of noise increases, the 

galvanometer needle swings over until the upper 
contact 30 is reached. In this way the circuit 
of a relay 3 is closed and the relay magnet 
pulls an overbalanced lever 32 to the right hand 
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contact 33, which closes the feeder motor cir 
cuit 34, and operates the feeder at the highest 
speed, since the maximum power is connected 
into the circuit, utilizing all three batteries, 40, 
6, and 42, or other source of energy. 
Since lever 32 is overbalanced, the contact 35 

of said lever will remain over against contact 
33, thereby keeping the feeder circuit 34 closed, 
even after the galvanometer circuit has been 
opened by lowering of the galvanometer, needle 
A 28 away from contact 30. 
If so desired, the feeder circuit can be opened 

as soon, as the relay circuit is opened, if the lever 
32 is the type which will swing back to normal 

position, as shown in Fig. 2, as soon as the cur 
rent ceases to flow in the magnet of relay 3, 
Such a lever is of the pendulum and not Over 
balanced type. 
When the noise is low and galvanometer cur 

rent low, the galvanometer needle will Swing 
down and make contact with contact point 36. 
In this case, relay 37 will pull the lever 32 to 
wards the left, so that contact 38 engages con 
tact 39, thereby closing the feeder "motor cir 
cuit, which includes battery 42 only. This 
causes the feeder to run at a slow speed. This 
circuit will remain closed until the needle of the 
galvanometer 28 swings upwardly and away 
from contact 36. 

It will also be understood that the relay cir 
cuit may sound an alarm, or make contact with 
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other equipment effected by such changes in the 
operation of the mill ill. 
As shown in Fig. 2, the galvanometer needle is 

in contact with a spring finger contactor 43, 
which is connected to a source of power such as 
a battery G4, said battery in turn having one 
terminal connected to a terminal of relay 46. 
The other terminal of battery 45 is connected to 
conductor 36, which connects the galvanometer 
A 28 with terminals of the relays 3 and 37, re 
spectively. Contact 3 of relay 45 is connect 
ed to one terminal of feeder motor 6 
ductor 8. 
With finger contactor 43 engaging the gal 

vanometer needle the contact point 4 of relay 
45 engages contact 49, which is connected to 
one terminal of battery 4 by conductor 50, so 
that the feeder motor circuit 
through batteries 4 and 42, and the feeder is 
then operated at its medium or normal rate. 

In this way it will be noted that the operation 
of the feeder 3 can be so controlled that the 
feeder will operate at varying speeds in accord 
ance with variations in amount of noise emanat 
ing from the mill as picked up by the microphone 

f34 is closed 

35 

it) 

by con 

A 20, and should the mill become overloaded, the 
feeder will operate at low speed, or if the mili 
should become underloaded, the feeder will be 
speeded up to increase the feed to the mill. 

It will be understood that the dash pot 29 
takes the place of the time delay resistance Con 
tactor 27, previously described, so that the power 
circuit is protected from too rapid make and 
break of contact. . 

In Figures 1 and 2, I have merely shown the 
microphone 20 and 20 diagrammatically. . While 
my invention may be practiced with a microphone 
of any desired construction and placed at any 
convenient location with respect to the mill, I 
have found that decidedly improved results may 
be obtained when the microphone is provided 
with a shield to prevent extraneous noises regis 
tering On the microphone, and where the micro 
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phone is positioned adjacent the mill and below 
the point of maximum impact for any loading. 
As best shown in Figures 4 and 5, I prefer to 

Suspend the microphone designated 20 at the 
focal point of a parabolic reflector 75. Suitable 
springs 76 may serve as suspending means, and 
&s best shown in Figure 5, the specific location of 
the microphone with respect to the reflector is 
at the focal point of the latter, as indicated by 
the arrows 7 representing the incoming sound or 
vibration waves. It will be appreciated that the 
provision of Such parabolic reflector, and the po 
sition of the microphone at its focal point, in 
Sures the maximum reception of sound vibrations 
which emanate directly in front of the micro 
phone. 
To prevent the reception of any extraneous vi 

brations, or noises, such as from adjoining mills, 
or other equipment, I provide a dust-proof and 
water-proof shield for the microphone and re 
flector. This shield is composed of a casing 78 
and insulating material 79 intermediate such 
Casing and the parabolic reflector 75. This in 
sulating material 79 serves to prevent any vi 
brations, except those emanating directly in front 
of the microphone, from reaching the micro 
phone. In addition to the protection afforded 
by this shield around the microphone, a covering 
or fabric or other material permitting the pas 
sage of sound therethrough may be placed over 
the front of the shield to protect the microphone 
from dust, moisture, or other injury. 
With regard to the relative location of the mi 

crophone and mill, I have found that improved 
results are obtained when the microphone is lo 
cated on that side of the mill toward which the 
ore and balls drop, and below the point at which 
the mass impacts the mill when the mill is oper 
atting with the Smallest load that would be en 
countered. 

In Figure 3, I have diagrammatically shown a 
mill and a microphone so arranged. In this fig 
ure the mill is designated generally by f and 
the microphone by the numeral 20. 
line 8 represents the outline of the charge and 
grinding media, when the mill is rotating in a 
clockwise direction and is properly loaded. The 
dotted line 82 represents such outline of an over 
loaded mill, and the dotted line 83 represents the 
outline of the contents of an underloaded mill. 
The respective points of impact of the falling 
masses are at 8a, 82a and 83a. 

It will be noted that the microphone 20 is po 
sitioned below the ZOne of impact of an under 
loaded mill, and is so positioned for the follow 
ing reasons: The activation of the microphone is 
a function of the noise generated by the mill and 
also the position of the microphone with respect 
to such noise. In turn, the noise generated by 
the mill is a function of the degree to which the 
mill is loaded. 

. As heretofore pointed Out, in general, the noise 
of a mill decreases as the load is increased, and, 
conversely, the noise increases as the load is de 
creased. If the microphone were positioned 
above the zone of impact when the mill is run 
ning with its minimum load, then, as the load is 
increased, the general noise level of the mill is 
decreased, but the diminished reaction of the 
microphone thus caused by the increased noise 
level tends to be offset by, the fact that the Zone 
of noise, though decreased, is brought nearer to 
the microphone. This is due to the fact that 
with an increase in the load of the mill the vol 
ume of the contents increases, as indicated by the 

The Solid 

5 
lines 83, 8 and 82, and the zone of impact rises 
on the periphery of the mill, which, with the mi 
crophone so positioned, approaches the micro 
phone. 
In such a situation the approach of the zone of 

inpact toward the microphone works against the 
decrease in general noise level, and the net re 
sult would be a sluggish activation of the micro 
phone or even erroneous results within certain 
limits, and in general a much greater change in 10 
noise level, or loading of the mill, would be neces 
sary in Order to produce a different effect on the 
microphone. 
However, as opposed to the above, when the 

microphone is located further down the mill shell 
So that the Zone of impact is always above the 
microphone, as shown in Fig. 3 to be below the 
point 83a, the point of maximum noise on the 
shell moves away from the focal point of the mi 
crophone when the mill starts to load up and 
thereby decreases the noise level, thus insuring a 
dual action which increases the effective sensi 
tivity of the microphone and consequent im 
provement of Operation of the entire control 
system. 
While I have described above the preferred 

location of the microphone, whereby it is posi 
tioned immediately below the zone of maximum 
impact of an underloaded mill, mention might 
be made of the fact that, if the microphone is 
positioned at any point along the arc that is 
defined by the contents of an unloaded mill, bet 
ter results are secured than if located elsewhere. 

In the previous description I have used the 
operation of a ball mill to show how my inven 

1 tion functions in one of its many forms. It will 
be noted that an increase in the noise in a ball 
mill is the indication of an underfed or under 
loaded machine. The reverse may be true if my 
invention is used in connection with some other 
machine, such as a jaw crusher, for example, 
since in this case the vibrations or sound emanat 
ing from a crusher increase as the feed increases 
within certain limits, then by reversing the op 
eration of my control device the desired results 
can be secured, that is, the feeder control will 
shut off the feeder or reduce the feeder speed, 
when the sound vibrations increase beyond a 
predetermined point and conversely the feeder 
control will increase the feeder speed when the 
Sound vibrations decrease a predetermined 
amount. One Way to accomplish this result is 
to use relays which will open the power circuit. 
This is just the reverse action of the relays for 
the ball mill feeder control circuit. 
There are many other machines for a great 

variety of uses whose operation is accompanied 
by sound or vibration. It is the control of such 
machines, as well as the machines herein de 
scribed, that I wish it understood be included in 
the general scope of this invention. 

I claim: 
1. In a control System for a mill in which 

vibrations set up by the mill are a function of 
the operating condition of the mill, a feeder for 
delivering material to said mill, means for actu 
ating said feeder, a microphone positioned with 
respect to said mill for picking up the vibrations 
emanating therefrom, means responsive to the 
vibrations picked up by said microphone for con 
trolling the feeder actuating means, and separate 
means for varying the degree of reaction of the 
vibration responsive means whereby the system 
may be balanced with respect to a desired vibra 
tion level and to thereby maintain such level 
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substantially constant, and which separate means 
may also be adjusted to establish any desired 
operating condition of the mill with its corre 
sponding vibration level. 

2. A control system as defined in claim , in 
which an electrical circuit is included, and in 
which the means for varying the degree of re 
action of the vibration responsive means consists 
of a device for varying the amplitude of power in 
Said circuit. 

3. A control system as defined in claim 1 in 
which the means for controlling the feeder actu 
atting means includes an electrical circuit and a 
relay, and in which the means for varying the 
degree of reaction of the vibration responsive 
means is a rheostat. - 

4. A control system as defined in claim i, in 
which the means for controlling the feeder actu 
ating means includes an electrical circuit, a relay, 
means for quantitatively indicating the energy in 
said circuit, and a time delay contactor, and in 
which system the means for varying the degree 
of reaction of the vibration responsive means is 
a rheostat. m 

5. A control system as defined in claim 1, in 
which the means for controlling the feeder actu 
atting means includes an electrical circuit and a 
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relay therein operable at a definite electrical 
power level, and in which system the means for 
varying the degree of reaction of the vibration 
responsive means consists in a device for regul 
lating the amount of electrical power which 
actuates the relay. 

6. For a drum type mill, a control System as 
defined in claim 1, in which the microphone is 
located opposite the arc of the drum defined by 
the load in the mill. 

7. Apparatus for controlling the operation of 
a machine for handling material in which vibra 
tions set up by the machine are a function of 
the operation of the machine and including a 
motivating element, a microphone positioned 
with respect to said machine for picking up wi 
brations emanating from the machine to estab 
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lish an electric circuit, an amplifier for amplify 
ing the electric current responsive to Said vibra 
tions, a rectifier in said last-mentioned circuit, 
and a time delay relay, said time delay relay 
adapted to alternately establish three circuits 
depending upon the actuation of Said relay, each 
of which circuits includes a relay, and each of 
which last-mentioned relays upon actuation is 
adapted to establish an independent circuit of a 
predetermined intensity, and all of Which last 
mentioned circuits include said motivating ele 
ment. 

8. A method of regulating the feed to a mill 
in which vibrations set up by the mill are a func 
tion of the operating condition of the mill and 
in which provision is made for actuating a feed 
ing device by means of an electrical circuit, com 
prising the steps of feeding material to the mill 
at a given rate and thereby establishing a cer 
tain operating condition in the nail having a 
corresponding vibration amplitude, translating 
the acoustic energy of the vibrations into electric 
energy in Said circuit so that variations in the 
acoustic energy effect corresponding variations 
in the electric energy so as to Secure a rate of 
feed for maintaining a definite and Substantially 
constant Operating condition in the mill, and 
varying the operating condition in the mill, and 
may be desired, by changing the ratio of trans 
lation of acoustic energy into electric energy. 

9. A process as defined in claim 8, in which, 
in order to maintain the definite operating con 
dition in the mill, the electric circuit effects an 
intermittent feed of the material to the mill at 
Such a rate per increment of time and for such 
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periods of time as to maintain a substantially 
constant operating condition. 

10. A process as defined in claim 8, in which 
the rate of feed is changed a Suficient number 
of times, and the respective operating conditions 
resulting therefrom noted, in order to definitely 
ascertain the optimum operating condition. 
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