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1. 
The object of this invention is to devise a novel 

method of controlling the feed to a rotary, reduc 
ing mill So as to maintain a Substantially constant 
amount of material in the mill regardless of mili 
output. 
A further object of the invention is to devise a, 

novel method whereby the amount of material in 
the mili, such as a ball or tube mill, can be gauged, 
and the feed of raw material to the mill... can be 
accurately controlled automatically, or manually 
if the control instrument is out of order. 
With the foregoing and other objects in view 

as Will hereinafter clearly appear, my invention 
... comprehends a novel method of gauging the ma 
terial in a mill and for controlling the feed of raw 
material to a rotary, reducing mill. 

For the purpose of illustrating the invention, I 
have shown in the accompanying drawings pre 
ferred embodiments thereof which in practice 
will give satisfactory and reliable results. 
however, to be understood that the various instru 
mentalities of which the invention consists can be variously arranged and organized, and the 
invention is not limited to the exact arrangement 
and Organization of these instrumentalities as : 
herein set forth. 

Figure 1 is a Schematic view of a rotary, reduc 
ing mill, in conjunction with which feed control 
mechanism embodying my invention is employed, 
the mill being of the air-SWept type. 

Figure 2 is a schematic view of a non-air swept 
type of mill, in conjunction with which another 
embodiment of my novel control is employed. 

Figure 3 is a view taken transversely of the mill 
shown in Figure 1. 

Figure 4 is a schematic view illustrating the 
principle of the measurement. 
Similar numerals of reference indicate corre 

Sponding parts. 
Referring to the drawings: 
The reducing mill has a shell, or drum f, rotat 

ably mounted on bearings 2, and rotated in any 
desired or conventional manner, now well known 
in this art. . . . . . . . 
The raw material to be reduced is fed from a 

material supply 3 by a feeding device 4 controlled 
by an actuating device 5. An air inlet passage 6 
leads from a source of air supply to a passage 7 
communicating with the discharge from the feed 
ing device 4 and with the inlet to, the drum , 
whereby the material is fed into the drum. The 
static head at a detector tube is shown at 8, Fig 
lure 3. The drum at its discharge end communi 
cates with a discharge outlet 9 having a fan G. 
The inlet passage 6 may have an adjustable 
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dain per and the discharge passage 9 may have 
an adjustable damper 2. - - 

If desired, the fan may be ahead of the mill 
which will place the mill under pressure as gen 
erally the air flows through the mill from the 
feed end to the discharge end. 
Auxiliary air from a pressure source 3 passes 

through a pipe $, having a manually actuated 
Valve 5 and a Solenoid valve, 6, to a compensat 
ing tube 7 terminating in the discharge end of 
the mili at the bearing, and also to a detector tube 
S8 terminating in the material pool in the drum. 
The tube has a throttling device 9, and the 
detector tube 8 has a throttling device. 2. It 
is not necessary to force air through the corn 
pensating tube but it is desirable to do so in order 
to expel any particles that night otherwise find 
their way into the tube and eventually clog it. 
These throttling devices are only a convenient 
means of Securing a desired amount of flow 
through the tubes. 
The air flowing through the detector tube also 

serves to keep the tube clean and unobstructed and thereby aids in maintaining the measuring 
System in calibration. The detector tube has a 
flexible portion 2. 
A control instrument 22 has a manometer 23, 

One isg 24 of which is in communication with the 
detector tube 3, and the other leg 25 is in com 
munication with the compensation tube . Fhe 
manometer indication is transmitted, mechan 
ically, electrically or otherwise to the control in 
Strument 22 by a transmission line 26, and the 
control instrument controls the feed actuating 
device 5. The control instrument and nanome 
ter should be calibrated together as a unit and 
are available in the open market as is also the 
actuating device. 
In the operation of this embodiment of the in 

vention as shown in Figures 1 and 3, air or any 
suitable gas, depending upon the character of 
the raterial to be reduced, is introduced through 
pipe 4. At point A, the fiow is divided, one por 
tion passing through throttling device 9 and 
compensating tube' , and the other portion pass 
ing through throttling device 28 and detector tube 
8. The amount of air passing through the tubes 
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27 and 8 can be properly adjusted by proper 
throtting of their throtting devices and 29 
as well as by the pressure of the air supply from 
pipe f4. Comparatively high, auxiliary, air pres 
Sure, preferably at a constant pressure, for ex 
ample, about twenty pounds above mill pressure 
and close throttling is desirable. This will pro 
duce most accurate results by keeping the rate 
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of air flow through the detector tube constant 
regardless of mill pressure and the amount of 
material in the mill. 
The positions of the compensating tube and 

the detector tube in relation to the drum and 
its charge may be adjusted as desired, but Once 
the positions have been decided it is not neces 
sary to change them. In case of the compensat 
ing tube, it is necessary that its mouth termi 
nates in such manner that it is affected by static 
pressure only, and is not so far removed from 
the mill proper that it does not register such 
pressure of the mill accurately. 
The pressure at point B, which may be positive 

or negative relatively to atmospheric pressure, 
and which, for all practical purposes is unaffected 
by the charge in the mill, is transmitted through 
the compensating tube 7 to point D, where a 
static pressure tap is made through which the 
pressure is transmitted to One side of the man 
Ometer 23. In a similar manner, the pressure at 
point C, which is equal to the pressure at point 
B plus the static head of the pulverized material 
in the pool at point C which depends on the 
amount of material in the mill, is transmitted 
through the detector tube to point E where a 
static tap is made to transmit pressure to the 
other side of the nanometer. The nanometer 
Will thus measure the difference in pressure be 
tween points B and C. This difference in pres 
sure represents the static head of the pulverized 
material in the pool at point C, and is a reliable 
means of measuring the amount of material in 
the mill. The difference in pressure 2 is trans 
mitted through transmission line 26 to the con 
trol instrument 22 which controls the feed ac 
tuating device 5 which in turn controls feeding 
device 4. 
In a rotary, reducing mill, such as a ball or 

tube mill, there is, when the mill is in operation, 
a pool of aerated material as shown in Figure 3. 
Broadly speaking, the ball charge is contained 
Within the area, H-G-K-L-H. The voids be 
tween the balls are filled with the material to be 
ground, and practically all of the grinding is 
done in this area. On top of the ball charge 
there is a pool of aerated material, represented 
by the area F-G-H-F. There is of course 
no distinct levels F-G or G-K due to the turbul 
lence of the material and ball charge caused by 
the rotary motion of the mill. There is, how 
ever, a rather sharp gradient between the pool 
and the area above it. Into this pool the de 
tector tube is introduced. Since the pool in 
Creases in depth from G towards F, it is most 
desirable to introduce the detector tube at a 
point where the pool is deep in order to obtain 
a suitable static head at the mouth of the de 
tector tube. The offset relatively to the center 
of the mill also prevents too many stray balls 
or grinding bodies hitting the detector tube. It 
will be clear from the disclosure that I maintain 
a substantial pool of fine material adjacent the 
downward moving side of the mill. A stream of 
air is introduced into this pool of material at a 
point adjacent the periphery of the pool, over the 
maximum depth of and below the surface of the 
pool at a point Spaced from the end of the mill. 
I utilize the resistance to passage of air through 
the pool to vary the amount of material fed to 
the mill. 
The ratio between balls or grinding bodies and 

the material inside area, H-G-K-L-H is 
reasonably constant as is the material in sus 
pension in the air above line F-G-K. Any 
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4. 
variation in the total amount of material in the 
mill will, therefore, affect the depth of the pool, 
i. e. the line F-G will move up or down as the 
total amount of material increases or decreases. 
Since point C, after its final adjustment, is fixed 
in relation to the mill, the static head of the 
pulverized material at point C is an accurate 
measure of the total amount of material in the 
mill. 
The detector tube f8 is preferably flexibly 

mounted by a bracket 28 pivoted at 29 and hav. 
ing an adjusting screw 30, the tube connection 
2 being flexible as explained to permit move 
ment of the tube. 
AS shown in Figure 3, the terminating point 

C of the detector tube is so low in the mill that 
it may engage with the ball charge when the mill 
is at rest or when it cradles due to a shut down 
of the mill. The primary reason, therefore, for 
pivoting the tube at 29, which is at approximately 
the same elevation as point C, is to allow the 
detector tube to be pushed upwardly by the ball 
charge and return to its normal position when 
the mill is running. The flexible connection 2 
permits movement of the detector tube. The 
detector tube is bent for a short distance at its 
entrance through the wall of the passage 9 to 
form a circular arc with pivot 29 as a center. 
This facilitates the sealing of the opening 
through the wall of 9 and is particularly useful 
if the mill is operated above atmospheric, in 
ternal pressure. 
A secondary purpose of pivoting the detector 

tube is to provide easy adjustment up or down 
of point C. This feature is not of great im 
portance since the control instrument can be set 
to control at any desired differential pressure 
Within its range. It is preferable to have the 
instrument control at about the middle of its 
Scale to allow maximum deviation in either di 
rection when the feed is manually controlled 
from the indications of the instrument while 
Servicing the control mechanism of the instru 
ment. 
My invention is not limited to use with an 

air-swept mill as shown in Figure 1 but is also 
adapted for use with a mill as in Figure 2 at 
atmospheric pressure, in which case the com 
pensating tube can be omitted. 
In this embodiment seen in Figure 2, the pipe 

f4 from the pressure supply leads to the detector 
tube f8 having the throttling device 26. One 
leg of the manometer tube connects with the 
detector tube and the other leg with the atmos 
phere, thereby providing a differential 3 to be 
utilized to regulate the control instrument 22 
and thereby device 5. 
The operation of this embodiment of the in 

vention will be clear from the description already 
given. The differential pressure is utilized to 
indicate the amount of material in the mill and 
to control the feed of raw material to the mill. 
In my method, I measure the static head at a 

chosen point in the pool by blowing air or gas 
through a detector tube, which always keeps it 
clean and prevents it from becoming clogged even 
if the water content of the material or air be 
comes very high. For most accurate control, I 
need a constant flow of air or gas through the 
detector tube. 
The method employed is based on the well 

known fact that pulverized material when 
aerated behaves in many respects similarly to 
liquids. One similarity of behavior is that one 
can measure the static head at any point in this 



2,517,45l. 
S 

aerated material by introducing a pipe into the 
material to the point at which one desires to 
measure the static head and force air through 
the pipe. A suitable manometer communicating 
with the pipe by means of a static preSSure tap 
will register the static head of the aerated ma 
terial when a Suitable amount of material is flow 
ing through the pipe. This is, of course, under 
the assumption that the free end of the manon 
eter is under the same pressure as the material. 
The free end of the manometer may terminate 
anywhere within the receptacle or vessel contain 
ing the material above or below the Surface of 
the aerated material. 
Such principle of measurement is shown in 

Figure 4, to which attention is now directed. 
A pipe 32 having a throttling device 33 leads 

from an air supply, has its free end Submerged 
in the material and communicates With a ma 
nometer 34 to measure differential pressure, the 
free end 35 of the manometer forming a com 
pensating tube which may terminate at any de 
sired heighth as shown by the dotted line. The 
vent is shown at 36. When a Suitable amount of 
air is flowing through the pipe, differential 3. 
is a measure of the static head 38. 

If the material is an incompressible material 
such as water, the free end of the manometer 
must terminate above the level of the material in 
Order not to influence the differential 3. If the 
air flow through the pipe is reduced below a cer 
tain minimum, the differential 3 will decrease 
as the flow decreases until it becomes Zero when 
the flow entirely stops. For small air flows, there 
fore, the error in measuring the submersion 38 : 
becomes greater and greater as the flow decreases 
until the error becomes one hundred per cent 
When the flow ceases. It is Self-evident that for 
accurate measurement of 37 there must be at 
least sufficient air fowing through pipe 32 to 
prevent material entering into the pipe and the 
air flow must not be excessive. 

If a mill is operated under a flow and Suction 
principle, the Smaller the suction the poorer the 
control, and the control ceases at atmospheric 
pressure or above atmospheric pressure. If a 
detector tube remained clogged under Such syS 
tem, the mill would either fill up or run empty, 
and this would also be the case if an attempt is 
made to keep the material level within close 
limits. 
Under my present System, an accurate meaS 

urement and automatic control of the feed can 
be maintained for continuous operation of the 
reducing mill, 
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6 
In practice, I have obtained a control as close 

as one one-hundredths of an inch Water preSSUre. 
Any limitation which may exist is not traceable 
to the method but to the control instrument and 
asSociated equipment. 

It is to be understood that where in the claim 
I refer to air this term is to include any desired 
type of gas which may be used for the particular 
material which is being treated in the reducing 
mill. 
The main Switch or control lever for controlling 

the rotation of the Inill is operatively Connected 
with the solenoid valve G. So that they Work in 
unison, whereby when the mill StartS auxiliary 
air will be blown through the detector tube and 
aiso through the compensating tube if Such is 
employed. When the rotation of the mill Stops, 
the flow of air through the detector tube Stops 
and also through the compensating tube is 
employed. 
The reason for the interlock between the mill 

control and the auxiliary air flow is primarily 
to prevent, high pressure being transmitted to 
the nanometer if the detector tube should be 

A Secondary co 
sideration is the saving of compreSSed air. 

It is of course to be understood that my present 
control is adapted to be employed for wet grind 
ing as well as dry grinding. 

fHaving thus described my invention, what I 
claim as new and desire to secure by Letters 
Patent, is: 
The rhethod of controlling the feed to a rotary 

drum mill, which comprises maintaining a Sub 
stantial pool of fine material adjacent the doWin 
Ward moving Side of the mill, introducing a 
stream of air into the pool of material at a point 
adjacent the periphery of the pool, . Over the 
raximum depth of the pool and below the Sur 
face at a point Spaced from the end of the mill, 
and varying the amount of material fed to the 
mill in accordance with the resistance to paS 
Sage of air through the pool. 
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