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2,909,330 
PULVERIZING MILL AND PROCESS OF 

PULVERZING MATERIAL 
Harlowe Hardinge, York, Pa. 

Application September 30, 1954, Serial No. 459,465 
14 Claims. (Cl. 241-19) 

This invention relates to a pulverizing mill and a proc 
ess of pulverizing material within said mill. More par 
ticularly, the invention relates generically to so-called 
table or disc-roll mills in which rotatable pulverizing or 
grinding elements are forced by means, other than their 
own weight, into pulverizing and grinding relationship 
with a cooperating member in the mill which may con 
stitute a ring, bowl, table or disc, or the like. Such mills 
usually are employed to grind and pulverize mineral-type 
material and the process comprising part of the present 
invention relates to pulverizing this and similar type ma 
terials in the various embodiments of mill constructions 
illustrated and described hereinafter. 

While it is not intended to restrict the present inven 
tion to the type of mill wherein the material supporting 
member is rotatably driven about a vertical axis and the 
cooperating pulverizing rollers are rotated incident to the 
pulverizing operation of a bed of material fed to the ma 
terial supporting member, the several embodiments of the 
invention specifically described hereinafter are suited ad 
mirably for use with said type of mill. However, the 
invention also may be applied to mills in which for ex 
ample, the pulverizing rollers are positively driven and 
the material supporting member may or may not be driv 
en, as desired. 

In the operation of mills of this type, some type of 
positive pressure usually is employed to produce greater 
crushing, grinding or pulverizing of the material between 
the mill elements which accomplish the same than would 
be possible if the weight of the pulverizing rollers alone 
was used. During the pulverizing or grinding operations, 
material to be ground or pulverized usually is progres 
sively and continuously fed to the operating Zone of the 
mill and, after crushed or reduced by the grinding and 
pulverizing elements, the desired product usually either 
progressively spills off or is worked from the extremities 
of the material supporting member and is collected in a 
number of different ways, including that of passing a 
stream of air or other elastic or expansible fluid material 
through or past the pulverizing zone and entraining the 
desired product or at least some of the desired product in 
the fluid stream for transfer thereby to other apparatus 
or a collecting container. 

Spring means and particularly compressible coil springs 
have been used to provide an operating pressure upon 
the pulverizing rollers of this type of mill for example 
but this means has the fallacy that, when the pulverizing 
roller moves away from the material supporting member, 
for example, the pressure spring will be compressed and 
the pressure exerted thereby during such functioning of the 
mill will increase the pressure upon the pulverizing roller 
and change the characteristics of the mill. Attempts have 
even been resorted to in such mechanisms to provide 
counter-acting springs which act against the main pres 
sure providing spring when compressed by movement of 
the pulverizing roller away from the material supporting 
member, thereby endeavoring at least partially to lessen 
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the differential in pressure provided by the spring, espe 
cially during movements of the pulverizing roller toward 

; and from the material supporting member, for example. 
in none of these prior structures has it been possible 

to provide a desirable constant or uniform predetermined 
pressure upon the pulverizing roller, for example, where 
by a substantially uniform pressure would be exerted 
upon said roller during all reasonable variations in posi 
tion of the same relative to the material supporting mem 
ber during the operation of the mill, so that the mill 
actually has substantially uniform characteristics during 
all conditions of operation when such is desired. 

Further, in mills of the type referred to above which 
have been in common use, if it is desired to change the 
pressure upon the pulverizing elements and particularly 
while the same are acting upon a certain character of 
material, it usually is necessary to stop the mill in order 
to vary the pressure between the pulverizing elements to 
improve the operating efficiency of the mill or to prevent 
damage, or not impose an undue burden or overload 
upon the mill mechanism or the power means driving the 
Sale, 

Still another inadequacy of conventional mills of the 
type referred to above is that, when operation of the mill 
is commenced, the pressure to be exerted upon the pull 
verizing rollers usually is set initially for a desired amount 
and then material gradually is fed to the mill until opti 
mum capacities are established. Operation of the mill 
then usually continues at the present pressure which 
usually can not be varied during the operation of the 
mill. If said mill should become overloaded or must be 
stopped under full load, for example, for any reason, it 
is then necessary to open the mill and manually remove 
the excess amount of material therein before the opera 
tion of the mill can be resumed. Obviously, this opera 
tion entails a considerable loss of time and, sometimes, 
damage to the components of the mill. Further, in 
changing certain grinding elements or in making repairs, 
time is also required to release the compression of springs 
due to the fact that the springs are adjusted for operating 
compression, even at no load. 
The foregoing inadequacies and undesirable features of 

existing machines now used have made it desirable to de 
velop particularly Some type of pressure providing and 
adjustment mechanism which would not only result in the 
mill being easier to operate but would also vastly increase 
its versatility as to different pulverizing and grinding con 
ditions as well as the range of material upon which the 
mill is capable of operating and the product resulting 
therefrom. The present invention provides such type of 
pressure controlling and adjustment mechanism for the 
pulverizing elements of a mill of this type. 

In the preferred embodiment of the invention, fluid 
preSSule actuated means are employed in several embodi 
ments of mechanism which apply pressure to the pulveriz 
ing rollers of a mill of this type and the mechanism is of 
Such nature that substantially constant, predetermined 
pressure is applied during all normal operating conditions 
of the mill, as well as when the pulverizing roller is varied 
in position due to changing load conditions or otherwise 
relative to the material supporting member. Further, 
the pressure control mechanism comprising part of the 
present invention also is adjustable while the mill is oper 
ating, whereby stopping of the mill is not necessary in 
order to effect such adjustment in pressure when desired. 
The present invention also provides in the pressure 

applying mechanism and the controls therefor, means by 
which sudden shock movements sustained by the pulver 
izing elements are absorbed automatically without any 
substantial increase in pressure or damage to any of the 
components of the mill. 
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Another advantage of the present invention resides in 
the fact that the relative positions of the pulverizing 
rollers to the supporting member may be varied, while 
the mill is operating, thereby changing the pulverizing 
and discharging characteristics of the mill, and a current 
of air or other elastic fluid is directed either through or 
past the pulverizing zone so as to engage the discharge 
from the pulverizing zone and entrain a desired range of 
sizes of product particles and remove the same from the 
mill, said fluid current being regulatable relative to the 
discharge conditions from the pulverizing area of the 
mill to permit the entrainment of a rather wide selected 
range of sizes of product particles and particularly the 
finer sizes of such material. 

Still another advantage of the invention relative to 
that described immediately above resides in the fact that 
classifying mechanism, operated in conjunction with the 
stream or current of expansible or elastic fluid which 
entrains the product particles, may be operated and ad 
justed so as further to classify or separate, for example, 
some of the larger particles of the entrained product 
from the exiting stream and return the same to the mill 
for further pulverizing while the finer sizes of a desired 
range continue to be removed from the classifier for fur 
ther operation or storage. 

In several of the embodiments of the invention, it has 
been found that pneumatic pressure admirably is suited 
to achieve the desired results of the invention, while in 
other embodiments thereof, hydraulic pressure is used 
in conjunction with pneumatic pressure to achieve bene 
ficial and desired results with the invention. 

Details of the foregoing advantages and objects of the 
invention and of the several embodiments of structure 
incorporating the same, as well as the method of pull 
verizing which is possible to achieve with said structural 
embodiments of the invention, are set forth in the fol 
lowing specification and illustrated in the accompanying 
drawings comprising a part thereof. 

In the drawings: 
Fig. 1 is a vertical sectional side elevation of an ex 

emplary mill embodying the principles of the present 
invention. 

Fig. 2 is an exterior side elevation of the mill shown 
in Fig. 1 but as seen at 90° to the elevation shown in 
Fig. 1. 

Fig. 3 is an enlarged fragmentary, vertical sectional 
elevation of the mill shown in Fig. 1. 

Fig. 4 is an enlarged fragmentary detail, partly in ver 
tical section, of one position of the pulverizing elements 
during operation of the mill. 

Fig. 5 is a view similar to Fig. 4 but showing the pull 
verizing elements in different relative positions to those 
shown in Fig. 4. 

Fig. 6 is a fragmentary elevation, partly in vertical 
section, of another embodiment of pulverizing mill em 
bodying the principles of the present invention. 

Fig. 7 is a side elevation, mostly in vertical section, 
of still another embodiment of pulverizing mill incorpor 
ating the principles of the present invention. 

Fig. 8 is a fragmentary side elevation showing details 
of pressure control mechanism constituting a further em 
bodiment of that portion of the invention. 

Fig. 9 is a top plan view, partly in section, taken on the 
line 9-9 of Fig. 8, and illustrating the control mecha 
nism shown therein. 

Fig. 10 is a fragmentary side elevation, partly in sec 
tion, of still another embodiment of pressure control 
mechanism of the invention. 

Fig. 11 is a fragmentary side elevation, partly in sec 
tion, of still another embodiment of control mechanism 
for the invention. 

In the foregoing figures, various embodiments of the 
present invention have been illustrated in selected exem 
plary constructions of a pulverizing mill, which best show 
the advantages of the invention structurally, as well as 
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4. 
showing mechanism by which the method comprising 
part of the invention also may be performed to achieve 
the beneficial results possible from said method. It is to 
be understood however that these illustrations primarily 
are only exemplary and the principles of the invention 
may be incorporated in other types of mills to which such 
principles are applicable. 

Referring to the drawings, and particularly Figs. 1 
through 3, the mill shown therein comprises a base 10 
and an enclosing casing 12 extends upwardly therefrom 
and also encloses a classifying unit 14. A product ex 
haust conduit 16 communicates with and extends out 
ward from the upper portion of casing 12, above the 
classifying unit 14. Any appropriate type of material 
inlet or feed 18 is provided in the casing 12, as shown in 
Fig. 2, and discharge outlets 20 also are provided for 
tramp particles or other foreign material which is un 
desirable in the product to exit from the mill through 
said outlets. 
A gear reduction unit 22 is stationarily mounted within 

a suitable compartment provided therefor in the base 10, 
this being covered by a suitable deflector and seal 24 
which, preferably, is annular and extends inward and 
upward as clearly shown in Figs. 1 and 3. Arranged cen 
trally on the top of the gear reduction unit 22 is a ro 
tatable member 26 to which a preferably circular ma 
terial supporting member 28 is attached by conventional 
means. The specific illustration shows a disc-like mem 
ber but this merely is exemplary since other shapes of 
supporting members may be used in accordance with the 
principles of the invention. In accordance with usual 
practice, the material supporting member 28 is provided 
with an annular groove on the upper face thereof which 
receives an annular, wear-resisting grinding face member 
or disc 30. Said disc also is held in fixed relationship 
to the Supporting member 28 by suitable conventional 
clamping means, whereby the disc 30 rotates in unison 
with the supporting member 28. Power to rotate the 
material supporting member 28 is provided by any suit 
able motor 32 which drives the gear reduction mecha 
nism 22. 

In the specific embodiment of the mechanism illus 
trated in Figs. 1 through 5, a pair of rotatably mounted 
grinding rollers 34 are provided. Supporting means for 
these rollers constitutes a pair of arms 36 which are 
pivotally supported at their lower end by heavy jour 
nals 38 carried by bearings fixed relative to the base 
10 of the mill. The axes of the journals 38 are substan 
tially horizontal and parallel to each other. Short, 
heavy shafts 40 respectively project transversely from 
and are fixed to the arms 36, intermediately of the ends 
of the latter. As shown in section in the left-hand side 
of Fig. 1, suitable roll or ball bearing units rotatably 
support the pulverizing rollers 34 on the inner ends of 
the shafts 40. The axes of the shafts 40 are fixed rela- . 
tive to the arms 36. 
The upper or outer ends of the arms 36 are provided 

with cross members 42 which are fixed thereto and the 
outer ends of the cross members project beyond the sides 
of the casing 12 as clearly shown in Fig. 2. A pair of 
arm positioning units 44, each comprising a cylinder 46 
and a relatively reciprocable piston 48 and piston rod 50, 
respectively connect the opposite ends of the cross mem 
bers 42 as clearly shown in Figs. 1 through 3. Thus, it 
will be seen that such positioning of the outer ends of 
the arms 36 permit either independent or simultaneous 
movements of the pulverizing rollers 34 relative to mem 
ber 30 and each other, at least within certain limits. 

Positioning of the pulverizing rollers 34 relative to 
the material supporting member 28 and particularly the 
face member or disc 30 thereof, is accomplished by vary 
ing simultaneously the pistons 48 relative to the cylin 
ders 46 in the positioning units 44. This is accomplished 
by fluid pressure means, one embodiment of which is 
illustrated in Fig. 2 and constitutes a pump 52 which is 
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'driven by a pair of pulleys and a belt interconnected to 
the drive shaft of motor 32. However, if desired, a 
separate motor may be used. Also, if pneumatic fluid is 
to be used, the pump 52 may comprise a small air com 
pressor. In either event, fluid under pressure passes 
through valve 54, by which the fluid system may be shut 
off, if desired, and from there to a pressure regulating 
valve 56 which is settable to any pressure desired within 
a reasonable range. Said valve may be adjusted, even 
while the mill is operating. The principal purpose of 
the valve 56 is to deliver a predetermined fluid pressure 
unidirectionally to the conduit 58 which leads to the 
cylinders 46 of the arm positioning units 44. It will 
be seen that the conduit 58 extends commonly to both 
of the cylinders 46. Usually the pump or compressor 
52 will deliver a greater pressure than required by the 
setting of the valve 56, but said valve insures delivery 
of only a desired predetermined pressure for which the 
valve is set. 
A bleeder or regulating valve 60, whichever is pre 

ferred, also is connected to the conduit 58 and a pres 
Sure gauge 62 likewise is connected to said conduit so 
as visually to indicate at all times the pressure existing 
within said conduit. 

It will be seen that the arm positioning units 44 re 
'spectively are disposed at opposite sides of the casing 
12 and they, like the arms 36, are mounted exteriorly 
of the casing, whereby they readily are accessible to any 
servicing which may be required and, also, in no way 
interfere with the passage of finished product upward 
through the mill casing 12, particularly while being re 
imoved from the mill by means to be explained herein 
'after. Inasmuch as it is contemplated that the arms 36 
and shafts 40 which are supported thereby will move 
relative to casing 12, and in order to prevent the escape 
of pulverized or other material within the mill during 
such movement of the arms and shafts, suitable sealing 
members 64, either slidable or flexible, are provided 
between the shafts 40 and the walls of the casing 12 
through which the shafts extend, as clearly shown in 
Fig. 3 particularly. 
The operation of the pulverizing portion of the mill 

illustrated in Figs. 1 through 5 now will be described. 
Raw material such, for example, as mineral ore, to be 
pulverized is introduced through the inlet 18, preferably 
at a constant rate, by any suitable means, not described. 
Said material discharges onto the disc 30 which either 
is rotating at the time, or the rotation thereof may be 
commenced after some material has been introduced to 
the disc 30. The pressure and/or position of the pull 
verizing rollers 34 relative to disc 30 then is adjusted 
by regulating the valve 56. 

Depending upon the type of material being operated 
upon, the fineness of the product desired, the rate of 
feed of the raw material, the height of the dam 70, as 
well as other factors, different thicknesses of beds of 
material 66 may be required or desired. Usually the dam 
70, which is annular, projects above the face of member 
30 and is adjustable in height by regulation of means 
such as a series of circumferentially spaced bolts 71. 
Such change in height is possible by usual means and 
constitutes a major change which, in any event requires 
stopping the mill, but is one means of changing the 
thickness in the bed of material. Two different exam 
ples of Such beds are illustrated respectively in Figs. 4 
and 5. Thus, the spacing of the rollers 34 relative to 
the disc 36), generally, is critical and a desired control 
of such space is possible with the present invention so 
that a desired spacing is obtained and automatically main 
tained, simply by regulating valve 56, assuming other 
factors remain substantially constant. It will of course 
be understood that if no pressure exists in cylinders 46, 
and with no material on the disc, the weight of the roll 
ers 34 will position them by gravity against the disc 30 
or against stops provided but not shown to keep the roll 
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ers just clear of the disc. After operation of the mill is 
commenced and material flows onto the disc, regulation 
of valve 56 usually must take place and one of the bene 
ficial advantages of the present invention is that such 
regulation may be made while the mill is operating. In 
view of the interconnection of the upper ends of arms 
36 by the positioning units 44, adjustment of the spac 
ings of both rollers 34 relative to disc 30 takes place 
simultaneously and evenly. That is, the pressure exerted 
by both rollers will be uniform as is also the pressure 
on both sides of arms 36 and journals 38. 

After the desired setting of valve 56 is achieved, so 
that a desired pressure upon and spacing between the roll 
ers 34 and disc 30 results, such pressure will remain 
uniform during continued operation of the mill, espe 
cially under normal conditions. Assume, however, that 
the feed of raw material to the mill varies and is in 
creased for any reason, for example, whereby the thick 
ness of the bed 66 upon disc 30 increases, such increase 
will move the upper ends of arms 36 apart and place the 
fluid in the piston 46 under increased pressure, which, in 
turn, is imparted to the pulverizing rollers 34. In order 
that the pressure of the rollers 34 may be maintained 
substantially at the predetermined desired pressure for 
which the valve 56 is set, even though the thickness of 
bed 66 increases, such excess pressure is relieved by 
valve 60 as it occurs. 
Assuming further that valve 60 is a regulating valve 

and has been set to relieve or discharge pressure in excess 
of that provided by control valve 56, then, under such 
circumstances, the excess pressure will be discharged to 
atmosphere, especially where the pressure fluid is pneu 
matic. However, assuming that valve 60 is a bleeder 
type with a relatively small discharge opening which con 
stantly discharges a small amount of fluid, such bleeding 
characteristic of valve 60 then will dissipate the excess 
pressure occasioned by the increase in the thickness of 
bed 66, referred to above, and the constant pressure Sup 
plied by regulating valve 56 will maintain the required 
amount of pressure in the conduit 58 and cylinders 46 
after such bleeding has dissipated the excess pressure 
occasioned by the increase in bed thickness. All of the 
foregoing takes place automatically and requires no atten 
tion from the operator. 
Under other circumstances such as when some foreign 

substance as a piece of tramp iron 68, shown in Fig. 3, 
occurs in the material fed to the mill, when the roller 
34 encounters such a lump of hard material of this type, 
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a shock is sustained by the mill in the nature of suddenly 
elevating the rollers 34 engaging said lump of material 
as shown in Fig. 3. This results in a sudden increase 
in pressure within the cylinder 46 of each of the posi 
tioning units 44 but, under the circumstances of using 
pneumatic or other elastic fluid within said cylinders, the 
compressible nature of such fluid will minimize said 
shock and permit the rollers to pass over the obstruction 
without creating undue stresses and injury to the compo 
nents of the mill, especially if said movement is of con 
siderable magnitude. Again, where the increase in pres 
sure is due to a sudden increase in feed size or quantity 
and is sustained for a period of time, the above described 
operation of valve 60 will take place and relieve the 
mill of the increase in pressures and return the pressure 
to normal in a short time. Such operation also will be 
automatic and needs no attention from an operator. The 
mili is protected from undue shock and continued opera 
tion is assured at the desired constant rate of pressure 
as controlled automatically by valve 56. 
Another advantage of the present construction shown 

in Figs. 1 through 3 resides in the use of a pair of posi 
tioning units 44, respectively on opposite sides of the 
casing 12, inasmuch as when outward movement of the 
upper ends of arms 36 is caused by any of the reasons 
described above, the pressure within both cylinders 46 
of these units automatically and instantly is equal and 
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hence there is no tendency for exerting an unbalanced 
pressure on the journals 38. 
Once the mill is operating and the desired pressure 

required by the setting of regulating valve 56 has been 
developed by pump or compressor 52 and is being exerted 
by the positioning units 44 against the rollers 34, the 
action of the positioning units 44 then becomes essentially 
a holding action. When air is used as the fluid in the 
pressure system, little additional air, if any, will be taken 
into the system during such holding operation of the 
positioning units 44. At most, only enough will be taken 
in to compensate for the leakage through valve 60 if the 
same is of the bleeder type. Thus, a very small com 
pressor 52 is all that will be required to maintain suit 
able pressure upon the puverizing rollers 34. The power 
consumed to actuate such compressor is nominal. 

Even though it may be possible to obtain a source of 
air from other means in a plant, for example, there is 
an advantage in having the compressor coupled to the 
power means 32 for the mill, not only to insure con 
tinuity of operation but, when the mill has been shut 
down and the air pressure released, a lapse of time will 
be required to build up the air pressure when next start 
ing the mill. This arrangement insures lower power con 
sumption under these circumstances, when starting up the 
mill. Of even greater importance is when the mill has 
been stopped under a loaded or overloaded condition. 
Then, if all pressure is removed from the rollers, the 
mill can be started without overloading the mill motor 
and then as the material on the disc is gradually reduced 
under these conditions, the pressure can then be gradually 
brought up to normal. It is not necessary in this situa 
tion manually to remove the load of material in the mill 
before it can again be started as now is required with 
conventional mills and especially those utilizing springs 
to provide the pressure for the pulverizing rollers. 

Referring now to Figs. 4 and 5, wherein two different 
depths of beds 66 of materials are illustrated, it will be 
understood that optimum conditions may be obtained 
at either bed depth, or others, depending upon the nature 
of the materials being pulverized, the condition and na 
ture of the operation, as well as fineness of product de 
sired. Hence, for optimum results, it is desirable that 
the position of the rollers 34 may be varied relative to 
disc 30 within a reasonably wide range in order that 
operation of the rollers upon different desired thicknesses 
of beds of material may take place. For example, but 
without restriction thereto, when pulverizing a relatively. 
fine feed of material or when a very fine product is de 
sired, it may be best to operate the mill with a low or 
relatively thin bed depth as illustrated in Fig. 4, as 
opposed to grinding a coarser material to a lesser degree 
of fineness where a greater depth, as shown in Fig. 5, 
may prove to be superior. 
The effect of the height of the so-called dam 70, con 

stituting the perimeter of material supporting member 28, 
also sometimes is an important feature in this type of 
mill. Such dam height, on occasions is changed, by 
trial and error, to obtain the best bed depth. However, 
the present invention, particularly where the roller may 
be maintained at various heights, as desired, largely will 
obviate any need to change the desired height of the dam 
70 by trial and error means or otherwise. 
The height of the dam 70 relative to the position of 

the roller 34 above the disc 30 has great effect upon 
controlling, for example, the angle at which the material 
leaves or is discharged from the disc 30. Note, for 
example, in Fig. 4, the discharging material 72 assumes 
a path which is substantially more vertical than the path 
of the material 74 in Fig. 5, wherein the roller 34 is 
spaced farther from the disc 39. This angle of exiting or 
discharging material is of particular importance when 
said discharge material is entrained in an upwardly di 
rected stream of elastic fluid 76, for example. The 
ability to change the roller pressure at will and while the 
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8 
mill is running contributes greatly to increased efficiency 
of operation by virtue of its effect upon bed depth Such 
as the change in degree of plowing and embedding action 
of the rollers 34 in the bed of material 66. 

Streams of elastic fluid 76, such as air, may be in 
troduced into casing 12 through any suitable inlet ports 
such as openings 78 near base 10. It will be under 
stood that these openings may communicate with con 
duits constituting part of the closed circuit mill and 
classifying assembly which will include a fan or blower. 
Such closed systems are commonly used and the present 
illustration will not be burdened with a showing thereof. 
However, it will be understood that the stream 76 of 
elastic fluid will enter the lower portion of casing 12 
and move upwardly past the pulverizing Zone So as to 
intersect the respective discharged material 72 or 74 
in Figs. 4 and 5, for example, and entrain in said streams 
of fluid a range of sizes of pulverized material. This 
will be carried upward into the upper portion of casing 
12 wherein classifying unit 14 is operated. 

It is intended that the specific showing of classifying 
unit 14 only be exemplary and the same may comprise 
a rotatable member having thereon a series of circum 
ferentially spaced vanes 80. The member includes a 
shaft 82 which is supported rotatably by the upper por 
tion of casing 12 and is driven by any suitable means 
Such as a pulley 84, connected to a motor, not shown. 
This specifically illustrated classifier operates upon the 
principle of the vanes 80 engaging the particle-laden 
fluid current 76, indicated by arrows in the various fig 
ures, and the vanes 80 will hit at least the larger parti 
cles of material within said fluid streams and impinge 
them against the sloping sides 86 of casing 2, and 
cause the same to slide down such sides and re-enter 
the pulverizing Zone for further action by the pulveriz 
ing members. The Speed at which the rotating member 
rotates may be varied so as to cause different sizes of 
particles to be removed from the stream 76, whereby, 
for example, fine particles of a predetermined range of 
sizes will be removed from casing 12 through exhaust 
conduit 16. From there it will be carried to further 
treating apparatus or storage. 

It Will be seen particularly from Figs. 4 and 5, in th 
light of the above description of the operation of the 
streams of elastic fluid 76, that the angularity of the 
discharge material 72 and 74 in these figures will have 
considerable bearing upon the quantity and sizes of par 
ticles of material which will become entrained in said 
stream of fluid 76, whereby the position of the pulverizing 
rollers 34 relative to the material supporting disc 30 
is critical, yet the mechanism comprising the present 
invention serves to hold said rollers at a desired spacing 
from the disc 38 when the desired spacing has been 
ascertained following initial testing under the particular 
conditions existing at the time. Regulation of such 
Spacing easily is achieved by varying the setting of regu 
lating valve 56, even while the mill is operating. Such 
adjustment takes place at no risk or danger to the mill 
or operator and the operator can quickly and easily 
bring the mill up to its best grinding condition with 
a minimum of loss of time and spoiled product. It is 
impossible so to operate and adjust a spring loaded 
roller. 
Another embodiment of mill incorporating the prin 

ciples of the present invention is illustrated in sectional 
elevation in Fig. 6, wherein the material supporting mem 
ber 28 is of the so-called bowl type and has somewhat 
vertically extending sides 88 which support a frusto 
conical wear ring 90 with which a plurality of so-called 
conical pulverizing rollers 92 cooperate. In this em 
bodiment of the invention, the casing 12 also includes 
Substantially horizontal, annular plate portions 94 which 
Support the plurality of roller assemblies now to be 
described. 
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As distinguished from the mountings for rollers 34 in 
the embodiment of the invention shown in Figs, 1 
through 5, the embodiment shown in Fig. 6 illustrates 
three exemplary rollers 92, each of which are rotatably 
supported by bearing sleeves 96 which are pivotally con 
nected, adjacent their upper ends, to journals 98. Rigidly 
connected to the sleeves 96 and extending outward there: 
from, in cantilever fashion, are pressure arms 100 
which move with the sleeves 96 about the axes of the 
journals 98. 

Each of the mounted roller units includes a position 
ing unit constituting a cylinder 102 within which a pis 
ton 104 is reciprocable. The upper ends of the piston 
rods 106 are pivotally connected to the outer ends of 
pressure arms 100 and the fluid pressure supplying means 
for this embodiment of mill is similar to that shown 
in Fig. 2, for example, for the previously described 
embodiment of the invention. The cylinder 102 of each 
of the units is commonly connected to a supply conduit 
58, whereby all of the pulverizing rollers 92 will be 
moved simultaneously in unison, yet especially when 
the fluid pressure is pneumatic, the supporting arrange 
ment for each of the pulverizing rollers 92 is such that 
they may move independently of each other, especially 
to absorb individual shocks imposed upon any roller 
92, as when a piece of tramp iron is engaged by the 
roller, for example. The principal difference between 
this embodiment of the invention and the previously de 
scribed embodiment is that the mill shown in Fig. 6 
is of the so-called bowl type, yet the principles of the 
invention equally are applicable to said bowl type as 
well as the disc type shown in Figs. 1 through 5. The 
same reference numerals are given the elements of the 
pressure Supplying arrangement in Fig. 6 as in Fig. 2, 
inasmuch as the same operates similarly. Further, the 
exemplary classifying unit 14 shown in Fig. 6 operates 
similarly to that shown in Fig. 1. 

Fig. 7 illustrates another embodiment of mill to which 
the principles of the present invention are applicable. 
In this embodiment, a material supporting member 108 
is Supported rotatably by the base 10 and driven by any 
Suitable power means. The upper face of the ma 
terial Supporting member is somewhat flatly conical, 
as shown in Fig. 7, and slopes downwardly from the 
center toward the perimeter thereof. An annular con 
cave groove 110 also is provided near the periphery 
of member 108 for the reception of a series of rotatable 
pulverizing members such as balls 112. 
An annular pressure member 14, having an annular 

concave groove 116 in the lower face thereof engages 
the upper surfaces of the rotatable members 112 and a 
Sufficient number of members 112 is placed between the 
members 108 and 124 that ample crushing effect is pro 
vided by said rotatable members when the member 108 
is rotated while the pressure member 114 is held suitably 
against movement about the vertical axis of the mill. 
Raw material to be pulverized is introduced into the 

casing 12 through chute 118 and falls into the pulverizing 
Zone adjacent the periphery of member 108. Pressure 
upon the rotatable members 112 is caused by member 
114 which in turn is placed under pressure by a plu 
rality of pressure units 120, preferably at least three in 
number and circumferentially spaced evenly around mem 
ber 114, and comprising cylinder and piston units clearly 
illustrated in Fig. 7. The cylinders of said units are 
all connected by flexible, pressure conduits commonly 
to conduit 58 and, otherwise, the pressure control and 
regulating mechanism illustrated in Fig. 7 is similar to 
that shown in Figs. 2 and 6, similar reference numerals 
for the components being indicated in all figures. 
One of the principal advantages of the type of mill 

shown in Fig. 7 is that it is a so-called ball-type pull 
verizing mill but the structure is such that uniform pres 
sure will be exerted at all times upon all of the rotatable 
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10 
members 112 and no uneven wear of the pressure mem 
ber 114, rotatable members 1:2, or material support 
ing member 108 will take place in view of the even pres 
sure afforded by the plurality of pressure units 120 
which are commonly and simultaneously under the same 
preSSure. 

Air, for example, may be introduced to this mill 
through a suitable inlet 122, so that an elastic fluid 
stream is provided which will entrain and carry a de 
sired range of pulverized product into contact with the 
classifying unit 14 for the purposes described above 
relative to the several embodiments referred to in detail 
therein. 
The importance of being able to maintain constant 

pressure at different bed depths has been referred to here 
inabove and described relative to the various illustrations 
and examples. However, it also is well known in the 
art that grinding and pulverizing mills, and particularly 
mills of this character as illustrated herein, are subject. 
to many variables, and in order to operate them at maxi 
mum efficiency, it is desirable, but seldom possible to 
make adjustments or changes readily. Thus, optimum 
conditions seldom are arrived at or, if once obtained, a 
slight change in condition may decrease the efficiency 
of the mill which could otherwise be brought back to 
normal by the use of suitable adjustments if it were 
possible to make such adjustments. Under these cir 
cumstances, it sometimes is desirable to vary the pres 
sure upon the pulverizing rollers in such a manner that 
the pressure will increase to desired degrees as the load 
upon the material supporting member increases. Figs. 
8 and 9, respectively in side and plan views, illustrate 
one exemplary type of mechanism applicable to the em 
bodiments illustrated and described hereinabove, and es 
pecially the embodiment shown in Figs. 1 through 5 for 
making such an operation possible. In Fig. 8 for exam 
ple, only the upper end of the arms 36 are shown. In 
accordance with the invention, the regulating valve 56 
is interconnected to one of the arms 36 so that, as the 
load or bed of material 66 increases upon the disc 30 
for example, the upper ends of the arms 36 will progres 
sively move away from each other. Such movement is 
utilized to vary the setting of regulating valve 56 gradu 
aily so as to increase the pressure supplied to cylinder 
46 and imposed upon pulverizing rollers 34. Conversely, 
of course, if desired, by connecting the valve and arm 
so that the above action moves the valve in closing di 
rection, this arrangement may be used to decrease the 
pressure progressively. 

Exemplary mechanism illustrated in Figs. 8 and 9 
accomplishes such adjustment for increasing the pressure 
upon an increasing depth of bed and comprises a pref 
erably slotted arm 24 which projects radially outward 
from the operating stem of valve 56 and an adjustable 
link 126, having a turn buckle 28, for example, therein 
connects the valve operating arm 24 to one of the arms 
36, as clearly shown in these figures. By such arrange 
ment, the starting position for the adjustment of valve 
56 taking place may be regulated by varying the length 
of link 26, while the amount of opening of the valve 
56, in relation to the movement of the upper end of arm 
36, may be varied by the adjustable positioning of the 
connection for link 126 in the slot of arm 24. A num 
ber of variable positions of the link 26 are shown in 
dotted lines in Fig. 9 and it will be understood that this 
arrangement affords rather wide latitude in varying the 
increase in pressure to the pressure system for the pull 
verizing rolls 34 when it is desired to increase such 
pressure upon an increase in the load of material upon 
the material supporting member 28. If it is desired to 
decrease the pressure under similar circumstances, the 
arm 124 may be disposed at 180 to the position shown 
in these figures. 
Under circumstances where hydraulic fluid is used as 

the medium for producing the pressure upon the pulver 
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izing rollers 34, it will be understood that the same is 
supplied to the cylinder 46 of the positioning unit 44 
shown in Fig. 10. The use of hydraulic liquid for this 
purpose is satisfactory, especially where either no foreign 
or tramp material will be encountered in the mill. Under 
these circumstances, a very small hydraulic pump, such 
as pump 52, shown in Fig. 2, is all that is required in 
the arm positioning mechanism which, in effect, will be 
required only to produce a holding action for the roll 
ers 34. Under normal operating conditions, the move 
ment of the piston within the cylinder 44 will be nominal 
except for changes in conditions in the material in the 
mill, in which event the action of changing the pressure 
upon the rollers 34 by discharging excess pressure 
through valve 60 of the various systems described and 
illustrated hereinabove could take place so as to re 
establish a constant pressure condition in any new set 
of conditions existing within the mill at the time. 

Thus, the benefits of the present invention may be 
achieved while using a hydraulic fluid for the pressure 
medium. However, in normal mill operation, foreign 
material such as tramp iron frequently will enter the 
mill and using the simple hydraulic system referred to 
above, operating primarily as a pressure holding arrange 
ment, Would be impractical unless some means for ab 
Sorbing Sudden shocks such as when one of the pulver 
izing rollers engages a piece of tramp iron, were pro 
vided. This is due to the fact that the flow of oil or 
some other non-compressible liquid usually would be too 
slow to permit movement of the roller 34 sufficiently 
rapidly enough from the material supporting member so 
as to prevent damage to the mechanism. 

In Fig. 10, additional means are provided by which 
said Sudden shocks may be sustained by the mill without 
injury thereto. It will be understood that this illustra 
tion is merely exemplary of one type of shock absorbing 
mechanism which may be used and comprises, for ex 
ample, extending the piston rod 50 through one of the 
arrns 36 a Sufficient distance to enable the use of a 
compressible Spring 130 which surrounds the piston rod 
50 and an adjustable holding collar and nut 132 may be 
threaded onto the outer end of piston rod 50. The pres 
Slire exerted by Spring 130 will of course be regulated 
So that it will be possible for the spring to absorb sud 
den shock movements of either of the arms 36, depend 
ing upon which of the rollers 34 engages a piece of tramp 
iron for example, and although such shock will increase 
the pressure upon the pulverizing roller 34, such in 
crease will only be momentary and then the holding 
pressure afforded by unit 44 will be restored to normal 
after the foreign material has been passed by the roller 
34. It will be understood of course that if the mechanism 
illustrated in Fig. 10 is used, it will be applied to all of 
the holding units 34 employed in the mill. 

Still another embodiment of roller positioning and 
Pressure providing means comprising a combination hy 
draulically operated pressure holding unit and com 
pressible fluid shock absorbing means is illustrated in 
Fig.11. In this figure, only the fragmentary upper ends 
of the arms 36 are shown, the same being intercon 
nected by a cylinder and piston unit 44 for positioning the 
arms and compression rollers supported thereby. The 
cylinder communicates with conduit 58 which also is 
connected to a pressure reservoir tank 134 which, pref. 
erably, has a Substantially larger volume than that of 
cylinder 46. 
The System shown in Fig. 11 also includes a Storage 

tank 136 which contains a supply of hydraulic fluid, and 
a hydraulic pump 138 pumps fluid from the tank 136 to a 
regulating valve 40 which is settable to discharge or 
transmit hydraulic fluid at various desired predetermined 
pressures only. This pressure may be varied to suit a 
desired pressure condition within the cylinder 46. Hy 
draulic fluid discharged from valve 140 enters the res 
ervoir tank 134 through conduit 135 and compresses the 
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12 
elastic fluid therein, air for example, and in turn such 
elastic fluid is compressed within the cylinder 46 and 
exerts pressure upon piston 48. 

It is to be understood that the system illustrated in 
Fig. 11 primarily is exemplary and details thereof may 
be varied to suit various conditions of operation of the 
mill. Some suitable type of pressure gauge or visual 
indicating means 142 preferably is provided. An elec 
trical circuit 144, connected to a source of current, fur 
nishes current to the electric motor 146 which operates 
pump 138. The pump 138 normally delivers hydraulic 
fluid at a pressure in excess of any contemplated setting 
of valve 140. Initially, the pump is started by closing 
switch 147 which not only may be a manually operated 
circuit control switch to start and stop the motor but also 
preferably is pressure actuated and thus is operable auto 
matically in response to variably settable upper and lower 
pressure limits periodically to start and stop motor 146, 
as hydraulic supply under pressure is required by the 
System. 
A compression dome 149 is connected to valve 140 to 

maintain excess pressure provided by pump 138 con 
stantly to valve 140, which is a one-way valve, until 
Such excess pressure is reduced substantially to that for 
which the valve 140 is set, thereby minimizing operation 
of motor 146 and the pump 138 and switch 147. Pref 
erably, a bleeder valve 150, having a relatively small 
opening, will gradually discharge fluid through conduit 
148 to storage tank 36, upon which a sight gauge 152 
may be provided. This gradually dissipates excess pres 
Sure occurring upon piston 48 as when the rollers 34 
move away from disc 30 due to increase in the material 
feed, for example, thereby restoring the pressure upon 
rollers 34 to predetermined normal as in regard to the 
other embodiments of the invention described above. 
That is, valve 150 functions similarly to valve 60 in Figs. 
2 and 6 through 8. Thus, in effect, hydraulic fluid holds 
the rollers 34 at normal predetermined pressure while the 
elastic fluid in cylinder 46 and tank 134 readily absorbs 
and cushions sudden shock movements of the rollers as 
When lumps of tramp iron are encountered. 
The pump and pressure control system described and 

illustrated relative to Fig. 11 also may be used with pneu 
matic fluid, if desired, but under such circumstances the 
Storage tank 136 and reservoir 34 would be unnec 
cessary as When air is used, the pump could draw from 
atmosphere and valve 150 would discharge to atmos 
phere. The compression dome 149 however would be 
desirable in such an arrangement. 
The only pump required in the system shown in Fig.11 

is hydraulic pump 138 and this may be of relatively 
Small capacity, Smaller than that required in an entirely 
pneumatic pressure control system. Further, in general, 
higher pressures may be generated by the system shown 
in Fig. 11 than in an entirely pneumatic system of simi 
lar capacity and these advantages are obtained by the 
use of a relatively simple system which requires sub 
stantially no maintenance and yet the desired pressure 
Within the arm positioning units 44 may readily be 
varied, especially while the mill is operating, by changing 
the setting of valve 140. 
From the foregoing, it will be seen that the various 

embodiments of the invention illustrated and described 
herein afford pressure regulation for the pulverizing 
rollers which automatically maintains a desired and equal 
pressure upon Such rollers during all normal operation 
of a pulverizing mill, as well as affording a combination 
pressure holding and shock absorbing mechanism which 
automatically absorbs shock movements of any of the 
pulverizing rollers as when hard foreign substances such 
as tramp iron lumps are encountered by the pulverizing 
rollers, all without damage or injury to any of the com 
ponents of the mill. 
One of the salient advantages of the arrangement 

afforded by the present invention is that the position of 
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the pulverizing rollers relative to the material Supporting 
member may be varied in accordance with load or other 
Operating requirements and conditions, while the mill is 
operating. Also, even though the rollers are varied in 
position relative to the material supporting member 
during operating conditions, the pressure thereon still is 
maintained constant at substantially the desired, preset 
anount of pressure. Such variation of the position of 
the rollers and the maintenance of the constant prede 
termined pressure is accomplished automatically. Fur 
ther, another advantage comprises the ability to vary 
the pressure, while the mill is operating, if such varia. 
tion and pressure is desired to provide different operat 
ing conditions. 
The pressure providing and control arrangements pro 

vided by the invention also permit the ready release or 
reduction of the pressure upon the pulverizing rollers, 
especially when the operation of the mill is commenced 
with a load of material within the mill, such as after the 
mill has been shut down for any purpose. Such variation 
O reduction in pressure readily is achieved simply by 
varying the Setting of a regulating valve, while the mill is 
operating or not. After the operation of the mill has 
been started, the pressure may be varied, while the mill 
is in operation, to exert a desired pressure upon the pull 
Verizing rollers in accordance with the load of the mate 
rial being processed by the mill and the type and quantity 
of product desired. Such adjustment of the rollers also 
permits the varying of the spacing between the pulveriz 
ing rollers and the material supporting disc or pan for 
example, whereby the direction of the discharged mate 
rial may be controlled in relation to a variable elastic 
fluid which moves past or through the pulverizing zone 
So as to entrain therein a desired range of sizes of parti 
cles of pulverized material. 
This invention also makes it possible to control auto 

matically the rate of change of pressure on the rolls as 
the rolls move away from or toward the other pulverizing 
element if such rate of change is desired. 
Concerning wear upon the rollers 34 or the material 

Supporting member, the diameter of the rollers usually is 
less than the length of the supporting arms 36, for ex 
ample. Hence, wear upon the rollers or material sup 
porting member will result in an increased movement of 
the outer ends of the Supporting arms 36. In mills used 
at present which employ springs to provide pressure upon 
the pulverizing rollers, it will be appreciated that such 
increased movement of the supporting arms will result 
in the tension of the springs decreasing rapidly, the oper 
ation of the mill being affected to the same degree in 
various ways such as by not pulverizing the product to 
the degree of fineness desired or possibly permitting the 
thickness of the load bed upon the supporting member 
increasing to an undesirable amount with consequent 
results. 

In contrast to the foregoing, the utilization of pressure 
producing and regulating means such as described and 
illustrated in the present invention, wherein piston and 
cylinder units are actuated and controlled by fluid pres 
Sure positioning means which control the pulverizing 
Tollers, the control mechanism of the present invention 
maintains the pulverizing rollers under substantially con 
stant predetermined pressure at all times and will com 
pensate automatically for the wear upon the pulverizing 
rollers or material supporting member. Simply by pro 
viding a piston rod and cylinder of suitable length, very 
substantial adjustability of the position of the pulveriz 
ing rollers relative to the material supporting member is 
possible, as well as permitting substantial wear in the 
rollers and automatic compensation therefor. 

In all of the various embodiments of the invention and 
particularly the pressure controlling mechanism for pull 
verizing mills of the character described, the control 
mechanism is relatively simple, as well as easy and in 
expensive to maintain, and adjustment in the pressure 
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14 
upon the pulverizing members requires only the operatiori 
of a valve, which may be regulated in setting either when 
the mill is idle and especially while operating. Thus, 
stopping of the mill is not necessary when a change in 
pressure is required or desired, as is necessary in milis 
which, for example, utilize springs to maintain the pres 
sure upon the pulverizing elements. Further, conven 
tional mills of the type illustrated and described herein, 
at present, utilize springs in various arrangements to 
produce and maintain the required pressure upon the 
pulverizing elements of the mill. In many instances also, 
the cost of such spring arrangements has been found to 
be greater than the mechanism provided by the present 
invention. 
The ready accessibility of the pressure producing and 

controlling elements of the present invention also rep 
resents an advantage over existing mills in use at present, 
particularly when repair and replacement of any of the 
components is required. 

Further, while the foregoing description of the inven 
tion includes the use of a stream of elastic fluid to entrain 
the products of the pulverizing Zone of the mill, and 
:classifying means acting upon said entrained product, it 
is to be understood that the pulverizing portion of the 
mill may be used without these additional features, if 
desired. 
While the invention has been shown and illustrated in 

its several preferred embodiments, and has included cer 
tain details, it should be understood that the invention is 
not to be limited to the precise details herein illustrated 
and described since the same may be carried out in other 
ways falling within the scope of the invention as claimed. 

I claim: 
1. A mill of the continuously pulverizing type com 

prising in combination, a casing having an inlet, a Sub 
stantially horizontal material supporting member rotat 
able within said casing about a substantially vertical axis 
and positioned to receive material continuously from said 
inlet, said supporting member being arranged to main 
tain thereupon a desired depth of material being pulver 
ized and from the periphery of which pulverized mate 
rial of a desired range of sizes is discharged, a pulveriz 
ing member supported for rotation, means supporting said 
pulverizing member rotatably above said supporting mem 
ber in position to dispose the peripheral surface of said 
pulverizing member in opposition to the material Sup 
porting surface of said material supporting member to 
effect continuous pulverizing of material fed between said 
surfaces, power driving means interconnected to one of 
said members and operable to rotate it at a desired speed 
and thereby driving the other member, fluid operated 
holding and shock absorbing means interconnected to 
said pulverizing member and supporting means therefor 
and operable to permit said pulverizing member yield 
ably to move away from said supporting member to 
accommodate various thicknesses of the bed of material 
upon said supporting member while said material is being 
pulverized, means interconnected to and operable to fur 
nish a supply of fluid under pressure to said holding and 
shock absorbing means, selectively settable control means 
connected between said supply means and said holding 
and shock absorbing means and operable to regulate the 
flow of fluid to said latter means to furnish pressure 
thereto slightly in excess of a desired predetermined oper. 
ative pressure upon said pulverizing member, and regulat 
ing means connected to said control means and operable 
to maintain the fluid pressure upon said holding and 
shock absorbing means at said lesser desired predeter 
mined operative amount, whereby said pulverizing mem 
ber exerts said predetermined pressure upon the material 
being pulverized regardless of the thickness of the bed 
thereof upon said supporting member. 

2. A mill of the continuously pulverizing type com 
prising a casing having an inlet opening, a material Sup 
porting member rotatable within a substantially hori 
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Zontal plane within said casing about a substantially 
Vertical axis and positioned to receive substantially con 
tinuously from said inlet material to be pulverized, power 
driving means interconnected to said member and oper 
able to rotate it at a desired rate of speed, a pulverizing 
roller rotatably mounted above said member, and sup 
porting means for said roller operable to position the 
peripheral Surface of said roller a variable distance above 
the material supporting surface of said member to effect 
pulverizing of material between said surfaces as said 
member is rotated, in combination with pneumatic fluid 
pressure operated holding and shock absorbing means 
interconnected to said supporting means and comprising 
a pneumatic pump, a one-way regulating valve connected 
to the outlet of said pump and settable to deliver a de 
sired predetermined pressure, a cylinder and piston unit 
connected to said roller Supoprting means, a conduit con 
nected between the pressure end of said cylinder and out 
let end of said regulating valve, and a control valve con 
nected in said conduit between said cylinder and regulat 
ing valve operable constantly to bleed a predetermined 
amount of pneumatic pressure from said cylinder less 
than the pressure for which said regulating valve is set, 
said bleed valve being adjustable to bleed pneumatic 
pressure fluid of a desired amount therefrom as required 
by the material being pulverized, whereby said roller 
may move away from Said member as required by grind 
ing conditions while having substantially the same pres 
Sure exerted thereupon at all operable spacings between 
said roller and member as pulverizing takes place, said 
pressure regulating valve also being variable as desired 
while said mill is operating to vary the pressure exerted 
by said pulverizing roller. 

3. A mill of the continuously pulverizing type com 
prising in combination, a casing having an inlet opening, 
a substantially horizontal material supporting member 
rotatable within said casing about a substantially vertical 
axis and positioned to receive material continuously from 
Said inlet opening, said supporting member being ar 
ranged to maintain thereupon a desired depth of ma 
terial being pulverized and from the periphery of which 
pulverized material of a desired range of sizes is dis 
charged, a pulverizing member supported for rotation, 
means Supporting said pulverizing member rotatably 
above said supporting member in position to dispose the 
peripheral Surface of said pulverizing member in oppo 
sition to the material supporting surface of said support 
ing member to effect continuous pulverizing of material 
fed between said surfaces, power driving means inter 
connected to one of said members and operable to ro 
tate it at a desired speed and thereby driving the other 
member, pneumatically operated holding and shock ab 
Sorbing means interconnected to said pulverizing mem 
ber and Supporting means therefor and operable to per 
mit said pulverizing member yieldably to move away 
from Said Supporting member to accommodate various 
thicknesses of the bed of material upon said supporting 
member while being pulverized, means interconnected 
to and operable to furnish a supply of pneumatic fluid 
under pressure to said holding and shock absorbing 
means, selectively settable control means connected be 
tween Said Supply means and said holding and shock 
absorbing means and operable to regulate the flow of 
pneumatic fluid to said latter means to furnish pressure 
thereto slightly in excess of a desired predetermined op 
erative pressure upon said pulverizing member, and regul 
lating means connected to said control means and oper 
able at a relatively slow rate to maintain the pneumatic 
fluid pressure upon said holding and shock absorbing 
means at said lesser desired predetermined operative 
amount, whereby said pulverizing roller exerts said pre 
determined pressure upon the material being pulverized 
regardless of the thickness of the bed thereof upon said 
Supporting member and if sudden movement of said pull 
verizing member away from said material supporting 
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member occurs, said pneumatic fluid within said holding 
and shock absorbing means is compressible instantane 
ously to absorb the sudden increase in pressure in said 
means by such movement of said pulverizing member. 

4. A mill of the continuously pulverizing type com 
prising in combination, supporting means, a material Sup 
porting member rotatably supported by said base for 
movement about a substantially vertical axis and having 
a peripheral wall extending upward therefrom to provide 
an annular dam thereon, power means interconnected 
to said member to drive it, a casing covering said 
member and having inlet means to receive substantially 
continuously material to be pulverized, an arm mounted 
exteriorly of said casing and pivoted for movement about 
a substantially horizontal axis fixed relative to said 
supporting means, a pulverizing roller within said casing 
and rotatably supported by said arm for rotation about 
an axis fixed relative to said arm and disposed within 
said casing and the peripheral Surface of said roller co 
operating with one surface of said material Supporting 
member within said dam to pulverize material between 
said surfaces as said material supporting member is ro 
tated, said pivotal mounting of said arm permitting yield 
ing of said roller toward and from said supporting mem 
ber during such pulverizing while said pulverizing action 
progresses, a piston and cylinder unit interconnected to 
said arm, conduit means connecting said unit to a source 
of fluid pressure, and control means comprising an ad 
justable pre-settable pressure valve interconnected to said 
conduit and fluid bleeding means operable constantly to 
establish and automatically maintain the fluid pressure in 
said unit at a predetermined amount and thereby auto 
matically maintain a mean uniform distance between 
said pulverizing roller and material Supporting member 
for a given condition existing in the mill to process 
continuously material fed to said member at a substan 
tially uniform rate to maintain a bed of material of 
substantially uniform depth upon said member during 
milling operations by said roller to produce a desired 
range of sizes of pulverized material discharged progres 
sively over said dam. 

5. A mill of the continuously pulverizing type compris 
ing in combination, supporting means, a casing extending 
upward therefrom and having inlet means to receive sub 
stantially continuously material to be pulverized, a mate 
rial supporting member rotatably supported by said base 
for movement about a substantially vertical axis and hav 
ing a peripheral wall extending upwardly therefrom to 
provide an annular dam thereon, power means intercon 
nected to said member to drive it, a pair of arms mounted 
exteriorly of said casing at opposite sides thereof and 
respectively pivotally connected to substantially horizon 
tal axes fixed relative to said supporting means exteriorly 
of said casing, a pulverizing roller rotatably supported 
within said casing by each arm for rotation about an axis 
fixed relative to each arm, the peripheral surface of each 
roller cooperating with circumferentially spaced portions 
of one surface of said material supporting member with 
said dam to pulverize material between said surfaces as 
said material supporting member is rotated, the pivotal 
mounting of said arms permitting independent yielding of 
said rollers relative to said supporting member during such 
pulverizing, a pair of piston and cylinder units disposed 
on opposite sides of said casing exteriorly thereof and 
interconnected to said arms, conduit means commonly 
connecting both said units to a source of fluid pressure, 
and control means comprising fluid bleeding means, inter 
connected to said conduit means and operable constantly 
to establish and automatically maintain the fluid pressure 
in said unit at a predetermined amount during substan 
tially all positions of said rollers relative to said material 
Supporting member as material is fed thereto at a sub 
stantially uniform rate and thereby maintain a bed of 
material of substantially uniform depth upon said sup 
porting member within said annular dam during milling 
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operations by said roller to produce a desired range of 
sizes of pulverized material discharged progressively over 
said dam. 

6. A mill of the continuously pulverizing type compris 
ing in combination, supporting means, a casing extending 
upward therefrom and having inlet means to receive sub 
stantially continuously material to be pulverized, a mate 
rial supporting member rotatably supported within said 
casing by said base for movement within a substantially 
horizontal plane about a substantially vertical axis and 
having a peripheral wall extending upward therefrom to 
provide an annular dam thereon, power means inter 
connected to said member to rotate it, a pulverizing roller 
within said casing, means supporting said roller for rota 
tion about an axis at an angle to that of said member and 
said supporting means being movable to vary the pe 
ripheral surface of said roller relative to one surface of 
said material supporting member within said dam to pull 
Verize beds of material of various thicknesses between 
said surfaces as said material supporting member is 
rotated, a piston and cylinder unit interconnected to said 
roller supporting means, conduit means connecting said 
unit to a source of fluid pressure, control means com 
prising fluid bleeding means interconnected to said con 
duit and operable to establish and automatically main 
tain the fluid pressure in said unit at a predetermined 
amount and thereby automatically maintain a mean uni 
form distance between said pulverizing roller and mate 
rial Supporting member for a given condition existing in 
the mill to process material fed continuously to said 
member at a substantially uniform rate to maintain a bed 
of material of substantially uniform depth upon said 
member during milling operations by said roller to pro 
duce a desired range of sizes of pulverized material dis 
charged progressively over said dam, and means operable 
to circulate an elastic fluid current upwardly through 
said casing past said member and roller to entrain pull 
Verized material of a predetermined range of fineness as 
discharged from said dam and remove the same from 
said mill. 

7. A mill of the continuously pulverizing type com 
prising in combination, supporting means, a circular mate 
rial supporting member rotatably supported by said base 
for movement about a substantially, vertical axis and hav 
ing a peripheral wall extending upward therefrom to pro 
vide an annular dam thereon, means to deliver substan 
tially continuously to said member material to be pull 
verized, power driving means interconnected to said 
member, a plurality of arms mounted in peripherally 
spaced positions around and outside of the perimeter of 
said member and respectively pivotally connected to sub 
stantially horizontal axes fixed relative to said supporting 
means, a pulverizing roller rotatably supported by each 
arm for rotation about an axis fixed relative to each 
arm, the peripheral surface of each roller cooperating 
with circumferentially spaced portions of one surface of 
said material supporting member within said dam to pull 
Verize material between said surfaces as said material 
supporting member is rotated, the pivotal mounting of 
said arms permitting independent yielding of said rollers 
relative to said supporting member during such pulveriz 
ing, pistons and cylinder units respectively interconnected 
to said arms, conduit means commonly connecting said 
units to a source of fluid pressure, and control means 
comprising fluid bleeding means interconnected to said 
conduit means and operable automatically to establish 
and maintain the fluid pressure in said units at a pre 
determined constant amount regardless of the movement 
of said rollers away from said member either inde 
pendently or jointly and thereby condition said mill to. 
pulverize continuously material fed to said member at a 
substantially uniform rate to maintain a bed of material 
of substantially uniform depth upon said member during 
milling operations by said roller to produce a desired 
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range of sizes of pulverized material discharged progres 
sively over said dam. 

8. A mill of the continuously pulverizing type com 
prising in combination, a material supporting member 
rotatable within a substantially horizontal plane about a 
substantially vertical axis, means to deliver substantially 
continuously to said member material to be pulverized, 
power means interconnected to said member and operable 
to drive it at a desired rate of speed, a pulverizing roller, 
means supporting said roller rotatably above said member 
and in position to dispose the peripheral surface of said 
roiler in opposition to the material supporting surface of 
said member to effect pulverizing of material between said 
surfaces as said member is rotated, the periphery of 
said rotatable supporting member being constructed to 
maintain upon said member a desired depth of material 
being pulverized and from the periphery of which mem 
ber pulverized material is discharged progressively, hy 
draulic pressure holding means comprising fluid bleeding 
means interconnected to a source of fluid pressure and 
to said roller supporting means and operable to permit 
said roller to move away from said member to accom 
modate variations in the thickness of the material sup 
ported upon said member while being pulverized, shock 
relief means interconnected to said holding means and 
operable to absorb relatively sudden shock movements of 
said roller away from said material supporting member, 
and selectively settable control means interconnected to 
said pressure holding means and operable to maintain 
substantially uniform predetermined pressure upon said 
roller during the pulverizing operation thereof while said 
pressure holding means exerts continuously substantially 
the same pressure upon said roller when the same moves 
away from said member in accordance with variations in 
thickness of the material upon said material supporting 
member and said shock absorbing means absorbing 
momentary shock movements of said roller during opera 
tion of said mill. 

9. A mill of the continuously pulverizing type com 
prising in combination, a material supporting member 
rotatable within a substantially horizontal plane about 
a substantially vertical axis, means to deliver substantially 
continuously to said member material to be pulverized, 
power means interconnected to said member and operable 
to drive it at a desired rate of speed, a pulverizing roller, 
means supporting said roller rotatably above said mem 
ber in position to dispose the peripheral surface of said 
roller in opposition to the material supporting surface of 
said member to effect pulverizing of material between 
said surfaces as said member is rotated, the periphery of 
said rotatable supporting member being constructed to 
maintain upon said member a desired depth of material 
being pulverized and from the periphery of which mem 
ber pulverized material is discharged progressively, a pis 
ton and cylinder unit containing a compressible fluid and 
interconnected to said roller supporting means, said 
piston being operable relative to said cylinder to permit 
said roller to move away from said member to accommo 
date variations in the thickness of the material supported 
upon said member while being pulverized, a compression 
reservoir communicating with said cylinder, a hydraulic 
pump communicating with said reservoir and operable to 
pump hydraulic fluid under pressure thereinto and com 
press said fluid in said cylinder a predetermined amount, 
a settable regulating valve connected to said reservoir and 
operable to maintain the hydraulic fluid in said reservoir 
at a pressure to maintain the desired pressure upon said 
piston, and fluid bleeding means connected to said reser 
voir, said pressure mechanism serving to hold the roller 
under substantially constant predetermined pressure dur 
ing normal mill operation and the pneumatic fluid in said 
cylinder serving to absorb relatively sudden shock move 
ments of said roller away from said material supporting: 
member during such operation. 

10. A mill of the continuously pulverizing type com 
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prising in combination, a material supporting member 
rotatable within a substantially horizontal plane about a 
substantially vertical axis, means to deliver substantially 
continuously to said member material to be pulverized, 
power means interconnected to said member and oper 
able to drive it at a desired rate of speed, a pulverizing 
roller rotatably mounted above said member and posi 
tioned to dispose the peripheral surface of said roller in 
opposition to the material supporting surface of Said 
member to effect pulverizing of material between said 
surfaces as said member is rotated, the periphery of said 
rotatable supporting member being constructed to main 
tain upon said member a desired depth of material being 
pulverized and from the periphery of which member 
pulverized material is discharged progressively, means 
adjustably supporting said roller for movement of the 
peripheral surface thereof toward and away from said 
material supporting surface, fluid pressure holding and 
shock absorbing means interconnected to said roller sup 
porting means and operable to permit said roller yield- ; 
ably to move in opposite directions relative to said mem 
ber to conform to variations in the thickness of the ma 
terial Supported upon said member while being pull 
Verized, a selectively settable control valve interconnected 
to said pressure holding and shock absorbing means and 
operable to maintain substantially uniform predetermined 
preSSure upon said roller during the pulverizing operation 
thereof, and variably settable valve adjusting means inter 
connected to said valve and roller supporting means and 
operable when said roller moves relatively toward or 
away from said material supporting surface respectively 
to close or open said valve a greater amount and cause 
the pressure in said holding and shock absorbing means 
to vary accordingly a predetermined amount in accord 
ance with the setting of said valve adjusting means. 

11. The method of operating a pulverizing mill com 
prising a material Supporting member extending outward 
from a substantially vertical axis and a pulverizing ele 
ment rotatably supported above and urged into coopera 
tion with said member by pressure actuated means to 
operate upon material continuously fed to said member 
and pulverized between said element and member as the 
Same move relative to each other and pulverized material 
is discharged from the periphery of said supporting mem 
ber, said method comprising applying fluid under pres 
Sure in said means and regulating said pressure upon said 
pulverizing element while the mill is operating to obtain a 
desired bed depth of material upon said Supporting mem 
ber and desired angular discharge pattern of said material 
from the periphery thereof, and sweeping said mill with 
a. fluid current directed upwardly past the periphery of 
Said Supporting member and intercepting said angular 
pattern of material discharged from the periphery of 
said Supporting member to entrain within said current 
fine material within a predetermined range of sizes to 
remove the same from coarser particles of the discharged 
material, said current removing said fine particles from 
said mill thereby to classify the products of said mill. 

12. The method of operating a pulverizing mill com 
prising a material supporting member extending outward 
from a substantially vertical axis and a pulverizing ele 
ment rotatably Supported above and urged into coop 
eration with said member by pressure actuated means to 
Operate upon material continuously fed to said member 
and pulverized between said element and member as the 
Sane nove relative to each other and pulverized material 
S discharged from the periphery of said Supporting mem 
ber, said method comprising providing the periphery of 
said material Supporting member with a peripheral wall 
extending upward therefrom, applying fluid under pres 
Sure in Said pressure actuated means and regulating said 
pressure upon said pulverizing element while the mill 
is operating to obtain a desired bed depth of material 
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upon said supporting member and desired angular dis 
charge pattern of said material from the periphery of said 
wall upon said supporting member, and sweeping said mill 
with a fluid current directed upwardly past the periphery 
of said waii and intersecting the angular pattern of ma 
terial discharged from the periphery of said wall to en 
train within said current fine material within a predeter 
mined range of sizes to remove the same from the coarser 
particles of the discharged material, said current remov 
ing said fine particles from said mill thereby to classify 
the products of said mill. 

13. The method of pulverizing material in a mill in 
cluding a material supporting member rotatable within 
a substantially horizontal plane and a pulverizing roller 
rotatably mounted above said member and movable to 
ward and away from said member to accommodate ima 
terial loads of different thickness and urged toward said 
member by pressure actuated means, said method com 
prising the steps of starting operation of the nail while 
pressure on the roller is less than normal operating pres 
sure, progressively feeding material to be ground to said 
member while the same is rotating, increasing the pres 
sure on the roller and adjusting the feed of material while 
grinding progresses, and finally adjusting the pressure on 
the roller to a predetermined substantially constant 
amount to produce a bed of material of substantially con 
stant thickness which is pulverized progressively to a de 
sired range of sizes of pulverized product relative to the 
rate of feed to the mill and is continuously discharged 
from said member. 

14. The method of pulverizing material in a mill in 
cluding a material supporting member rotatable within a 
substantially horizontal plane and a pulverizing roller ro 
tatably mounted above said member and rinovable toward 
aid away from said member to accommodate material 
loads of different thickness and urged toward said mem 
ber by pressure actuated means, said method comprising 
the steps of starting operation of the mill while pressure 
on the roller is less than normal operating pressure, pro 
gressively feeding material to be ground to said member 
while the same is rotating, increasing the pressure on the 
roller and adjusting the feed of material as grinding pro 
gresses, adjusting the pressure on the roller to a predeter 
mined substantially constant amount to produce a bed of 
naterial of substantially constant thickness which is pull 
verized progressively to a desired range of sizes of pull 
verized product relative to the rate of feed to the mill 
and is continuously discharged from said member, pass 
ing an elastic fluid current through said mill past said 
member and roller, and regulating the velocity of said 
fluid current in relation to the pulverized material to 
effect the continuous removal from the mill of a desired 
range of sizes of fines of said pulverized material and 
automatically maintaining the pressure on the roller sub 
stantially constant irrespective of variations in the thick 
ness of the bed of material being pulverized, thereby ren 
dering the range of pulverized products more uniform. 
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