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This invention relates to disc mills and more particular 
ly to disc mills suitable for the working of plastics. 

Disc mills for the size reduction and working of pulp 
and meal are very old. In recent years these mills have 
been used for size reduction of plastics. For example, 
plastics are readily available for primary reducers in a 
so-called pellet form, i.e. particle about minus 4-minus 
/8 inch, and for some uses of the plastic it is desired that 
it be provided in much finer form, e.g. powder form. 

It has been observed that the known disc mills have 
disadvantages when utilized for working plastics. Thus, 
the plastics which are commonly treated are thermoplastic 
materials and a problem arises with respect to heat genera 
tion in that in the working of the material, the tempera 
ture is frequently raised to such a point that the material 
becomes plastic and the particles coalesce. This occur 
rence of course amounts to a gross interference with the 
processing and requires interruption of the operation of 
the mill for cleaning to free the working surfaces of the 
mill of adhering plastic material and to remove from 
the mill the glomerates of plastic which are formed upon 
the coalescence. In order to avoid the overheating of 
the plastics, it is common, when utilizing mills of known 
construction, to operate the mill at a throughput rate 
very substantially below what can be denominated the 
full capacity of the mill. 

Accordingly, a principal object of the instant inven 
tion is to provide a disc mill construction particularly 
adapted to the processing of plastic materials, and which 
construction permits operation at near capacity of the ma 
chine. A further principal object of the invention is to 
provide a disc mill construction characterized in that upon 
overheating of the plastic material being worked, so that 
agglomeration of the material occurs, necessitating a shut 
down and clean-up of the equipment, this work can be 
performed readily without the necessity of laying the 
equipment off for a prolonged period. 
The manner in which these and other objects are at 

tained, will be apparent from the following description 
taken in connection with the accompanying drawings, 
wherein: 

FIG. 1 is a side elevation, partially in section, showing 
an embodiment of apparatus according to the invention; 

FIG. 2 is a cross-section view taken along line 2-2 in 
FIG. 1; 
FIG. 3 is a cross-section view taken along line 3-3 

in FIG. 2; 
FIG. 4 is a cross-section view taken along line 4-4 in 

FIG. 1; 
FIG. 5 is a front elevation view of one of the discs of 

a disc mill and is shown in FIG. 1; 
FIG. 6 is an enlarged view of a portion of the appara 

tus shown in FIG. 1, more particularly, of the working 
faces of the discs shown in FIG. 1; 
FIG. 7 is an enlarged view of a portion of a working 

face of a disc as is utilized in apparatus according to the 
invention; 

FIG. 8 is a cross-section view taken along line 8-8 
in FIG. 7; and 

FIG. 9 is a schematic view of a control arrangement 
for the apparatus shown in FIG. 1. 

In the drawings, like reference characters refer to cor 
responding parts. 
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According to the invention a disc mill includes a first 

disc and a second disc, and the discs are mounted in op 
posed relation, as is generally true for disc mills. A 
first shaft is provided and has the first disc mounted there 
on, and this shaft extends axially outwardly from the disc 
mounted thereon. A second shaft is provided for the 
Second disc, and the second shaft extends axially outward 
ly from its disc. The two shafts extend axially outwardly 
of the opposed discs in opposite directions. One of the 
disc-shaft pairs is mounted on a support and means are 
provided for moving this support relative to the other 
disc so that the supported disc can be moved toward and 
away from the other disc along a defined path. Fluid 
pressure means are provided for urging the movably sup 
ported disc toward the second disc, and spacer means are 
provided for limiting travel of the movable disc toward 
the stationary disc in response to urging of fluid pressure 
means, and, thereby, a suitable spacing of the discs for 
milling is obtained. Load sensing means are provided for 
sensing overload of the mill, and, further, overload relief 
means are provided. The overload relief means are con 
nected to the load sensing means for response to the load 
Sensing means, and are effective in response to control 
the fluid pressure means upon occurrence of overload 
to move the discs apart for relief of the overload and to 
then move the discs together to the milling spacing. 

Referring to the drawings, the device there shown in 
cludes a disc mill assembly 11 wherein the first disc 15 
and the second disc 16 are contained in a casing 13 hav 
ing a closure 14. The first disc 15 is fixedly mounted on 
shaft 17 for rotation therewith, and the second disc 16 
is fixedly mounted on shaft 18 for rotation therewith. 
The shafts 17 and 18 extend axially outwardly in op 
posite directions from the opposed discs 15 and 16. The 
first disc 5 is made up of the support ring 19, disc 
spokes 20, and the disc working face 21 which is bolted to 
the Support ring 19. The second ring 16 is made up 
of the Support 22 and the working element 23, which is 
bolted to the Support 22. A feedbaffle 24 is secured to 
the closure 14 and terminates in the peripheral portion 25 
which extends into the spokes 20. The feed baffle 24 
serves to direct feed to the mill to between the discs, and 
this feed baffle construction is known in the art. A feed 
pipe 27 passes through the closure 14 and the baffle 
24 and serves to direct feed to within the baffle, and the 
baffle, in turn, serves to direct the feed toward the discs. 
The feed flows from the space enclosed by the baffle 24 
to between the spokes 20 and on to between the discs 
and is then exposed to the working action of the mill. 
The shaft 18 on which the second disc 16 is mounted, 

is journaled in the journal blocks 28 and 29 and this 
shaft is provided with a drive wheel 30 which is con 
nected to a motor 31 by belt 32. The motor 31 can be 
a variable speed motor... The journal blocks 28 and 29 
are mounted on the frame 12, respectively, by supports 
33 and 34, and the motor 31 is also secured to the 
frame 12 by the support 35. The shaft 18 is provided 
with a bore 36 which extends axially therethrough and 
communicates at the outer end with fluid conduit 37, 
and at the inner end with the annular slot 38. Radially 
outwardly extending tubes 39 communicate with the 
slot 38 at one end thereof, and, at the other end thereof, 
communicate with the outlets 40 which are disposed at 
Spaced intervals about the working face 23 of the second 
disc 16. Fluid, gas or liquid, for cooling can be intro 
duced into the bore 36 from the fluid conduit 37, and 
can pass from the bore 36 via the passageways 39 to 
the outlets 40, so that such fluid is introduced into the 
vicinity of the working of the material and cooling can 
thus be effected by the fluid. 
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The shaft 17 on which the first disc 15 is mounted 
extends through journal block 43 and journal block 42. 
A drive wheel 43 is mounted on the shaft and this drive 
wheel is connected with the motor 44 by drive belt 45. 
The motor 44 can be a variable speed motor. The 
journal block 41 is secured by bolting 46 to the disc 
assembly closure 4, and this journal block, as well as 
journal block 42 is mounted on the car 48 which, as is 
more fully described hereinafter, serves for carrying the 
parts mounted thereon. The motor 44 rests on bed 
plate 49, and this bed plate is supported by the uprights 
50. The car 48 includes runner 51 which is slidably 
mounted on the track 53. Thus, by movement of the 
car over the track 53, the motor 44 and the shaft 17 
together with the parts associated therewith including 
the first disc 15 and the closure 4 can be moved relative 
to the Second disc 6 and the casing 13, and the parts 
associated with the second disc 16, including the shaft 18. 
The means provided for moving the car can be best 

seen in FIG. 2, FIG. 3, and FIG. 4. Thus, mounted 
on the frame 12 is the track 53 having side extensions 
54 which are bolted to the frame 2. The car includes 
runners 55 which are formed so as to be received in 
complementary manner by the track 53, and the runners 
55 are slidably movable over the track 53. The frame 
12, the track 53, and the runners 55 are provided, re 
spectively, with cross-pieces 2a, 53a, and 55a. Mounted 
on the track cross members 53a is the cylinder piston 
assembly 56, by bolting 57, and this assembly includes 
the piston rod 58 which has mounted on the end there 
of the flange 59. The flange 59 is secured to the cross 
member 55a of the car. The car can be moved over 
the track by operation of the piston-cylinder assembly. 

In the embodiments shown, the piston-cylinder assem 
bly 56 is a hydraulic arrangement, and this assembly 
includes as well as the piston rod 58, the piston 6). 
Hydraulic fluid is maintained on each side of the piston 
60 and is supplied to one side thereof by hydraulic fluid 
supply lines 6, while it is supplied at the other side 
thereof by hydraulic fluid supply line 62. 

Referring to FIG. 1, by suitable operation of the pis 
ton-cylinder arrangement 56 shown in FIG. 2-FIG. 4, 
the car can be moved back and forth on the track 53 
and thus the first disc 5 can be moved toward and 
away from the second disc 16, since the disc 15 is 
mounted on the car. An adjustable stop means 63 is 
secured to the track 53 and serves to limit the extent to 
which the car can travel to the right, as is shown in 
FIG. 1. Thus, the extent to which the first disc can be 
moved toward the second disc can be controlled by the 
stop means 63. This stop means is adjustable so that 
the spacing between the discs 5 and 46 can be con 
trolled by manipulation of this stop means. A micron 
eter-type adjusting means can be provided so that the 
spacing of the disc plates can be selected in units of 
0.001 inch. Outfitted with a stop means, such as Stop 
63, the device can be operated in the manner that the 
piston-cylinder arrangement normally urges the first disc 
15 toward the second disc 6 and so that the runner 51 
of the car is normally in abutting relation with the stop 
(means 63. Further, means can be provided so that in 
the event of an overload on the machine as may occur 
when the feed rate becomes excessive, the piston-cylin 
der arrangement can be actuated so that the car moves 
to the left (as shown in FIG. 1), whereupon the first 
disc 15 moves away from the second disc 16 so as to 
relieve the overload. Upon relief of the overload, the 
piston-cylinder arrangement can be actuated to return 
the car to its normal position with the runner 5 abutting 
with the stop means 63. Desirably, the means for 
occasioning the movement of the first disc 5 away from 
the second disc 16 upon the occurrence of overload, is 
provided so that upon such operation the device goes 
through a cycle wherein the first disc moves away from 
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4. 
the second disc 16 and then returns to its normal work 
position, all automatically. 
A further feature of the disc mill according to the 

invention, is that the mill can be conveniently opened 
up to provide access to the inside thereof. Thus, the 
device can be constructed so that when it is desired to 
open the mill to expose the working surfaces of the 
disc, the usual overload control means can be discon 
nected, and the piston-cylinder arrangement 56 can then 
be actuated to move the discs apart a distance such that 
they are exposed for working. Thus, to service the discs, 
the car on the track 53 can be moved to the extent that 
the closure 4 of the disc mill assembly is removed from 
the casing 13 and the first disc 15 is moved to without 
the casing 13. 

In the normal running operation wherein provision is 
made for relieving overload, the closure 14 does not 
move to the extent that the disc mill assembly is opened. 
An overlap is provided so that the closure 4 may move 
an amount appropriate to relieve the overload while 
at the same time the casing is not opened. Thus, the 
casing 13 is provided with the angle iron seat 64 and 
the closure 14 is provided with the extension 65, and 
the extension 65 is slidable in the seat 64 and is close 
fitting therein, so that as the closure 14 moves back and 
forth in the relief of overload, the extension 65 slides 
back and forth in the seat 64, but is always in engage 
ment therewith, 
A control arrangement suitable for facilitating opera 

tion of the mill as is described above is set forth schemat 
ically in FIG. 9. Each side of the piston 60 of the pis 
ton-cylinder arrangement 56 is filled with hydraulic fluid, 
and the corresponding fluid bodies are maintained under 
suitable pressure by auxiliary cylinders 75 and 76 which 
communicate, respectively, with the two sides of the pis 
ton 60, via lines 77 and 78. The auxiliary cylinders, in 
turn, are maintained under pressure by the air cylinders 
73 and 74 which are communicated with the air accumu 
lator 67 and the air compressor 66 by, respectively, air 
lines 69 and 70, and the manifold line 68. A pressure 
differential across the piston 60 is maintained so that in 
normal operation the first disc member 15 is urged toward 
engagement with the second disc member 16 and so that 
the runner 51 of the car is urged into abutting relation 
with the stop means 63. To provide the desired cyclic 
operation for relief of overload, means are provided for 
sensing the overload, and in the embodiment illustrated, 
this detection is provided by ammeter 87, in the lines 89, 
to the motor 44. Upon the occurrence of overload, cur 
rent will increase. The ammeter will sense the increase 
in current, and is connected by line 91 to the controller 
93 so that upon the occurrence of an overload, the am 
meter will actuate the controller. The controller can in 
clude a sensitivity means, for example a time delay, so 
that operation thereof is dependent on the overload exist 
ing for more than say about A5 to 15 seconds, commonly 
about 3 seconds. Power is introduced into the controller 
via line 99 and the controller is connected to solenoid 
valves 71 and 72 in, respectively, lines 69 and 70 by, re 
spectively, power lines 97 and 96. Further, operation of 
the controller 93 in response to overload occasions activa 
tion of the timer 95 which serves to provide the desired 
timing for the cycle. Thus, each of the valves 71 and 72 
is a two-way, three-position valve. In one position, each 
of these valves communicates the inlet and outlet side of 
the air line with which it is connected, and in its other 
position it communicates the low pressure side of its air 
line with the atmosphere to release air from the low pres 
sure side (the piston-cylinder arrangement 56 side). As 
illustrated in the drawing, upon Occurrence of overload, 
the piston rod 58 initially moves to the left to occasion 
separation of the discs, and following such movement, 
the piston rod moves to the right to bring the discs back 
to the working position. Upon the occurrence of over 
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load, excessive current is taken by both of the motors 44 
and 31 and this is sensed by the ammeter 87 in the power 
line of the motor 44. Thereupon the controller 93 is 
actuated so that the valve 72 is moved to communicate 
the high pressure side of line 70 with the low pressure 
side thereof, i.e. to communicate the compressor 66 with 
the air cylinder 74. Air pressure then effects an increase 
of hydraulic pressure in the system made up of the line 
78 and the hydraulic fluid on the right hand side of pis 
ton 60, as shown in FIG. 9. At the same time, the con 
troller 93 effects the operation of the valve 71 so that the 
low pressure side of line 69 is communicated with the 
atmosphere. Under such conditions, the piston 60 is 
moved to the left occasioning the separation of the discs. 
During this operation, the timer 95 is itself in operation 
and automatically occasions reversal of the operation of 
the valves 71 and 72, so that after a short time interval, 
the positions of these valves are reversed so that the pis 
ton 60 is moved towards the right (as shown in FIG. 9) 
whereupon the car on the track 53 is moved to the right 
(as is shown in FIGURE 1) to bring the discs back to 
their working position. At this point in the cycle, the 
runner 51 of the car is in abutting relation with the stop 
means 63 and the desired spacing is provided. The timer 
can be set so that the discs are separated about 346' at 
maximum opening. Purging results and thus overload is 
relieved. 
The invention further provides for the separating of the 

discs to the extent that the internals of the disc assem 
bly are exposed for servicing. This separating of the 
discs can be accomplished by operation of the piston 
cylinder arrangement 56. Thus, the power line 91 inter 
connecting the controller 93 with the ammeter 87, is pro 
vided with a switch 92, and the line interconnecting the 
controller 93 with the timer 95 is provided with a switch 
94. These switches are normally closed, but can be 
opened to permit separating of the discs for facilitating 
servicing of the device. Upon opening of the switches, 
the switch 99 which interconnects the controller 93 with 
the manual operating panel 101 can be closed. The man 
ual operating panel 101 can then be used as a control 
center for manually selecting the positioning of the valve 
71 and 72 to manipulate these valves so as to provide 
suitable pressure to the piston-cylinder arrangement 56, 
whereby the desired actuation of the piston 60 can be 
made so as to effect the separation and subsequent bring 
ing together of the discs. 
The control arrangement further provides for the main 

taining of selected pressures on each side of the piston 
60. Thus, the pressure sensing instruments 81 and 82, 
powered respectively by lines 83 and 84, are connected to 
the respective sides of the piston 60. Power lines 85 and 
86 connect the pressure sensing instruments 81 and 82, 
respectively, with the power lines 96 and 97 of the sole 
noid valves 72 and 71. The pressure instruments 81 and 
82 are each operative over a selected narrow pressure 
range to occasion pressurizing of the cylinder as is desired 
to maintain the selected pressure on each side of the pis 
ton 60. The power lines 85 and 86 which interconnect the 
pressure instruments 81 and 82 with the appropriate 
valves pass through the switch 100. Switch 100 is actu 
ated by the flanges 59 on the piston rod 58 so that the 
circuit through lines 85 and 86 is closed when the car 
is in the normal working position on the tracks 53, but is 
open when the car is moved to the left (FIG. 1). Thus, 
when the piston-cylinder arrangement is in operation to 
relieve an overload, the switch 100 will be opened and 
the controls for the overload will be effective to control 
operation and the pressure instruments 81 and 82 will be 
ineffective to control operation. 
The valves 71 and 72 are biased to the position wherein 

the pressure supply system made up of the compressor 66 
and the accumulator 67 is isolated from the air cylinders 
73 and 74 so that when the various control devices are not 
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6 
operating, the piston-cylinder arrangement is isolated from 
the air supply system. 
A further feature of the mill of the invention is the 

manner in which the discs are constructed. Thus, the 
discs each have a toothed area disposed in an annulus ad 
jacent the outer periphery thereof, and the toothed por 
tions of the two discs are opposed to each other for work 
ing of the material to be milled. The space between the 
discs inwardly of the toothed areas is open and free for 
movement of material introduced between the discs to the 
toothed areas. That is, radially extending paddles or the 
like, as are commonly used in disc mills to move material 
to the periphery of the discs and to themselves effect a 
size reduction, are not utilized and the space between the 
discs is left free for travel of the material to the working 
surface by gravity, air currents, and centrifugal force. 
Further, the toothed areas are inclined toward each other 
and the toothed area of one of the discs terminates radially 
inwardly of the toothed area of the other of the discs. 
As can be seen in FIG. 1, the second disc 16 is made up 

of a supporting member 22 which can be a solid casting, 
and the ring member 21 which bears the working surface of 
the disc, this working surface being like the corresponding 
part of the other disc, shortly to be described. 
The disc 15 is made up of a supporting member 19 and 

the spokes 20, and the working ring 21. See FIG. 5. Fur 
ther, a hub 103 is provided. The spokes 20 provide the 
intermediate spaces 104 which permit passage of material 
through the disc 25 to between the two discs. The work 
ing surface 21 is made up of a toothed area disposed in an 
annulus adjacent the outer periphery of the disc, and, as 
can be best seen in FIG. 6, the annular toothed area of 
one of the discs terminates radially inwardly of the toothed 
area of the other of the discs. Such construction obviates 
the necessity for maintaining close tolerance insofar as 
the outer edges of the working surfaces are concerned. 
The configuration of the working teeth can be seen in 
FIG. 7 and FIG. 8. Thus, the working surface 2 of the 
disc 15 is made up of the radially extending teeth 105 as 
is shown in FIG. 8. The working surface of the other. 
disc is of like configuration. 

Example 
A nominal 30' mill acording to the embodiment of 

FIG. 1 can be outfitted with discs about 30' in diameter. 
and differing in diameter by about 4''. Two 50 horse 
power 1750 r.p.m. motors can be used. The motor can 
be connected so that peripheral disc speeds of up to about 
25,000 feet per minute (relative peripheral speed, about 
50,000 feet per minute) are obtained. In operation a 
vacuum can be drawn on the equipment to facilitate re 
moval of the milled material. A vacuum reducing the 
pressure on the downstream side of the discs by 20 inches 
of water can be used. This can be provided by applying 
suction to the discharge line 10 (FIG. 1) for the milled 
material. 
A bore 9 can be provided in the closure 14 to provide 

air for sweeping the material from the mill and of course 
some air is drawn through the mill with the feed. A vi 
brating feeder (not shown) can be used to feed the ma 
terial to be milled through feed line 22. The motors are 
preferably variable speed motors and throughput can be 
as follows. For milling low or medium density polyethyl 
ene to reduce pellets of size /8' to 4' to about -20 
to -200 mesh, at a disc r.p.m. of 2200-3000 the through 
put can be about 1500 to 250 pounds per hour. The 
throughput at the r.p.m. employed can be very close, say 
to within a fraction of a percent, preferably less than about 
0.1% of overload throughput, since the machine auto 
matically relieves overload without substantial interfer 
ence with operation. The normal spacing of the discs 
(spacing during normal running condition) can be about 
.001-090'. Operation described here is without use of 
coolant as can be introduced through shaft 18. Conven 
tional recycle procedures can be used to return oversize 
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material to the mill. Thermoplastics other than poly 
ethylene can be worked and non-thermoplastics can also 
be worked. 
While the invention has been described in reference to 

particular embodiments thereof, these embodiments are 
merely representative, and do not define the limits of the 
invention. 
What is claimed is: 
1. A disc mill comprising: 
(a) a first disc and a second disc, said discs being 
mounted in opposed relation, a first shaft having Said 
first disc mounted thereon and extending axially out 
wardly from the opposed discs, a second shaft hav 
ing said second disc mounted thereon and extending 
axially outwardly of the opposed discs in a direction 
opposite to the direction in which the first shaft ex 
tends, 

(b) means for driving each of said shafts to rotate the 
discs in opposite directions, 

(c) a support for said first shaft and its disc and means 
for moving said support relative to the second disc 
for axially directed movement of the first shaft and its 
disc away and toward the second disc along a de 
fined path, 

(d) fluid pressure means for urging the movably Sup 
ported disc toward the second disc, 

(e) spacer means for limiting travel of the first disc 
toward the second disc in response to said urging of 
the fluid pressure means and to provide the discs 
spaced for milling, 

(f) load sensing means for sensing overload of the 
mill, and overload relief means connected to the load 
sensing means for response to the load sensing means 
and effective in response to control said fluid pres 
sure means upon occurrence of overload to move the 
discs apart for relief of the overload and then move 
the discs together to the milling spacing. 

2. Disc mill according to claim , said fluid pressure 
means consisting essentially of a hydraulic piston-cylinder 
assembly, means for applying hydraulic pressure to each 
side of the piston, said overload relief means in control of 
the fluid pressure means, varying the pressure on each side 
of the piston to provide said movement for relief of over 
load and return to milling spacing. 

3. Disc mill according to claim , said means for driv 
ing the first disc comprising a motor, said motor being 
mounted on said support for movement there with. 

4. Disc mill according to claim , said means for driv 
ing the shafts including at least one motor. 

5. Disc mill according to claim 4, said load sensing 
means consisting essentially of an ammeter for Sensing 
current to said motor. 

6. Disc mill according to claim it, said support being 
movable along said defined path a distance effective to Sep 
arate the discs to expose them for Servicing. 

7. Disc mill according to claim i, a casing for the discs 
and a closure for said casing, one of the closure and cas 
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ing being mounted for movement with said first disc, the 
other of the closure and casing being mounted in an 
axially fixed position, an overlap fit between the closure 
and casing sufficient to prevent opening of the casing 
upon movement as aforesaid for relief of overload, said 
support being movable along said defined path to remove 
said closure, opening said casing and moving said first disc 
to without the casing to open the casing and separate the 
discs to expose them for servicing. 

8. Disc mill according to claim 7, said fluid pressure 
means consisting essentially of a piston-cylinder assembly, 
means for applying fluid pressure to each side of the pis 
ton, said overload relief means in control of the fluid pres 
sure means varying the pressure on each side of the piston 
to provide said movement for relief of overload and return 
to milling spacing, means for disconnecting the load sens 
ing means and the fluid pressure means, and means for 
actuating the fluid pressure means when disconnected 
from the load sensing means to separate said discs to ex 
pose them for servicing as aforesaid. 

9. Disc mill according to claim 3, said fluid pressure 
means being a hydraulic fluid pressure means. 

10. Disc mill according to claim , the spacer means 
being adjustable to permit selection of milling spacing. 
1. Disc mill according to claim 3, said means for 

driving said second disc comprising a motor fixedly 
mounted with respect to the second disc. 

2. Disc mill according to claim 1, the discs each hav 
ing a toothed area disposed in an annulus adjacent the 
outer periphery thereof, the toothed portion of the two 
discs being opposed to each other for working of the ma 
terial to be milled, the space between the discs inwardly 
of the toothed areas being open for free movement of 
material introduced between the discs to the toothed 
acaS 

13. Disc mill according to claim 12, the toothed areas 
being inclined toward each other, the toothed area of one 
of the discs terminating radially inwardly of the toothed 
area of the other of the discs. 
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