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This invention relates to rotary attrition mill apparatus 
in which attrition or re?ning or grinding action is obtained 
by passing material to be treated between the opposed 
faces of two cooperating and relatively rotating discs hav 
ing grinding or re?ning or attrition plates or surfaces 
thereon and, more particularly, to an arrangement in such 
apparatus for preventing or compensating for axial de?ec 
tion of such rotating discs as may be caused by centrifugal 
or other action of the grinding or re?ning or attrition 
plates thereon. This application is a continuation-in-part 
of co-pending application Serial No. 9,758, ?led February 
19, 1960, now Patent No. 3,038,673. 
In attrition mills generally of the character to which 

this invention relates, as well understood, one or more 
rotating discs are provided for cooperating attrition action 
with either another rotating disc or a stationary disc ar 
rangement. In each case, the material to be treated with 
the grinding or attrition or size reduction action desired is 
introduced, usually in slurry or other ?uent form, be 
tween opposed cooperating surfaces of the relatively rotat 
ing discs, and the severity and other characteristics of the 
treatment desired are controlled or determined by the 
spacing between the discs and by the particular con?gura 
tion of the working surfaces thereof. 

Such apparatus may comprise quite large and expensive 
machinery (frequently with discs three or four feet in 
diameter and requiring three thousand or four thousand 
horse power), yet it may be desired to operate such ap 
paratus with relatively slight spacing between the coop 
crating working surfaces of the discs and with adjustment 
within close tolerance limits and under substantial operat 
ing pressure applied over the whole disc surface. Ac 
tually, as will be understood, even inadvertent variations 
of spacing of. but a few thousandths of an inch—-whether 
caused by disc de?ection or otherwise——may result in un 
desired variation or non-uniform treatment results of the 
material being treated and/ or may cause actual mechani 
cal disadvantages in the operation of the apparatus. Thus, 
even extremely minute misalignment variations adjacent 
the center of such rotating discs several feet or more in 
diameter are greatly magni?ed at the operating peripheries 
of such discs, and such de?ections or misalignments can 
readily be disruptive of the desired close working spacing 
between the discs in one direction or another, whether 
such de?ections or misalignments arise from centrifugal 
or other mechanical forces or hydraulic or heat expansion 
factors or otherwise. 

Conventionally, if not universally, the actually working 
or attrition surfaces in such apparatus are provided by seg 
mented attrition plates bolted or otherwise replaceably 
affixed to the opposed facing surfaces of the discs, and 
this situation obtains generally whether the apparatus 
comprises two counter-rotating discs, as in said co-pending 
application, or a single disc cooperating in working rela 
tion with a stationary or non-rotating disc or head, as in 
Patent No. 2,226,429. As will be understood, such re 
placeable plates are desired both to provide for replace 
ment of the working surfaces as they become worn as 
well as for interchanging different patterns or textures of 
working surfaces for different jobs and without requiring 
major disassembly or rebuilding of the entire apparatus. 

Particularly with larger diameter discs operating at rela 
tively high speeds and with heavy attrition plate segments 
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‘a?ixed to one face of the discs, a substantial moment of 
centrifugal force may be introduced and acting on the 
centers of gravity of the attrition plates tending to de?ect 
the rotating discs at the peripheries out of true alignment 
with the transverse plane in which the discs should be 
rotating. If such de?ection amounts to only a few thou 
sanths of an inch, it may nevertheless produce signi?cantly 
disadvantageous results in the treatment desired when 
operating the discs with very close working spacing there 
between. 

If it is attempted to compensate for such de?ections by, 
for example, making the working surfaces of the attrition 
plates non-planar and/or beveled or tapered so that the 
working surfaces will be desirably parallel when the ap 
paratus is up to speed and the above noted de?ections are 
occurring, other difficulties may be experienced such as 
actual touching or clashing of the plates when the machine 
is at rest or operating at slow speed and where such de?ec 
tions are less pronounced. As a result, it may be neces 
sary to widen the spacing between the plates before stop 
ping the apparatus or slowing it down and/or to start 
the apparatus with wider spacing than is ultimately de 
sired. Especially may such di?iculties be encountered in 
situations where the attrition plates are directly retained 
against centrifugal force by an overlying peripheral ?ange 
on the rotating discs against which outer edges’ of the 
attrition plates are forced during rotation of the apparatus. 

According to this invention, however, an arrangement 
is provided whereby such centrifugally-engendered forces 
tending to de?ect the rotating discs of rotary attrition mill 
apparatus out of the desired plane of rotation are pre 
vented or compensated for on the discs themselves and in 
a manner to accommodate a variety of different attrition 
plate segments of different designs with substantially com 
plete or continuous compensation, yet without excessively 
or undesirably increasing the weight or thickness of the 
disc itself or the power requirements for maintaining rota 
tion thereof and in a manner which does not have an un 
desired agitating or power-wasting effect on liquid slurry 
contacting the back side or surface of the discs during op 
eration of the machine. Such arrangements may include, 
in accordance herewith, overhanging counter-balancing 
structures at the periphery of the disc and on the back or 
non-working surface thereof, integrally formed with the 
disc, for engendering an opposite and substantially equally 
counter moment of de?ecting force against that en 
gendered by the attrition plates themselves for maintaining 
the entire composite rotating structure substantially in 
static and dynamic running balance. 
With the foregoing and other objects in View, this inven 

tion will now be more particularly described, and other 
objects and advantages thereof will be apparent from the 
following description, the accompanying drawings, and 
the appended claims. 

In the drawings: 
FIGS. 1 and 2 are elevation views of apparatus embody 

ing and for practicing this invention from, respectively, 
the side and inlet or feeding end thereof; 

FIG. 3 is a vertical axial section through apparatus of 
FIGS. 1 and 2 and taken along the line 3——3 of FIG. 2; 
FIG. 4 is a partial vertical axial section on a larger 

scale showing a portion of the apparatus of FIG. 3 with 
the invention here applied thereto; 
FIG. 5 is an axial section on a somewhat larger scale 

of one of the rotating discs of the apparatus in FIG. 3 
along the line 5—5 of FIG. 6; and 
FIGS. 6 and 7 are plane views of, respectively, the back 

and working faces of the rotating disc of FIG. 5, but with 
attrition plate segments in place thereon. 
As noted, an arrangement embodying and for practicing 

this invention is readily applied to or embodied in rotat 
ing attrition mill apparatus having but a single rotating 
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disc for working relation with an opposed non-rotating 
attrition surface, although the particular embodiment in 
dicated in the drawings for purposes of illustration in 
cludes two rotating attrition discs, each of which embodies 
the de?ection-compensating arrangements in accordance 
herewith. 

Thus, referring to the drawings, in which like charac 
ters of reference designate like parts through the several 
views thereof, apparatus embodying and for practicing 
this invention is generally illustrated in FlGS. 1 and 2 as 
having a base for supporting the apparatus and, par— 
ticularly, the main housing and support frame indicated 
at 11. Base it} also forms an aligned support for drive 
motor 12 for driving one rotating disc, as will be later 
described, through a coupling 13, and another drive mo 
tor 14 is provided for driving the other rotating disc 
through coupling 15 and gear train or other power trans 
mission means in housing 16, with motor 14 being 
mounted on support 17 as indicated. A hand Wheel 18 
is shown as part of the means for controlling and adjust 
ing axial spacing between the rotating discs, and the con 
trol panel for operation of the machine is indicated gen 
erally at 19. 
A generally cylindrical housing for the rotating discs 

themselves as indicated at 20 and as having a generally 
circular end closing plate 25. An inlet chute 30 is 
mounted at the center of plate 25, and contains feeding 
mechanism such as a screw feeder mounted on shaft 31 
separately driven by drive means in housing 32 for receiv 
ing material to be treated from inlet 30 and for feeding 
the material into the “eye” or central area of the discs 
within housing 26. A discharge 35 is indicated in the 
lower portion of housing 24} for the discharge of material 
after treatment by the discs within housing 20, although, 
as will be understood, the angular positioning of discharge 
35 may assume any one of a variety of positions. Prefer 
ably, housing 29 overhangs the end of base It} so that 
discharge 35 is freely beyond the area of the base. 
As noted, inlet 30 and its appertaining feeding appara 

tus 31, 32, etc., all mounted directly upon and supported 
by end plate 25, which is in turn mounted on housing 2t] 
and preferably bolted thereto. If desired, two pairs of pin 
hinges 38 and 39, one pair at either side of the apparatus, 
are provided so that plate 25 may be swung open to either 
side for access to housing 2%. As will be understood 
from the foregoing then, by unbolting end plate 25, it, 
and all the various apparatus directly mounted thereon, 
can be swung out, on either pair of hinges 38 or 39. 
from either side, to give unrestricted access to the interior 
of housing 2.9 and to the discs therein. It should also be 
noted that such access is frequently desired for inspec 
tion or cleaning of the discs and/ or for changing the at 
trition plates thereon, and is accomplished according to 
this arrangement of apparatus without the necessity of 
uncoupling or disassembling any of the main drive means 
or bearings and even without the necessity of opening or 
having access to the main frame in housing 11 or the 
various main drives or interfering with whatever piping 
or conduit connections there may be associated with dis 
charge 35. 

Within housing 29 are two opposed rotating discs 40 
and 45. Disc 45 is mounted on and driven by shaft 50, 
while disc 40 is mounted at the periphery thereof on 
spider 55, as by lugs 56 and bolts 57. Spider 55, in 
turn, is mounted on and driven by a quill 60 positioned 
coaxially around shaft 50. 

Referring now to FIG. 3, quill 60 includes an end por 
tion 61 of enlarged diameter to be supported for rotation 
as by anti-friction bearings 62 outside thereof. The ad 
jacent end of shaft 50 is supported for rotation within 
enlarged end portion 61 of quill 63 as by anti-friction 
bearings 63. The opposite end of quill 66} is supported 
by thrust bearings '79, and the opposite end of shaft 5%, 
preferably having a reduced diameter portion '71, is sup 
ported by thrust bearings 72. It should be noted that the 
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main frame or housing section 11 of the machine in 
cludes a generally cylindrical wall portion '75 extending 
therealong, the interior of which can be ?nished or bored 
to accurate cylindrical dimensions. It is within this sup 
port that are fitted bearing block 76 for anti-friction hear’ 
ing 62 as well as bearing blocks 77 and 78 for thrust 
bearings 761 and 72. In this'manner, with bearing blocks 
'76 and 7'7 ?tting in a cylindrical support for quill 6t) and 
with bearing 63 ?tting within a cyindrical bore in quill 60 
and bearing block '78 ?tting within bearing block '77, the 
mounting of all the bearings, with their cylindrical bear 
ing blocks, into cylindrical bores provides a readily 
achieved close tolerance means for maintaining the co 
axial alignment of quill 6t}, shaft 59, spider 55, and both 
rotating discs 4 and 45, and virtually independently of 
misaligning deflections which might otherwise occur if 
the shafts were independently supported at such spaced 
points from a ?oor or base. 
As previously noted, shaft 5i), carrying disc 45, is driven 

for rotation by motor 12 through coupling 13, and quill 
69, carrying spider 55 and disc 46 is independently driven 
for rotation by motor 14 through coupling 15 and the 
power transmission which may satisfactorily comprise a 
gear train in housing 16 including gears 80 and 81 
mounted on shafts 82 and 83, the latter of which is driven 
through coupling 15. Meshing with gear 81 is another 
gear 84 directly keyed to quill 6% for the driving thereof. 
It should also be noted that a labyrinth seal is preferably 
provided in front of anti-friction bearing 62 and between 
the rotating spider 55 and the stationary Walls, and a sim 
ilar labyrinth seal is provided in front of bearing 63 
between the bore of quill 6t} and shaft 50, as indicated. 
Additional packing may also be provided on a rim or 
?ange 85 of the back face of disc 45 cooperating with an 
offset portion as indicated on spider 55. 
A plurality of integral or overhanging segments 36 on 

the back face of disc 45 adjacent the outer periphery 
thereof and a similar plurality of segments 87 on the back 
face of disc ‘it? are provided, as explained in more detail 
below, for the de?ection-compensating effect in accord 
ance herewith. Also, as will be described later, seg 
mented and/or annular attrition grinding or re?ning 
plates 90 and 91, having on their exposed surfaces serra 
tions or grooves or other surface design to accomplish the 
particular attrition or refining function, are bolted to the 
respective inner faces of discs 49 and 45, respectively, to 
provide the annular attrition surfaces to accomplish the 
desired treatment of material as it is forced therebetween. 
As previously noted, material inlet 3-0 and feeding 

mechanism for feeding material into the apparatus are all 
mounted on end plate 25. Inlet chute 30 leads to a gen 
erally cylindrical horizontal housing or passage 95 lead 
ing through end plate 25 and de?ned by cylindrical wall 
95 which extends into and through a central opening in 
disc 40. Feeding means, such as a conventional screw 
feeder 100, mounted on shaft 31, which is supported by 
hearing blocks 101 and 192 in feeding housing 32, is pro 
vided to receive material to be treated from inlet chute 
30 and conducting it horizontally directly and positively 
into the central opening or “eye” of disc 40. Screw 160 
is separately driven, as by motor 103, acting through V 
velt drive 104, to feed the material to be treated into the 
apparatus at the desired rate. Preferably a ?inger nut hav 
ing a plurality of vanes 105 is affixed to the end of shaft 
5t} against the hub 46 of disc 45 to begin to give the ma 
terial being fed by screw 1% a circular direction for radi 
ally outward ?ow thereof, under the action of centrifugal 
force, between discs 40 and 45 and the treating or attrition 
plates 90 and 91 mounted thereon. As will be under 
stood, the rotation of discs 40 and 45 provides centrifugal 
force for pumping the material to be treated radially out 
wardly to pass between attrition or re?ning plates 90 and 
91 for action on the material therebetwecn, to be dis 
charged outwardly from both discs into housing 20 and 
further agitated by passing through the several spaced 
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lugs or projections 56 by which disc 40 is mounted on 
spider 55 for ultimate exiting from the apparatus through 
discharge 35. 
As noted above, the severity or extent of attrition or 

re?ning action provided between cooperating grinding or 
attrition surfaces of plates 90 and 91 is, for any given 
plate design or any given concentration of slurry of ma 
terial being fed therethrough, a function of the main- ‘ 
tained spacing between the coacting surfaces of plates 90 
and 91. Such spacing is adjusted and controlled and 
maintained by the axial positioning of shaft 50 with re 
spect to axially ?xed quill 60 and, consequently, of the 
disc 45 with respect to the cooperating and opposed inner 
face of disc 40. 
The provision of such axial control and adjustment of 

spacing in the illustrated apparatus is indicated and dis 
closed in somewhat more detail in said co-pending appli 
cation noted above, but may be generally illustrated here. 
Thus, thrust bearing 70 for quill 60 and the appertaining 
bearing block 77 are axially permanently ?xed within the 
supporting frame 75. The axial positioning of quill 60 
with respect to bearing 70 is similarly ?xed, as by ring 
115 threaded on the end of quill 60 to form an axial abut 
ment for the portion 116 of the bearing race of bearing 
70 which rotates with quill 60. Extending from the block 
77 is a cylindrical sleeve 120 Within the main cylindrical 
frame 75, and axially slideably mounted within sleeve 120 
are runners 121 which carry bearing block '78 for thrust 
bearing '72. It is to be understood that, although the 
radial or concentric alignment of thrust bearing 72 is 
maintained by mounting bearing block 78 on runners 121 
within cylindrical sleeve 120 mounted within cylindrical 
frame 75, bearing block 78 is free to slide axially within 
sleeve 121). The axial positioning of the rotating por 
tion 125 of the race for thrust bearing 72 with respect to 
shaft 50 is maintained by positioning race 125 on the re 
duced diameter portion 71 of shaft 50 between a shoulder 
126 and a threaded ring 127 on the shaft so that axial 
movement of bearing block 78 will provide corresponding 
axial movement of shaft 50 and, of course, disc'45 carried 
thereby. 
Such axial movement in one direction (e.g., to the left 

in FIG. 3) is provided by ?uid pressure cylinders (not 
shown) mounted on the end closure plate 131'for main 
frame 75. Such cylinders, in known and well under 
stood manner, have operating therein pistons which, upon 
introduction of ?uid pressure therebehind, act through 
piston rods to urge runners 121 and bearing block 78 
to the left in FIG. 3, thus moving shaft Sil to the left and 
moving rotating disc 45 closer to rotating disc 40. As a 
means of adjusting or limiting the extent of movement 
of shaft 50 to the left under the action of such ?uid pres 
sure cylinders, end plate 131 is provided with a ?ange 140 
within which is mounted for rotation worm gear 145 
which is threadably connected with sleeve 146 mounted 
around and for axial sliding movement with respect to an 
inner sleeve 147 surrounding reduced diameter portion 
71 of shaft-50 and connected directly to bearing block 
78 of thrust bearing 72. Inner sleeve 147 extends axially 
beyond sleeve 146 and carries at the right end thereof a 
threaded ring arranged to abut against one end of sleeve 
146 as thrust bearing 72 and shaft 50 move axially with 
respect to the axially ?xed end plate 131 and worm gear 
146. 
A worm 150 is mounted on shaft’ 151 and the rotation 

thereof is controlled by hand wheel 18 in such manner, as 
will be understood, that rotation of hand wheel 18 posi 
tions sleeve 146 in a speci?c axial positioning (through 
rotation of worm gear 145 and the threaded connection 
therewith of sleeve 146). Under such circumstances, and 
for any given axial positioning of sleeve 146, the extent of 
movement of shaft 50 to the left in the drawing under the 
action of ?uid pressure cylinders 130 is limited by the 
abutment of ring 148 against the right hand end of'sleeve 
146, thus providing the desired adjustment and maintain 
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ing the control of the spacing between the treating sur 
faces of plates 90 and 91 mounted on rotating discs 40 
and 45, all as disclosed in somewhat greater detail in the 
above mentioned co-pending application. 

Referring more particularly to FIGS. 4-7, the place 
ment and arrangement of attrition plates 99 and 91 on the 
respective rotating discs 40 and 45 is indicated in some 
what more detail. Thus, the plates themselves are shown 
(in FIG. 4) as including attrition grooves or ridges 180 
for treating or working on the material passed between 
the spacing and cooperating working surfaces of plates 
90 and 91. Also, the plates are provided, in known man 
ner and as indicated in FIG. 7, as separate segments, each 
of which is bolted or otherwise a?ixed to the working 
faces of discs 40 and 45 as by bolts 181, 182, threaded 
into bores 183, 184, etc., to form an annular working 
surface on the discs. As indicated in FIGS. 4 and 5, an 
annular recess 135 is provided on disc 45 to accommo 
date the various segments of plates 91, which recess is 
defined by outer peripheral rim 199 and inner circular 
rim 191, in such manner that the plates 91 are accommo< 
dated in recess 185 and between inner and outer rims 
199-191 during rotation of the machine with bolts 182 
merely holding the plates into recess 185 but without 
otherwise notably absorbing the centrifugal force en 
genered by the heavy plate 91 during rotation of disc 45. 
That is, the centrifugal and other mechanical forces act 

' ing on plates 91 are withstood primarily if not entirely 
by edge ?ange 190 on disc 45, rather than by bolts 182, 
and substantially the same situation occurs regarding the 
other rotating disc 40, where an annular recess 195 is 
provided between outer rim 196 and inner rim 197 be 
tween which segments of plate 99 are held in position by 
bolts 181 in threaded borings 183. 
' ‘As will be apparent from the foregoing, as discs 40 or 
45 rotate at'high speed, the weight of plates 91) and 91 
in recesses 195 and 185 generates a substantial radially 
outwardly directed centrifugal moment of force bearing 
strongly against the =outer edge ?anges 190 and 196. 
Thus, the radially outwardly directed moment of centrifu 
gal force (occurring independently for each of the various 
segments of plates 91, weight of which are shown in FIG. 
7) bears directly against edge ?ange 190 of rotating disc 
45 and with sufficient force to induce actual de?ection of 
disc 45 toward the right in FIG. 4 and out of planar 
alignment during high speed rotation thereof. 

Such de?ection of disc 45 has a tendency to’ tilt the 
working face of plate 91 toward the right so that pe 
ripheral portions thereof will be further separated from 
the cooperating working face of plate 90 than are inner 
portions. Similar de?ections also occur with rotating 
disc 40, because of centrifugal forces acting on plate 
segments 90, and may be more pronounced because of the 
open center and lack of hub structure in disc 49 as shown. 
Since the periphery of disc 40 is held by elements 56, 
such de?ections tend to cause the radially inner and un 
supported portions to de?ect to the right and toward disc 
45,’ and further renders non~unifonm the desired spacing 
between the working faces of plates 99 and 91. The ex 
tent of such de?ections, of course, will vary with the 
centrifugal force exerted on plates 90 and 91, which in 
turn are functions of the diameter of the discs and the 
speed ‘of rotation thereof. Accordingly, the higher the 
speed of rotation, the more non-uniform separation at 
the radially outer portions of plates 90 and 91 will be 
come apparent. 

Attempting to correct for such de?ection by forming 
the cooperating working faces of discs 90 and 91 to be 
non-parallel when the apparatusis at rest (as also indi 
cated somewhat in FIG. 4) may temporarily compensate 
for such de?ections of the discs when the machine is rotat 
ing at high or working speeds, but may present a further 
problem in starting up or stopping the apparatus. Thus, 
substantial bevelling or “bosoming" ‘of plates 90 and 91 
to retain or return to the desired parallel relation at high 
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speed of operation also creates the opposite effect or 
relationship of the plates when the machine is stopped 
i.e., the radially outward portion of the plates will be 
closer together than the radially inner parts. In such a 
situation, the running clearance desired between the op 
posed faces of plates 90 and 91 at full operating speed 
may actually be less than the bevelling or bosoming re 
quired to compensate for de?ection. In such event the 
plates must actually be backed off or separated while 
running and prior to stopping the apparatus and/or be 
set at more than the desired spacing or separation when 
the apparatus is started and until it is brought up to 
speed in order to avoid'actual clashing or contacting of the 
plates at slower speeds with, obviously, disadvantageous 
and possibly destructive results. 
Although such de?ections may appear to be relatively 

slight, they create a very real d?iculty. For example, 
even with lighter plates 90 and 91 and rotating disc 
diameters of less than three feet, de?ection-s from this 
particular centrifugal force cause may be routinely as 
much as .031", which de?ections are, obviously, even 
more pronounced with discs such as 40 having an open 
annular central “eye” portion and/ or such an open portion 
including radial spokes as occurs in many constructions. 
Even with heavier types of apparatus with discs such as 
45 up to 36" or 42" or 48" in diameter and correspond 
ingly heavier construction, de?ections of at least .006" to 
.10" are routinely encountered. Although such de?ec 
tions are actually only in thousandths of an inch, they 
represent a signi?cant proportion of the desired close 
tolerance spacing between the working faces of plates such 
as 90 and 91 in routine uses of attrition mill apparatus 
such as this in, for example, the re?ning \of paper pulp 
?bres. 

Presumably successful results might be achieved merely 
by increasing the heaviness of construction of the rotating 
discs 40 or 45 and/or by including in the back surfaces 
thereof stiffening ribs or spoke arrangements. From the 
standpoint of efficiency of operation and economy of 
manufacture, such extra heavy construction is de?nitely 
not preferred. Nor is it'desired to include on the back 
surfaces of the discs spokes or other radially directed dis 
continuities or ribs which would serve to agitate whatever 
liquid material is within housing 20 since such results 
merely tend to increase and waste horse power required 
to drive such spoke arrangements through the surround 
ing liquid slurry in accordance with the well understood 
laws of hydraulics. 

In accordance with this invention, however, such de 
?ections are satisfactorily prevented or compensated for, 
and without an extra heavy construction or the provi 
sion of protruding rigidifying elements on the back faces 
of the discs, by providing peripheral overhung compen 
sating weights or counter-balance means such as 86 and 
$7, speci?cally dimensioned and positioned to engender a 
moment of centrifugal force oppositely axially directed 
to the de?ection-producing force above noted and en— 
gendered by plates 90 and 91 during high speed rotation 
of the apparatus. 

Thus, considering rotating disc 45 as illustratively 
indicative of solid rotating discs generally in either double 
disc attrition mills as shown in the drawings or single disc 
mills as in Patent No. 2,226,429, counter-balancing weight 
86 is formed, preferably integrally with disc 45, at the 
peripheral edge portions of the back side of the disc. As 
indicated in FIG. 6, counter-balances 86 are not continu 
ous all around the disc, but are separated or subdivided 
by slots 200 to interrupt the strength of counter-weight 
86 and insure its arrangement as simply a plurality of 
overhung masses on the back of disc 45. Satisfactory 
results are ‘achieved if slot-s 200 substantially coincide with 
the meeting edges of the various plate segments 91 bolted 
on the front side of disc 45 (see FIG. 7) so that, effec 
tively, there is provided on the back side of disc 45 a plu 
rality of separate masses 86 substantially equal in number 
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8 
to the segments of plates 91 bolted to the face of the disc. 
Additionally, slots or notches 200 are primarily for the 
punpose of interrupting continuous strength angularly 
around disc 45, so they can be quite narrow and thus avoid 
the situation noted above regarding widely separated pro 
jections or ribs on the back side of disc 45 and undesired 
agitation or other hydraulic interference thereof with any 
liquid in the apparatus. 
As will be apparent from the foregoing and considera 

tion of the drawings, as rotating disc 45 with plates 91 
thereon comes up to speed, a substantial moment of cen 
trifugal force is generated with regard to the center of 
gravity of each of the segments of plates 91, urging such 
plates radially outwardly against ?ange 199, thus generat 
ing a turning moment of force about the center line of 
flange 190 tending to de?ect the peripheral edge of disc 
45 to the right in the drawings. In accordance herewith, 
however, the overhung masses of counter-weights 86, as 
correlated to the size thereof and location of the center 
of gravity thereof with respect to the axis of disc 45, are 
similarly subject to the action of centrifugal force tending 
to urge counter-weights 86 radially outwardly. Because 
of the integral attachment thereof to the face of disc 45, 
however, this moment of centrifugal force also results in 
a turning moment about the peripheral edge of disc 45 
tending to de?ect disc 45 to the left in the drawings and 
counter to the opposite force generated by plates 91. 
To achieve the compensating effect desired in accord 

ance herewith, it is thus necessary merely to arrange the 
dimensioning and con?guration of counter-weight 86 such 
that the centrifugal force produced by this counter-weight 
times the distance from the center of gravity thereof to 
the center line of disc 45 is substantially equal to the 
centrifugal force arising from plates 91 times the distance 
from the center of gravity thereof to the same center line 
of the disc. As noted, this compensating con?guration 
is further simpli?ed if the number of counter balancing 
masses 86 around disc 45 (as determined by the number 
of slots 200 therebetween) is equal to the number of 
separate plate segments 91, in which event the dimension 
ing and designing is simpli?ed. 

It has also been discovered that neither the mass nor 
the center of various plate segments 91 are appreciably 
changed beyond limits of signi?cance here by the pro 
vision of a wide variety of different serrated or ridged 
working surface patterns on the plates. Even if this were 
not the case, however, the mass and effective center of 
gravity of various different styles or designs of plates 91 
can further be effectively controlled within wide limits, 
by the con?guring and dimensioning of the various weight 
saving recesses or hollows 201 conventionally cast into 
the rear or non-working surfaces of plates 91 and/or by 
the placement and dimensioning of strengthening ribs 202 
therein. Indeed, satisfactory results have been achieved 
in accordance herewith and productive of satisfactory 
operation free of all the above noted difficulties or dis 
advantages even when the de?ecting moment of force 
caused by the plates is not exactly or completely compen 
sated for by counter-weights 86, provided a substantial 
amount of the plate-generated de?ecting moment is com 
pensated for or offset within the range of at least 50% 
and preferably 75-90%. 
For example, assuming that the effective center line C 

of disc 45 (FIG. 5) designates the line of plane about 
which undesired turning moments will occur, the design 
lng of a series of compensating masses 86 for the disc 
is readily accomplished in accordance herewith. Thus, 
1n a 42" diameter disc the moment of centrifugal 
force generated by the plates at say 1200 r.p.m. may be 
about 316,000 inch pounds where the center of gravity of 
the plates 91 is 1.5" from the center line C. About 60% 
compensation for the undesired de?ection caused by such 
moment of centrifugal force is achieved by forming coun 
ter-weights 86 generally con?gured as in FIG. 5 and with 
the centers of gravity thereof about 1.25" from center 
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line C and at about 19.15" radius, and where the aggrei 
gate weight of overhanging mass of metal in the counter 
balancing elements is only about 195 pounds. In a simi 
lar construction in apparatus having disc 45 of 48" in 
diameter, the moment of centrifugal force of plates 91 
to be compensated for may be around 490,000 inch 
pounds, of which as much as 79% can be balanced or 
compensated for by forming elements 86 having an added ‘ 
weight or mass of only about 414 pounds, in addition to 
the weight of disc 45 without such compensating elements 
86, by forming such counter-balancing masses 86 with 
centers of gravity about 1.125" from the center line C and 
on about 20.3" radius. ’ 

As noted above, a similar compensating arrangement 
is applied to disc 40, at least in the types of apparatus 
having two rotating discs. In such cases where disc 40 
is completely open in the “eye” as illustrated, the de?ec 
tion compensation in accordance herewith may be even 
more important. As will be understood, the dimension 
ing of counter-balancing elements 87 for disc 40 is ac 
complished in substantially the same manner, and also 
with the element 87 being-discontinuous around disc 40, 
as previously described with regard to elements 86 on 
disc 45. Thus, assuming a thickness of disc 40 of about 
2" and a diameter of about 42" to the radially outer edge 
of plate 90, the de?ection-producing moment of centrifu 
gal force of the plates 90 may be about 370,000 inch 
pounds, for which about 90% compensation is achieved 
with elements 87 provided in the manner illustrated in 
FIG. 4 and including an aggregate extra weight of about 
only 225 pounds with elements 87 being provided hav 
ing the centers of gravity thereof approximately spaced 
1.7" from the disc center line and on a radius of about 
21.3”. For a similar disc 40 in a 48" diameter mill, the 
plates 90 may develop a moment of centrifugal force of 
about 570,000 inch pounds and about 91% compensation 
is achieved in accordance herewith with an aggregate 
mass of counter-balancing elements 87 of about 290 
pounds positioned with the center of gravity thereof about 
1.7" from the radial center line of disc 40 and at a radius 
of about 25.7". 
As will be apparent from the foregoing, an arrangement 

is provided in accordance herewith for correcting or bal 
ancing or compensating for de?ecting moments of force 
generated by centrifugal forces acting on the various seg 
ments of attrition plates 90 and 91 and urging plates out~ 
wardly against restraining ?anges or rims 190 and 196. 
Although complete compensation is readily accomplished 
by the appropriate dimensioning and placement of coun 
ter-balancing elements 86 and 87, satisfactory results are 
achieved in accordance herewith if only a substantial 
or preponderant de?ecting centrifugal force is compen 
sated for. Indeed, because of space limitations imposed 
by the otherwise conventional design considerations on 
apparatus of this character, less than complete compen 
sation may actually be preferred in view of the smaller 
size and weight of counter-balancing elements 86 and 87 
thus required. As will be understood, actual de?ection is 
completely avoided if su?icient of the de?ecting force is 
balanced to lower the unbalanced portion thereof to with 
in the limits of rigidity of the disc construction. 

Furthermore, the advantages of this invention are 
achieved without substantially altering the basic or com 
plete design of the various operating portions of the appa 
ratus and without undesirably increasing the cost or com 
plexity of the manufacture in accordance herewith, par 
ticularly since the overhanging counter-balancing masses 
are readily and preferably integrally formed or cast in the 
manufacture of discs 40 and 45, and the various radial 
slots 200 readily formed therein. By utilizing a con?gu 
ration as indicated with the slots 200 being fairly narrow, 
the total area of the back face of the rotating discs sub 
ject to hydraulic pressure from liquid material being 
treated in the apparatus is not notably increased, nor are 
other hydraulic or power wasting dif?culties introduced 
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as might be the case if more widely separated weights or‘ 
radial stiffening ribs were utilized in an attempt to achieve 
the same results. a - > 

With these arrangements, the desired close tolerance 
spacing or setting between the working or attrition faces 
of opposed plates 90 and 91 is readily maintained virtu 
ally independently bf the speed of rotation of the discs. 
and the centrifugal de?ecting which might be induced 
thereby, and whether the apparatus involves but a single 
rotating disc cooperating with a non-rotating opposed 
working face or whether there are two rotating discs as 
in the illustrated embodiment. . 
While the forms of apparatus herein described consti 

tute preferred embodiments of, the invention, it is to be 
understood that the invention is not limited to these pre 
cise forms of apparatus, and that changes may be made 
therein without departing from the scope of the invention 
which is de?ned in the appended claims. 
What is claimed is: 
1. In apparatus having a rotating disc on one face of 

which are mounted a plurality of separate plate elements 
to be maintained in close tolerance spacing relative to a 
cooperating element of said apparatus and in which said 
plate elements tend to be axially de?ected out of said 
close tolerance spacing, the improvement which com 
prises counterweight means on the opposite face of said 
disc, said counterweight means comprising an annular 
smooth-surfaced counterbalancing weight on said opposite 
disc face, said weight having slots therethrough for the 
subdivision thereof into a plurality of counterweight 
masses corresponding in number to and respectively 0p 
posed from said separate plate elements, said plate ele 
ments and said counterweight masses giving rise to sub 
stantially equal and opposite centrifugal forces during 
rotation thereof, the centrifugal forces on the counter 
weight masses counteracting the centrifugal forces on the 
plate elements to prevent axial de?ection of the disc dur 
ing rotation thereof. 

2. In apparatus having a rotating disc operating sub 
stantially immersed in a ?uid material, one face of which 
disc is to be maintained in close tolerance, spacing rela 
tive to a cooperating element of said apparatus and in 
which said one face tends to be axially de?ected out of 
said close tolerance spacing, the improvement which com 
prises counterweight means on the opposite face of said 
disc subject to centrifugal forces during rotation thereof 
for effecting a counteracting axial force on said disc to 
prevent axial deflection of said one face, said counter 
weight means presenting a substantially smooth uniform 
surface to said ?uid material around said disc to avoid 
agitation thereof and hydraulic resistance in passing 
therethrough during rotation of said disc. ' I 

3. In apparatus having a pair of parallel rotating discs, 
the adjacent faces of said discs to be relatively maintained 
in close tolerance spacing, and wherein said adjacent faces 
tend to be axially de?ected out of said close tolerance 
spacing, the improvement which comprises counterweight 
means on the opposite faces of each said disc and subject 
to centrifugal forces during rotation thereof for effecting 
a counteracting axial force on each said disc to thereby 
prevent the axial de?ection thereof and thus maintain the 
close tolerance spacing of the adjacent disc faces. 

4. Apparatus as claimed in claim 2. in which a plurality 
of separate plate elements are mounted on said one face 
of said disc, and wherein said counterweight means com 
prises an annular counterbalancing weight on said op 
posite disc face, said weight having slots therethrough for 
the subdivision thereof into a plurality of counterweight 
masses corresponding in number to and respectively op 
posed from said plurality of separate plate elements. 

5. Apparatus as claimed in claim 3 in which a plu 
rality of separate plate elements are mounted on said 
adjacent faces of said discs, and wherein said counter~ 
weight means comprises an annular counterbalancing 
weight on each said opposite disc face, each said weight 
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having slots therethrough for the subdivision thereof into 
a plurality of counterweight masses corresponding in 
number to and respectively opposed from the plurality of 
separate plate elements on the respective disc. 
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