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9 (Claims.

his mventlon relates to the puIvenzmg “and
. fine ‘grinding: ‘of hard matenals ‘guch “as ores,
limestone, rock fer tilizer, rocks from Which ce-

ment is made, and similar matérials whose par-.

~ ticle“size has to be réduced. "This invention may
also be utlhzed for the pulvenzmg or grmdmg 6f
light welght materials ‘such &s ‘géreals, farina=

ceous seeds, paint plgments cosmetlc powders,

cosl, etc.

It 1s the partmular obJect
p10v1de an economlcal means ‘of grmdmg ‘or
puIvenzmg miaterials” without the ‘use, ‘of ‘water,
and ‘classﬁymg

iid of screens

Tt is o Turther obJect of: this mventlon to a,vmd
the “use of mtrlca.te returh "pirctiits and ‘unnec-
essary regrlndmg “The n tenal to be pulverlzed

10"

15°

‘g ‘fed to ‘the mill, crushed ‘to thie  proper size -

when “necessary, the finély . “pulverized materlal

ghy -formed in the mill’ bemg 1mmed1ate1y and ‘con=

tinuously remnved L
Tt is . further -obiect of ‘this mventlon to pro-
tect all the “earings from- the- ‘abrasive gction
of the'dust aﬁd‘ grit, a"nd to Provide ‘a 10w start=
gy i ‘fortue nhd - low of Tél uirement o‘r op-
eration.. In this’ man g Highly eﬂiment low
cost. pulvering ‘device provided.
Ft-is 8 further” obJec THis mventmn to v1o-

lently ag1tate ‘the ‘material in the +aill “in ‘order -

s that fhe “finely ‘pilverized matemal niay be im=
medidgtely “arid instattly ‘yernoved” from the mill,
and. further “to- throw “the’ material: being’ “Pul=
verized in contact
prevent, ‘the” mnterral from packmg in the mill.

a8 It s flirtker © ‘ect of this invéntion To Yo-
tate the free grin g 'balls in the pall race suf-

ficiently rapld 10 ﬁ’npart centhmgal force o the'

free balls 5o ‘thiat Yy will Yotate on’ ‘their 6Wn
sxis, thereby increasing their dtushing force

4’0 in -addition to: their weight, and’ ‘to. further ‘com-
pel e free balls to ride’in’ the -otiter” penphery
portion of the bail race. In this
ticles of material being ground are griishied be~
tween the ball -and the- dutér Wall ‘of -the race
48 as the ball rotates.. :
'It is* & furth 3 object of s ‘1nv‘ent1on to Tro-
tate ‘the Tree b by drms egtended’ ‘from. a ceh-
tral shaft ih uch a Tahner that the ‘free balls

To! “escape from thelr réspectlve compart-

\_ret:t ‘of this tnvention to re-
19, ma.l contmuously nd
by

-of thlS 1nvent1on to.

the materials pulvenzed ‘With=

wnih ‘the gnndmg balls to-

(ClL 83_45)

sweeps the “ball ‘race and: comes “into’ 1nt1ma,te
coritagt wWith the pulverizéd ‘material in entram-
mg Hrnd removing' it -

Tt7is a further -6Bject of this jnavention 4o make
wgs of ‘@ low ¢ost means for operating. the pul- .38
verizing or grinding -dévice.. For instance one-:
WHalf of $he reat axle of‘an automobile or-truck:
togetiier with the driving shaft may be utilized
a5 a-unit 8o1T ansmit power for rotating: the pul=
verizing device. Thus an oil sealed transmission . 10-

- méans is readiy made available for running in

oil~or grease at.a -greatly reduced -cost.
-iIn-the accompanying drawmgs forrmng a part
of "this specification: -
_Figure 1ds-a side elevatlonal V1eW of the pul— 1%
verizing: mill showing ‘the  arrangement of the
ttaehed Jlower-and- dust collecting means;
Frgure 2.1s.a_Cross sectional view taken along
the line 2—2 of - Teure 1, looklng in the direc-
tion of the-arrows;
Figure -3.-1s 48 Cross . sectional plan v1ew with
certain’ parts broken away, taken along the line
3—3 of -Higiire. 2, ‘gnd Tooking in the dnectmn of
the arrows, o
Higlive 415 @ cross sectional’ detail view of a g3
portion "6‘f"tﬁé' ball "race‘showmg the posmon of
: B ndi‘ﬁg b‘a’n therem when the ‘mill “is sta-

20

“Higlive 5 - i§-a cross sectmna.l view in ‘detail of .
thie Ball race znd ‘acconpanying casing passage- 80
wiy sHowi ktie pa“r‘mcles ‘heing ‘Glagsified ‘there-

i and. *the ma.tenal ‘being pulvenzed The pul-
verizing ball is-shovmn in the posmon it ‘takes in
t‘he race durrng the pulVenzm<Jr operation;-

Figitres 6808 7 are -détail eross sectional views: g5
srmﬂar ty Figiive 4, showmg the - a.ttached agi-
tating and digéhiarger m mesns; ahd

mgiire 8 isa €ross gectichal - detaﬂ V1ew of ‘the
ball and scraper arrangement showt ‘in -Figure .
6, taken along ‘the lihe '8--8, looking in the di- 4y

Cthie HITews. ‘
drangs ih detail, - Where—
fei‘ehces 1ndxcate the same

pa 5 m e :

e 'rsuwerr - gFnding devxce 4. com- 45
3ish “ghaped -easting ‘Having - a
rinﬁvay 19 axtending around the

1ded w1th grméhmT balls

, siiber - l has & cen— 50-'
Providing an Air or: gaseous ‘pas=
Sageway to ’ehe Hnér partof the ‘ginding device.’.
T ‘”meirfber | ispaournted of asuitable ‘SUPPoOrt
L5 E‘;&énding HpWard through the ¢entral ‘open~

inig 498 x‘é’e‘arﬁable ‘Shé?ft Gumbunted on ‘the sta- 5
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2 |
tionary housing 7 and arranged so as to be ro-
tated by ring and pinion gear means 8 and 9,
respectively. The ring and Dpinion gears are
mounted in the housing gear box 10.

Power is supplied to the gears ‘through the
shaft {1 attached to the pinion 9, by means of
the motor {2, or an equivalent power supplying
means. The pinion drive shaft {1 may have g
flywheel {3 attached to-its outer end which. is

driven by the motor {2 by means.of the belt [ 3

as illustrated in Figure 1. ,
The housing T of the vertical drive shaft 6

is rigidly bolted to the member | by means of.

the collar {4 and plate i5 and bolts 16 and i 1,
as illustrated in Figures 2 and 3. The base of
the rotatable shaft & is provided with : appro-
priate thrust bearings Te and roller bearings as
indicated at points 18 and 9 of Figure 2.

At the top of the shaft 6 and housing 1 is a
hub 6’ which is keyed to the drive shaft 6 at
T’. ‘At 20’ bolted to the hub.6’ are a plurality
of downwardly extending arms 20, which are
arranged to enter the ball race 2 and contact
the freely movable ball 3. There may be as
mmany arms as is-desirable radiating from the
hub 6’ -to the ball race, depending largely upon
the diameter of the ball race. A compartment
or space is thus formed in the ball race between
the arms in which one or more balls may be
placed. .

On the under surface of at least two.of the
arms 20 -are rigidly attached agitator or particle
discharger means such as 22 and 23, as shown
in Figure 3, extending from the.arm to near the

" bottom of ‘the ball race, so shaped to conform

to the contour of the ball race, and just escap-
ing contact with the race. 'The discharger mem-
ber 22 is formed to provide a plow shaped sur-
face so as to lift the material to be pulverized
from the internal and bottom portion of the
ball ‘race and throw it to the external portion
of the race so that it will come in contact with
the rotating balls passing therealong. - The agi-
tator means: 23 will be attached to another arm

" and so shaped as to conform to the contour of

the ball race, just éscaping the ball race surface,
and formed so as$ to lift the material being pul-
verized from the surface of the ball race and
violently agitate it. The discharger means 22
is attached to the plate 24 as indicated at 22a,
and-the opposite end is attached to the arm 20
as ab 22b, as illustrated in Figure 7. The agi-

tator member 23 may be bolted to the portion .

of the arm member 20 which extends into the
race at 23a¢ and 28b, as. illustrated in Figure 6.
In each case the members 22 and 23 are dis-
posed- so ‘that they will not drag the bottom. of
the ball race. . .

There may be one, two, or more, particle dis-.
charger and agitator means installed, depending -
upon the requirements of the material to be pul-

verized. If onlytwo particle discharger and agi-
tator means are installed, the best results may

be obtained if ‘they are installed on .opposite

arms such as -indicated in Figure 3, one of the
discharger means being of the agitator type such
as 23, illustrated in Figure 6, whereas the other
particle discharger means 22, illustrated in Fig-
ure 7, is of the type heretofore indicsited which
lifts the material being pulverized from the-bot-
tom portion of the ball race and throws it in
the path of the rotating  balls,
however, - the  agitators or- particle discharger

members are protected from contact with the

“the balls .rotating therein,

In. all cases,
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balls since they are attdched to the arm or ex-
tending rotating- parts connected thereto,

It is, however, an essential feature of this de-
vice that the material being pulverized is con-
stantly lifted from the surface of the ball race
so that the finely pulverized material may be
instantly and continuously removed from the
mill, and the material left is thrown to the pe-
riphery of the ball race in order that it may
come in contact with the balls.
~ The arms 20 have a ring member 21 attached
to each arm over the ball race in's manner so
as to prohibit the balls from jumping out of the
race.. This is accomplished by attaching the ring
21 to the extremities of the arms 20 such that
the distance between the ring and the outer wall
of the race is slightly less than the diameter of
The ring member
21 is positioned so that ordinarily it is ‘not in
contact with the grinding balls during the ro-
tation thereof. This ring member strengthens
the. rotating member of the device and aids in
supporting the attachments thereto,

Rigidly attached and hermetically sealed to
the under surface of the ring 21 is a plate 24

. extending completely around the same, and di-

rected downward and inward to a suitable dis-
tance: from the surface of the internal portion
of the ball race to provide a narrow opening
25 adjacent the inner side wall of the .race 2.
The opening space 25, as illustrated in Figure

2, provides a bassageway to permit air or gases'

to be drawn therethrough into the miil between
the plate and the inner wal of the ball race.
The plate 24 or partition is also. attached and
hermetically sealed to the arms 20 at their junc-
tion with the ring so that sir can only enter
the ball race through the space 25 between the
lower edge of the. plate and the bottom of .the
inner portion of the ball race. ‘

The base of a cone shaped hood 26 is attached
and hermetically sealed to ‘the outer upper sur-
face of the ring and arms, and-the apex extended
above the hub 6’ on the vertical shaft, so that
the hub, shaft and casing, including the arms

and the open spaces between the arms, will be .

enclosed. 'The base of this cone 26 is continuous
with the plate 24 attached to the under surface
of the ring 21, This§ hood member 26 may be
split” horizontally on g level below the hub in
order to provide a ready access to the key 1

~on the hub for removal and-adjustment.

External to the above cone shaped hood is a
second cone shaped hood 21, the base of ‘which
corresponds to the outer surface of the ball race
[, and is bolted to the outer circular flange sur-
face portion 28; which corresponds to the thick-
hess of the outer wall: of the ball race. This
outer hood is so formed that it completely covers
the ball race and approaches an apex over the
center of the ball race and the inner hood which
covers the vertical shaft, casing, hub and arms,
as illustrated . in Figure 2. -An opening is pro-
vided in the apex of the externa] cone shaped
hood 27, as at 29. The opening 29 is connected
to the intake 30 of the centrifiigal blower or suc-
tlon fan means 31 which is of the conventional
type. The intake 30 is hermetically sealed to
the apex opening 29, and the fan is arranged
to force the gas and entrained particles enter-

Ing the passageway 29 and 30 therealong through

the conduit 32 into the centrifugal collector 33.

~The. collector 33 is provided with a circular

baffle plate means 34 concentrically disposed and
proyided with an opening at the lower end as at
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35. The upper end is connected to the exit pipe
3§ for removing the air or gas after the entrained
particles have been removed. ~'The -entrained
pulverized material is ‘drawn off ‘through ‘the
hopper 31. ' S

The external hood means 21 is so. shaped that

its sides are not parallel to ‘the ‘inner hood 26,
as illustrated in Figures

hoods at the apex than at the base, thereby de-
creasing tne velocity of the gas flowing ‘upward
toward the apex as compared with the velocity
of the gas at the base' over the ball race and
through the restricted throat passageway, 25¢
at the base of the cone shaped hood members
2§ and 27. In this manner the relatively coarse
particles 38 of the material, which have not been
sufficiently pulverized, entrained by the gas and
discharged through the passageway 25¢ into the
gradually enlarging exit chamber 29, will gravi-
tate downward along the surface of the inner
cone 26 and fall back into the ball race 2. “The
finely ground and pulverized particles 39 of the
desired size are entrained by the gas and car-
ried upward through the exit 29 and thence into
the collector 33, as more clearly indicated in
Figure 5. : : : '

The distance 28a is of such dimension that
the total cross sectional area of the circular
throat exit passageway
1y less than the circular cross sectional area de-
fined by the cones 26 and 21 in the uppermost
this manner the velocity of
the gas and entrained particles moving from the
throat 25¢ upward to the enlarged section 25b
ig effectively reduced SO that the larger par-
ticles drop cut and gravitate back into the pul-
verizing section of the mill, as indicated in Fig~
ure 2.

It will be understood that by Va,rying the cross -

sectional area ratio, {iustrated at 26¢ and 25D,
the differential velocity of the gas passing there-
along may be adjusted in accordance with - the
nature of the material being pulverized. The
velocity of the air moving through the top
portion of the cone 97 is ordinarily maintained

substantially constant so that the particles of

the desired uniform size will be removed and

collected.

The volume of the air or gas drawn through

the mill may be varied by adjusting the opening
in the bleeder valve 30 or by varying the speed
of the fan 28I. Tor coarse grinding or .pul-
verizing light material the bleeder valve 40 in
the intake pipe of the suction fan may be opened
to decrease the air velocity from the miil '
At the base of the outer hood member 27 di-
rectly over the ball race are mounted one. or

more ports 4 that may be opened or closed at .

will, either by rubber dams secured over the top
of the port or by any other convenient sealing
means. 'These ports may be as many as desirable,
spaced around the hood. Preferably they should
be circular in form for convenience. The ports
41 may be opened for permitting more air to
enter thé ball race of for inspection, and one or
more may be used for feeding material into the
mill. . . -

Tt will be noted that there are open spaces be-
tween the inner wall of the ball race and the
transmission case, such -as indicated at 4, Fig-
ure 2. The space 4 may be left open or screened
or partially closed by a- cone shaped hood ap-
proaching the transmission case, or by any other
suitable means. Sufficient space must be left,

_ n Fig 2 and 5. There is thus.
provided a -greater distance - between the two’

to the proper. size is
25q will be substantial-

“through by means of the suction fan.

3
however, for allowing ready access of air or gas
which is to be drawn through the mill to the
suction fan and collector means.

" The suction fan should be operated by a sep-

arate ‘motor so that it will operate 4t normal
speed at all times. If the fan is-operated from
a pulley running off the mill transmission, then
in the event the mill is.overloaded, slowing down,
the fan would also be slowed down and conse-
quently the mill would become clogged. On the
other hand, if the fan is operated with its own
motor ‘and running at normal speed, the simple
procedure of ceasing to feed the mill at the first
sign of overloading will avoid the difficulty men-
tioned. ’ i
"It will be noted that when the. fan is in op-
eration, air or.gas can be drawn into the mill
through one place only, ‘namely the  space b~
tween the internal wall of the ball race and
the bottom of the plate 24; as indicated by the
character reference-26 on Figure 2.
then is drawn through the bottom of the ball
race, and passes between the inner and outer
hood to the fan, as iilustrated in Figure 2.
Thie .operation of the mill: is ‘as follows: -

‘The suction fan 31 is actuated and when it

reaches its maximum speed the mill is started,
and . thereafter the material previously crushed
' fed into the mill through
one or more of the ports &1 situated . directly
over the ball race. The material introduced falls
into the ball race and comes in contact with the
balls running freely therein.

The particular discharger tnembers 22 and 23
function to prevent the material from settling
in the dependent portion of the ball race and
throw the material to the periphery of the race
in direct path of the rotating balls. At the same
time during this agitation and distribution of
the material, the finely pulverized material -is
entrained by the air currents drawn there-
The ‘air
current must pass under the edge of the plate
or partition in the ball race which further agi-
tates the material and sweeps the internal side
and bottom of the pall race and -continues to-
wards the external and upper portion of the ball
race.  This functions to.aid in lifting ‘the ma-
terial from the bottom of the race and carrying

"it into intimate contact with the rotating balls.

When it is desired to shut down the mill it
should be stopped and the sucticn fan allowed to
run until all pulverized material is removed from
the mill, 'so that when started again ‘it will be
practically -empty. There will also be a. small
amount of coarse material left in the mill be-
cause the discharger members 22 and 23 are
maintained in close proximity, being out of con-
tact with the lower dependent portion of the
ball race so that some coarse material will not
be picked up. The discharger means 22 and 23

The air:
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may be so placed that the bottom of the ball race -

will be dragged but this will be undesirable be-
cause of the excessive wear on Both the members
and. the walls of ‘the ball race. Aside from this
the starting torque would be much higher and the

" 1oss of power by friction during operation would
" be greatly increased. This,

desired. o ,

1t is understood that my invention is not to

be limited to the exact details of construction,

since obvious modifications within the scope of

this invention may be made by those skilled in

the art. o :
Having thus fully deseribed my invention

(1153
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what I claim as new and
ters Patent is: ; 3

1. In a pulverizing mill, the combination of a
bowl-shaped member having s central opening
for passage of air, said bowl having a circular

desire to secure by Let-~

ball race extending around the rim thereof, freely :

rotatable balls in the race, a cone-shaped. hood
disposed over and hermetically sealed to the bowl-
shaped member enclosing the ball race, a.ver-
tically. disposed ‘rotatable drive shaft extended
through the central opening of the bowl-shaped
member, a cone-shaped hood fixed to the drive
shaft and rotatable therewith, the wall of said
hood extending intc the race at an-angle less
than the wall of the first named hood to define
a restricted throat bassage-way, a circumserib-
ing plate connected to the lower edge of the wall
of the second named cone and extended at right
angles thereto, said plate stopping short of the
inner wall of the race defining an air Dpassage,
means for rotating the drive shaft, said drive
shaft having a plurality of circumferentially
spaced arms extended into the race for moving
the balls around the race, and said first named
hood having an opening for connection with a
suction means.

2. In a pulverizing mill the combination of a
bowl-shaped member having a central opening

2,196,842

for. passage of air, said bowi-shaped member
having .a circular runway extending around the
rim thereof, - freely rotatable balls in the run-
way, a vertically disposed rotatable shaft ex-
tended through the central opening of the bowl-
shaped member, a hub fixed to the upper end of
the shaft, cir‘cumferentially spaced  downwardly
extended arms fixed to the hub, said arms ter-
minating within the runway to engage and move
the balls under rotation of the shaft, a conical
casing fixed to the arms, the wall of the casing
being extended into the runway and having a
right angular circumscribing plate, the free edge
of the plate stopping short of the inner wall of
the runway defining an air Dassage way in com-
munication with the central opening of the
bowl-shaped member, means for rotating the
shaft, agitator and discharge means carried by
the arms and. positioned within the runway, a
second conical casing enclosing the first casing
and hermetically sealed around the runway, said
second named casing having a wall disposed at
an angle greater than the wall of the first named
casing defining a restricted throat above the run-
way, and said second named casing having an
opening in its apex for connection with a suc-
tion means.
CLARENCE S. RAMSEY.

10

15

20

25



