Nov. 27, 1928, 1,692,974
W. M. BARKER

BALANCED BALL MILL

Filed Sept. 1, 1926 ' 5 Sheets-Sheet 1
57 31" 3y
240} & 2
13 y |‘ . ,[\/5
24a
(7124‘1( (7] 248\ i 7
72 > W ARNSRIYAN N\ > Y )

Jnventor
Wiiliam M. Barker
BuvIheack W (Gnid

a&ko'bwugé‘



Nov. 27, 1928. | 11,692,974
’ W. M. BARKER

- BALANCED BALL MILL

Filed Sept. 1, 1926 ' 5 Sheets-Sheet 2

\\\\\\\\\\\\\\\\\\\\\\\\\\

S
\\\\\\ '//’ ‘\_ Z
& ' &
Z 2
AN/

0
. Q%%@O \

TS
\% \

.HH]I“‘ ‘|:|“h i“lli!: 17 ) .

=

o | e | ” i
A Wi

‘ Jnvenior
Willtam M. Barker
By Nt & [Sqnd]

Attorneys



Nov. 27, 1828. | ' 1,692,974
wW. M. BARKER o

BALANCED BALL MILL

Filed Sept. 1, 1926 5 Sheets-Sheet 3

L34

50"
L 24
PR
5’
I —
! .
I4L 58 ! I| A ! = — nnoueucooncElS 2
/@ =7, 19 24 40 l
A K N / q 48 _ ., T30
72 : T | 2 Gy ia 4 o || f’ . 51 / ,:’// 113
SR 55 24 2456 24.a —
i4d [ , ] 51 = #
7 - er. | | 6 \p 47 - 41
- T O AT N N Py / : / il
1344 A y Ii
= IO N AN O =
t s5d Usse /” 5355 Lsz \55a
7 62 é
15 @ ” : . 75
Fig. 3 |

William M. Barker:
By Heeart T (3o



Nov. 27, 1928, / 1,692,974
R W. M. BARKER )

BALANCED BALL MILL

Filed Sept. 1, 1926 5 Sheets-Sheet 4
7 1+

T William M. Barker:
P eat 2 /3 yoed
Attormoys



Nov. 27, 1928, - 1,692,974

W. M. BARKER
BALANCED BALL MILL

5 Sheets-Sheet 5

Filed Sept. 1, 1926

g ot

0000000

)

000‘%9~

s

c$<)|0

62




Patented Nov. 27, 1928.

'UNITED STATES

1,602,074

PATENT OFFICE.

WILLIAM M., BARKER, OF CANTON, OHIO. -

BALANCED BALL MILL.

Application filed Scptember 1, 1926. Serial No. 132,987.

The invention relates to ball mills prefer; :

ably of the horizontal rotating type for use
in grinding and pulverizing materials in the
chemical, mineral, and metallurgical indus-

5 tries, and the like. -
In my prior U. S. patent for balanced ball

mills, No. 1,594,990, dated August 3, 1926, I
disclose an improved construction and ar-:

‘rangement for a horizontal rotating ball mill
10" which may be used to grind or pulverize ma-
terial, either in a dry or wet state, and pro-
vided with means for approximately balanc-
ing the ball load of the mill by maintaining

-a nearly equal weight of balls on each side of
15 the mill drum axis, and adapted for grinding

material passing from the mill feed chamber-

to the discharge chamber by true rolling ac-
tion and attrition between freely moving
means, as balls and the like, and hard metal
20 tracks, and the tracks being shaped to form
contintous ball race annular grinding cham-
bers entirely around the shell of the mill
drum, and there being means for keeping
the balls in these peripheral grinding cham-
25 bers and away from the axial part of the
drum, and there being means as an air suc-

tion draft, for positively forcing material be- -
ing processed- through the mill to pass in.

succession between the entire series of balls

30 and ball tracks. o, o
The objects of the present invention are in
general to provide improvements in the con-

struction and arrangement of the balanced .
ball mill of my prior patent; and, specifically,.

35 are: A .
First, to provide auxiliary air inlets for
the :annular grinding chambers in additio
to the material inlets therefor;
Second, to provide a plurality of ball race
40 annular grinding chambers for the mill, and
intervening partitions between the chambers,
and a plurality of ports in each of the several
partitions communicating between adjacent
~ annular grinding chambers, the several annu-
45 lar grinding chambers being of different sizes
and preferably successively decreasing in size
trom the feed end to the discharge end of the
mill, and the several different size annular
grinding chambers having sets of grinding
60 means as balls and the like therein, and the
balls of a set in one chamber differing in size
from the balls in a set in another chamber,
and the size of the ports in the séveral parti-
- tions likewise differing from.each other;
65. Third, to provide deflecting means in the
discharge chamber of the mill preventing any

tramp or oversize material which may have
accidentally passed . through the annular
grinding chambers from being immediately
drawn out of the mill through its discharge
orifice without being subject to the final grind-
ing action of the grinding means as balls
preferably provided in the discharge chamber
of the mill. :

Fourth, to provide means for increasing the

8o
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useful life of the grinding means such as-

balls, by utilizing the balls successively, as

their diameters are reduced by wear, in an-

nular grinding chambers of successively re-
duced size. :
. A preferred embodiment of the invention

70

is illustrated in the accompanying drawings -

forming part hereof, in which—

Figure 1 is a longitudinal vertical axial
cross-section of one form of the improved bal-
anced ball mill as on line 1—1, Fig. 2; -

75

Fig. 2, an end elevation thereof, portions |

of the mill drum being shown in section as on
line 2—2, Fig. 1;
Fig. 3, a detached fragmentary enlarge-

of Fig. 1, the grinding balls being removed ;
Fig. 4, a detached detail elevation view of
the first and feed end liner ring, portions be-
ing shown,in section as on line 4—4, Fig. 5;
Fig. 5, a cross-section thereof as on-line

“5—b, Fig. 4;

Fig. 6, a detached detail elevation view of
the second liner ring; .

_ Fig, 7, a cross-séction thereof as on line.

7—7. Fig. 6; o :
Fig. 8, a detached detail elevation view of
the third liner ring; ' .
Fig. 9, a cross-section thereof as on line
9—9, Fig. 8; ’ T
Fig. 10, a detached detail elevation view
of the fourth liner ring;

80
ment of the lower portions of the mill drum -
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Fig. 11, a cross-section thereof as on line

11—11, Fig. 105 ° . N .
Fig. 12, a detached detail elevation view

100

of the fifth and discharge end liner ring, por- -

tions being shown in section as on line 12—12,
Fig. 183 and R :
Fig. 13, a cross-section thereof as on line
13—13, Fig. 12. : .
Similar numerals refer to similar parts

105

throughout the several figures of the draw-

ings. :
The improved balanced ball mill indicated

. generally at 10, includes an outer drum shell

11, secured as by cap screws 12 to the prefer-

110

ably flanged and orificed feed head 13 and -



discharge head 14 to form a pfeferably cy-

© lindric outer drum case for the ball mill.
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Preferably at its ends, the shell 11 is pro-
vided with tires 15 for riding upon the car-
rying rolls 16 and the flanged carrying and
thrust rolls 17; one carrying roll 16 and one
carrying and thrust roll 17 being secured as
by ‘tapered keys 18 upon each of a pair of
longitudinally extending and laterally spaced
shafts 19 and 19/, and the shafts 19 and 19’
are ;{;)urnalled respectively in suitable bear-
i locks 20 and 20’ mounted upon a suit-
able base 21. o )

One of the shafts, as the shaft 19, may be
extended beyond ome of its bearing blocks
for connection with a suitable motor or the’
like, not shown, for rotating the shaft, to pro-
vide a friction drive for rotating the cylin-
dric shell 11 and connected parts.

" The outer shell 11 and the heads 13 and
14 form a cylindric chamber in which are lo-
cated walls forming a feed chamber 22, a
discharge chamber 23, and a plurality of ball’
race annular grinding chambers 242, 24%, 24, .
and 24°% a plurality of inlet ports 25 com- .
municating
the first annular grinding chamber 242, and
2 plurality of outlet ports 26 communicating
between the last annular grinding chamber
242 and the discharge chamber 23.. :

" The feed head 18 is preferably provide

with an outwardly projecting central conical
extension 13’, having a preferably axial feed
orifice 27 therein for providing entrance for
material to be ground into the feed chamber
of the mill. : ' ‘

The discharge head 14 is likewise provided
with a preferably axial discharge orifice 28
located and secured as by cap screws 12, in
the head 14 and preferably consisting of a -
fianged discharge orifice deflector tube 29 lon-

gitudinally extending into the discharge
chamber 23 for a purpose to be hereinafter -
set forth in detail. -

For providing auxiliary air inlets to the
annular grinding chambers, a plurality of
preferably angled air inlet ports 80 are pe-
ripherally spaced and located in the feed
head 13 and communicate through the walls
thereof with the annul

The several annular toroidal grinding-

chambers 242, 24%, 24, and 24 are all prefer-
. ably of different sizes or volumes, and prefer-

ably decrease in size from the feed end of the
mill to the discharge end; that is to say,
chamber 24* is smaller than chamber 24s
chamber 24° is smaller than chamber 24°, and
chamber 24¢ is smaller than chamber 24¢,

" In the partition wall separating annular

- grinding ‘chamber- 24* . from ‘the adjacent

24* and 24,

grinding chamber 24°, a plurality of commu-
nicating side ports 81 are located and pro-
vide communication between the chambers

1,682,

tween the feed chamber 22 and. -

ar grinding cham- -
- _erably abuts against the inner surface of the

-screws 12.

.pe‘riphera'f
ripheral side groove 46, and an outwardly ex-

874

Likewise communication “between the
chambers 24" and 24°, and 24° and 249, are
provided by side ports 81’ and 31’/ located in
the partition walls separating the respective
chambers. o . D

The area of the ports 31 communicating be-
tween chambers 24* and 24%, is preferably
larger than the area of the ports 81’ commu-
nicating between the chambers 24* and 24,
and the area of ports 81’/ communicating be-
tween the chambers 24¢-and 24¢ may be like-
wise smaller than the ares of the ports 31,

While the aforesaid feed chamber, dis-

charge chamber, annular grinding chambers,
and the inlet, outlet, auxiliary air inlet, and
communicating ports therefor, may be
formed by walls of any desired construction
having the general outline indicated, a pre-
ferred conmstruction and arrangement for
forming the chambers and ports includes an
outer cylindric liner 82 having its outer sur-
face fitting and abutting the inner surface of
the shell 11, and being preferably secured to
the heads 18 and 14 as by cap screws 12.
.- The liner 82 is provided with annular
grooves 33% 33" 33°, and 83! forming the
outer walls of the annular chambers 245, 24°,
24° and 24° respectively, and outer ball race
tracks therein. .

The remaining walls of the chambers are

70
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formed by liner rings 84,85, 36, 37 and 38,

carrying the inlet, outlet, communicating and

auxiliary air inlet, ports therein as herein-

after described in detail. :
The liner ring 34 is provided with the pe-

p{L)

ripherally spaced and radially extending in-

let ports 25 for communicating between the
feed chamber 22 and the first grinding cham-
ber 24>, The ports 25 extend from the inner
cylindric peripheral face 89 of the ring 34
to a peripheral side groove 40 in the outer pe-,
ripheral face of the ring. .

The side grooved outer
the ring 34 extends outwardly at the feed end
side of the ring to form a laterally extending
ring flange 41, whose outer surface fits against
the inner surface of the filler 32 at the feed
end side of the first peripheral groove 33
therein. _ ) -
The feed end face 42 of the ring 34 pref-

feed head, and the ring 34 is secured to the
feed head as by peripherally spaced cap

'The ring 34 is also provided with a plu-
rality of angled and peripherally spaced ap-
ertures 30" registering with and being exten-
sions of the apertures 30 in the feed head for
providing auxiliary air inlets to the annular
grinding chamber 24*. The discharge end

105

geriphei'al face of .

116

11

i2n
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face 43 of the ring 84 is adapted to sbut with

the feed end face 44 of the ring 35.- _
The ring 35 is also provided with a feed end
side groove 45, a discharge.end pe-

0

o
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tending peripheral flange 47 between the side
grooves, and in which are located the commu-
nicating ports 31. The ring 35 is also pro-
vided with the transverse, imperforate, disk
wall 48 for separating the feed chamber 22
from the discharge chamber 23 and which
abuts at its outer peripheral edge with the

_feed end side face 49 of the ring.36.
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The ring 36 is likewise provided with feed
end peripheral side groove 50, discharge end
peripheral side groove 51, and an outwardly
extending peripheral flange 52 between the
side grooves, and in which are located the
communicating ports 31°. The discharge end
side face 52’ of the ring 86 abuts with the feed
end side face 53 of the ring 37.

The ring 37 is likewise provided with feed
end peripheral side groove 54, discharge end
peripheral side groove 55, and outwardly ex-
tending peripheral flange 56 between the
grooves and having located therein the com-
municating ports 81”. The discharge end
side face 57 of the ring 37 abuts with the feed
end side face 58 of the ring 38. - .

The ring 38 is provided with feed end pe-
ripheral side groove 59, and the outlet ports
26 extend in the ring 38 from the side groove
59 to the inner cylindric peripheral face 60
of the ring 38. .

The side grooved outer peripheral face of
the ring 38 extends outwardly at the dis-
charge end side of the ring to form alaterally
extending ring flange 61, whose outer surface
fits against the inner surface of the filler 32
at the discharge end side of the peripheral
groove 33 therein.

The discharge end face 62 of the ring 38
preferably abuts against the inner surface of
the discharge head, and the ring 38 is secured

to the discharge head as by peripherally

spaced cap screws 12. . v

The ring 85 is provided with an inner coni-
cal peripheral face 63 connecting at the feed
end of the ring 35 with the inner éylindric
peripheral face 39 of the ring 34, and joining
at the discharge end of the ring 35 with the
feed end disk face of the wall 48, to form the
feed chamber 22. -

The discharge chamber 28 is formed by the
inner face of the discharge head 14, the inner
cylindric peripheral face 60 of the ring 38, the
inner conical peripheral face 64 of the ring
37, the cylindric and conical peripheral face
65 of the ring 86, and the discharge end disk
face of the wall 48. o

In operating the improved balanced ball
mill herein set forth, material to be ground is
first fed into the feed head orifice 27 as from
a chute 66. : _

The discharge orifice tube 29 is connected
as by duct 67 with an exhauster, not shown,
which sets up a suction draft crosswise of the
annular grinding chambers 242, 24b, 24° and
244, by drawing air into the first grinding
chamber 24* through the peripherally spaced

3

auxiliary air inlets 30 and the feed inlet ports
25, thence from the chamber 24* into the
¢hamber 24° through the ports 81, thence from
the chamber 24° into the chamber 24¢ through
the ports 81”, thence from the chamber 24°
into the chamber 24¢ through the ports 31"/,
thence from the chamber 249 into the dis--
charge chamber 23 through the outlet ports
26, and finally from the discharge chamber
into the discharge orifice 28. ' ’

The air thus drawn cross-wise through the
annular grinding chambers of successively
decreasing size or volume, draws with it
through the inlet ports 25, and thence thirough
grinding chambers and into the discharge
chamber the material which has been.fed into
the feed chamber. . »

The mill drum case being rétated, the ma-
terial thus drawn by the suction draft
through annular grinding chambers is sub-
ject in the grinding chambers to the grinding
action of the successive sets of grinding means
such as balls 682, 68, 68°, and 684, located re-
spectively in and substantially filling the an-
nular grinding chambers 242, 24>, 24¢, and 249,

The balls 68 of the set in the first chamber
24> are preferably the largest and heaviest
of the bails of any of the sets, and a substan-
tial portion of the total grinding action of
the mill is accomplished by the balls 682 roll-
ing against the track
chamber 242,

The successive. sets of balls 68, 68, and
68, are all preferably successively smaller in-
size and weight than the next preceding set,
and subject the material passing between
them and track groove faces of their respec-
tive grinding chambers 24%, 24¢, and 244, with
a successively decreasing grinding action.

A relatively few medium size balls 69 are

-y
(>}

80

90
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groove faces of the -

105

preferably placed in the feed chamber 22 for -

the purpose of breaking up oversize pieces
in the feed too large to pass through the in-
let ports 25. _ ,

A relatively few small balls 70 are likewise
placed in the discharge chamber 23 for the
purpose of grinding to proper size any over-
size or “tramp” material that may happen
to pass through grinding chambers.

The discharge orifice deflector tube 29 ex-
tending into the discharge chamber 23 is for
the purpose of deflecting downwards into the
discharge chamber any such “tramp” mate-
rial that may be drawn from the outlet ports
26, and the end of the tube 29 is preferably
closely adjacent the wall 48 so that the
“tramp” material must be reduced to proper
size by the balls 70 before it is drawn into the
discharge orifice. o

The mill requires no cyclone or other sepa--

110
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rator for connection with it for making a uni- -

form grade of ground product or fines. The
size of the fines discharged by the mill is gov-
erned by the suction and speed of the ex-
hauster fan. '
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When the balls 68, 68", and 68° becomes
reduced in size by wear, they may be taken
out of their chambers 24°, 24 and 24° and
placed in chambers 24°,24¢,and 244, respective-
Ly, becoming then balls 68, 68°, and (8¢, and
the worn out balls 68¢ removed from the
chamber 24% may become balls 70 for use in
the discharge chamber 23. :

I claim:

1. A ball mill and the like including walls
forming a feed chamber, a discharge cham-
ber and an annular grinding chamber, a plu-
rality of material inlet ports communicating
between the feed chamber and the. grinding
chamber, a plurality of outlet ports commnni-
cating betiveen the grinding chamber and the
discharge chamber, a plurality of auxiliary
inlet ports in the end wall of the grinding
chamber for admitting air and the like there-
to, and grinding means as balls and the like
movable in the grinding chamber for grind-
ing material passing therethrough. '

2. A ball mill and the like including rotat-
able walls forming a feed chamber, a dis-
charge chamber and an annular grinding
chamber, a plurality of material inlet ports
communicating between the feed chamber and
the grinding chamber, a plurality of outlet
ports communicating between the grinding
chamber and the discharge chamber, a plu-
rulity of auxiliary inlet ports in the end wall
of the grinding chamber for admitting air
and the like thereto, and grinding means as
balls and the like movable in the grinding
chamber for grinding material passing there-
through.

3. A ball mill and the like including hori-
zontally rotatable walls forming a feed cham-
ber, a discharge chamber and an annular
grinding chamber, a plurality of material in-
let ports commnunicating between the feed
chamber and the grinding chamber, a plu-
rality of outlet ports communicating between
the grinding chamber and the discharge
chamber, a plurality of auxiliary inlet ports
in the end wall of the grinding chamber for
admitting air and the like thereto, and grind-
ing means as balls and the like movable in the
grinding chamber for grinding material pass-
ing therethrough.

4, A Dball mill and the like including walls
forming an annular grinding chamber, a plu-
rality of material inlet ports for the chamber,
and a plurality of auxiliary inlet ports in
the end wall of the chamber for admitting
air and the like thereto. :

5. A ball mill and the like including walls
forming an annular grinding chamber, a plu-
rality of material inlet ports for the chamber,
and a plurality of auxiliary inlet ports in the

~end wall of the chamber for admitting air

65

and the like thereto, and grinding means as
balls and the like movable in the grinding
chamber for grinding material passing there-
through.

1,692,974

6. A ball mill and the like including walls
forming a plurality of toroidal grinding
chambers, inlet ports, outlet ports and com-
municating ports therefor, and one of the
chambers having a different volume than
another chamber.

7. A ball mill and the like including walls
forming a plurality of toroidal grinding
chambers, inlet ports, outlet ports and comn-
municating ports therefor, and successive
chambers having successively different vol-
uines. _ :

8. A ball mill and the like including walls
forming a plurality of toroidal grinding
chambers, inlet ports, outlet ports and com-
municating ports therefor, one of the cham-
bers having a different volume than another
chamber, and grinding means as balls and
the like movable in the grinding chambers
{or grinding material passing therethrough.

9. A ball mill and the like including walls
forming a pluvality of toroidal grinding
chambers, inlet ports, outlet ports and com-
municating ports therefor, successive cham-
bers having successively different volumes,
and grinding means as balls and the like
movable in the grinding chambers for grind-
ing material passing therethrough.

“10. A ball mill and the like including walls
forming a plurality of toroidal grinding
chambers, inlet ports, outlet ports and com-
municating ports therefor, one of the cham-
bers having a different volume than another
chamber, and a sct of grinding means as balls
and the like of one size in one grinding cham-
ber, and a set of grinding means as balls and
the like of another size in another grinding
chamber. A

11. A ball mill and the like including walls
forming a plurality of toroidal grinding
chambers, inlet ports, outlet ports and com-
municating ports therefor, successive cham-
bers having successively different volumes,
and successive sets of grinding means as balls

-and the like in the successive grinding cham-

bers, the successive sets of grinding means
having successively different sizes. :

12. A ball mill and the like including walls
forming a feed chamber and a discharge
chamber, a disk wall separating the feed
chamber and discharge chamber, ports com-
municating between the feed chamber and
the discharge chamber, and an outwardly
flanged deflector extending into the discharge
chamber and ending closely adjacent to the
disk wall.

13. A ball mill and the like including walls
forming a feed chamber and a discharee
chamber, a disk wall separating the feed
chamber and discharge chamber, ports com-
municating between the feed chamber and the
discharge chamber, and a tubular deflector
extending into the discharge chamber and
ending closely adjacent to the disk wall.

14. A ball mill and the like including walls
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forming a feed chamber, a discharge chamber

_and an annular grinding chamber, a plurality

of material inlet ports communicating be-
tween the feed chamber and the grinding
chamber, a plurality of outlet ports com-

.municating between the grinding chamber

and the discharge chamber, a plurality of
auxiliary inlet ports in the end wall of the
erinding chamber for admitting air and the
like thereto, and grindiig means as balls and

the like movable in the grinding chamber

for grinding material passing therethrough,
and a deflector extending into the discharge
chamber. - '

15. A ball mill and the like including walls
forming a feed chamber, a discharge cham-

5

ber and an annular grinding chamber, a plu- -

rality of material inlet ports communicating
between the feed chamber and the grinding
chamber, a plurality of outlet ports com-
municating between the grinding chamber
and the discharge chamber, a plurality of
auxiliary inlet ports in the end wall of the
grinding chamber for admitting air and the
like thereto, and grinding means as balls
and the like movable in the grinding chamber
for grinding material passing therethrough,
and a tubular deflector extending into the dis-
charge chamber. '

In testimony that I claim the above, I have

hereunto subscribed my name. .

WILLIAM M. BARKER,
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