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UNITED STATES PATENT OFFICE. 
CHARLES LEWIS CARMAN, OF RIVERSIDE, CALIFORNIA. 

BALL-NIILL. 

1,066,077. Specification of Letters Patent. Patented July 1, 1913. 
Application filed June 22, 1912. Serial No. 705,182. 

To all whom at may concern: 
* Be it known that I, CHARLEs LEw Is CAR 
MAN, a citizen of the United States, residing 
at Riverside, in the county of Riverside ana 
State of California, have invented certain 
new and useful Improvements in Ball-Mills, 
of which the following is a specification, 
reference being made to the accompanying 
drawings. 
My present invention relates to grinding 

machines in general and more particularly 
to a new and improved form of ball mill. 
The principal objects of this machine are 

the provision in a grinding machine of a 
novel arrangement of the passive grinding 

grinding element is effectually prevented; 
the provision in a ball mill of symmetrical 
grinding surfaces adapted to be readily re 
We" Cd when WCri) so as to present new sur 
faces to the active grinding element and the 
material being pulverized; the provision of 
a novel arrangement of grinding member's 
Telative to the angular presentment of sur 
faces to the ball mass with reference to the 
rotation of the mill, adapted to produce a 
more efficient cascade of the active grinding 
element; the provision in a ball mill of a 
plurality of grinding units, comprising syna 
metrical members removably held in place, 
presenting a series of projecting angular 
surfaces to the ball mass, each unit adapted 
to be readily reversed and replaced, present 
ing unimpaired and similar angular Sur 
faces as before; the provision of novel means 
in a grinding machine adapted to permit the 

40 

ready removal of the grinding surfaces and 
eir replacement without disturbing screen 

ing surfaces; and in general the provision 
of an improved construction and economical 
arrangement of symmetrici grinding sur 
faces in a preliminary grinding machine re 

45 

50 

movably held in position lay novel linea is si) 
that reverse unimpaired surfaces may be 
readily presented to the ball aass and mate 
rial in course of pilverization. 
These and such other objects as may here 

in after appear or are incidental to my ill 
ventioi i attain by a construction illus 
trated in preferred form in the accompany 
ing drawings, wherei :- 

Figure 1 is a sectional view thi's ligh it 
ball mill embodying my invention. 

Figure 2 is an end elevation showing one 
of the drum heads with the segmental plates 55 
in position. 

Figure 3 is a section on the line II-II of 
IFigure 1. 
Figure 4 is an enlarged detail drawing 

showing sections of the grinding plates 60 
When new, worn, and when reversed. 

Figure 5 is an enlarged perspective of the 
retaining clip and saddle for the plates. 

Figure 6 is another view of the retaining 
clip. 65 

Figure 7 is a perspective showing a sec 
tion of a grinding unit in position. 
The grinding plates arranged about the 

periphery of a ball mill are subject to severe 
and continual wear from the charge of steel 70 
balls, which charge usually amounts to sev 
eral thousand pounds, and is introduced into 
the chamber of the mill as the active grind 
ing element. It is obvious that a time ar 
rives in the operation of the mill when re- 75 
placement of the grinding plates must be 
made, if for no other reason than to preserve 

I the mechanical integrity of the machine, 
which replacement causes more or less dis 
mantling of the mill. To reduce this wear 80 
it is common to arrange the grinding plates 
eccentrically within the mill, each plate simi 
larly positioned in the heads as to present 
a series of obtuse angles to the ball mass in 
the direction of its movement. Such an ar- 85 
rangement however results in a direct loss 
of efficiency permitting slippage of the ball 
mass instead of the desired continuous cas 
cading and bombardment of the balls upon 
the material to be pulverized. This slippage 90 
is listinct and is readily noticeable at the 
top of the cascade when those balls in direct 
contact with the plates, but superimposed 
upon otle's, stay in contact with the plates 
antil they have reached a point considerably 95 
higher than the crest of the cascade, then 
slip down along the plate and enter the 
cascade. 

It is evident that where a machine is in 
continuous operation, this constant slippage 100 
of the ball mass causes excessive wear of the 
grinding plates and balls producing polished 
surfaces which increase the totill slippage of 
the ball mass, reducing the output of 
product per unit of power applied and les- 105 
sening the grinding life of the plates. 
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arrangement of breast plates is primarily 

ing a worn surface, so that on reversing and 

2. 

My new and improved construction and 
adapted to relieve this condition and elimi 
nate these objectionable features in an ap 
paratus of the class described; which to 
gether with the novel means designed to 
permit the ready removal of any plates hav 
replacing them in the mill, new and unim 
paired plate surfaces are presented to the 
ball mass without dismantling the mill or 
screens in any way. 

Referring now more particularly to the 
preferred construction illustrated in the ac 
companying drawings, I provide a ball mill 
with circular drum heads 6, said heads car 
rying at their centers hubs. 7, which are 
mounted upon a shaft 8 driven from any 
suitable source of power. 
Running from head to head and remov 

ably secured thereto is a series of metal 
grinding plates of symmetrical section, al 
ternately arranged to form back plates 9 and 
flat plates 10, which plates form the passive 
grinding element of the mill. Each pair of | 
adjoining plates 9 and 10 are brought to 
gether into a removable unit A by circum . . 
ferential retaining clips or blocks 11 adja 
cent the peripheries of both druun heads 6, 
the plate 9 being adapted to removably fit 
into recesses 12 and the plate 10 similarly 
fitting into recesses 13 in the retaining clips 
11, in a manner more fully hereinafter de 
scribed. The clips are further cored for the 
reception of suitable bolts 25 adapted to 
maintain the clips in position. 
A cylindrical perforate shell 14 forming 

a grinding chamber 15 is concentrically po 
sitioned about the heads 6, the shell being 
spaced away by an angular saddle block 
16 from each unit. A formed by the plates 
9 and 10 at each end thereof. The saddle 
block 16 forms a seat for the plates, its outer 
surface resting against the inner surface 
of the shell, and carries a lip 17 adapted to 
space the plates 9 and 10 apart. The screen 
ing mechanism comprises the perforate shell 
14 and screen 19, the shell and screen being 
secured to and spaced apart by rings 18. 
The flanges or rings 18 are secured to a se 
ries of segmental plates 20 by bolts 21 and 
the plates in turn are fastened by bolts 22 to 
external rings 23 fastened on the heads in 
such a way as to leave recesses 24 for the 
reception of the retaining clips 11. By this 
arrangement, the screening mechanism is se 
curely fastened to the heads 6. 
The breast plates are maintained in their 

relative position by the bolts 25 passing 
through the clips and the rings J.S. and pro 
vided with nuts 26 engaging the 1recess 27 
in the inner surface of the clips, the bolt 
heads 28 engaging the lugs 29 on the flange 
18 and being locked by any prefer "ed for a 
of, locking means 28°. This arrangement 

1,066,077 

eliminates any machining of the breast 
plates. 
The mill proper is inclosed by a housing 

80 provided with a hopper discharge outlet 
31 leading to any suitable conveyer means 
for the disposition of the finished product. 
A feed opening 32 is provided in the housing 
80 and one of the heads and is preferably lo 
cated about the hub. 
To avoid slippage of the ball mass already 

referred to and to provide effective cascad 
ing of the balls, each back plate 9 of a unit \ presents a substantially right angular 
projecting surface 9 to the balls 33 with 
regard to the direction of their movement 
when the mill is rotated. The flat plate 10 immediately preceding the plate 9 relative 
to the direction of the mill lies substantially 
in the same plane with regard to the direc 
tion of the movement of the balls, and as 
such offers a resting place 10' for the balls 
which come in direct contact with the angu 
lar surface 9 of the plate 9 until the crest 
of the cascade is reached, when the balls 
in falling have a bombarding action upon 
the material in the grinding chamber. The 
Outer edges of each unit A are spaced apart, 
forming apertures 34 permitting the pulve 
ized product to work through to the perfo 
rated drum shell 14, and thence to the 
screening surface 1). 
To operate the ball mill, a normal charge 

of balls is placed inside of the druun and 
the latter catased to rotate in a direction in 
licated by the arrow in Figure 1. The na-. 
terial to be pulverized is then introduced 
in the usual manner through the feed open 
ing near the hub of one end plate. 

This material is quickly reduced to a pull 
verized condition by the bombardment of 
the balls upon the cascaded material and by 
the Wearing action of the plates and escapes 
through the apertures 34, working past the 
perforated shell 1-4 to the screening surface 
19 and thence to the discharge outlet. 
Owing 
presentment of the grinding units A, the ball 
action is effective and slippage of tie ball 
mass prevented. The balls also cannot sli) 
while being carried up the ascending side 
of the drum, and upon reaching the apex 
of their travel fall clear without slippage or 
undue Wear of plate, resulting in a more 
active cascade and practically all of the balls 
being in action except those immediately 
in contact with the plates. At the foot of 
the cascade the first balls coming on to a 
late arrange theinselves against the face of 

the succeeding plate and protect it from 
further bonubardment. transferring excessive 
wear frolin an expensive plate to compara 
tively cheap ball haterial. 
As those surfaces of the plates presented 

to the action of the balls and material e 
conie worn, they are removed from the drului 

to the substantially right angular 
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illustrated its use what I claim as new and 

active grinding element. 

a series of wearing plates arranged longitu 

lar symmetrical section alternately disposed 
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by loosening up the bolts 21 and 22 thereby 
releasing the segmental plate 20. Then the 
bolts 25 are withdrawn, permitting the re 
moval of the plates 9 and 10 so that they 
may be reversed and replaced, presenting 
new and unimpaired plate surfaces to the 
material as will be readily seen by referring 
particularly to Figure 4. 
This operation can be carried out at any 

time, and without interfering in any way 
with the screening surfaces or other parts of 
the machine. Other advantages will occur 
to those skilled in the art. 
Having thus described my invention and 

following:- 
1. In a mill, the combination of a grind 

ing chamber mounted for rotation about a 
substantially horizontal axis, an active 
grinding element, a relatively passive 
grinding element arranged within the grind 
ing chamber, said passive grinding element 
consisting of a series of reversible members 
of symmetrical section so disposed therein 
that alternate members present successive 
flat and angular surfaces respectively to the 

desire to obtain by Letters Patent is the 

2. In a ball mill, the combination of a 
rinding chamber comprising a perforate 

shell and heads therefor, a charge of balls, 
dinally the grinding chamber and posi 
of symmetrical section and alternately dis 
posed to present resting and retaining sur 
faces to the balls. 

: 3. A rotatable pulverizer having a grind 
ing chamber with a charge of balls therein, 
a series of reversible grinding plates of simi 
within the grinding chamber to present suc 
cessive flat and projecting surfaces to the 
the plates in position within the chamber. 

4. In a mill of the class described, the 
combination of a grinding chamber with a 
charge of balls therein, grinding units in the 
chamber each consisting of a pair of inter 
changeable plates arranged to present rest 

ing member in the grinding chamber adapt 
ed to hold and retain in place the ends of 
said plates thereby assembling the grinding 
unit, and releasable means arranged ex 
teriorly of the grinding chamber, uncou 
pling of which permits interchange or re 
versal of the plates forming the unit where 
to the charge of balls, substantially as de 
scribed. 

5. In a ball mill, the combination of a grinding chamber consisting of a perforate 
shell and heads therefor and adapted to ro 
tate upon a shaft, a charge of balls, a series 

3. 

of grinding plates alternately positioned 
within the grinding chamber to form retain 
ing plates and resting plates for the balls, 
retaining members suitably recessed to ac 
commodate the ends of the plates, and means 
to maintain the said retaining members in position. 

6. In a ball mill, the combination of a 
shell and heads therefor an 
tate about a centrally located shaft, a charge 
of balls, a series of breast piate units com 
prising a back plate and a flatplate of sym 
metrical section positioned within the grind 
taining and flat surfaces to the balls, a pair 
of retaining clips provided with recesses for 

tial flange encompassing the exterior of the 
rinding chamber, and a connection between 

the flange and the grinding chamber. 
rinding chamber consisting of a perforate 

shell and heads therefor and adapted to ro 
tate about a centrally located shaft, a series 
of breast plate units comprising back plates 
and flat plates both of symmetrical section 
spaced apart and positioned within the 
grinding chamber to present alternate pro 
jecting and flat surfaces, a pair of retaining 
clips provided with recesses in which the 
ends of the grinding units are received, an 
nular flanges encompassing the grinding 
chamber and Secured to the heads, and a 
connection between the clips and the afore 
said flanges. : 

S. In a ball mill, the combination of a grinding chamber consisting of a perforate 
shell and heads therefor and adapted to ro 
tate about a centrally located shaft, a charge 
of balls, a series of wearing plate units com 
prising a back plate and a flat plate of sym 
metrical section spaced apart and positioned 
within the grinding chamber, so as to pre 
sent alternate retaining angular surfaces 
and flat resting surfaces for the balls, a plu 
rality of retaining clips adapted to receive 
the ends of the plates, an annular flange en 
compassing the grinding chamber and se 
cured thereto, a saddle block or seat inter 
osed between the flange and the wearing 

plate units, and removable means to secure 
the retaining clips in position. 

mill, agrinding chamber consisting of a per 
forated cylindrical shell and heads therefor, 
and provided with an inlet opening, a 
charge of balls and a series of wearing 
plates arranged longitudinally the chamber, 
said plates being of symmetrical section and 
alternately disposed with reference to their 
angular presentment to the bails to form a 
substantially right angular surface and a 
substantially flat surface in succession. 

10. The combination in a rotatable, ball: 

ing chamber SO as to present alternate re 

7. In a ball mill, the combination of a 
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mill, a grinding chamber, a charge of balls, 
a plurality of grinding plates arranged 
longitudinally in the chamber, said plates 
being alternately disposed with reference to 
their angular presentment to the ball cas 
cade to form a substantially right angular 
surface and a substantially flat surface 
thereto in Succession, and retaining members 
shaped to receive the ends of one or more 
lates. . . . . 
11. The combination in a rotatable ball 

mill, a grinding chamber consisting of a 
shell and heads therefor and provided with 
a feed opening, a charge of balls, a plurality 
of grinding plates arranged longitudinally 
in the chamber, said plates being alternately 
disposed with reference to their angular 
presentment to the ball cascade to form a 
Substantially right angular surface and a 
Substantially flat surface thereto in succes 
sion, rétaining members shaped to receive 
the ends of one or more plates, and means 
adapted to removably hold the members in 
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position. 
12. The combination in a rotatable ball 

mill, a grinding chamber consisting of a 
shell and heads therefor and provided with 
a feed opening, a charge of balls, a plurality 
of grinding plates arranged longitudinally 
in the chamber, said plates being alternately 
disposed with reference to their angular pre 
sentment to the ball cascade to form a sub 
stantially right angular surface and a sub 
stantially flat surface thereto in succession, 
retaining members suitably recessed to re 
G. the ends of adjacent plates, removable 
means adapted to hold the retaining mem 
bers in position, and a connection between 
the removable means and the retaining mem 
bers. 

13. In a mill of the class described, the 
combination of a grinding chamber, a 
charge of balls, retaining clip member's, and 
a series of grinding units, each unit consist 
ing of a plurality of symmetrical plates dis 
posed at Substantial right angles to each 
other so as to present successive wearing 
and agitating surfaces to the active grind 
ing element, the ends of the said unit being 
held in said retaining clip members. 

14. The combination in a rotatable grind 
ing mill, a grinding chamber consisting of a 
perforate shell and heads therefor, a charge 
of balls, a series of wearing plates arranged 
betweeil the heads in tie chamber, retain 
ing members suitably sinai:ed to receive the 
ends of the wearing tes, a saddle block 
between the plate 'etaining linenbel's anal 
the shell, and mea is ad: the 
membel's ill position Siii)Stantially as cle 
scribed. 

15. In a rotatabie bail nil, the combina 
tion of a grinding chai: bar consisting of a 
perforated cylindrical shiel and heads there 

f) e 
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of the heads, a charge of balls a series of grinding units comprising a plurality of 
symmetrical plates positioned within the 
grinding chamber having the surfaces which 
contact with the charge of balls alternately 
differing with respect to adjacent plates 
relative to the angle of presentment, a plu 
rality of retaining members suitably shaped 
to receive the ends of the plates, and means 
comprising the annular flange 18 and plate 
20, adapted to removably hold the retaining 
members to the heads, removal of said plate 
permitting the withdrawal and replacement 
of the plates in the manner set forth. 

16. In a mill of the class described the 
combination of a grinding chamber and 
heads therefor, a screening member about 
the heads, one or more detachable plates circumferentially connecting the screening 
member to the heads, a plurality of grinding 
members located in the grinding chamber 
circumferentially of the heads and substan 
tially in a lined relation with the said detach 
able plate or plates, so arranged that any of 
said grinding members may be readily re 
noved from the grinding chamber by the 
uncoupling of a plate in alinement there 
with, substantially as desgribed. 

17. In a mill of the character described, 
the combination of a grinding chamber, a 
foraminous plate circumferentially arranged 
about the grinding chamber, a series of 
wearing plates in the grinding chamber, and 
a plurality of detachable segmental plates 
exteriorly arranged between the foraminous 
plate and the grinding chamber whereby 
any one or more of the said wearing plates 
may be removed from the grinding cham 
ber by the uncoupling of a corresponding 
segmental plate. . 

18. In a mill of the class described, the 
combination of a grinding chamber pro 
vided with heads, grinding plates and clips 
therefor, a perforated plate arranged about 
the grinding chamber, and releasable means 
positioned between the perforated plate and 
one of the heads to space them apart to per 
mit ready reversal or removal of any of the 
grinding plates by uncoupling the said re 
leasable means. 

19. In a mill of the cia SS described, the 
combination of a grinding chamber, retain 
ing clip members, and saddle blocks there 
for, and grinding units consisting of a pair 
of wearing plates having their ends fitting 
into the said clip members and spaced apart 
by the said saddle blocks, the said plates be 
ing positioned in the clip member's Siubstan 
tially at right angles to each other. 

20. In agrinding mill having a grinding 
chamber and wearing plates positioned 
therein, the conbination of a retaining clip 
member recessed to receive the ends of a 
pair of wearing plates, and a saddle member 

for and provided with a feed opening in one adapted to hold the retaining member and 
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wearing plates in fixed relation, said saddle 
member being provided with a lip adapted 
to space apart the said wearing plates. 

21. In a mill of the class described the 
combination of a grinding chamber, a plu 
rality of grinding plates in the chamber, re 
movable holding means therefor, and de 
tachable means in alinement with said hold 
ing means and releasable exteriorly of the 
chamber, so that when the detachable means 
are uncoupled any of the grinding plates 

may be removed without affecting the 
alinement of the other plates in the grinding 
chamber. 

In testimony whereof I have hereunto 15 
signed my name in the presence of the two 
subscribed witnesses. 

CHARLES LEWIS CARMAN. 
Witnesses: 

W. HERBERT Fow KEs, 
M. H. ERICKSON. 


