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To all whom it may concern: o

Be it known that I, SAMUEL HUGHES, a resi-
dent of Charleston, in the county of Charles-
ton and State of South Carolina, have in-
vented certain new and useful Improvements
in Grinding-Mills; and I do hereby declare
the following to be a full, clear, and exact
description of the invention, such as will en-
able others skilled in the art to which it ap-
pertains to make and use the same.

My invention relates to an improvement in
grinding-mills adapted more particularly for
crushing and pulverizing phosphate rock. -

The primary object is to provide a machine
of such construction that the bulk of the ma-
terial being operated upon will be thoroughly
pulverized and prepared for use during= sin-
gle passage through the mill.

A further object isto provide a machine of
such construction that the material will be
immediately removed upon being properly
pulverized, and will not remain in the mill in-
definitely, as has been the case in many in-
stances heretofore, until it happened by mere
luck to work out or be crowded out.

Still further objects of importance are to
provide a machine in which all the journals
are accessible from the outside, where they
can be kept properly lubricated and where
they are protected from the grit and dust
coming from the material being milled.

Still another object is to provide a machine
in which an enormous centrifugal force can
be obtained and one in which a combined ro-
tary and grinding or rubbing effect is pro-
duced upon the material in the mill.

With these ends in view my invention con-
sists in certain novel features of construction
and combinations of parts, as will be herein-
after described, and pointed outintheclaims.

In the accompanying drawings, Figure 1 is
a longitudinal sectional view of my improved
mill. Fig. 2 is a front elevation with the end

removed. Fig. 3 is a rear elevation with the

end removed. -Fig. 4 is a detail showing the
fixed circular die, the central shaft, a roll and
its shaft, and a feeding-arm. Fig.5 is a de-
tached view of the large driver, and Fig. 6 is
a detached view of the disk fan.

A represents a cireular die. This die is set

horizontallyon a suitable block or support1,

where it may be held securely by a bolt or.

band 2 or other convenient meansand wooden
blocks 3 3, as shown. The die.is preferably
constructed with aslightly-inwardly-tapering
bore 4, and rolls 5 5, preferably cylindrical in
form, are arranged to co-operate with this die
to crush, grind, and pulverize the material
fed into the mill. To properly balance the
machine, I find that three rolls are desirable.
These are secured on shafts 6 6, which in turn
are arranged equidistant from one another
around a horizontal drive-shaft 7. The man-
ner of connecting these shafts may be varied;
but as the plan shown is a practical one I will
proceed to describe it as being a part of my
present invention.
aresecured to the main shaft 7 at snitable dis-
tances apart. In the former the shafts are
arranged to vibrate or slide radially from
the shaft 7, and in the latter they have piv-
otal connection. The pivotal connection is
effected by passing the end.of the shaft
through a sleeve 10, wherein it is capable
of revolving freely as occasion requires i,
and to prevent endwise movement collars or
equivalent devices 11 11 are secured on the
shafts at theendsof thesleeves.
themselves are provided with trunnions 12,
by which they are supported in driver 9. In
the large driver sliding journal-boxes 13 15
are arranged to slide in and out and the shafts
revolve in these journal-boxes. Stout spiral
springs 15 15, of sufficient tensile strength to
sustain the weight of the rolls and their shafts,
are interposed between the journal-boxes and
the hub of the driver, their purpese being
simply to resist the downward tendeney of
the uppermost roll or rolls when not held out-
ward by centrifugal force. The drivers hold
the rolls to their work and prevent twisting
or other lateral strain which would otherwise
result. The heads 16 and 17 are secured to
the opposite ends of the circular die, asshown
in Fig. 1, and the rock is fed at some conven-
ient point or points through the former.

To regulate the passage of the material
through the machine and prevent its being
fed through too rapidly, feeding-arms 18 18
are secured to the main shaft 7 just inside

A pair of drivers 8 and 9
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the head or casing 16. These arms are pref-
erably about three in number, and as they ro-
tate they catch the material and drive it in-

ward. From the enormous speed there is a.

tendency to drive the material entirely
through the die at once before it is ground;
but this is prevented by bending the arms at
their ends to form hooks 19 19. These catch
the material and tend to stop it or retard its
progress. At the opposite end of the circular
die the paddles or fans 20 20 are secured.
These devices create a draft, which, together
with their contact with the pulverized rock,
forces it out through a discharge 21, located
at some convenient place, and, in this man-
ner, the material is removed from the mill, af-
ter which it may be sereened, and if neces-
sary the coarser material ean be again passed
through the mill.

To prevent dust from blowing out of the
openings formed for the shafts 6 6 in the bead
17, a disk fan 22 is provided, This is secured
to the main shaft and its wings 23 23 are
turned to create an inward draft. This fan
not only prevents the eseape of air by creat-
ing an inward suetion, but also prevents the
inflosy of too mueh air. .

The main shaft -may be supported in any
suitable bearings, as illustrated, and it is pro-
vided with a belt-wheel or other means by
which it may be driven.. Thus it will be seen
from the construction set forth that by the
shape given the die and rolls not only is there
a rolling and crushing effect produced, but
from the fact that the interior of the die has
a conical or tapering form and the rolls a
cylindrical shape a grinding and rubbing of
the material is caused. In other words, the
outer ends of the rolls have to travel farther
than the inner ends as the circumference at
the outer-end of the die is greater than it is
at ifs inner end. Henee to compensaie for
this there must be a slipping as well as & ro-

tary motion caused by one end trying to

catch up with the other or one end waiting
for the other, so to speak, and as it seldom
happens that the rolls bear equally at any
time on the die on account of unequal guan-
tities of material getting between them and
the die it follows that the bearing- point is

continually shifting, and hence the remain-

ing portion of the rolls have to be retarded
or accelerated, and consequently the rubbing
and slipping of the rolls alluded to. This
makes the action doubly effective in pulver-
izing the rock, and in fact rock that would

- not be as readily crushed by a mere rotary

6o

motion is pulverized with ease by this com-
bined rolling and rubbing action. Further,

it will be observed that the journals are pro-
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tected from dust, being all outside of the ma-
chine, as dustis prevented from escaping, and
by my arrangement of shafts and rolls enor-
mous centrifugal force is attainable.

Having fully described my invention, what
I claim as new, and desire to secure by Let-
ters Patent, is— ,

1. In g grinding-mill, the combination, with
a horizontal circular tapering die, means for
supporting the die in this position, and a hori-
zontaldrive-shaft extendingcentrally through
the latter, of a series of rolls having rotary
pivotal connection with the drive-shaft and
adapted to co-operate in connection with the
circular die, substantially as set forth.

2. The combination, with a die and a main
drive-shaft, of rolls, shafts to which the lat-
ter are connected, said. shafts having rotary

| pivotal connection with the drive-shaft, and

drivers seenred to the main shaft and having
loose sliding connection with the roll-shafts,
substantially as set forth.

3. Thecombination,with a circulardie and
heads or shells located at the opposite ends
of the die, of a main shaft, rolls connected

therewith, and feeding-arms connected with’

the shaft, substantially as sef forth.
4. The combination, with a die and main

drive-shaft, of shafts having rolls thereon

and drivers secured to the shaft outside of
the die for supporting the roll-shafts and the
latter having loose sliding connection with
the drivers, substantially as set forth.

5. The combination, with a die and main
drive-shaft, of shafts having rolls thereon
adapted to co-operate with the die, drivers
secured on the main shaft, sleeves in which
the shafts are revolubly supported, said
sleeves having pivotal connection with the
driver, journal-boxes having sliding connec-

tion with theother driver in which the shafts -
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revolve, and springs interposed between the -

hubs of the driver and the journal-boxes for-

holding the rolls normally ontward, substan-
tially as set forth.

6." The combination, with a -die, heads lo-
cated at its ends, a main shaft, roll-shafts,
and rolls thereon, of feeding-arms having
hooks thereon, a fan for forcing the material
outofthe machine, and a disk fan for prevent-
ing escape of dust and regulating the inflow

' of air, substantially as set forth.

In testimony whereof I have signed this
specification in the presence of twosubserib-
ing witnesses. '

SAMUEL HUGHES.

. Witnesses:
W. F. TAYLOR,
V. E. HODGES.
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