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To all whom il may ¢ raeera .

Be it known that T, [uxiy AL Due.
the city of (;imhle.)ton, State of South Carolina,
have invented a new and useful Linprovement
in Attrition-Mills, of which the following is a
full, troe, and exact deseription, reference De-
iug Lad o the aceompanying drawings,

My invention relates to that elass of mills
in which the anlmw or- pulverizing of the
material to be ground is accomplished by the

impaet and rubbing of particles or portions of

such material ag: alnst each other, and is there-
by distinguishable {rom those wmills in which
the grinding is done betw een two permanent
wearing-sur fnces.

1618 no doubt true that in all grinding-mills
whatsoever a portion of the avipding iy done
Ly the purticles themselves, as well as by the
rubbing-surfaces; butin the present inv ention
the grinding is exclusively done between the
particles of the material passing through the
mill, in which respect iy differs from any of the
nsual forms of arinding or attrition mills now
in use

I am aware that many forms of attrition-
mills have been nnde; but, so far as I know,
in il these mills the substance to be ground
has been caused to impinge against a surface
permanently attached to the machine, so that
the grinding or attvition in these mills is pro-
dueced by two canses: fivst, the impinging of
I e wlm tances passingth mnon the millagainst

sarfacg peranently attached thereto; see-
mul by the movement or impact among the
pal'ticies o1 portions of the substanee which is
passing through the nill )

The attempt which I have made o this ap-

wratus is, so fiav as is possible, to avoid the
rauses, and 1o du‘omphbh the
?;nn(lmn .':uhlslv(h 3y the impact or friction
between the particies of the Hllb‘i{(ll]l(‘pd‘w%lnﬂ
throogh the mill. I therehy obt ml avery im-
pvuim( vesult, namely: 1 avoid the necessary
wearing awnay of the grinding or impact sur-
fuces which huve ‘w“u p%\'imm!\' employedin
attrition-mills, and £ substitute for mch per-
manent surfices & eonstantly-xenewed snrlace
or body of the material 1t~(,][, and I use my
apparatas sinply as a means for giving mo-
tion to the substances to be’ ground, and not
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ax in any way tending or aiding in the pul-

Jr., of D vevization of sueh partieles, except as I have
Just deseribed.

An analogous ease to this invention would
be that of a millstone having a constantly-re-
newed surface, which surface was itself com-
posed of the material to Le ground.

The construction of my apparatus is.simple,
and cousists generally of a series of revolving
tubes or. channels fixed in a wheel revolving
about the gentral axis through which the ma-
terial to be ground is constantly passing and
is gonstantly being delivered at the ends of
sueh tubes against a corvesponding body of
the material to be ground, which is simulta-
neounly passing thro ngh 2 beucg of clianuels
and-revelving in the opposite divection.

Centnmg, 11 force causes a body revolving
about a fixed ceuter to fly off 'at a tangent to
its are of revolution and to seek to retveat as
far as possible from sueh revolving axis, In
my apparatus I utilize this force for the pur-
pose of forcing the stircam of material to be
ground agam»t the grinding-surface. Thema-
terial so acted npon by this ecentrifugal force
iy not allowed to obcapo freely {from the cen-
iex, as is usunally the case, but is confined i
guiding-c nnm,l,s where it is vetained till the
end of the Lohm‘m which is pagsing through
such chaunnel is. pulverized by ifs 'lttutz(m
against another similar grinding- swface, and
the material only advances-in the confined
channel with the same rapidity as it 13 ground
oft or allowed to escape from the delivery end
of such chaunnel.

This retaining of the material within the
mill tillit is ground sufficiently fine to escape—
which fineness is antomatically defermined by
the mill, as will be hereinafter deseribod—I
consider onc of the most important features
of my invention, for in all other mills with
which T am acquainted a considerable guan-
tity of material is delivered atonce to tlm mill,
and is acted upon.by the apparatus as a whole

(il it has been reduced to a sulficiently fine

condition fo meet the requirements of the cuso
in my mill, on the other haund, no matter how
much m &tm’ml is fed to it, onlb a sindl sur-
face is acted upon at anee, utilizing the whele
foree of the mill in grinding a small portion
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of the sabstance passing throngh if, so that
no matter how uch material may be fed to
the mill it will ouly reqoirve about $he same
power to operateit. Thisismanifestly untroe
of any other of these mills, for in thew a mass
of material, whatever it may be, is asted npon
as soon as it is delivercd through the hopper,
and the greater {he mass of materfal so acted
upon the greatér the forde necessary 1o eper-
ate the mill.

My invention is clestly get forth in the ac.
companying drawings, in which similar letters
of rveference yefor to sitnilay parts, in whiche—

igurs 1 represents o generdd view of my ap-
paratnos, the right side being shown in cross-
section, the lefs side in perspective. Itig. 2
represents o lateral elevation, showing the

b
feeding-hopper and adjusting-wheel. ¥Tig. 3
& i ik { g ©
of the delvery end of

2

vepresents o pion View
wy revolving wheel, showing the removable
ping. Fig. 4 is a crosssection of the same.
Tig. 5 vepresents o view of the body i my
wheel, showing elearly the channels through
which material is pussing. Fig. 6 represonts
& cross-scetion of the same. 3 :
In mycowplete apparatus & detachable wear-

ing-ring, Fig. 4,1s attached to the main wheel-
frame (shown in Fig. 6) by means of screw-

bolts, which are shown in Fig. 1, so-that the
channel, as it Is shown in Fig. 4, becomes a
. continnation of the channel &, Fig. 6.

- My mill is sapported generally upon a bed-
plate, D 1¥. Tpon this bed-plate there vest
the sliding supporting-frames ¥ IV, which sup-
port the revolving operation of my mechan-

ism. These sliding supperting-frames I are
supported sud guided by means of the tongae
and groovem n. {Shown elearlyin Fig.2.) The
position of this sliding frame T is dotermined
by the wheel W, which acts in o thread cubvin
the said frame, and ig itself supported by a
collar attached to the bedplate D, Attached
to the center of the bed-plafe I is the main
sasing M of iny apparatus.  This has two de-
livery-passages, X O, one above and one be-
low,

Sapported by the tvoarmsk i of the sliding
frame Fis the revolving shatt B, which is put
in motion by means of the pulley ¥, and has
two bearings, € &
and revolving in the beawing €, are a series
.of rings, techiically known as “thrust-rings,”
for the purpose of preventing any longitudi-
nal movement of the shatt B in the bearing C.
"Attached to the inner end of this shaftis a
vevolving wheel-frame, A, which is attached
firmly to the revolving shaft B by vicans of
the serew ¢ This wheel A cousists of a re-
volving eylinduical body, and is composed,
generally, of two purts, which are represented
in Figs. 4 and 6, and ave Jottered » 5

s consists of a wheel-frama or revelving
plate, iy which vscrewed to the revolving shaft
B, Attached to ihis revolving Tateo
By menns of {h webs or vadi

*oirenlar inclosing surfae

SR I IS

‘intericr channel in the casing

Attached to the shaft,

lar opening between the wheel 2 and the sur-
rorsiding and inclosing surface which is repre-
sented by the channel ¢ in Fig, 5, while the
weba b are shown in Fig. 5, dividing-the annn-’
lar space into the annular opesings @ & ¢.

The ring #, haviag a flauge, g, is placed npon
the wheel s, s shown clearly in ¥ig. 1. This
flange, surronnding the cireumferenca of i, to
which it s firmly bolted by means of the screw-
boits, is shown in Fig. 1.~ When this wearing-
ring v is attached to the wheel ¢ the entire ap-
paratus assuines the shape shown in fig. i,
having the channels @ @ passing completely
through said revolving wheel. The outer sur-
face of these chunnels is a enrved surface, as
may be sleéarly seen from the drawings.

The center portion of the wheal Als removed,
as shown at o, for a parpose to be hereinafter
explained. Forming part of the wheels is the
anpulur fange #, which flange revelves in an
{Shown

cleayiy in Fig, 1.} K
surrounding the central sbaft 7, and at-
tached to the wheel s, is the sylindricalsieeve
A, which revolves with the shaft within 2 cen-
tral aperture in the casing M, as is clearly
seen in Fig. 1. The purpose of the channel p
and the-eylindrical sleevs 2 is to contine the
material fed to the apparatus within the chan-
nels 4 aud prevent it8 escape to any other por-
tion of the apparatns, while they atlow of the
Iateral adjustment of the revolving wheels.

¥ntering the casing M is the hopper 3,
whieh delivers elose to the veniral shaft, as is’
seen in Fig. 1. By means ot this hopper 5
th6 material to be groand is fed to the appa-
ratas, ) .

The parts just described are daplicated on
the other side of the apparatus, and are rep-
resented there by similar letters, the only dif-
arenice pebween the two sides being the direc-
tion of tevolution of the shafs B and B, which
revolve in opposite directions,

The operation of thoe apparatus can how be
slearly undersiood.  The shaft B iy pot in
revolusion ab.a high velocity by moans of the
palley P, rotating the wheel A, with its various
detachable portions. The shalt B/ g similuzly -
revolved in an opposits divection.  1f the ma

terial e fed throagh the hopper 8 &/, it will

fall by gravity into the revelving chaunels &
¢, and wjll, by means of the radial partitions b,
havethe velosity of the revolving wheel im-
parted toit. Owing tothe centrifugal foree
thereby imparied to it, it will tend to advance
through the channelsa; gnd in passing through
such chaunels it will gradually bave the di-
reefion of its motion changed till it escapes
frum the delivery ends of such chavnels; hav-
ing 2 motion at an angle to that which it would
wave had it been free to escape from the ‘wheel
A. This change of motion is communicated
to it by means of the eurved gurfaces forming
ihe outside of the channel g, which exterior
surface goides the material and causes it to
change the dirvection of its motien till it es-

b
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eapes ab the ciremferential openings of said
ehi mudm as above deseribed.  In its passage
to the delivery-opening of the channels a the
material has not been ground ov pulverized in

any way, excepting “lmt slight pulverization

uay have been occasioned b) its first impact
with the revolving partitions b, and it is only
st the cirenmferentind opeuings in the chan-
nels '« that any practieal grinding or attrition
is done, e
Tf the wheel A were revolvi ing against a per-
manent surface and were held clmely against
it, it is obvious that no material conld escape
from the delivery end of the channels a; but,
the material to be ground passing through the
channels @, and being forced through those
chaunels b‘v the great centrifugal force due to
the rapid revolution of the apparatus, it is ob-
vious that that portion of the material to be
ground which was i1 contact with the fixed

surface wounld be ground and rubbed by it to-

“powdér. If) now, the revolving wheel were
withdrawn half an inch from the fixed surface,
it is cbvious that only such particles of the
material to be ground as were less than half
an inch in diameter conld escape between the

- fixed surface and the revolving wheel. In
other words, the distance between therevolv-
ing wearing-ving + and the suppositious fixed
surfuee against which it was revolving wounld
defermine the fineness of the partldeb which
eould eseape firom this apparatus, and all par-
ticles greater in size than the annular opening
between the revolvi ing wheel and the fixed sur-
face would necessarily be retained within the

ppayatns till they were reduced to a size suffi-
ucntb amall to escape through the annalar
opening just deseribed.  In other words, this
annular opening would serve as a regulator of
the fineness of the particles which were de-
livered from this mzu:hine, and would take the
place of a sieve or similar eontrivance for sep-
arafing particles or bits of ditferent size, but
would have the additional advantage, owing
to the fact that it is in rapid motion, that the

. wmpm particles ecoulid not clog or choke up
the opening, as they mig n: do the meshes of a
sieve.

Ttis with the object of regulating thesize of
the particles which are to be delivered from

- this machine that I have provided the sliding
frame ¥ and the regulating-wheel W, whereby
the distance between the revolving wheel A
aund. the opposite grinding-sirface can be va-
ried to admit of the various degrees of fineness
of delivered material required,

Frow this explanation it is apparvent that
my machineanight be a practically operative
one oven if halt only were used; but this would
nob aceomplish the principal objeet which I
have in view, which is the avoldance of any
grimIin;:»mn'f'u,u permanently attached to the
maehine, It wl“zium(lnplu:utum" apparatus,
as nhove deseribed, and t'ued to both sides of
it by mesnsof (}I(‘}i()})])k’l‘h S8 approximately
w{-mi antonnts of the waterial -to be ground.
Phis materal entoring the chamber Detween

axis of
| possible that a machine might be constructed

the revolving-wheel and the stationary easing
of the machine comes, as has been plevmuslv
described, in contact with one of the revolving -

radial p&l‘tltl()lls, and passes throngh d)e L}mn-
nels o',

It is obvious.that the nunber of par titions
or webs employed to econuuet the exterior with
the interior frame of the revolving: wheel is a
matter of convenience, and, provided the mu-
terial to be acted upon hy centrifagal foree
had the velocity of thé rotation of the wheel-
frame communicated to'it, it is nnimportant
how many of sach webs Wme used, and it is
possible that a single one might be satisfac-

torily employed.

The less the number of radial partitions
and the less their thickness the greater will
be the grinding-surface at the circumferential

i deliverv—opeuingh of the revolving wheel, and

thereforé. it is, to a certain e\reut, an advan-
tage to 1’educe the namber of these partitions”
as ﬁu‘ as possible.

Sufficient material is fed through the hop-
pers S 8 to both sides of the apparatus to
keep the revolving chanuels practically full.
The centrifugal force acting upon the mate-
rial contained in these channels forees it for-
ward in them and gives it a tendency to es-
cape at the cireamferential openings, as has
been previously deseribed. When the mate-
rial arrives at these openings it neets a simi-
lar stream of material striving to escape in a
similar way throangh the opposite ehannels «/,
and these two streams of material are, there-
fore, pressed- and ground against eadl other,
thepressure with whmh they are forced agaiist
each other Leing due te the centrifugal force
wlhich they have dequired from the rapidity of
their revolution, in which respect this mill
differs from two millstones; between which a
substance may be ground, because the press-
ure tending to grind the sabstance contained
between two millstones is due to the weight
of the millstoues, while the pressure tending
to.grind the materials passing through this
mill is dae to a centritugal force, the direetion
of which has been altered by the exterior gnid-
ing-surfaces of the channel , so that the twe
streamns of material may be forced againse
each other, which conld not be conveniently
done if ‘(he centrifugal foree were allowed
to earry off the material at a tangent to the
its original revolution. DBut it is

having a series of ch(unwla at right angles to
the revolving axis, through w lnch tllo maute-
rial to be ground conld be fed; but this mate-
rial mwllt be caused to .smumml this revoly-
ing w lleul,dml thereby an apparatus conld be
made which would embody substantially my
mvention, although only oue revolving wheel
was used.

It is plain, likewise, that the angle at
which the material escapes fvom the eireum-
ferential ()pt‘llllli{h of the channels « is imma-
terial, amnd it s siniply a question of experience
and convenienee what this-angle may be; bat
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the less the angle at which the ctirents of ma-
terial escaping through the opposite wheels
meet, the greater will be the pressurs befween
these two sireams of material. The pressure

betweon these twostreamsor surfacesof grind-.

ing material can also be regulated by the
speed of revolntion of the two revolving
wheels just as the weight between fwo miil-
stones conld be inereased Ly using heavier
stoner: and by regulating the speed of reve-
Intion and the sizeol the aunuiar opening be.
tween the revelving wheels, the proper con-
ditious for reducing any substance to any re.
‘quired degree of fincness eun be obtained.
The two streams of material meeting alb the
annular opening, as has just been described,
tend to escape therefrom laterally, and to fly
out from the eircnmference of the two reveis
ing wheels. o
In the passage of the material between
1hiese two revolving surfaces itis obvious thoat
a certain amouut of wear will be ceeasioned ;
but this wear is uot due to a grinding of the
materials ia, the sense in which a permanent
grinding-surface is worn in the ordinary mill,
since these revolving surface bui itle
more than zconductors or r siors of the
size of the pariicles passing between them.
Te meet, bewever, auy -vear which may re-
sult from the passage of the. material which
is already groemud between them, I have made
auch-sorfaces alterabls, and can readily sab-
stituteone wearing-ring for another, as isshown
in Figs, 4 and 6. . .
_ After the particles havi; once left the annu-
Tar eirenmterential openings they. pass imme-
diately through the annuglar opening between
the revolving wheels, and are not retained
there for the purpose of further reducing thein,
while in the ordinary millstoues in which the
magerial is fed to the conter and delivered at
the periphery it may be thoroughly groand at
a very slight distance from the ceater, but,
neverthelese, is obliged to continue between
the grinding-stones until it reaches. the pe-
“viphery.and escapes tlierefrom, which may
be @ slow process, thereby causing unnec-
essary wear to the grinding-surfaces and pos-
sibly injaring the material to be ground;
while in this apparatus the instant a parti-
cle has been redaced to « size sufficiently small
to pass through the aunular opening between
therevolving wheeis, it instantly escapes there-
from and pdsses ouft into the casing M, from
which it will escape either by means of the
delivery-opening N or O.
cles will eseape at the opening N; the heavier
ones will fall by gravity through the opening O,
The objectof the cirenlarcavity v, previously
deseribed, is twéfeld.  In the first. place it re-
duces the weight of the revslving wheels by,
removing therefrom a body of metal whieh'is

I 9
3R

of no practieal utility.” In the sccond place,’

in case any of the material passing through
the mill should drop between the two revolv-
ing wheels toward their axes, which might be
possible during the temporary steppage of the

The lighter parti-

machine, then such material woyld not clog™

or sfop the machine, for the reagon that the
material so falling between thd- contiguous
surfaces of the revolving wheels would fall
into the larger space formed by,-’ the adjacent
girenlar eavities v and o' : o

An autowmatic arrangement might be readily
devised for keeping the two retolving wheely
at an. equal distznce from each other,/and
thereby coun ting the effects.of any wear
upon thealte: - (e

able rings » previousty described.

Trom the foregeing description it is plain
that the principle of my invention consists in
the use of; practieally, two sirfaces conposed
of the waterial to be grount, which surfaces
ave awomatically pressed against eacl other
as if by the weight of a milistone, and which;

-surfacos ave so constructed and combined with

guiding-chinunels or containing-surfaces that
the particles of material ground or’abraded
befween the eontigrouns grinding-surfaces just
described caunnot escape from the apparatus
until they have been rednced below & certain-
size and have attalued a certain findness.
The revolving portions of my machiue con-
sivt simply of a series of conductors and con-

taining controlling or guiding surfaces, by
wmeans of which the resalt abeve described is

accomplished; and no permanent ‘parts of my
machine are used for the purpose of grinding
or abrading any.of the substances passing

- shrongh them, and any such abrasion is puly

an incidental result, and one which it is;de-
sirable, ao far ag possible, to avoid; in which
respect oy machine differs froth any hereto-
fore constructed with which I am acguainted.
What I claim as my invention, and 'desire.
to seenre by Letters Patent, is— i
1. In a grinding-mill, & revolving 'wheel

provided with a closed radial chanpel; whicl-

channel has its delivery-opening nearer the

periphery than the receiving-opening,for the '/

purpose of receiving and passing through the
wheel the substance t¢ be grouad,:thereby
giving to it the same rotation as that with

whicli the wheel is revolving, and delivering -

it-at an angle to the plane in which the wheel

is revolving. =~ -

2, The improvement in theprocess of grind-

$ihg, consisting in redueing the substance to be
ground. by impact and friction against itself

_solely, as distinguished from the process of

reducing a substance partially by izpact and
friction against a permanent surface, and par-
tially by impaet and friction against itself,
substantially as deseribed. ot
3. In & grinding-mill, a revolving wheel
having a c¢losed channe} ent through such re-
volving wheel, which channel has its entrance
on one side of the wheel and its delivery-aper-
ture on the other side of the wheel, its deliv-
ery-aperturs being sitnated farther from the
axis of rotation than its entrance, substan-
tially as deseribed. - . o
4. The combination, in a grinding - mill, of
mechediism whereby two surfaces of the mate-’

rial to be abraded are formed, and mechanism
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_ for forcing these surfaces to travel past and

against each other, substantially as deseribed.

8., The combination, in a grinding-mill, 6f a
channel or channels for receiving the material
to be ground, a grinding-surface proximate to
the delivery-port of said channel, and mech-
anism forcing the material to be ground by
centrifngal force through the channel, whereby
each particle of the material to be ground is
subjected to the grinding-surface until it is
sufficiently reduced to escape through an open-

ing of a determined size, substautially as de-

sceribed. . . -
6. The improvement in the process of grind-
ing grain and other materials, consisting in
causing two snitably-guided distinet streams
of the material to be ground to impinge against
each other, thereby grinding and abradin g the

particles composing the two streams, substan-

tially as described.

7. The improvement in the art of grinding,
consisting in forcing two distinct streams of
the material to be ground against each other
while given an adverse movement transverse
to their flow, substantially as deseribed.

8. In a grinding-mill, two rotating wheels
revolving around the same axis, and each hay-
ing ‘closed channels passing through said
wheels, which channels have corresponding
outlets, substantially as described, whereby
two streams of the material to be ground are
caused to impinge against each other,

9. The combination, in a grinding-mill, of a
_closed chaunel.or channels for Teceiving -and
“regulating the escape of material, and mech-

anism for forcing the material by centrifugal
force into and through said channels, sub-
stantially as described, :

10, In a grinding-mill, a revolving wheel,
A, having a closed channel, a, passin g through
‘the frame of said wheel, and provideéd with the
alterable wearing-sarface , throughwhich the
channel ¢ is contiuned, substantially as de-
seribed. .

11. In a grinding-mili, the combination of
two independent wheels revolving il epposite
directions, and provided with closed channels,
havingadjacentcorresponding openings,which

openings are provided with alterable wearing-

surfaces, substantially as deseribed.

12, A grinding-mill provided with two op-
posed sets of revolving channels, which sets
revolve independently aronnd a common axis,
and have their corresponding delivery-open-

ings sitnated at the same distance from the
central axis, substantially as described,

13. A grinding-mill provided with two wheele
revolving in oprosite direetions, which wheslg
are provided with the closed ehanuels a and
', and the central cavities v, substantiaily as
deseribed,

" 14. The combination of a revolving wheel,
having a closed cliannel or channels for she
bassage of a stream of grain or otlier material,
and a grinding or attrition surface in immedi.
ate proximity to the delivery-port of said chan-
nel, whereby the wmaterial to be raduced is re-
tained in said revolving channel until it is suf-
ficiently reduced to escape through an open-
ing of a determined size, and is then allowed
to escape immediatelyinto the delivery, there-
by avoiding unnecessary alirasion and. uunee-

o

essary expenditure of power, substantially as

T deseribed.

15. The process of reducing substances here-
inbefore deseribed, whick consists in deliver-
ing the material to the mill within a closed
channel, whieh materialis subséq uently passed
through two revolving channels, and is by
them compacted into two grinding-surfaces,
which are forced together by the pressure of
the gradually - advancing material, and are
caused to pass over each other.

16. In o grinding-mill, the two wheels A
and A’, provided with channels ¢ and a'y and
mounted upon two adjustable sliding frames,
F and I, whereby the distanece between said
rovelving wheels may Lo varied, sulstantially
as described.

17. In a grinding-will, the combination of
two wheels, A and A/, revolving in opposite
directions, supported on the adjustable frames
I and I, and provided with the alterabla
wearing-surfaces » and ¢, substantialiy as de-
seribed. ‘ '

18. In a grinding-mill, two wheels A and
A’y revolving in opposite directions, which
wheels consist of a central revolving wheel or
disk, &, provided with partitions or webs I
which connect it with the exterior surface, 4
between which webs the material is passed fo
be ground a$ the delivery-aperiures « of the
channels, sabstantially as deseribed.

HENRY A. DUC, Jxz.

Witnesses:

8. T, Suryrivanw,
B. N. DIoKERSON, Jr,



