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To ald whom it may concern.

Be it known that I, CLareNce Q. PAYNE, a
citizen of the United States, residing in the
borough of M(mhattan. city, county, and
State of New. York, have mwmed certain
new and useful Improvements in Methods
of and Apparutus for the Grading or Sizing
of Materials of All Kinds, of which the fol-
lowing isg a full anfl trhe description.

My invention refates to a method of and
apparatus for sizing, without the use of
screens, of unsized or crushed matertals of
all kinds, whereby the particles of different
sizes are so acted npon that they are enabled
to arrange themselves in a series of groups,
in each of which the individuul particles are
of approximately equal volumes or sizes.

My -invention consists in acting upon
material while it is being conveyed length-
wise of a transversely {nclined war pod or
helicoidal surface, so that differences in the
statical moments, and in the frictional re-
sistances of the different sized particles com-
posing the material cause them to move
across the trahsporting surface at different
points thereof, and thus to sepavate them-
selves into a series of groups of different
sized particles.

It also consists in means for varying the -
clination of ‘the ' warped or nelicoidal surtace

“as a whole, so as to adapt it more perfectly

to the grading or sizing of different mate-
rials in which the'relative proportions of the
coarse or fine sizes thereof vary widely.

In the accompanying drawings, Figures 1
and 2 illustrate the prmclples involved when
particles of different sizes roll and slide upon
an inclined surface. Figs. 3 and 4 illus-
trhie the application of my invention tc a
reciprocating table. Fig. 5 shows in end
view an inclined endless helt with its sup-
porting frame and meéans for tilting the
frame sidewise so that the transverse in-
elination of the belt may be mned 48 4
Figs. 6, 7 and & illustrate in plan,
etad and side views the application of v in-
vention to an inclined endless belt, upon

wlhich the sizing takes place.

To illustrate more clearly the underlying
principles embodied in my invention, I have
shown in Figs. 1 and 2 on s greatly enlarged

" seale partlcles of different sizes which rest

Ay
T

upon inclined planes X—Y, 1In Fig. 1 three
particles, A, B.and C, of irregulgr sizes are
assumed t0 rest upon an ev% ual_area repre-
senteq in section by the Hne DB Tha =ia.
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bility of a particle resting upon such an -

clined plane is the resistance which its weight -

enables it to oppose against forces tending
to overturn it, or to slide it along its sup-
port. The statlcal moment is the measure of
the stability of a particle, and is the prodit
of its weight by the distance of its linc of
gravity from its edge of rotation. When

resting on an inclined plane, the line »i ¢

gravity falls toward the lower edge of the
body, and the condition of not being over
turned by its own weight is that the live of
gravity must fall within this edge.

In the particular illustration of particles
of different sizes, such as' A, B and C, Fig. 1,
whose centers of grav1ty are repreqentnl mr

L, G and G, it 15 clear that wlhile the
U(‘lb A is in a condition of stable equilibr m.n,
since its overturning is opposed by the stati-
eal moment equivalent to the weight G* mul-
tiplied by the distance F—, ‘the- lavgest
particle € could not remain in the position
shown in Fig. 1, since its vertical lme of
gravity falls beyond the edge of rotation If.

" It will therefore Toll down the incline XY

by its own weight. The particle B, on the
other hand, is in a position of unstabie
equilibrium, since the vertical line through
the cenfer of gravity G* passes.through the
edge of rotation E.. Its statical wotnent he-
ing zero, only a slight force will be required
to overturn it and cause it to roll down the
ingline X—Y,

The above is mtended to illustrate dia-
grammatically what is also a matter of com-
mon observation; viz,, that a large particle
resting upen an inclined sarface is in a-po-
sition of less stable equilibrivin than asmall
particle. Its center of gravity heing at ‘a
greatep distance above its point of support,
it is more easily acted up(m by jarring or
by an overturning force. follows from
the above considerations tlmt when the an-

- gle of inclination of a smootir surface npon

which rest particles of diffierent sizes s
gradually increased, the particles of the
L})tmst size. ave the first {o roil down the
incline. As the angle of the surface is still
further increased, the next largest particles
start rolling; followed successiv ely by parti-
cles of smaller. and smalev diameter, until
finally. fogmt an mclumtmn of abont. 45 de-
grees, ew;m the finest patticles are discharged.

]’apuc 9s(%§0 move gwn an inclined sui-

‘a8 by m’mtumuw

face by stidipg as wel
I'tv agairst shiding is
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that the component of the force tending to
cuuse it to slide shall he less than the prod-
uet of the weight of the particle into the co-
cflicient of friction between the base of the
particle and its supporting surface.  Tlos
coeflicient of friction is the tangent of the
angle of repose, or the angle at which the
supporting surface must he raised before
the particle begins to stide. T all friction
could he eliminated between the base of the
particles and their supporting surface, they
would then all start at the same time and
would maove with the smne veloeity down
the “inclined surface irrespective of their
size.  Such a coudition might, by way of
illustration, be conceived of by assuming
that the cushion of steam ander globules of
watel in a spheroidal state on a hot Flat«
does away with sliding frictton.  Globule
of all sizes would then movéwth vqual fa
eility with the slightest inclination of tin
plate. In the case of erushed ore particles
resting epon a smooth surface, however, it
g noticenble that small particles have a
higher coetficient of friction than the large
pavtelus; 7 o their angle of repose is
steeper.

If a smooth surface of almost any mate-
rial be examined with a magnifying glass,
it is seen to have innummnerable ivregularities
sich as minute pits and hollows, and the
smaller the particles which rest upon sitth
a surface, the more they are able to obtair
footholds for their projecting points and
edges, and thus to resist motion, Such a re-

iation is indicuted approximately on an en

targed scale in Fig. 2.

It is the object of my mvention to utilize

differences in stability, both of rolling and
of sliding in the treatment of unsized par-
ticles apon an inclined snrface, in order to
size them. as simply and economically as
possible.  In aceomplishing this purpose.
1 miuke nse of a surface whose transverse in-
clination progressively increases as the ma-
terial is conveyed lengthwise thereof, so that
particles of 4 decreasing size are successively
acted on and discharged at separate inter-
vals :
The abject of my invention can also be
hest attained Ly auvoiding mass action of the
material undergoing sizing, although I am
aware that this principle hag heretofore been
employed for similar-work ny other types of
apparatus. My invention. on the contrary.
contemplates the treatment of the material
in a thin sheet at a high speed upon o
smooth surface, whose transverse.inclina-
tion is progressively increased as the mate-
rial is conveyed in the direction of its length.
Myv inventign dees not contemplate the use
of surfaces having artificial roughnesses
or irregularities such as corrugations o
grooves, which have heretofore been pro
posed to accomplish simiiiar work

The process of sizing covered by my in-
vention may be embodied in various types of
apparatus, two of Which are respectively
Hlustrated in Figs. 3, 4, and in Figs. 5, 6,
Tand 8, Other types or inodifieations there-
of will suggest themselves to those skilled in
the art

[r Figs 3 wndd | a reciprocating table is
shown wliose surface A! Is given a transvetse
inclination, and is «o curved that the angle
of melination graduaily increases from X3,
Y' to X° Y% Such a curved surface is
technically «lefined as n warped or heli-
coidal surface., This is a special form of
varped surface, which is formed by a right
line generatrix moving in contact with-two
directrices, one a right line and the other a
line of double curvature such as the arc

of a helix. In operation the table-is given a -

reciprocating motion by means of any con-
venient head motion, indicated. diagram-
matically by TV, so as to impart a slow for-
ward and quick return motion to the table,
in order to propel the material fed upon it
m the direction of its length.

Upon feeding the unsized material upon
the table A from the hopper H, the motion
of the table causes the particles quickly to
fan out as they move lengthwise o? the table
deck. Tn doing so the largest sized particles
of the feed material are the first to start roll-
ing and sliding across the table, since their
statical moment is least upon a moving in-
clined surface. The largest particles there-
fore reach the points 1, 2 at the edge of the

-table and are discharged. As the material

is moved farther and farther along the
curved surface of the table deck, it én-
counters an increasing angular inclination
in p transverse direction. This causes the
next largest particles to be discharged at the
points 2, 3 of the table edge, and so on until
the finest of all:the particles are removed at
7. %, thus effecting u sizing of the material
into as many groups of different sizes as
may be desired.

n Figs. 6, 7 and 8 1 have shown the
principle of my invention applied to an end-
less belt conveyer. Here the end pulleys M
and N support a conveyer belt I' m an in-
¢lined position by means of the frame R.
This frame ahd accessory mechanical sup-
ports are omitted in Figs. 7 and 8 in order
to show the belt more clearly. The belt may
be of any convenient flexible material such

lesiher, rubber, cotton, ete. Tt is sup-
ported by a series of idlers L, L, between the
two end pulleys M and N. The front edge
of the belt is preferably mamtaned in a
horizontal position as shown in Fig 7 for
convenience in collecting the sized materinl
discharged from it.

The belt is driven in any convenient man-
ner as, for example, by means of bevel gears
S, S and a countershaft W, operated by pul-

70

75

80

86

90

95

100

105

1156

120

126

130




.0

15

20

25

30

35

4(

i
=1

t

1,288,284

ley and belt from an outside source of power.
‘The pulley N at the driving end of the belt
is maintained at a steeper angle than the
pulley M at the feed end. This disposition
of the pulley and the intervening idlers L,
L, causes the upper surface of the belt to
otcupy a twisted or curved position, as indi-
cated more clearly in Fig. 7 in end view.
Such 4 surface becomes in effect a warped or
helicoidal surface, and particles conveyed
lengthwise thercof are supported upon a
progressively steeper angle of the belt sur-
face, as shown in end view of the belt, Fig. 7.

If, for example, the pulley, M, is support-
ed at an angle of 25, with the horizon, and
pulley N at an angle of 45°, then the inter-
mediate idlers L, L may be so placed as to
divide the difference between these two an-
gles, viz:, 20°, uniformily mmong themselves,
so that the transverse inclination of the belt
surface will vary by uniform increments.

The rate of the transverse ahgular change
of such'a surf: »e is defined by the frame and
supporting raii rs, and is not conditioned by
the rate of chaage in the preceding or fol-
lowing sections of the surface. The angles
of the guide-rollers may therefore be inde-
pendently varied in order that the zones of
separation- included between each pair of
rollers may be more perfectly adjusted to the
separation of the component sizes of the ma-
terials to be graded. :

In operating this form of belt sizer, the
material to be szed 1s fed from o hopper,
2, through the regnlating gute X, upon the
upper left hand corner of the belt P, which
v enused to move in the direction of the ar-
row by means of the driving mechanism
shown at the right hand end of the helt.
the feed end of the belt its transverse in-
clination js @ minimum, and the conrest par-
ticles of the material which cannot remain
at rest npon such a slope, say 259 ave at onee
dischavged aeross the belt and are collected
in the chute 1. With the adyanee of the ma-
terind upon the belt, it reaches and passes a
position - of  greater inclination-—say  27°
where particles of the next greatest size ave
dizcharged by rolling and sliding across the
helt into the chute 20 In the same way pro-
gressively finer particles us they encounter
steeessively inereasing  imelinations of the
belt surface are discharged from the edge
of the belt into the chutes 3, -k 50 etel, up to
10, By shading alternate bands of particles
in Figs, 6 and 7 as they undergo sizing upon
the surface of the belf, the action of the helt
sizer s indicated  dingrammatically  some-
what more clearly. g ‘

It will be obvious that where 2 crushed
material containg a preponderant amonnt of

- the finer sizes, that the steeper slope of the

helt sizer will be more in use than the flatter
slope.  Also where the material contains,a
larger proportion of coarse sizes, the flatter

At

slope will then be in greater use. In order
to adapt the sizer to a wide range of work,
I find 1t desirable to adjust the transverse in-
clination of the belt us @ whole so s to per-
mit the initial and final angles of the belt 70
slope to be more closely controlled. IFor this
purpose, as shown in Fig. 5, the frame RR
may be supported by pivoted bearings, O, on
one side and by a serles of adjusting screws
Q. on the other, or any equivalent device, in 75
order to vary the transverse inclination of
the belt as 0 whale in accomplishing the pur-
pose deseribed. By thus varving the trans-
verse angle of inclination of the belt as a
whole, and also where it is necessary, by in- g0
creasing the length of the belt and running
it at a high speed, it becomes posible to
subdivide any unsized aggregate of parti-
clex into as many closely sized groups as may
be desired. 85

aving' thus deseribed my invention, I
claim ;

1. The method of sizing material com-
posed of unsized particles which consists in
charging it upon a transversely inclined gg
surface no two consecutive rectilinear ele-
ments of which le in the sume plane, and
which forms a warped surface, noving said
surface longitutdinally and causing said par-"
ticles to occupy progressively increasing an- g%
gles of inclination upon saud surface, dis-
charging progressively  diminishing  sized
particles transversely to the direction of mo-
tion of said surface, and separately collect-
ing the different sized particles,

2. The method of sizing mwaterial com-
posed of particles of varying sizes which-
consists in charging it npon a surface hav-
ing zones of increasing and separately vary-
ing  transverse .declinations, varying the
gravitational .effects upon said particles by
moving them longitudinally thereon, dis-
chirging progressively decreasing sizes
thereof transversely to the motion of said
material, and separately collecting the dif-
ferent sizes. oo : i

3. The wethod of sizing. material com-
posed of particles of varying sizes which
consists in charging it upon a flexiple end-
less belt whose surface 1s sub-divided into’1
zomes of increasing and separately. varying
transverse declinations, varying the gravi--% -
tational effects upon said particles by mov:
ing them longitudinally thereon, discharg-
ing progressively decreasing sizes thereof
transversely to the motion of said material,
and separately collecting the different sizes.

4. The method of sizing material com-
posed of unsized” particles which comnsists in .
charging it upon a helicoidal surface having 125
# Series of zones of increasing and separately. -
varying transverse declinations, conyveying - -
said material into positions of successively .-
greater declinations thereon, discharging ' -
gradually decreasing sizes thereof trans- 13¢
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versely to the motion of said muaterial, and
separately collecting the different sizes.

5. The method of sizing materinl com-
posed of particles of different sizes, which
consists in churging a thin sheet of said nia-
terial upon a smooth helicodial surface, con-
veying said material at a high speed into
_ones of increasing and separately varying
transverse declinations thercon, discharging
gradually decreasing  sizes thereof. trans-
versely to the motion of said material, and
separately collecting the different sizes.

6. In an apparatus for sizing materiag
composed of unsized pacticles, the combina-
tion of a trausversely inclined Lelt whose up-
per surface forms a warped smrface, means
for charging the maerial to be sized upon
one end of said belt, means for moving the
belt longitudinally, and means for separately
collecting the differedt sized particles as
they are successively relensed and discharged
transversely from said Delt.

7. The method of sizing material com
posed of particles of varying sizes, which
consists in charging it upon the upper sur-
face of an endless belt which has a series of
zones ot increasing and separately varying
transverse declinations and forms a helicol-
dal surface, conveying said material into po-
sitions of progressively greater declination
thereon, discharging gradually ecreasing
sizes thereof transversely to the motion of
said material and separately collecting the
different sizes.

& In an apparatus for sizing material
composed of particles of varying sizes, a
flexible support the surface of which 1= trans-
versely inclined at an increasing and vary-
ing angle, in combination with means for
moving said surface longitudinally, means
for feeding the material to be sized upon
said surface, and means for separately col-
lecting the different sized particles as they
are released and discharged from swid sur-
face.

9. ITn an apparatus for sizimg material
composed of particles of varying sizes, o
flexible endless belt whose surface s trans-
versely inclined at a gradually increasing
and varying angle, in combination with
means for moving said belt longitndinalty,
neans for feeding the material to he sized
upon said surfuce, and means for separately
collecting the different sized particles as

they are released and dischurged (rans-
versely to the motion of saad material.

10. In an apparatus for sizing material
composed of unsized particles, an endless
belt whose upper surface forms a hehicoidal
surface, in combination with means for mov-
ing said belt longitudinally, means for feed-
ng the material to be sized upon said belt,
and means for separately collecting the dif-
ferent sized particles as they are discharged
from the belt. B

11. I an apparaves for sizing material
camposed of unsized particles, an endloss
belt whose upper surface Is inclined trans-
versely at a progressively increasing angle,
and forms a helicordal surface between its
end supports, in combination with means Tov
noving said belt longitudinally, means for
Jeeding the material to be sized npon one
e of satd belt, and means for separately
collecting the different sized particles as they
are progressively released and discharged
wansversely to the motion of said belt.

12. In an apparatus for sizing material
composed of unsized particles, an endless
belt whose upper surface is inclined trans-
versely at a progressively increasing angle,
and forms a helicoidal surface between its
end supports so placed that the outer edge of
said belt occupies a horizontal position, in
combination withh means for moving said
belt longitudinally, means for feeding the
material to be sized upon one end of suid
belt, and means for separately collecting the
ditferent sized particles as they are progres-
sively released and discharged transversely
to the motion of said belt. :

13. In an apparatus for sizing material
composed of particles of varying sizes, an
endless belt whose surface is supported upon
a series of guide-rollers which are trans-
versely declined at increasing and sepa-
rately varying angles, in combination with
means for feeding the material to the end of
the belt having the zone of least declination,

means for conveying said material into the,

zones of Increasing declination, and means
for separutely collecting the different sizes
as they are discharged transversely to the
motion of said material,
CLARENCK Q. PAYNE.
Witnesses:
Warter 8. Joxnwu.,
Onrver. M. PENNINGTON.
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