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To all tho), it may rocer". 
Be it known that I, CLARENCE Q. PAYNE, a 

citizen of the United States, residing in the borough of Manhattan, city, county, and 
State of New York, have invented certain 
new and useful Improvements in Methods 
of and Apparatus for the Grading or Sizing 
of Materials of Ali Kinds, of which the fol 
lowing is a full and true description. 
My invention relates to a methott of an 

apparatus for sizing, without the use of 
screens, of unsized or crushed materials of 
all kinds, whereby the particles of different 
sizes are so acted upoa that they are enabled 
to arrange themselves in a series of grolips 
in each of which the individual articles are 
of approximately equal volumes or sizes, 
My invention consists in acting upon 

material while it is being conveyed length 
wise of a transversely inclined warped Ol' 
helicoidal surface, so that differences in the 
statical moments, and in the frictional re 
sistances of the different sized particles coll 
posing the material cause then to love 
across the transporting surface at differint 
points thereof, and thus to separate the lil 
selves into a series of groups of diffei'ent 
sized particles. 

It also consists in means for varying the ill 
clination of the warped or helicoidal surface 
as a whole, so as to adapt it more perfectly 
to the grading or sizing of different late 
rials in which the relative in 'opolitions of the 
coarse or fine sizes thereof vary widely. 

In the accompanying drawings, Figures 1 
and 2 illustrate the principles involved when 
particles of different sizes roll and slide upon 
an inclined surface. Figs, 3 and 4 illus 
trate the application of my invention to a 
reciprocating table. Fig. 5 shows in end 
view an inclined endless beit with its Sup 
porting frame and means for tilting the 
frame sidewise so that the transverse in 
elination of the belt may be varied as a 

Figs. 6, 7 and 8 illustrate in jian, 
et and side views the application of ly ill 
vention to an inflined endless belt, upon 
willch the sizing takes place. 
To illustrate, more clearly the underlying 

principles embodied in my invention, I have 
shown in Figs. 1 and 2 on a greatly enlarged 
scale particles of different sizes which rest, 
upon inclined planes X-Y, In Fig.1 three 
particles, A, B and (, of irreguler sizes are 
assumed to rest, upo an pal area repre 
sented in section by the a t-i-E r sit 

bility of a particle resting upon such an in 
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 statical moment is the measure if 
the stability of a particle, and is the produ't 
of its weight by the distance of its line (if 
gravity from its edge of rotation. WI; 
resting on an inclined plane, the line 
gravity falls toward the lower edge of the 
body, and the condition of not being over. 
turned by its own weight is that the line of 
gravity must fall within this edge. 

In the particular illustration of particles 
of different sizes, such as A, B and C, Fig, i. 
whose centers of gravity are represented by 
G, G and G, it is clear that while the par. 
ticle A is in a condition of stable equilibriu; , 
since its overturning is opposed by the stati 
cal moment equivalent to the weight G' laul 
tiplied by the distance F-E, the largest. 
particle C could not remain in the positioi 
shiown in Fig. 1 since its vertical line of 
gravity falls beyond the edge of rotation F. 
It will therefore roll down the incline X-Y 
by its own weight. The particle B, on the 
other hand, is in a position of unstabie 
equilibrium, since the vertical line through 
the confer of gravity G" passes through the 
edge of rotation E. Its statical ohnet her 
ing Zero, only a slight force will be required 
to overturn it and cause it to roll down late 
incline X-Y. 
The above is intended to illustrate dia. 

grammatically what is also a matter of colm 
non observation; viz., that a large particle 
resting upon an inclined starface is in a po 
stion of less stable equilibriuin than a smal 
particle. Its center of gravity being at a 
greater distance above its point of support, 
it is more easily acted upon by jarring Gr 
by an overturning force. It follows from 
the above considerations that when the al 
gle of inclination of a smoot surface upon 
which rest particles of difier's nt sizes is 
gradually increased, the particles of the 
largest size, are the first to roll down the 
incline. As the angle of the surface is still 
further increased, the next largest particles start rolling, followed successively by parti 
cles of smaller. and smaller diameter, unti 

* fan an inclingtion of about 45 de 
grees evit finest particles are discharged. 
E. move in an inclined stai face by stig as weas by overturning. 

The enditio of stability against sliding is 
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that the component of the force tending to 
case it to slicle shall lie less than the rod 
act of the weight of the particle into the co 
flicient of fiction let Ween the base of the 
article a nil its supporting strface. This 

coefficient of friction is the tangent of the 
angle of 'cose, or the angle at which the 
supporting surface unust he raised before 
the particle begins to slide. If all friction 
could be eliminated between the base of the 
particles and their supporting surface, they 
wold the all start at the same time and 
wouli i v i y ith the sale velocity do will 
tly inclined surface irrespective of their 
siz. Such a crudition night, by way of 
illustration, be conceived of by assuming 
that the cushiqin of steam (linder globules of 
wate1 in a spheroidal state on a hot E. 
does away with sliding friction. Globile 
of all sizes would then a lové with equal fa 
cility with the slightest inclination i tie 
late. In the case of crished (re particles 

resting von a sit oth sini face, however, it 
is noticitle that shall particles have a 
higher cer', ient of friction that the large 
part clu. . . . . . their angle of repose is 
steeper. 

If a smooth surface of almost any mate 
rial be examined with a Diagnifying glass, 
it is seen to have innumerable irregularities 
such as minute pits and hollows, and the smaller the particles which rest upon sitch 
a surface, the more they are able to obtair 
footholds for their projecting points and 
edges, and thus to resist notion. Such a re 
lation is indicated approximately on an en 
larged scale in Fig. 2. 

It is tie object if y invention to lifilize 
lifferences it stallility, broth of l'olling and 
of slitling in the treatment of unsized pill 
ticles upon an inclined surface, in order to 
size then. as simply and ecollennically as 
ossible. I acci n) lishing this lurpose. 
milke ice of a strface whose transverse in 

climation progressively increases as the na" 
terial is conveyed lengthwise thereof, so that 
particles of a decreasing size are successively 
acted on and discharged at separate inter. 
vals 
The object of my invention can also be 

best attained y avoiding mass action of the 
material undergoing sizing, although I am 
aware that this principle has he retofore been 
employed for similar. work I y other types of 
apparatus. My invention. (in the contraly 
contemplates the treatinent of the material 
in a thin sheet at a high speed upon a 
smooth surface, whose transverse inclina tion is progressively increased as the nat: 
rial is conveyed in the direction of its length. 
My invention does not contemplate the tise 
of surfaces having artificial roughnesses 
or irregularities, such as correlations o' grooves, which haye heretofore been prld 
posed to accomplish siniir work 

, table and are 

The process of sizing covered by my in 
vention inlay be embodied in various types of 
apparatus, two of which are respectively 
illustrated in Figs. 3, 4, and in Figs. 5, 6, 

a ( , ()tle' types or iodifications there. 
of will suggest theiselves to those skilled in 
the art 

II Figs, 3 : It a reciprocating table is 
slow in Wlose surface A' is given a transverse 
illelination, and is so curved that the angle 
of illelitiation gradually increases from X, 
Y' to X Y. Such a curved surface is 
technically (lefined as a warped or heli 
coidal surface. This is a special form of 
yarped surface, which is formed by a right 
line generatrix moving in contact with two 
direct rices, 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 lead motion, indicated, diagram 
natically 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 
in 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 of the table 
deck. In 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 

ischarged. As the material 
is moved farther and farther along the 
curved surface of the table deck, it en 
counters an increasing angular inclination 
in a 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, 8, this effecting a sizing of the material 
into as many groups of different sizes as 
nav be desired. 

in Figs, 6, 7 and 8 I 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 in an in 
clined position by means of the frame R. 
This frame and 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 naterial such 
is le: her, rubber, cotton, etc. It is sup 
ported by a series of idler's L., I, between the 
two end pulleys M and N. The front edge 
of the belt is preferably maintained in a 
horizontal position as shown in Fig 7 for 
convenience in collecting the sized material 
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 pull 
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ley and belt from an outside source of power. 
F. 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 
occupy a twisted or curved position, as indi 
cated more clearly in Fig. 7 in end view. 
Such a surface becomes in effect a warped or 
helicoidal surface, and particles conveyed 
lengthwise thereof 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, may he so placel as to 
divide the difference between these two an 
gles, viz., 20°, unifornly among themselves, 
so that the transverse inclination of the belt 
surface will vary by uniform increments. 
The rate of the transverse angular changes 

of such a surf, e is clefined by the frame and 
supporting r is rs, and is not conditioned by 
the rate of charge 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 sized is fel from a hopper, 
H', through the regulating gate ls upon the 
pper left hand corner of the belt l', whicl 

is calised to move in the direction of the in '- 
row by means of the triving mechanisin; 
shown at the right hant end of the fielt. 
the feel end of the belt its transverse in 
clination is a minini n), and the coal'est par 
ticles of the material which cannot remain 
at rest upon saich a slope. say 25', are at Once 
(ischarged across the belt an are collected 
in the chute f. With the : cyance of tie ina 
terial pon the belt, it rea?ies an passes a 
position of greater inclination)--sity 27° 
where particles of the next greatest size are 
(ischarget by rolling anal slitling across the 
helt into the chite 2. In the sale way 1)- 
gressively finer particles as they encounter 
secessively increasing inclinations of the 
beit surface are lischarget from the edge 
of the belt into the lites 3, 4, 5, etc., tip to 
! (), By shading alternate lands of articles 
in Figs. (3 and 7 as they indergo sizing in 
the satrface of the belf, the action of the belt 
sizer is indicated diagi'antiatically sinle 
what noire clearly. 

It will be olbvious that where a crushed 
material contains a preponderant amount of 
the finer sizes, that the steeper slope of the 
let sizer will be more in tise than the flatter 
slope. Also where the laterial contains a 
lairer proportion of course sizes, the flatter s 

slope will then be in greater use. In order 
to adapt the sizer to a wide l'ange of work, 
I find it desirable to adjust the transverse in 
clination of the belt as a whole so as to per 
mit the initial and final angles of the belt 
slope to be more closely controlled. For this 
purpose, as shown in Fig. 5, the frame RR 
may be supported by pivoted bearings, O, on 
one side and by a series of adjusting screws 
Q. on the other, or any equivalent device, in 
O'del to vary the transverse inclination of 
the belt as a whole in accomplishing the pur 
pose described. By thus varying the trans 
verse angle of inclination of the belt as a 
whole, and also where it is necessary, by in 
'reasing the length of the belt and running 
it at a high speed, it becomes possible to 
subdivide any insized aggregate of parti 
cles int) as many closely sized groups as may 
be desired. 
Iaving this described my invention, I 

claim : 
1. The method of sizing material com 

posed of unsized particles which consists in 
charging it upon a transversely inclined 
st liface no two consecutive rectilinear ele 
lalents of which lie in the same plane, and 
which forms a walped surface, moving said 
surface longitudinally and causing said par 
ticles to occupy progressively increasing an- 95. 
gles of inclination upon said surface, dis 
charging progressively dininishing sized 
particles transversely to the direction of mo 
tion of said surface, and separately collect 
ing the clifferent sized particles. 

2. The nethod of sizing laterial com 
posed of particles of varying sizes whick 
('onsists in charging it it pon a surface hav 
ing zones of increasing and separately vary 
ing transverse declinations, varying the los 
gravitational effects upon said particles by 
Inoving then longitudinally thereon, dis 
charging progressively decreasing sizes 
thereof transversely to the motion of said 
material, and separately collecting the dif- 110 
ferent sizes. V . 

3. The nethod of sizing. material com 
pose of articles of varying sizes which 
consists in charging it upon a flexible end 
less belt whose surface is sub-divided intol zones of increasing and separately, varying 
transverse declinations, varying the gravi. 3 
tational effects upon said particles by movs. 
ing then longitudinally thereon, discharg 
ing progressively decreasing sizes thereof 20 
transversely to the motion of said material, 
and separately collecting the different sizes. 

4. The method of sizing material con 
posed of unsized particles which consists in 
charging it upon a helicoidal surface having 125 
a series of zones of increasing and separately. . . 
varying transverse declinations, culveying , ; 
said material into positions of successively . . . 
greater declinations thereon, discharging . . 
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versely to the motion of saic laterial, and 
separately collecting the clifferent sizes. 

5. The methol of sizing laterial ("on 
posed of particles of different sizes, which 
consists it clburging a thin sheet of Said lila 
terial upon a sinooth helic' (dial strface. (On 
veying said material at a high speed into 
ones of increasing and separately varying 
transverse declinations thereo), listcharging 
gradually decreasing sizes thereof trans 
versely to the notion of said material, and 
separately collecting the different sizes. 

6. In an apparatus for sizing nate iii, 
composed of unsized particles, lie (') in billa 
tion of a transversely incline let whost it) - 
per strface forms a warped stir face, means 
for charging the naa erial to be sized lipoli 
one end of said belt, meals for moving ti' 
belt longitudinally, and means for se: rately 
collecting the differed sized particles as 
they are successively released and lischarget 
transversely from sail belt. 

7. The method of sizing material con) 
posed of particles of varying sizes, which 
consists in charging it upon the tippel star. 
face of an endless belt which has a series of 
zones of increasing and separately varying 
transverse declinations and forms a helicoi 
dal surface, conveying said material into lo 
sitions of progressively greater declination 
thereon, disclharging gradually lecreasing 
sizes thereof transvel'sely to the notion of 
said material and separately collecting the 
different sizes. 

8. In an apparatus fol' sizing nate 'la 
consposed of particles of varying sizes, a 
flexible support the surface of which is trans 
versely inclined at an increasing and \ary 
ing angle, in combination with means for 
moving said surface longitudinally, in eans 
for feeding the material to be sizel upon 
said surface, and means for separately "ol 
lecting the different sized particles as they 
are released and discharged fron said sai 
face. 

9. In an appalatus for sizing material 
composed of particles of varying sizes, a 
flexible endless belt whose surface is trans 
versely inclined at a ri': lally illeasing 
and varying angle, in coli bination with 
means for noving Said belt longit dinally, 
means for feeding the laterial to sized 
upon sail surface, and means for separately 
collecting the different sized particles as 

tley are released and discharged 'ans 
versely to the motion of said material. 

10. In an apparatus for sizing material 
couposed of in sized particles, an endless 
belt whose upper surface forms a helicoid:l 
still face, in combination with means for low 
ing said belt longitudinally, means for feed 
ing the material to be sized upon said belt, 
and Ileans for separately collecting the dif. 
ferent sized particles as they are discharged 
from the belt. 

11. In an apparat its for sizing material 
closed of tin sized particles, an endless 
belt whose tile surface is inclined (rais. 
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versely at a progressively increasing angle, 
and forms a helicoidal saiface between its 
end supports, in 'onlination with means 'o' 
:Ioving said belt longitudinally, means for 
?eeding the laterial to be sized upon one 
eill of said belt, and means for separately 
collecting the different sized particles as they 
are progressively released and discharge 
transversely to the notion of said belt, 

12. In an apparatus for sizing material 
composed of unsized particles, an endless 
belt whose upper stiface is inclined trans 
versely at a progressively increasing angle, 
and for is a helicoidal surface between its 
end supports so placed that the outer edge of 
said belt occupies a horizontal position, in 
combination with means for moving said 
elt longitudinally, means for feeding the 

material to be sized upon one end of said belt, and illeans for separately collecting the 
clifferent sized particles as they are progres 
sively released and discharged transversely 
to the motion of said belt. 

13. In a apparatus for sizing material 
composed of particles of varying sizes, an 
endless belt whose surface is supported upon 
a series of guide-roller's which are trans 
versely declined at increasing and sepa 
rately varying angles, in combination with 
Jaeans for feeding the material to the end of 
the belt having the zone of least declination, 
aeans for conveying said material into the 
Zones of increasing declination, and means 
for separately collecting the different sizes 
:as they are discharged transversely to the 
Iotion of said laterial. 

(ARENC, (J. WYN . 
Witnesses: 

WALTEI S. JoN., 
OLIVERM, PENNINGTON. 
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