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ADJUSTABLE SPLIT WEIGHT GYRATORY SIFTER

CROSS-REFERENCE TO RELATED APPLICATION

The present application claims priority to US Application Serial No.: 15/145527 , filed

May 03, 2016, which is incorporated herein by reference in its entirety

BACKGROUND

[0001] Sifters and vibratory separators are used in a variety of applications for separating
materials by size. For example, sifters and vibratory separators may be used to separate
sized particles or to separate solids from liquids. These devices may be used to screen
materials in various industries for industrial sorting, manufacturing operations, oil and

gas drilling and production operations, etc.

[0002] Gyratory sifters are used in a variety of applications for separating solids by size.
These applications include separating particles of sugar, flour, sand and various chemical
powders. Gyratory sifters may be used for both wet and dry screening. Gyratory sifters
include screens or perforated plates oriented generally horizontally, sloping from the head
end (feed end) to the tail end (discharge end) of the sifter. The screens may be disposed
in a screen basket. The screen basket may be suspended by a set of hangers that allow
the basket to move on a horizontal plane. An eccentric drive mechanism, e.g., a belt
driven eccentric weight, or other motive force is coupled to the screen basket to provide a

circular motion substantially in a horizontal plane.

BRIEF DESCRIPTION OF DRAWINGS

[0003] FIG. 1 is a cross-sectional view of a gyratory sifter in accordance with

embodiments disclosed herein.

[0004] FIG. 2 is a perspective view of a drive having two eccentric masses in accordance

with embodiments disclosed herein.
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[0005] FIG. 3 is a perspective view of the drive of FIG. 2, wherein the drive includes two

equal eccentric masses in accordance with embodiments disclosed herein.

[0006] FIG. 4 1s a perspective view of the drive of FIG. 3, wherein a resultant force of the
two eccentric weights is shifted by a change in mass of one of the eccentric masses in

accordance with embodiments disclosed herein.

[0007] FIG. 5 is a schematic of a drive having two eccentric masses in accordance with

embodiments disclosed herein.

DETAILED DESCRIPTION

[0008] In one aspect, embodiments disclosed herein relate to an apparatus for sifting or
separating sized particles. More specifically, embodiments disclosed herein relate to an
apparatus for imparting a circular or elliptical motion to a screen basket. Embodiments
disclosed herein relate to gyratory sifters which include a drive system that produces a
reaction force that drives the screen basket through a circular or elliptical path in a
horizontal plane. Although descriptions of a gyratory sifter are provided herein, one of
ordinary skill in the art will appreciate that a drive system in accordance with

embodiments disclosed herein may be coupled to other types of sifters and/or separators.

[0009] In another aspect, embodiments disclosed herein relate a gyratory sifter that
includes a screen basket and a drive system coupled to the screen basket. The drive
system includes a motor and a drive. The drive has a draft shaft to which two eccentric
masses are separately coupled. The drive is coupled to the gyratory sifter such that the
two eccentric masses rotate about the drive shaft in a horizontal plane, a first eccentric

mass above a second eccentric mass.

[0010] In one or more embodiments, the drive, and in particular the first and second
eccentric masses (collectively referred to herein as the swinging masses or rotating
eccentric masses) are positioned proximate a center of the gyratory sifter. In some
embodiments, the swinging masses may be positioned below screening surfaces of the
gyratory sifter, above screening surfaces of the gyratory sifter, or between one or more

screening surfaces of the gyratory sifter. In accordance with embodiments disclosed
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herein, the swinging masses are positioned proximate a center of gravity of the gyratory
separator, such that the swinging masses rotate approximately around the center of

gravity of the gyratory separator.

[0011] In accordance with embodiments disclosed herein, vertical motion of the
vibratory sifter may be minimized to increase contact of material to be separated with the
screening surface of the sifter. To increase contact of the material with the screen
surface, and thereby increase efficiency of the sifter, motion of the sifter is maintained in
a substantially horizontal gyration to move the material to be sifted from side to side and
front to back along the screening surface(s). The movement of the sifter may be
maintained in a substantially horizontal gyration (i.e., minimization of vertical motion of
sifter) and may be accomplished by aligning a force line of the drive with a plane of the
center of gravity of the sifter. More specifically, as discussed in greater detail below, a
drive may be provided or adjusted such that when the swinging masses are driven by the
drive shaft, the summation of the forces of the two eccentric masses results in a force line
in plane with the center of gravity of the sifter. By aligning the force line of the rotating
eccentric masses with the center of gravity of the sifter, torque on the sifter may be
reduced or eliminated and vertical motion of the sifter may therefore be reduced or

eliminated.

[0012] Further, embodiments disclosed herein provide a sifter that allows for the force
line of the rotating eccentric masses to be adjusted. Specifically, in accordance with one
or more embodiments disclosed herein, a mass of the first eccentric mass and/or a mass
of the second eccentric mass may be adjusted (increased or reduced) to move the
resultant force line of the rotating eccentric masses a vertical distance. Thus, should the
center of gravity of the sifter move, due to, for example, increased weight of equipment
or material in or coupled to the sifter, the mass of one or both of the rotating eccentric
masses may be adjusted to move the resultant force line to correspond with (be in plane

with) the center of gravity of the sifter.

[0013] In yet another aspect, embodiments disclosed herein relate a drive system coupled

to a gyratory sifter such that the two eccentric masses rotate about a drive shaft in a
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horizontal plane, a first eccentric mass above a second eccentric mass. Each mass is
coupled to weight arm coupled to the drive shaft. The mass of the first and/or second
eccentric masses may be sufficient to displace the first and/or second eccentric masses
(and therefore a distal end of first and/or second weight arms), such that the eccentric
masses are offset from horizontal. The weight of the first offset mass and the second
offset mass may produce large axial and downward rotational loads on the first and
second weight arm and the drive shaft, which may cause undue vibration in the sifter and
reduce the life of a bearing assembly coupled to the drive shaft. Thus, in accordance with
one or more embodiments disclosed herein, the mass of the two eccentric masses may be
selected so that as the eccentric masses are rotated about the drive shaft, the resultant
centrifugal force and upward torque generated counteracts a downward force of the
weight of the two eccentric masses and the rotational moment imparted on the gyratory

sifter.

[0014] More specifically, and as discussed in more detail below, a first offset mass of a
first weight arm is positioned proximate a distal end (an end opposite an end coupled to
the drive shaft) of the first weight arm and a second offset mass of a second weight arm is
positioned proximate a distal end of the second weight arm. The mass of the first
eccentric mass and the mass of the second eccentric mass are selected such that when the
drive is off or not in operation, 7.e., when the weight arms and eccentric masses are at
rest, the eccentric masses displaces a distal end of the first weight arm and second weight
arm, respectively, a vertical distance downward. In other words, at rest, the first and
second eccentric masses are offset in a downward position from a horizontal position.
When the first and second weight arms are rotated about the drive shaft, the resultant
centrifugal force and upward torque move the displaced or offset distal ends of the first
and second weight arms a vertical distance that is approximately equal to and opposite
the vertical distance the eccentric masses displaced the distal ends of the first and second
weight arms at rest. Thus, when the first and second weight arms are rotated, in
accordance with embodiments disclosed herein, the weight arms extend radially from the

drive shaft in a substantially horizontal or planar position.
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[0015] Referring now to FIG. 1, a gyratory sifter 100 in accordance with embodiments
disclosed herein is shown in cross-section. As shown, the gyratory sifter 100 includes a
screen basket 101 and extends from a first end 102 (i.e., a feed end) to a second end 104
(i.e., a discharge end). A system of hangers 105 may be coupled to the screen basket 101
to support the screen basket and enable the screen basket to move in a circular or
elliptical path in a horizontal plane. The gyratory sifter 100 may include one or more
screening surfaces 106 disposed in the screen basket 101. In accordance with one or
more embodiments, each screening surface 106 may include a ball box (not shown)
having a screening material or mesh disposed or tensioned over the ball box. The
screening surface(s) 106 may be positioned within the screen basket one above the other.
Sized particles are retained on the screening surface(s) 106, the screening surface(s)
having openings or apertures of a predetermined size. In some embodiments, the
screening surface(s) may separate or sift the material to be separated in series. In other
embodiments, the screening surface(s) may separate or sift the material to be separated in
parallel. Although the gyratory separator 100 shown in FIG. 1 shows twelve screening
surfaces, one of ordinary skill in the art will appreciate that fewer or more screening

surfaces may be included in the screen basket 101.

[0016] Gyratory motion is imparted to the screen basket by a drive system 108. Gyratory
motion provided by the drive system 108 moves the material on the screening surface(s)
from front to back and side to side. The drive system 108 includes a motor (not shown)
and a drive 110. As shown, drive 110 includes two eccentric masses, a first eccentric
mass 112 and a second eccentric mass 114, coupled to a drive shaft 116. The drive 110
may be belt driven, such that a belt (not shown) may be coupled between the motor (not
shown) and a pulley 124 coupled to the drive shaft 116. The drive 110 also includes a
bearing assembly 118 coupled to the drive shaft 116. As shown, the drive shaft 116 is
oriented generally vertically within the screen basket 101. The first and second eccentric
masses 112, 114 are coupled to the drive shaft 116 and oriented horizontally, generally
perpendicular to the drive shaft 116. The first eccentric mass 112 is positioned above the
second eccentric mass 114 and spaced apart from the second eccentric mass 114 a

vertical distance. In other words, the drive 110 includes a “split-weight.” The drive 110
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may be positioned below the screening surface(s) 106, above the screening surface(s)
106, or as shown in FIG. 1, the drive 108 may be positioned between screening surface(s)
106. In accordance with embodiments disclosed herein, the drive 110 is positioned
proximate a center of gravity of the sifter 100, and more particularly, the screen basket

101.

[0017] The drive 110 may be coupled to the screen basket 101 by any means known in
the art. In one embodiment, the one or more support structures 120 may extend from a
surface of the screen basket 101 to a component of the drive 110. For example, a support
structure 120 may extend from a surface of the screen basket to a drive housing 122 of
the drive 110. In some embodiments, the drive housing 122 may house the bearing
assembly 118. In the embodiment shown in FIG. 1, the support structures 120 may
extend horizontally from a wall of the screen basket 101 and couple to the drive housing
122. The support structures 120 for the drive 110 may be positioned such that the
support structures 120 “split” the first and second eccentric masses 112, 114. As shown,
the first eccentric mass 112 is positioned above the support structures 120 and the second
eccentric mass 114 is positioned below the support structures 120. Such a configuration
may more evenly distribute stresses caused during rotation of the swinging masses on the
screen basket. Additionally, splitting the eccentric mass into the first and second
eccentric masses 112, 114 aligns the swinging masses with a plane of the bearing

assembly 118.

[0018] Referring now to FIG. 2, a perspective view of a drive 210 similar to that shown
in FIG. 1 is shown in accordance with embodiments disclosed herein. A shown, drive
210 includes a drive shaft 216 at least partial disposed within a drive housing 222. A
bearing assembly (not shown) may be disposed around the drive shaft 216 within the
drive housing 222. A first eccentric mass 212 is coupled to a first end of the drive shaft
216 and a second eccentric mass 214 is coupled to a second end of the drive shaft 216.
As shown, the first and second eccentric masses 212, 214 may be coupled to a distal end
of a first weight arm 230 and a second weight arm 232, respectively. The first weight
arm 230 and the second weight arm 232 are, in turn, coupled to the first end and the

second end of the drive shaft 216. The drive 210 also includes a pulley 224 operatively
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coupled to the second end of the drive shaft 216 and about which a belt (not shown) is
looped for coupling the pulley 224 (and therefore the drive shaft 216) to a motor (not

shown) of a drive system.

[0019] When installed in a sifter, the drive shaft 216 is generally oriented vertically, as
shown in FIGS 1 and 2. The first and second weight arms 230, 232, and therefore the
first and second eccentric masses 212, 214 extend generally horizontally from, i.e.,
perpendicularly to, the drive shaft 216 and are spaced apart a distance d. As show in FIG.
2, the first and second eccentric masses 212, 214 may include one or more individual
masses. For example, first eccentric mass 212 may include a single mass 234 and/or one
or more weight plates 235. In some embodiments, the first and/or second eccentric
masses 212, 214 may include a plurality of plates 235 that may be added or removed
from the first and/or second weight arms 230, 232, respectively. For example, one or
more weight plates 235 may be slid onto or off of a distal end of the first and/or second
weight arms 230, 232. By adding or removing weight plates 235 to the first and/or
second weight arms 230, 232, a mass of the first and/or second eccentric masses 212, 214
may be adjusted. Adjustment of the mass of the first and/or second eccentric masses 212,
214 may adjust a resultant force or “force line” (i.e., a summation of the forces generated
by the first and second eccentric masses 212, 214 as they are rotated by the drive shaft

216), as discussed in detail below.

[0020] Referring now to FIG. 3, a perspective of the drive 210 of FIG. 2 is shown having
a first resultant force indicated by arrow A. As discussed above, the drive shaft 216
rotates and causes the first and second weight arms 212, 214 (and first and second
eccentric masses 212, 214) to rotate together about the drive shaft 216. Rotation of the
first and second weight arms 212, 214 (and first and second eccentric masses 212, 214)
generates a centrifugal force that imparts a circular or elliptical motion to the screen
basket (101, FIG. 1). A summation of the forces of the first and second weight arms 212,
214 (and first and second eccentric masses 212, 214) yields a first resultant force
illustrated by a force line, indicated at arrow A. As shown in FIG. 3, the first eccentric

mass 212 is approximately equal to the second eccentric mass 212. Therefore, the force
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line, indicated at arrow A, is located approximately equidistantly between the first and

second eccentric masses 212, 214.

[0021] In accordance with embodiments disclosed herein, the drive 210 is positioned
within the gyratory sifter (100, FIG. 1) such that the force line indicated at arrow A is in
plane with a center of gravity of the gyratory sifter (100, FIG. 1). Alignment of the force
line of the first and eccentric masses 212, 214 with the plane of the center of gravity of
the sifter (or screen basket (101, FIG. 1)), reduces a torque generated by the swinging

masses and minimizes vertical motion and/or vibration of the screen basket (101, FIG. 1).

[0022] Once the drive 210 is installed within a gyratory sifter, the force line of the first
and second eccentric masses 212, 214 may be adjusted vertically upward or downward if
the center of gravity of the sifter or screen basket changes. For example, if additional
equipment is coupled to screen basket, the number of screens are increased or reduced,
etc., then the force line of the swinging weights may be adjusted so that the force line
remains in line with the center of gravity of the sifter (screen basket). The force line of
the swinging weights may be shifted vertically upward or downward by adjusting a mass

of one or both of the first and second eccentric masses 212, 214.

[0023] Referring now to FIG. 4, the force line of the drive 210 is shown shifted vertically
upward, i.e., closer to the first eccentric mass 212, as indicated by arrow B. Specifically,
the force line of the drive 210 is shown shifted or moved a vertical distance f from an
original force line indicated by the dotted arrow A, which corresponds to the force line
shown in FIG. 3 wherein the mass of the first eccentric mass 212 was approximately
equal to the mass of the second eccentric mass 214.  According to embodiments
disclosed herein, to accomplish this shift in the force line of the first and second eccentric
masses 212, 214, the mass of the first and/or second eccentric masses 212, 214 may be

adjusted by adding or removing mass.

[0024] For example, if the center of gravity of the sifter or screen basket is shifted
vertically upward, the force line (resultant force) of the first and second eccentric masses
212, 214 maybe moved vertically upward so that the force line is in plane with the center

of gravity of the sifter/screen basket. Specifically, as shown in FIG. 4, in some
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embodiments a plurality of weight plates 235 (see also FIG. 3) may be removed from the
second weight arm 232, such that the mass of the first eccentric mass 212 is greater than
the mass of the second eccentric mass 214. In other embodiments, additional weight
plates 235 may be added to the first weight arm 230, such that the mass of the first
eccentric weight 212 is greater than the mass of the second eccentric mass 214.
Accordingly, the center of gravity of the swinging weights 212, 214 is shifted vertically
upward. The amount of weight added or removed from one or both of the first and
second weigh arms 230, 232 corresponds to the distance f that the force line needs to shift
so that the force line is in line with the plane of the center of gravity of the sifter/screen

basket.

[0025] Conversely, the force line of the first and second eccentric masses 212, 214 may
be shifted vertically downwards by adjusting the mass of one or both of the first and
second eccentric masses 212, 214 such that the mass of the second eccentric mass 214 is
greater than the first eccentric mass 212. Thus, if the center of gravity of sifter or screen
basket changes to a location vertically below an initial center of gravity due to, for
example, changes to equipment in or coupled to the screen basket or material therein, the
force line of the first and second eccentric masses 212, 214 may be shifted vertically

downward a similar amount.

[0026] In other words, in accordance with embodiments disclosed herein, a mass of the
first and/or second eccentric masses 212, 214 of a gyratory sifter may be adjusted to
move a force line of the first and second eccentric masses 212, 214 a vertical distance
that corresponds to a change in vertical distance of the center of gravity of the sifter or

screen basket.

[0027] Referring now to FIG. 5, a schematic of a drive 510 for a gyratory sifter according
to embodiments of the present disclosure is shown. Similar to the drives discussed
above, drive 510 includes a drive shaft 516 at least partially disposed within a drive
housing 522. As shown, the drive shaft 516 is generally vertically oriented within a
screen basket (101, FIG. 1). A bearing assembly (not shown) may be disposed around
the drive shaft 516 within the drive housing 522. A first weight arm 530 is coupled to a
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first end of the drive shaft 516 and a second weight arm 532 is coupled to a second end of
the drive shaft 516. The first weight arm 530 and the second weight arm 532 are spaced
apart a distance d, wherein the first weight arm 230 is positioned above the second weight
arm 532. The first weight arm 530 includes a first eccentric mass 512 proximate a distal
end of the first weight arm 230, and the second weight arm 532 is includes a second
eccentric mass 512 proximate a distal end of the second weight arm 532. The drive 510
may also include a pulley (not shown) operatively coupled to an end of the drive shaft
516 and about which a belt (not shown) may be looped for coupling the pulley (and

therefore the drive shaft 516) to a motor (not shown) of a drive system.

[0028] The mass of the first and/or second eccentric masses 512, 514 may be sufficient to
vertically displace the first and/or second eccentric masses 512, 514 (and therefore a
distal end of first and/or second weight arms 530, 532). In other words, the mass of the
first and/or eccentric masses 512, 514 may cause the first and/or second weight arms 530,
532 to flex downward, such that a distal end of the first and/or second weight arm 530,
532 is displaced a vertical distance downward from an initial horizontal position (if the
first and/or second weight arm 530, 532 did not include an eccentric mass). Thus, when
the first and/or second eccentric masses 512, 514 (and first and/or second weight arms
530, 532) are at rest (i.e., when the drive is off or not running), the eccentric masses 512,

514 are “offset” from a horizontal position.

[0029] In accordance with one or more embodiments disclosed herein, the mass of the
two eccentric masses 512, 514 may be selected so that as the eccentric masses 512, 514
are rotated about the drive shaft 516, the resultant centrifugal force and upward torque
generated counteracts a downward force of the weight of the two eccentric masses 512,
514 and the rotational moment imparted on the gyratory sifter. More specifically, a first
eccentric mass 512 of a first weight arm 530 is positioned proximate a distal end (an end
opposite an end coupled to the drive shaft 516) of the first weight arm 530 and a second
eccentric mass 514 of a second weight arm 532 is positioned proximate a distal end of the
second weight arm 532. The mass of the first eccentric mass 512 and the mass of the
second eccentric mass 514 are selected such that when the drive is off or not in operation

(i.e., when the weight arms 530, 532 and eccentric masses 512, 514 are at rest) the

10
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eccentric masses 512, 514 displaces a distal end of the first weight arm 530 and second
weight arm 532, respectively, a vertical distance h downward. In other words, at rest, the
first and second eccentric masses 512, 514 are offset in a downward position from a
horizontal position. When the first and second weight arms 530, 532 are rotated by the
drive shaft 516, the resultant centrifugal force and upward torque move the displaced or
offset distal ends and offset eccentric masses 512, 514 of the first and second weight arms
530, 532 a vertical distance that is approximately equal to and opposite the vertical
distance the eccentric masses 512, 514 displaced the distal ends of the first and second
weight arms 530, 532 at rest. Thus, when the first and second weight arms 530, 532 are
rotated, in accordance with embodiments disclosed herein, the weight arms 530, 532
extend radially from the drive shaft in a substantially horizontal or planar position. In
other words, as the weight arms 530, 532 and offset masses 512, 514 are rotated about the
drive shaft 516, they produce a centrifugal force and an upward torque that cancels the
downward force of the weight and the rotational moment imparted on the sifter/screen
basket. This balance of forces may reduce the axial load on the bearing assembly (not
shown) of the drive 510, thereby extending the life of the bearing assembly.
Additionally, the balance of forces may reduce unwanted vibrations in the screen basket

and support structures, such as a system of hangers of the screen basket.

[0030] In accordance with one or more embodiments disclosed herein, a method may
include coupling a drive system to a screen basket of a sifter, the drive system having a
motor and a drive, as discussed above. The drive system imparts a gyratory motion to the
screen basket. Specifically, the drive includes a first eccentric mass and a second
eccentric mass coupled to a generally vertical drive shaft. The method further includes
rotating the first eccentric mass and the second eccentric mass together, the first eccentric
mass positioned a distance above the second eccentric mass. The method also includes
providing the first eccentric mass with a first mass and the second eccentric mass with a
second mass, such that a summation of the forces generated by rotating the first eccentric
mass and the second eccentric mass generates a force line in plane with a center of
gravity of the sifter. The method may further include adjusting the mass of at least one of

the first eccentric mass and the second eccentric mass to move the force line in a vertical

11
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direction. The adjusting the mass may include adding or removing one or more weight

plates from at least one of a first weight arm or a second weight arm.

[0031] In accordance with embodiments disclosed herein, a change of the center of
gravity of the sifter may be determined and the mass of the second eccentric mass may be
decreased to shift the force line of the first and second eccentric masses a vertical
distance upward. In other embodiments, the mass of the first eccentric mass may be
decreased to shift the force line of the first and second eccentric masses a vertical
distance downward to correspond with the determined change in the center of gravity of

the sifter.

[0032] In one or more embodiments, a method includes providing a drive system to a
screen basket of a sifter, the drive system having a motor and a drive as described above.
Specifically, the drive includes a vertical drive shaft, a first weight arm coupled to the
drive shaft, the first weight arm having a first offset mass proximate a distal end of the
first weight arm, and a second weight arm coupled to the drive shaft axially below the
first weight arm, the second weight arm having a second offset mass proximate a distal
end of the first weight arm. The method further includes providing a mass of the first
offset mass such that a distal end of the first weight arm flexes a vertical distance
downwards and providing a mass of the second offset mass such that a distal end of the
second weight arm flexes a vertical distance downwards. Additionally, the method
includes actuating the motor and rotating the vertical drive shaft and the first and second
weight arms, the rotating the vertical drive shaft causing the distal end of the first weight
arm and the distal end of the second weight arm to move a vertical distance upwards. In
accordance with embodiments disclosed herein, the method may include rotating the
vertical drive shaft at a speed such that a centrifugal force and upward torque created by
the first and second weight arms rotating substantially cancels the downward force of a
weight of the first and second offset masses and the rotational moment imparted on the

sifter and/or screen basket.

[0033] In some embodiments, the vertical distance upwards is approximately equally to

the vertical distance downwards. Further, in some embodiments, at least one of the first

12
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weight arm or the second weight arm is in a substantially horizontal plane when rotating
about the vertical drive shaft. In accordance with embodiments disclosed herein, the
method may also include locating the drive system proximate a center of gravity of the
sifter and/or screen basket. Further, in some embodiments, the method includes adjusting
a resultant force or force line of the offset weights to be in line with a plane of the center

of gravity of the sifter and/or screen basket.

[0034] While the present disclosure has been described with respect to a limited number
of embodiments, those skilled in the art, having benefit of the present disclosure will
appreciate that other embodiments may be devised which do not depart from the scope of
the disclosure described herein. Accordingly, the scope of the disclosure should be

limited only by the claims appended hereto.
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CLAIMS

What is claimed:

1. An apparatus comprising:
a screen basket;
a drive system coupled to the screen basket, the drive system comprising:
a motor; and
a drive having a drive shaft, a first eccentric mass coupled the drive shaft and a

second eccentric mass coupled to the drive shaft.

2. The apparatus of claim 1, wherein the drive system is disposed proximate a center of

gravity of the apparatus

3. The apparatus of claim 1, wherein a mass of at least one of the first eccentric mass or the

second eccentric mass is adjustable.

4. The apparatus of claim 1, wherein the drive shaft is oriented generally vertically and

wherein the first eccentric mass is positioned above the second eccentric mass.

5. The apparatus of claim 1, wherein a mass of the first eccentric mass is greater than a mass

of the second eccentric mass.

6. The apparatus of claim 1, wherein a summation of forces generated by rotation of the first
eccentric mass and the second eccentric mass provides a force line in plane with a center

of gravity of the apparatus.

7. The apparatus of claim 1, wherein the first eccentric mass is coupled to a first weight
arm, the first weight arm coupled to the drive shaft, and the second eccentric mass is

coupled to a second weight arm, the second weight arm coupled to the drive shaft.

8. The apparatus of claim 7, wherein a mass of the first eccentric mass displaces a distal end

of the first weight arm a vertical distance.
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10.

11

12.

13

14.

15

The apparatus of claim 8, wherein the vertical distance is equal and opposite to a vertical
displacement of the distal end of the first weight arm when the first weight arm rotates

about the drive shaft.

A method comprising:

coupling a drive system to a screen basket of a sifter, the drive system comprising a
motor and a drive, the drive having a first eccentric mass and a second eccentric
mass coupled to a generally vertical drive shaft, the first eccentric mass positioned
a distance above the second eccentric mass;

rotating the first eccentric mass and the second eccentric mass together; and

providing the first eccentric mass with a first mass and the second eccentric mass with a
second mass, such that a summation of the forces generated by rotating the first
eccentric mass and the second eccentric mass generates a force line in plane with

a center of gravity of the sifter.

. The method of claim 10, further comprising adjusting the mass of at least one of the first

eccentric mass and the second eccentric mass to move the force line in a vertical

direction.

The method of claim 11, wherein the adjusting the mass comprises adding or removing

one or more weight plates from at least one of a first weight arm or a second weight arm.

. The method of claim 10, further comprising;

determining a change of the center of gravity of the sifter; and
decreasing the mass of the second eccentric mass and shifting the force line of the first

and second eccentric masses a vertical distance upward.

The method of claim 13, wherein the vertical distance is approximately equal to the

change of the center of gravity of the sifter in a vertical direction.

. The method of claim 10, further comprising;

determining a change of the center of gravity of the sifter; and

15
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decreasing the mass of the first eccentric mass and shifting the force line of the first and
second eccentric masses a vertical distance downward to correspond with the

change in the center of gravity of the sifter.

16. A method comprising;

providing a drive system to a screen basket of a sifter, the drive system comprising a
motor and a drive, the drive having a vertical drive shaft, a first weight arm
coupled to the drive shaft, the first weight arm having a first offset mass
proximate a distal end of the first weight arm, and a second weight arm coupled to
the drive shaft axially below the first weight arm, the second weight arm having a
second offset mass proximate a distal end of the first weight arm;

providing a mass of the first offset mass such that a distal end of the first weight arm
flexes a vertical distance downwards and providing a mass of the second offset
mass such that a distal end of the second weight arm flexes a vertical distance
downwards; and

actuating the motor and rotating the vertical drive shaft and the first and second weight
arms, the rotating the vertical drive shaft causing the distal end of the first weight
arm and the distal end of the second weight arm to move a vertical distance

upwards.

17. The method of claim 16, wherein the vertical distance upwards is approximately equal to

the vertical distance downwards.

18. The method of claim 16, wherein at least one of the first weight arm or the second weight

arm 1s in a substantially horizontal plane when rotating about the vertical drive shaft.

19. The method of claim 16, further comprising locating the drive system proximate a center

of gravity of the sifter.

20. The method of claim 16, further comprising rotating the vertical drive shaft at a speed
such that a centrifugal force and upward torque created by the first and second weight
arms rotating substantially cancels the downward force of a weight of the first and second

offset masses and the rotational moment imparted on the sifter.

16



13




WO 2017/192319

213

PCT/US2017/029519

210
235 234 230 216
A , / )
O 71
/ )
212
d
532 1222
/
214 % %224
FIG. 2
210
235 230 216
A /
. /]
212 *
A<
2/32 1222
= | . '?{
\ =
235 214

FIG. 3



WO 2017/192319 PCT/US2017/029519

33
210
2/3\5 2/12 230
— ' i
-]
O R

=\

2
FIG. 4
010
516 530
= Offset Weight
N > Am]\ ________ 17 ) . \Upward
.-Q . h\i.___4__\.:_-_~"’ ~ ) Torque
512
522~ d
° Arm Offset Weight
=:=—‘ - e T . Upward
= / s == ] Torque
g Ay
Axel Load

FIG. 5



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/029519

A. CLASSIFICATION OF SUBJECT MATTER
B07B 1/42(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B0O7B 1/42; BO7B 1/49; BO7B 1/28;, BO7B 9/00; BO7B 1/46

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: sifter, screen, basket, motor, drive, shaft, arm, rotate, mass

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 5003833 A (ANTEZANA, LUIS F.) 02 April 1991 1-20
See column 3 lines 57, 58, column 4, lines 36-38, 55-57, column 5,
lines 27, 28, 60 and figures 1, 2.

A CN 103752498 A (CHINA UNIVERSITY OF MINING & TECHNOLOGY) 1-20
30 April 2014
See claim 1 and figure 2.

A CN 105234082 A (WANG, YANG) 13 January 2016 1-20
See claim 1.

A US 6003682 A (BIELAGUS, JOSEPH B.) 21 December 1999 1-20
See column 6, lines 1-14.

A US 8002116 Bl (CATO, JAMES N.) 23 August 2011 1-20
See claim 1.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
11 August 2017 (11.08.2017) 16 August 2017 (16.08.2017)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office MIN, In Gyou
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3326

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2017/029519

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5003833 A 02/04/1991 CA 20385H4 Al 24/10/1991
CN 103752498 A 30/04/2014 CN 103752498 B 20/01/2016
CN 105234082 A 13/01/2016 CN 105234082 B 03/05/2017
US 6003682 A 21/12/1999 EP 0850699 A2 01/07/1998

EP 0850699 A3 02/02/2000

JP 10-204786 A 04/08/1998

KR 10-1998-0064575 A 07/10/1998
US 8002116 B1 23/08/2011 None

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report

