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CHIP SORTING DEVICES, COMPONENTS THEREFOR AND METHODS OF
EJECTING CHIPS

TECHNICAL FIELD
[0001] The invention relates to chip sorting device and related methods. In particular,
embodiments of the invention relate to chip sorting devices, chip ejection units for chip sorting

devices, separating wheels for chip sorting devices and methods of ejecting chips.

BACKGROUND

[0002] Given the current economic circumstances, reduced gaming revenues, and
desire to improve profitability, there is a need to reduce costs through cost savings and
replacement costs due to wear and tear on equipment. For example, there is a need for improved
chip sorting devices, which may have the same profile as existing equipment to avoid retrofitting
existing gaming tables and that have adjustable mounting structures that permit limited
movement of the device adjacent the gaming table surface. Additionally, it may be desirable to
develop improved chip sorting devices having reduced production cost, which may improve
efficiency, improve reliability, reduce wear on chips and minimize noise to preserve the casino
ambience.

[0003] In view of the foregoing, improved chip sorting devices and improved methods

relating to sorting chips would be desirable.

BRIEF SUMMARY

[0004] In some embodiments, a chip sorting device may include a frame and a chip
conveying unit. The chip conveying unit may include at least one chip well configured to
receive a chip therein, the at least one chip well adjacent to at least one segmented guide wall
comprising a plurality of wall segments spaced upon the wheel and defining at least one channel
therebetween. Additionally, at least one chip ejection unit may be configured to eject at least
one chip outward from the at least one chip well of the chip conveying unit. Each chip ejection
unit may include at least one finger member selectively movable between a first position outside
of'the at least one channel and a second position within the at least one channel.

[0005] In additional embodiments, a chip sorting device may include a chip hopper
chamber and a chip sorting chamber, separate from the chip hopper chamber and connected to

the chip hopper chamber by an opening. The chip sorting device may further include a
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separating wheel positioned within the chip hopper chamber, the separating wheel comprising a
plurality of radially extending arms defining a plurality of chip wells. Each chip well may be
configured to hold a plurality of chips and to carry chips in a circumferential path and deposit
chips in the opening into the chip sorting chamber. The chip sorting device may also include a
chip counting device positioned within the chip hopper chamber and configured to count the
number of chips carried within each chip well of the plurality of chip wells.

[0006] In yet additional embodiments, a method of ejecting a chip from a chip well,
may include carrying a selected chip along a path in a chip well of a chip conveying unit and
positioning at least one finger member of at least one ejection unit into the path of the selected
chip, preceding the selected chip. Additionally the method may include moving the selected
chip relative to the at least one finger member to cause the selected chip to contact the at least
one finger member and urging the selected chip out of the chip well with the at least one finger

member and at least one wall segment of a trailing segmented wall of the chip well.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 shows an isometric view of a chip sorting device, according to an
embodiment of the present invention, with portions of housings removed to show interior
components of the chip sorting device.

[0008] FIG. 2 shows an isometric detail view of the chip sorting device of FIG. 1
having additional portions of housings removed to show interior components of the chip sorting
device.

[0009] FIG. 3 shows an isometric view of a sorting wheel and a plurality of ejection
units of the chip sorting device of FIG. 1.

[0010] FIG. 4 shows an isometric view of a chip e¢jection unit of FIG. 3 having
portions removed to show a cam shaft and lever assemblies of the chip ejection unit, and also
shows a portion of a chip tray of a chip rack, the portion including an opening into the chip tray.

[0011] FIG. 5 shows another isometric view of the chip ejection unit of FIG. 3 having
additional portions removed to show the cam shaft and lever assemblies of the chip ejection unit.

[0012] FIG. 6 shows an isometric detail view of a radially outer portion of the sorting
wheel of FIG. 3 holding chips in chip wells of the sorting wheel, a chip ejection unit and a
portion of a chip tray holding a chip therein.
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[0013] FIG. 7 shows another isometric detail view of the radially outer portion of the
sorting wheel of FIG. 6 with portions of the chip ejection unit and the portion of the chip tray
removed to show fingers of the chip ejection unit in relationship with the chip wells of the
sorting wheel when the fingers are positioned within circumferentially extending channels of the
sorting wheel.

[0014] FIG. 8 shows an isometric detail view of the radially outer portion of the
sorting wheel of FIG. 6 and a single cam and finger of the chip ejection unit to show the
relationship between the finger and the sorting wheel when the finger is positioned outside of a
circumferentially extending channel of the sorting wheel.

[0015] FIG. 9 shows a cross-sectional detail view of a chip positioned within a chip
well of the radially outer portion of the sorting wheel of FIG. 6, wherein a first and second finger
are positioned within a fist and second circumferentially extending channel of the sorting wheel
in a circumferential path of the chip, rotationally preceding the chip.

[0016] FIG. 10 shows a cross-sectional detail view of the chip positioned within the
chip well of the radially outer portion of the sorting wheel of FIG. 9, wherein a third finger is
positioned within a third circumferentially extending channel of the sorting wheel in a
circumferential path of the chip, rotationally preceding the chip.

[0017] FIG. 11 shows a cross-sectional detail view of the chip positioned within the
chip well of the radially outer portion of the sorting wheel of FIG. 10, wherein a fourth finger is
positioned in the circumferential path of the chip, rotationally preceding the chip.

[0018] FIG. 12 shows a cross-sectional detail view of the chip positioned within the
chip well of the radially outer portion of the sorting wheel of FIG. 11, wherein the first and
second fingers are positioned out of the first and second circumferentially extending channels of
the sorting wheel and out of the circumferential path of any chip.

[0019] FIG. 13 shows a cross-sectional detail view of the chip positioned within the
chip well of the radially outer portion of the sorting wheel of FIG. 12, wherein the third finger is
positioned out of the circumferential path of any chip.

[0020] FIG. 14 shows a cross-sectional detail view of the chip positioned within the
chip well of the radially outer portion of the sorting wheel of FIG. 13, wherein the fourth finger

is positioned out of the circumferential path of any chip.
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[0021] FIG. 15 shows an isometric detail view of the radially outer portion of the
sorting wheel, the chip ejection unit and the portion of the chip tray of FIG. 6 without any chips
in the chip tray to show the opening into the chip tray.

[0022] FIG. 16 shows a cross-sectional detail view of the radially outer portion of the
sorting wheel, the chip ejection unit and the portion of the chip tray of FIG. 6 including a chip in
the chip tray to show the relationship between components of the chip tray and a chip.

[0023] FIG. 17 shows an isometric view of a portion of another chip sorting device,
including an articulated conveyor, according to another embodiment of the present invention,

with portions removed to show interior components of the chip sorting device.

DETAILED DESCRIPTION

[0024] The illustrations presented herein are not meant to be actual views of any
particular device or system, but are merely idealized representations that are employed to
describe various embodiments of the present invention. It is noted that elements that are
common between figures may retain the same numerical designation.

[0025] An isometric view of a chip sorting device 10 with portions of housings
removed to show interior components of the chip sorting device 10 is shown in FIG. 1. As
shown, the chip sorting device 10 may comprise a frame assembly 12, castors 14, one or more
chip inlet tubes 16, a chip hopper chamber 18, a chip sorting chamber 20, and a chip rack 22.
The chip sorting device 10 may further include a first chip conveying unit, such as a pre-
separator wheel 24 rotatably mounted within the chip hopper chamber 18, and a second chip
conveying unit, such as a sorting wheel 26 rotatably mounted within the chip sorting chamber
20.

[0026] The pre-separator wheel 24 may be positioned on an intermediate wall 28,
which may be viewed more clearly in FIG. 2, which shows an isometric detail view of the chip
sorting device with additional portions of housings removed to show interior components. The
intermediate wall 28 may separate the chip hopper chamber 18 from the chip sorting chamber 20
and an opening 30 formed in the intermediate wall 28 may provide a pathway therebetween.

[0027] The pre-separator wheel 24 may be mounted for rotation about a central axis
and may include a plurality of radially extending arms 32 defining a plurality of chip wells 34,
36. Each chip well 34, 36 may be configured to hold a plurality of chips 37, for example each
chip well 34, 36 may hold two chips 37. For example, elongated chip wells 34 may each hold
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two chips 37 positioned edge to edge, a first chip 37 positioned radially inward of a second chip
37, and deep chip wells 36 may hold two chips 37 in a stacked configuration, a first chip 37
positioned axially beneath a second chip 37. Additionally, elongated chip wells 34 and deep
chip wells 36 may alternate around the circumference of the pre-separator wheel 24, which may
allow a greater number of chip wells 34, 36 to be arranged in the pre-separator wheel 24 when
compared to an arrangement including only elongated chip wells 34.

[0028] A motor 38, such as one of a stepper motor and a servomotor, may be coupled
to the pre-separator wheel 24, such as by a toothed belt 40 and cogs 42 (FIG. 1), and may be
configured to rotate the pre-separator wheel 24 and determine the position of the pre-separator
wheel 24. A chip counting device 44 may also be included within the chip hopper chamber 18
and may be located near the opening 30 in the intermediate wall 28, over the circumferential
path of the chip wells 34, 36 as the pre-separator wheel 24 rotates.

[0029] A chip delivery ramp 46 (FIG. 2) may be attached to the opening 30 in the
intermediate wall 28, extending from the opening 30 and sloping from the intermediate wall 28
into the chip sorting chamber 20 and toward the sorting wheel 26.

[0030] As shown in FIG. 3, the sorting wheel 26 may be mounted for rotation on the
frame assembly 12 about a central axis by a motor 48, such as one of a stepper motor and a
servomotor, coupled to the sorting wheel 26, such as by a toothed belt 50 and cogs 52. In
addition to rotating the sorting wheel 26, the motor 48 may be configured to determine the
rotational position of the sorting wheel 26. A chip identification unit 54 (FIG. 2) and a plurality
of gjection units 56 may also be included within the chip sorting chamber 20. The sorting wheel
26 may include a plurality of chip wells 58, each configured to receive a chip 37 therein and
transport the chip 37 along a circumferential path. The chip identification unit 54 may be
positioned near the circumferential path of the chip wells 58 ofthe sorting wheel 26 to identify
at least one chip feature and the ejection units 56 may be positioned to eject chips 37 from the
sorting wheel 26 into the chip rack 22.

[0031] As shown in FIGS. 4 and 5, each ¢jection unit 56 may comprise a motor 60,
such as one of a stepper motor and a servomotor, attached to a cam shaft 62 supporting a
plurality of cams 64, such as tri-lobe cams, thereon and a lever shaft 66 supporting a plurality of
lever assemblies 68, 70, 72, each lever assembly 68, 70, 72 including one or more finger

members 74, 76, 78, 80 at one end. For example, a first lever assembly 68 may include a first
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finger member 74 and a second finger member 76, a second lever assembly 70 may include a
third finger member 78 and a third lever assembly 72 may include a fourth finger member 80.

[0032] As shown in FIG. 1, the chip rack 22 may include a plurality of elongated chip
trays 82, each chip tray corresponding to an ejection unit 56, for holding chips 37 ¢jected from
the sorting wheel 26 by the ejection units 56. For example, the chip rack 22 may include ten
chip trays 82 for holding chips 37 in a stacked configuration, one chip 37 stacked axially over
another. The chip rack 22 may further include one or more cutters 84 for separating a
predetermined number of chips 37 from a chip tray 82 into a stack and to facilitate the removal
of chips 37 from the chip rack 22.

[0033] The chip sorting device 10 may further include a main controller 86 configured
to communicate with electrical and electromechanical devices of the chip sorting device 10,
such as the motors 38, 48, 60, the chip counting device 44, the chip identification unit 54, drive
boards 88 (FIGS. 2 and 6) for the ejection units 56, the cutters 84, a display and input device,
such as a touch screen liquid crystal display (LCD) device 90. The main controller 86 may be
programmed with software to facilitate the operation of the main controller 86 and the main
controller 86 may be configured to facilitate the operation of the chip sorting device and to
respond to inputs by a user through the touch screen LCD device 90.

[0034] In operation, a mixture of chips 37 having varied identifying features may be
inserted into the chip hopper chamber 18 through one or more of the chip inlet tubes 16 (FIG. 1).
For example, the chip sorting device 10 may be positioned beneath a gaming table (not shown),
such as a roulette table, with the chip rack 22 extending from an edge of the gaming table and a
chip inlet tube 16 extending to an opening in the surface of the gaming table. Chips 37 may be
issued to players having different colors, or other identifying features, which may identify the
chips 37 used by each player, identify the denominational value of a chip 37, and indicate other
information as desired. At certain intervals during game play, the operator may move mixed
chips 37 from the gaming surface to the opening in the gaming table, to be sorted by the chip
sorting device 10. Optionally, the chip sorting device 10 may be separate from a gaming table,
such as in a counting room of a casino (not shown).

[0035] The mixture of chips 37 may come to rest at the bottom of the chip hopper
chamber 18 (FIG. 1) of the chip sorting device 10 and may be urged by gravity toward the
intermediate wall 28, which may be situated at about 40 degrees off plumb. The pre-separator

wheel 24 may be rotated along the intermediate wall 28 by the motor 38, such as in a counter-
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clockwise direction, and chips 37 located at the bottom of the chip hopper chamber 18 may
become positioned within the chip wells 34, 36 defined by the radially extending arms 32 of the
pre-separator wheel 24. The chips 37 positioned within the chip wells 34, 36 may then be
carried in a circumferential path along the intermediate wall 28 by the pre-separator wheel 24
towards the opening 30 in the intermediate wall 28 (FIG. 2). The chips 37 may be carried past
the chip counting device 44, which may count the number of chips 37 that are positioned within
each chip well 34, 36 and deposited through the opening 30 in the intermediate wall 28 into the
chip sorting chamber 20. For example, the chip counting device 44 may include one or more
optical sensors that may detect the presence of one or more chips 37 within a chip well 34, 36.
Additionally, in order to determine if a deep chip well 36 includes only a single chip 37, or a
second chip 37 stacked axially over a first chip 37 located within the deep chip well 36, a finger
92 may extend into a path of a second axially stacked chip 37 and may temporarily displace the
second axially stacked chip 37 radially outward, which may position the chip 37 adjacent to a
sensor of the chip counting device 44 and facilitate an accurate counting of the chips 37 within
each deep chip well 36 and delivered to the chip sorting chamber 20. Utilizing the motor 38 and
the chip counting device 44, the rate of chips 37 delivered to the chip sorting chamber 20 may be
regulated, such as by controlling the rotational speed of the pre-separator wheel 24 with the
motor 38 in response to the number of chips 37 counted by the chip counting device 44.

[0036] A pre-separator wheel 24 that includes a relatively large number of chip wells
34, 36, which may each hold a plurality of chips 37, may allow for the delivery of chips 37 to
the chip sorting chamber 20 at a relatively high rate, while maintaining a relatively slow
rotational speed. This may be advantageous, as the relatively slow movement of the pre-
separator wheel 24 may be relatively quiet and may reduce damage that may otherwise be
caused to the chips 37 in the chip hopper chamber 18.

[0037] After the chips 37 within the chip wells 34, 36 of the pre-separator wheel 24
have passed the chip counting device 44 the chips 37 may fall out of the chip wells 34, 36 onto
the chip delivery ramp 46 coupled to the opening 30 within the intermediate wall 28 and may
slide down the chip delivery ramp 46 into the chip sorting chamber 20 and toward the sorting
wheel 26. This may allow the chips 37 to be delivered into the chip sorting chamber 20
relatively gently and quietly.

[0038] As shown in FIG. 6, when the chips 37 are delivered into the chip sorting
chamber, the chips 37 may become positioned in chip wells 58 of the sorting wheel 26, which

7
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may be positioned about 40 degrees off plumb, similar to the intermediate wall 28 and the pre-
separator wheel 24. The chips 37 may be urged toward the radially outer edge of the sorting
wheel 26 by gravity and inertial forces and each chip 37 may become positioned within an
individual chip well 58 of the sorting wheel 26, which may be rotated in a counter-clockwise
direction by the motor 48 (FIG. 2). The chips 37 may be carried along a circumferential path by
the sorting wheel 26 and each chip 37 may be carried past the chip identification unit 54 (FIG.
2), which may be positioned over the circumferential path.

[0039] As each chip 37 passes under the chip identification unit 54 (FIG. 2), the chip
identification unit 54 may classify each chip according to an identifying feature, such as by one
or more of a color evaluation device, an RFID reader, an optical sensor, and a laser sensor. For
example, the chip identification unit 54 may include a color line device that may evaluate each
chip 37 and identify chips 37 by certain color features that fall within a predetermined color
range. By identifying chips 37 that have color features that fall within a predetermined color
range, certain chips 37 may be grouped together that have slight variations of color, such as due
to inconsistencies in manufacturing the chips 37, dirt or other debris gathering on the chips 37,
damage to the chips 37, or other various causes. The classification of each analyzed chip 37,
along with each chip’s respective position on the sorting wheel 26, may then be transmitted to
the main controller 86.

[0040] The main controller 86 (FIG. 1) may then activate specific chip ejection units
56 (FIG. 3) that correspond to each chip classification to be sorted as chips 37 pass the chip
ejection units 56, and the chips 37 may be deposited onto the chip rack 22 (FIG. 1) in separate
clongated chip trays 82, each elongated chip tray 82 corresponding to a specific chip
classification.

[0041] In some embodiments, such as shown in FIG. 7, the chip wells 58 may be
defined near the radially outer edge of the sorting wheel 26 by radially segmented guide walls 94
comprising a plurality of wall segments 96, 98, 100, 102, 104 spaced radially upon the sorting
wheel 26 and defining circumferentially extending channels 106, 108, 110, 112 therebetween.
The ejection units 56 may comprise finger members 74, 76, 78, 80 sized and positioned to be
extended between the wall segments 96, 98, 100, 102, 104 of radially segmented guide walls 94
into the circumferentially extending channels 106, 108, 110, 112. For example, the finger

members 74, 76, 78, 80 of the ejection units 56 may be positioned axially over the
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circumferentially extending channels 106, 108, 110, 112, as shown in FIG. 8, and may be
selectively movable into the channels 106, 108, 110, 112, as shown in FIG. 7.

[0042] In some embodiments, radially segmented guide walls 94 may include a
substantially continuous circumferentially extending radially inner wall 96, a first wall segment
98, a second wall segment 100, a third wall segment 102 and fourth wall segment 104. Each
wall segment 98, 100, 102, 104 may have a leading face 114, a following face 116 and opposing
side faces 118, the leading faces 114 and following faces 116 defining the chip well 58, and the
opposing side faces 118 defining the circumferentially extending channels 106, 108, 110, 112.
For example, a first circumferentially extending channel 106 may be defined between the
substantially continuous circumferentially extending radially inner wall 96 and the first wall
segment 98, a second circumferentially extending channel 108 may be defined between the first
wall segment 98 and the second wall segment 100, a third circumferentially extending channel
110 may be defined between the second wall segment 100 and the third wall segment 102, and a
fourth circumferentially extending channel 112 may be defined between the third wall segment
102 and the fourth wall segment 104. Additionally, each finger member 74, 76, 78, 80 of the
¢jection unit 56 may include a reaction face 120 which may oppose the leading face 114 of each
wall segment 98, 100, 102, 104.

[0043] Each finger member 74, 76, 78, 80 of the ¢jection unit 56 may be
independently operated by one or more respective cams 64 rotating on one shaft 62. Each cam
64 may be mounted to the single cam shaft 62 and the cams 64 may be oriented to move each of
the finger members 74, 76, 78, 80 from a first position to a second position, and back to the first
position, in a sequence by rotation of the cam shaft 62 with the motor 60 upon receipt of a signal
from the main controller 86.

[0044] For example, as shown in FIG. &, each lever assembly 68, 70, 72 may include
an extension lever arm 122 having a first cam follower surface 124 positioned adjacent a first
cam 126 and a retraction lever arm 128 having a second cam follower surface 130 adjacent a
second cam 132. The first cam follower surface 124 of the extension arm 122 may be
positioned between the first cam 126 and the sorting wheel 26. During rotation of the first cam
126, when a lobe 134 rotates into contact with the first follower surface 124, the lobe 134 may
apply a force on the first follower surface 124 of the extension lever 122 and may urge the finger
member 78 toward the sorting wheel 26 and into a circumferentially extending channel 110

thereof. Additionally, the lobe 134 of the first cam 126 may be moved away from the first cam
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follower surface 124 and a lobe 136 of the second cam 132 may be rotated into contact with the
second cam follower surface 130 of the retraction lever arm 128 and may urge the finger
member 78 away from the sorting wheel 26 and out of the circumferentially extending channel
110 thereof.

[0045] Optionally, a biasing means (not shown), such as one or more of a torsion
spring, a coil spring, a leaf spring, an elastic structure, and a weighted structure, may be utilized
to bias the lever assemblies 68, 70,72, and a single cam and cam follower surface may be
utilized to control the position of the finger members 74, 76, 78, 80.

[0046] To ¢ject a selected chip 37 into a selected chip tray 82 through an opening 138,
which may include guide walls 140, a chip ejection unit 56 corresponding to the selected chip
tray 82, which corresponds to the chip classification of the selected chip 37, may be activated
and the first and second finger members 74, 76 (See Fig. 5) may be moved from a first position
above the first and second circumferentially extending channels 106, 108 to a second position
within the first circumferentially extending channel 106, between the continuous
circumferentially extending radially inner wall 96, and the second circumferentially extending
channel 108, between the first wall segment 98 and the second wall segment 100,
circumferentially and rotationally preceding the selected chip 37, as shown in FIG. 9. As the
sorting wheel 26 is rotated relative to the first and second finger members 74, 76 and the
selected chip 37 is carried along a circumferential path by the sorting wheel 26, an edge of the
selected chip may come into contact with the reaction faces 120 of the first and second finger
members 74, 76, which may be positioned within the circumferential path of the selected chip 37
and may be angled to face toward the opening 138 into the selected chip tray 82 of the chip rack
22 and the leading faces 114 of'the first and second wall segments 98, 100 circumferentially
trailing the selected chip 37. The reaction faces 120 of the first and second finger members 74,
76 may urge the selected chip 37 both circumferentially toward the leading faces 114 of the first
and second wall segments 98, 100 circumferentially trailing the selected chip 37 and radially
outward, toward the opening 138 into the selected chip tray 82. Additionally, the leading faces
114 of'the first and second wall segments 98, 100 circumferentially trailing the selected chip 37
may be angled to face both the reaction faces 120 of the first and second finger members 74, 76
and the opening 138 into the selected chip tray 82 and may urge the selected chip 37 radially
outward, when the selected chip is pushed toward the leading faces 114 of the first and second

wall segments 98, 100.
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[0047]  As shown in FIG. 10, the third finger member 78 may then be lowered by the
chip ejection unit 56 into the third circumferentially extending channel 110 rotationally
preceding the selected chip 37 and within the circumferential path of the selected chip 37.
Similarly to the reaction faces 120 of'the first and second finger members 74, 76 and the leading
faces 114 of the first and second wall segments 98, 100, the reaction face 120 of the third finger
member 78 may cooperate with the leading faces 114 of the second and third wall segments 100,
102 to urge the selected chip 37 further radially outward, toward the opening 138 into the
selected chip tray 82 of the chip rack 22, as the sorting wheel 26 is further rotated relative to the
finger members 74, 76, 78 and the selected chip tray 82. Additionally, as shown in FIG. 10, the
guide walls 140 may facilitate the guiding of the selected chip 37 through the opening 138 into
the selected chip tray 82.

[0048] Next, the fourth finger member 80 may be lowered by the chip ejection unit 56
into alignment with the fourth circumferentially extending channel 112 rotationally preceding
the selected chip 37 and within the circumferential path of the selected chip 37, as shown in FIG.
11. Similarly to the reaction faces 120 of the first, second and third finger members 74, 76, 78,
the reaction face 120 of the fourth finger member 80 may cooperate with the leading faces 114
of the third and fourth wall segments 102, 104 to further urge the selected chip 37 radially
outward, toward the opening 138 into the selected chip tray 82 of the chip rack 22, as the sorting
wheel 26 is rotated further. As may be observed in FIG. 11, the reaction faces 120 of the finger
members 74, 76, 78, 80 may generally align with a guide wall 140 ofthe opening 138 into the
selected chip tray 82.

[0049] Ifa following chip has not been selected to be ejected into the selected chip
tray 82, the first and second finger members 74, 76 may be lifted out, over the first and second
circumferentially extending channels 106, 108 as the selected chip 37 is urged toward the
opening 138 into the chip tray 82 by the third and fourth finger members 78, 80, as shown in
FIG. 12. This may prevent the reaction faces 120 of the first and second finger members 74, 76
from contacting a chip in a following chip well 58 that has not been selected to be ejected into
the selected chip tray 82 of the chip rack 22. Similarly, the third and fourth finger members 78,
80 may be independently and sequentially lifted out, over the third and fourth circumferentially
extending channels 110, 112 as the selected chip 37 is urged toward the opening 138 into the
selected chip tray 82, as shown in FIGS. 13 and 14. This ability to independently move certain

finger members 74, 76, 78, 80 of the ejection unit 56 between a first position and a second
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position allows the chip wells 58 of the sorting wheel 26 to be positioned relatively close
together, allowing a relatively large number of chip wells 58 to be positioned on the sorting
wheel 26, which increases the rate at which chips 37 are sorted by the chip sorting device 10.

[0050] Optionally, if a following chip 37 has been selected to be ejected into the
selected chip tray 82, each of the finger members 74, 76, 78, 80 of the ejection unit 56 may
remain within the paths of the respective first, second, third and fourth circumferentially
extending channels 106, 108, 110, 112 and in a circumferential path of the following selected
chip 37 and the following selected chip 37 may be ejected into the selected chip tray 82 of the
chip rack 22. Similarly, any number of following selected chips 37 may be ejected in such a
manner and the finger members 74, 76, 78, 80 of the ejection unit 56 may be moved out of the
paths of the circumferentially extending channels 106, 108, 110, 112 when a next rotationally
following chip 37 is not selected to be ejected into the selected chip tray 82 of the chip rack 22.

[0051] The ejection system of the present invention advances fingers 74, 76, 78, 80
sequentially such that chips are removed from wells 58 without being struck or jarred. This is an
important attribute, as chips formed from clay can easily be damaged during sorting and
stacking when the ¢jectors deliver a concussion-type force to the edge of the chip.

[0052] Although the ejection system has been described above as providing four
fingers that move independently, the embodiment described herein provides fingers that move
sequentially in response to rotation of a unitary shaft 62 that supports the cams that move the
fingers.

[0053] By providing an ¢jection system that moves chips radially out of wells 58
without concussion forces, the noise associated with ejection is also reduced, improving product
acceptance.

[0054] Additionally, the inclusion of a chip ejection unit 56 for each chip tray 82 of
the chip rack 22 may allow a plurality of chips 37 positioned within chip wells 58 of the sorting
wheel 26 to be substantially simultaneously ejected into a plurality of chip trays 82 ofthe chip
rack 22.

[0055] As shown in FIG. 15, each chip tray 82 of the chip rack 22 may include a
movable barrier 142 located at the opening 138 from the chip sorting chamber 20 and a soft
barrier 144. The movable barrier 142 may obstruct the opening 138 to the chip tray 82 to
prevent the inadvertent ejection of a nonselected chip 37 into the chip tray 82 when a

nonselected chip 37 passes the chip tray 82. When a selected chip 37 enters the opening 138 to
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the chip tray, the movable barrier 142 may be moved to a second retracted position, to provide
an unobstructed opening 138 into the chip tray 82. Upon entry of the selected chip 37 into the
chip tray 82, the movable barrier 142 may return to the original blocking position and may urge
the selected chip 37 upward in the chip tray 82. The soft barrier 144 may relatively gently stop
the movement of the inserted chip 37 at a specified location, upon insertion to the chip tray 82,
and facilitate the arrangement of inserted chips 37 into an axial stack within the chip tray 82.

[0056] Additionally, as shown in FIG. 16, each chip tray 82 may include a ramp 146
that may provide a transition between a lower surface 148 and an upper surface 150, which may
be slightly greater than the height of a chip 37. In view of'this, a first selected chip 37 may be
aligned with the lower surface 148 as the first selected chip 37 enters the opening 138 into the
chip tray 82 and may be guided up the ramp 146 during insertion into the chip tray 82. Upon
complete insertion into the chip tray 82, the first selected chip 37 may then become aligned with
the upper surface 150 and come to rest on the upper surface 150. When a second selected chip
37 may be inserted into the chip tray 82, the second chip 37 may similarly be aligned with the
lower surface148 as the second chip 37 enters the opening 138 into the chip tray 82 and may be
guided up the ramp 146 during insertion into the chip tray 82. In this manner, the second
selected chip 37 may be inserted below the first selected chip 37, may urge the first selected chip
37 upwards and may come to rest on the upper surface 150 below the first selected chip 37 in an
axially stacked arrangement.

[0057] In additional embodiments, a chip sorting device 200 may include another type
of chip conveying unit, such as an articulated conveyor 202, which may be arranged along a
fixed path within a chip sorting chamber, as shown in FIG. 17. The articulated conveyor 202
may comprise a plurality of articulated link units 206 and each link unit 206 may include a chip
well 208 for carrying at least one chip 37. Each chip well may be defined by and adjacent to
segmented guide walls 210 comprised of a plurality of wall segments 212 and a plurality of
channels 214 may be defined between wall segments 212 of the plurality of wall segments 212.

[0058] The fixed path may be arranged such that each link unit 206, and any chips 37
that may be carried thereby, may travel along a generally straight path (i.c., a substantially linear
path) when proximate to ejection units 216 and corresponding chip trays 218 of a chip rack. In
this embodiment, a lower and optionally upper edge of the chip rack is linear, to facilitate a close
fit to a rectangular notch cut into the roulette table top. In view of this, the wall segments 212

may be spaced laterally along each link unit 206 and may extend longitudinally along each link
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unit 206. Additionally, the channels 214 defined between wall segments 212 of the plurality of
longitudinally extending wall segments 212 may also extend longitudinally along each link unit
206. For example, each of the wall segments 212 and each of the channels 214 may extend
along a generally straight path (i.c., a substantially linear path).

[0059] The ejection units 216 may be similar to the ejection units 56 described with
reference to FIGS. 1-16, and the e¢jection units 216 may include similar finger members each
configured to be positioned from a first position outside of a longitudinally extending channel
214, to a second position within a longitudinally extending channel 214. Additionally, the finger
members of the ejection units 216 may include reaction faces that may cooperate with leading
faces of wall segments 212 to eject chips 37 laterally out of the chip wells 208 (i.e., a chip 37
may be ejected radially with respect to the initial orientation of the chip 37 within the chip well
208), similarly to the ejection units 56 described with reference to FIGS. 1-16. For example,
each finger member of an ¢jection unit 216 may be positioned within a channel 214 of the
articulated conveyor 202 into a linear path of a chip 37, preceding the chip 37, and the
articulated conveyor 202 may be moved to move the chip 37 into contact with the finger
members of the ejection unit 216. Then, the reaction faces of the finger members of the ejection
unit 216 may cooperate with trailing leading faces of the wall segments 212 to urge the chip 37
laterally out of the chip well 208.

[0060] Although this invention has been described with reference to particular
embodiments, the invention is not limited to these described embodiments. Rather, the
invention is limited only by the appended claims, which include within their scope all equivalent

devices, systems and methods.
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CLAIMS

What is claimed is:

1. A chip sorting device, comprising:
a frame;
a chip conveying unit comprising:
at least one chip well configured to receive a chip therein, the at least one chip well
adjacent to at least one segmented guide wall comprising a plurality of wall
segments spaced upon the chip conveying unit and defining at least one channel
therebetween; and
at least one chip ejection unit configured to eject at least one chip outward from the at least one
chip well of the chip conveying unit, the at least one chip ejection unit comprising:
at least one finger member selectively movable between a first position outside of the at

least one channel and a second position within the at least one channel.

2. The chip sorting device of claim 1, wherein the chip conveying unit further

comprises:

a wheel mounted for rotation on the frame about an axis, and

wherein the plurality of wall segments are spaced radially upon the wheel and define at least one
circumferentially extending channel therebetween;

wherein the at least one chip ejection unit is configured to eject at least one chip radially outward
from the at least one chip well; and

wherein the at least one finger member is selectively movable between a first position outside of
the at least one circumferentially extending channel and a second position within the at

least one circumferentially extending channel.
3. The chip sorting device of claim 2, wherein the first position outside of the at

least one circumferentially extending channel is axially over the at least one circumferentially

extending channel.
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4. The chip sorting device of claim 2, wherein:

the at least one finger member comprises a plurality of finger members;

the at least one circumferentially extending channel comprises a plurality of circumferentially
extending channels; and

each finger member of the plurality of finger members is selectively movable between a first
position outside of a corresponding circumferentially extending channel of the plurality
of circumferentially extending channels and a second position within a corresponding
circumferentially extending channel of the plurality of circumferentially extending

channels.

5. The chip sorting device of claim 2, wherein the at least one chip ejection unit
further comprises a cam assembly sized and positioned to displace at least one lever arm
assembly comprising the at least one finger member to cause the at least one finger to move

between the first position and the second position upon rotation of the cam assembly.

6. The chip sorting device of claim 5, wherein the cam assembly comprises a

plurality of cams on a single cam shaft.

7. The chip sorting device of claim 6, wherein each cam of the plurality of cams is a

three-lobe cam.

8. The chip sorting device of claim 2, wherein the at least one chip ejection unit is

aligned with at least one opening onto at least one chip tray of a chip rack.

9. The chip sorting device of claim 2, wherein:

the at least one finger member comprises a reaction surface;

at least one segment of the plurality of wall segments comprises a leading face; and

the reaction surface of the at least one finger member and the leading face of the at least one
segment are configured to cooperate to ¢ject at least one chip into the opening of the at

least one chip tray of the chip rack.

16



WO 2011/051700 PCT/GB2010/051763

10. The chip sorting device of claim 9, wherein the reaction surface of the at least
one finger member is substantially aligned with a guide wall of the opening into the at least one

chip tray of the chip rack when the at least one finger member is in the second position.

I1. The chip sorting device of claim 2, further comprising:

a chip rack comprising a plurality of chip trays, and wherein the at least one chip ejection unit
comprises a plurality of chip ejection units; and

wherein each ejection unit of the plurality of ejection units corresponds to and is aligned with a
chip tray of the plurality of chip trays and is configured to ¢ject at least one chip into a
corresponding chip tray of the plurality of chip trays.

12. The chip sorting device of claim 1, wherein the chip conveying unit further

comprises:

an articulated conveyor comprising a plurality of link units; and

wherein the plurality of wall segments are spaced laterally on at least one link unit of the
plurality of link units and define at least one longitudinally extending channel
therebetween;

wherein the at least one chip ejection unit is configured to eject at least one chip laterally
outward from the at least one chip well; and

wherein the at least one finger member is selectively movable between a first position outside of
the at least one longitudinally extending channel and a second position within the at least

one longitudinally extending channel.

13. The chip sorting device of claim 12, wherein each of the plurality of links travels

along a substantially linear path when proximate to the at least one ejection unit.

14. The chip sorting device of claim 13, wherein the at least one longitudinally

extending channel extends along a substantially linear path.
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15. A method of ejecting a chip from a chip well, the method comprising:

carrying a selected chip along a path in a chip well of a chip conveying unit;

positioning at least one finger member of at least one ejection unit into the path of the selected
chip, preceding the selected chip;

moving the selected chip relative to the at least one finger member to cause the selected chip to
contact the at least one finger member; and

urging the selected chip out of the chip well with the at least one finger member and at least one

wall segment of a trailing segmented wall of the chip well.

16. The method of claim 15, wherein:

carrying a selected chip along a path in a chip well of a chip conveying unit comprises rotating a
wheel about an axis while carrying a selected chip along a circumferential path in a chip
well of the wheel,

positioning at least one finger member of at least one ejection unit into the path of the selected
chip, preceding the selected chip comprises positioning at least one finger member of at
least one ejection unit into the circumferential path of the selected chip, rotationally
preceding the selected chip;

moving the selected chip relative to the at least one finger member to cause the selected chip to
contact the at least one finger member comprises rotating the wheel relative to the at
least one finger member to cause the selected chip to contact the at least one finger
member; and

urging the selected chip out of the chip well with the at least one finger member and at least one
wall segment of a trailing segmented wall of the chip well comprises urging the selected
chip out of the chip well in a radially outward direction relative to the wheel with the at
least one finger member and at least one wall segment of a rotationally trailing radially

segmented wall of the chip well.

17. The method of claim 16, wherein positioning at least one finger member into the
circumferential path of the selected chip, rotationally preceding the selected chip comprises
positioning at least one finger member between wall segments of a rotationally preceding

radially segmented wall of the chip well carrying the selected chip.
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18. The method of claim16, further comprising ejecting the selected chip through an

opening into a chip tray of a chip rack.

19. The method of claim 18, wherein positioning at least one finger member into the
circumferential path of the selected chip, rotationally preceding the selected chip further
comprises positioning a reaction face of the at least one finger member in substantial alignment

with a guide wall of the opening into the chip tray of the chip rack.

20. The method of claim 16, further comprising maintaining the position of the at
least one finger member in the circumferential path and ejecting at least one rotationally

following chip carried along the circumferential path by at least one other chip well of the wheel.

21. The method of claim 16, further comprising:

positioning at least another finger member into the circumferential path of another selected chip,
rotationally preceding the another selected chip in another chip well of the wheel;

rotating the wheel relative to the at least another finger member to cause the another selected
chip to contact the at least another finger member; and

urging the another selected chip out of the another chip well in a radially outward direction
relative to the wheel with the at least another finger member and at least one wall

segment of a rotationally trailing radially segmented wall of the another chip well.

22. The method of claim 16, wherein positioning at least one finger member into the
circumferential path of the selected chip comprises moving the at least one finger member from
a first position above the circumferential path of the selected chip to a second position in the

circumferential path of the selected chip.

23. The method of claim 22, further comprising rotating a cam to move a lever

assembly including the at least one finger member to move the at least one finger member.
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24. The method of claim 23, wherein:

positioning at least one finger member into the circumferential path of the selected chip
comprises positioning a plurality of finger members into the circumferential path of the
selected chip;

rotating the wheel relative to the at least one finger member to cause the selected chip to contact
the at least one finger member comprises rotating the wheel relative to the plurality of
finger members to cause the selected chip to contact the plurality of finger members; and

urging the selected chip out of the chip well in a radially outward direction relative to the wheel
with the at least one finger member and at least one wall segment of a rotationally
trailing radially segmented wall of the chip well comprises urging the selected chip out
of the chip well in a radially outward direction relative to the wheel with the plurality of
finger members and a plurality of wall segments of a rotationally trailing radially

segmented wall of the chip well.

25. The method of claim 24, wherein positioning a plurality of finger members into
the circumferential path of the selected chip comprises positioning at least one finger member of
the plurality of finger members into the circumferential path of the selected chip after
positioning another finger member of the plurality of finger members into the circumferential

path of the selected chip.

26. The method of claim 16, further comprising urging at least another selected chip
out of at least another chip well of the wheel with at least another at least one finger of at least
another ejection unit substantially simultaneously to urging the selected chip out of the chip

well.
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27. The method of claim 15, wherein:
carrying a selected chip along a path in a chip well of a chip conveying unit comprises moving
an articulated conveyor along a fixed path and carrying a selected chip in a chip well of

the articulated conveyer.

28. The method of claim 27, wherein:

positioning at least one finger member of at least one ¢jection unit into the path of the selected
chip, preceding the selected chip comprises positioning at least one finger member of at
least one ejection unit into a substantially linear path of the selected chip, preceding the
selected chip; and

moving the selected chip relative to the at least one finger member to cause the selected chip to
contact the at least one finger member comprises moving the articulated conveyor
relative to the at least one finger member to cause the selected chip to contact the at least

one finger member.

29, The method of claim 28, wherein:

urging the selected chip out of the chip well with the at least one finger member and at least one
wall segment of a trailing segmented wall of the chip well comprises urging the selected
chip out of the chip well in a laterally outward direction relative to the articulated
conveyor with the at least one finger member and at least one wall segment of a

rotationally trailing radially segmented wall of the chip well.
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30. A chip sorting device, comprising:

a chip hopper chamber;

a chip sorting chamber, separate from the chip hopper chamber and connected to the chip hopper
chamber by an opening;

a separating wheel positioned within the chip hopper chamber, the separating wheel comprising
a plurality of radially extending arms defining a plurality of chip wells, each chip well
configured to hold a plurality of chips and to carry chips in a circumferential path and
deposit chips in the opening into the chip sorting chamber; and

a chip counting device positioned within the chip hopper chamber and configured to count the

number of chips carried within each chip well of the plurality of chip wells.

31. The chip sorting device of claim 30, wherein the plurality of chip wells comprise
a plurality of elongated chip wells and a plurality of deep chip wells alternating around the
circumference of the separating wheel, each elongated chip well of the plurality of elongated
chip wells configured to hold a plurality of chips positioned radially edge to edge and each deep
chip well of the plurality of deep chip wells configured to hold a plurality of chips stacked

axially.
32. The chip sorting device of claim 31, further comprising a finger positioned
within an axially stacked chip path, the finger configured to move an axially stacked chip in a

deep chip well to facilitate counting a number of chips positioned within a deep chip well.

33. The chip sorting device of claim 32, wherein the chip counting device comprises

at least one optical sensor.

34.  The chip sorting device of claim 30, further comprising a ramp extending from

the opening into the chip sorting chamber toward a sorting wheel.
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