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COIN HANDLING SYSTEM WITH CONTROLLED COIN DISCHARGE

Cross-Reference To Related' Applications

This application isa continuation-in-part of co-pending U.S. patent application
Serial No. 07/951,731, filed September 25, 1992, and entitled "Coin Handling
System," which is in turn a continuation-in-part of co-pending U.S. patent application
Serial No. 07/904,161 filed August 21, 1992, and entitled "Coin Sorter with
Automatic Bag-Switching or Stopping," which in turn is a continuation of U.S. patent
application Serial No. 07/524,134 filed May 14, 1990 (now issued as U.S. patent
number 5,141,443), and entitled "Coin Sorter With Automatic Bag-Switching Or
Stopping."

Field Of The Invention

The present invention relates generally to coin handling systems and, more
particularly, to coin handling systems of the type which use a resilient disc rotating
beneath a stationary coin-manipulating head.

Background Of The Invention

A successful coin handling system typically includes at least three factors.
These factors include the accuracy at which the coin denominations are distinguished
during the coin-sorting process, the speed at which the coins are sorted, and the
ability to control the discharge of the sorted coins for purposes of counﬁng and
bagging. Improving the quality of these factors has been an ongoing objective among
designers attempting to improve coin handling systems. Unfortunately, improving the
quality of any one of these factors will generally result in a degradation of the quality
of one of the other factors. '

For example, increasing the speed at which the coins are sorted has proven to
be inversely related to the quality of controlling the discharge of the sorted coins.
Typically, improving the speed at which coins are sorted requires increasing the
rotational speed of the rotating disc beneath the stationary head, and controlling the
discharge of the sorted coins requires a high-speed mechanical reaction (e.g.,
blocking the discharge path) and/or suddenly slowing or stopping the rotation of the
rotating disc. By increasing the coin-sorting speed, it is that much more difficult to

react mechanically and/or to stop the rotation of the rotating disc in timely manner.
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Improving the accuracy at which the coin denominations are distinguished
during the coin-sorting process has typically required a complete re-tooling of the
stationary coin-manipulating head, which is labor intensive and expensive.

Moreover, each of these stationary-heads provides a coin-discrimination technique
which is acceptably accurate for most commercial applications and only slight
improvements in accuracy are obtained by the costly investments involved in
redesigning stationary-heads.

Accordingly, there is a need for an improved coin sorting system which
increases both the speed at which the coins are sorted and the ability to control the
discharge of the sorted coins and, at the same time, maintaining the accuracy at
which the coin denominations are distinguished during the coin-sorting process.
Summary Of The Invention

The present invention provides an improved coin sorting system and technique
by using essentially a known disc-type stationary-head design and controlling the
associated rotating disc according to the position of the coins on the disc. The
manner in which the disc is controlled significantly increases both the speed at which
the coins are sorted and the ability to control the discharge of the sorted coins.
Because a known disc-type stationary-head design is used, the accuracy at which thé
coin denominations are distinguished during the coin-sorting process is maintained.

The present invention provides an improved coin handling system which
reliably terminates the discharge of coins after only a prescribed number of coins of a
prescribed denomination have been discharged, so that no extra coins of that
denomination are discharged. The present invention also provides an improved coin
handling system which avoids the need to retrieve discharged coins in excess of a
prescribed number.

Another advantage of the invention is that it provides a coin handling system
which permits coins to be sorted at previously unrealized speeds, while providing the
ability to interrupt the discharge of sorted coins virtually instantly.

Another important advantage of this invention is that it provides such an

improved coin handling system which is inexpensive to manufacture.

In accordance with the foregoing advantages, one implementation of the

present invention is a coin handling system which includes a rotatable disc having a



WO 95/06920 PCT/US94/09383

10

15

20

25

30

3

resilient surface for receiving coins and imparting rotational movement to the coins; a
drive motor for rotating the disc; and a stationary coin-manipulating head having a
contoured surface spaced slightly away from and generally parallel to the resilient
surface of the rotatable disc. Manipulated coins are discharged from the disc at one
or more exits at the periphery of the disc and/or the stationary head, and the coins
are sensed for counting and/or control purposes at a sensing station located upstream
of the exit. Movement of sensed coins downstream of the sensing station is
monitored by monitoring the angular movement of the rotating disc, to determine
when a sensed coin has been moved to a predetermined location downstream of the
sensing station, in the direction of coin movement.

The system of this invention can be used in coin sorters or coin loaders (e.g.,
for loading wrapping machines) to control the automatic stopping of coin discharge
when a prescribed number of coins havé been discharged, to prevent the discharge of
undesired excess coins.

~ Another embodiment of the present invention involves programming a
controller to operate the sorting system according to the type of coin mixture in the
sorting system. In response to one of a plurality of different operating modes being
selected by the user, the controller samples the coins to educate itself as to the
percent of each coin denomination. For example, if the controller senses an
excessive number invalid coins in the system, the sorting speed is decreased to
increase the sorting accuracy. If the controller senses a high percentage of coins of a
particular denomination, the controller can increase the sorting speed for this
particular denomination until a more normal coin mix is sensed.

The above summary of the present invention is not intended to represent each
embodiment, or every aspect, of the present invention. This is the purpose of the
detailed description which follows.

Brief Description Of The Drawings

Other objects and advantages of the invention will become apparent upon

reading the following detailed description and upon reference to the.drawings in

which;
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FIG. 1 is perspective view of a coin counting and sorting system embodying
the present invention, with pertions thereof broken away to show the internal
structure;

FIG. 2 is an enlarged bottom plan view of the sorting head or guide plate in
the system of FIG. 1;

FIG. 3 is an enlarged section taken generally along line 3-3 in FIG. 2;

FIG. 4 is an enlarged section taken generally along line 4-4 in FIG. 2;

FIG. 5 is an enlarged section taken generally along line 5-5 in FIG. 2;

FIG. 6 is an enlarged section taken generally along line 6-6 in FIG. 2;

FIG. 7 is an enlarged section taken generally along line 7-7 in FIG. 2;

FIG. 8 is an enlarged section taken generally along line 8-8 in FIG. 2;

FIG. 9 is an enlarged section taken generally along line 9-9 in FIG. 2;

FIG. 10 is an enlarged section taken generally along line 10-10 in FIG. 2

FIG. 11 is an enlarged section taken generally along line 11-11 in FIG. 2;

FIG. 12 is an enlarged section taken generally along line 12-12 in FIG. 2

FIG. 13 is an enlarged section taken generally along line 13-13 in FIG. 2;

FIG. 14 is an enlarged section taken generally along line 14-14 in FIG. 2, and
illustrating a coin in the exit channel with the movable element in that channel in its
retracted position;

FIG. 15 is the same section shown in FIG. 14 with the movable element in its
advanced position;

FIG. 16 is an enlarged perspective view of a preferred drive system for the
rotatable disc in the system of FIG. 1;

FIG. 17 is a perspective view of a portion of the coin sorter of FIG. 1,
showing two of the six coin discharge and bagging stations and certain of the
components included in those stations;

FIG. 18 is an enlarged section taken generally along line 18-18 in FIG. 17
and showing additional details of one of the coin discharge and bagging station;

FIG. 19 is a block diagram of a microprocessor-based control system for use

in the coin counting and sorting system of FIGS. 1-18;
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FIGS. 20A and 20B, combined, form a flow chart of a portion of a program

for controlling the operation of the microprocessor included in the control system of
FIG. 19;

FIG. 21 is a fragmentary section of a modification of the sorting head of FIG.
2;

FIG. 22 is an enlarged section taken generally along line 22-22 in FIG. 21;
FIG. 23 is an enlarged section taken generally along line 23-23 in FIG. 21; FIG.
24 is a bottom plan view of another modified sorting head for use in the coin
counting and sorting system of FIG. 1, and embodying the present invention;

FIG. 25 is an enlarged section taken generally along line 25-25 in FIG. 24;

FIG. 26 is the same section shown in FIG. 25 with a larger diameter coin in
place of the coin shown in FIGS. 24 and 25;

FIG. 27 is an enlarged section taken generally along line 27-27 in FIG. 24;

FIG. 28 is the same section shown in FIG. 27 with a smaller diameter coin in
place of the coin shown in FIGS. 24 and 27;

FIG. 29 is a bottom plan view of another modified sorting head for use in the
coin counting and sorting system of FIG. 1, and embodying the present invention of
FIG. 24;

FIG. 30 is an enlargement of the upper right-hand portion of FIG. 29;

FIG. 31 is a section taken generally along line 31-31 in FIG. 30;

FIG. 32 is a fragmentary bottom plan view of a modified coin-counting area
for the sorting head of FIG. 29;

FIG. 33 is a section taken generally along line 33-33 in FIG. 32;

FIG. 34 is a fragmentary bottom plan view of still another modified coin-
counting area for the sorting head of FIG. 29;

FIG. 35 is a section taken generally along line 35-35 in FIG. 34.

FIG. 36 is a fragmentary bottom plan view of yet another modified coin-
counting area for the sorting head of FIG. 24; ‘

FIG. 37 is a timing diagram illustrating the operation of the counting area
shown in FIG. 36,

FIG. 38 is a bottom plan view of a further modified sorting head for use in

the coin counting and sorting system of FIG. 1, and embodying the present invention,
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FIG. 39 is a section taken generally along line 39-39 in FIG. 38;

FIG. 40 is a section taken generally along line 40-40 in FIG. 38;

FIG. 41 is an enlarged plan view of a portion of the sorting head shown in
FIG. 38;

FIG. 42 is a section taken generally along line 42-42 in FIG. 41;

FIG. 43 is a section taken geherally along line 43-43 in FIG. 41;

FIGS. 44a and 44b form a flow chart of a microprocessor program for
controlling the disc drive motor and brake in a coin soﬁer using the modified sorting
head of FIG. 38;

FIGS. 45a and 45b form a flow chart of a "jog sequence" subroutine initiated
by the program of FIGS. 44a and 44b;

FIG. 46 is a flow chart of an optional subroutine that can be initiated by the
subroutine of FIGS. 45a and 45b;

FIG. 47 is a timing diagram illustrating the operations controlled by the
subroutine of FIGS. 45a and 45b;

FIG. 48 is a timing diagram illustrating the operations controlled by the
subroutines of FIGS. 45 and 46;

FIG. 49 is a flow chart of a subroutine for controlling the current supplied to
the brake; and

FIG. 50 is a top plan view of another modified sorting head and a cooperating
exit chute;

FIG. 51 is an enlarged section taken generally along line 51-51 in FIG. 50;

FIG. 52 is a flow chart of a micro-processor program for controlling the disc
drive motor and brake in a coin sorter using the modified sorting head of FIG. 50;

FIG. 53 is a top plan view of another modified sorting head and a cooperating
exit chute;

FIG. 54 is an enlarged section taken generally along line 54-54 in FIG. 53;

FIG. 55 is a perspective view of a modified encoder for monitoring the
angular movement of the disc;

FIG. 56 is a diagram illustrating a coin sorting system using an encoder, a
brake and a rotation-speed reducer, according to the principles of the present

invention;
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FIG. 57 is a diagram illustrating an implementation for the rotation-speed
reducer, shown in FIG. 56; -

FIG. 58 is diagram illustrating another implementation for the rotation-speed
reducer shown in FIG. 56;

FIG. 59a is a timing diagram showing various control and status signals for
the system of FIG. 56 when operating in accordance with the present invention;

FIG. 59b is another timing diagram showing various control and status signals
for the system of FIG. 56;

FIG. 60 is a block diagram illustrating a circuit for controlling a motor in
accordance with the present invention;

FIG. 61 is a flow chart, according to the present invention, showing a way to
program a microcomputer for controlling an AC motor and a brake in a coin sorting
system such as the one shown in FIG. 56;

FIG. 62 is a diagram illustrating another coin sorting system using two
rotation speed reducers, an encoder, a clutch and a brake, according to the principles
of the present invention; _

FIG. 63 is a timing diagram illustrating the operation of the system of FIG.
62; and

FIGS. 64a and 64b comprise a flow chart, according to the present invention,
showing a way to program a microcomputer for sorting and counting coins of
multiple denominations in a coin sorting system, such as the one shown in FIG. 62;

FIGS. 65a and 65b are block diagrams of alternative coin sensor/discriminator
circuit arrangements, 'according to the present invention, for discriminating valid
coins from invalid coins;

FIG. 66 is a perspective view of a coin sorting arrangement, also in
accordance with the present invention, including the sensor/discriminator of FIG. 65
and a coin diverter which is controlled in response to the sensor/discriminator;

FIG. 67 is a bottom view of a stationary guide plate, according to the present
invention, shown in the arrangement of FIG. 66;

FIG. 68 is a perspective view of another coin sorting arrangement, also in

accordance with the present invention;
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FIG. 69 is a cut-away view of the system shown in FIG. 68, showing an
invalid coin being deflected from a coin exit chute; and

FIG. 70 is flow chart, according to the present invention, showing a way to
program a controller for sorting and counting coins of multiple denominations in a
coin sorting system, such as the one shown in FIG. 62 and FIG. 67.

While the invention is susceptible to various modifications and ﬂtemaﬁve
forms, certain specific embodiments thereof have been shown by way of example in
the drawings and will be described in detail. It should be understood, however, that
the intention is not to limit the invention to the particular forms described. On the
contrary, the intention is to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the invention as defined by the appended claims.
Description Of The Preferred Embodiments

Turning now to the drawings and referring first to FIG. 1, a hopper 10
receives coins of mixed denominations and feeds them through central openings in an
annular sorting head or guide plate 12. As the coins pass through these openings,
they are deposited on the top surface of a rotatable disc 13. This disc 13 is mounted
for rotation on a stub shaft (not shown) and driven by an electric motor 14. The disc
13 comprises a resilient pad 16, preferably made of a resilient rubber or polymeric
material, bonded to the top surface of a solid metal disc 17. |

As the disc 13 is rotated, the coins deposited on the top surface thereof tend to
slide outwardly over the surface of the pad due to centrifugal force. As the coins
move outwardly, those coins which are lying flat on the pad enter the gap between
the pad surface and the guide plate 12 because the underside of the inner periphery of
this plate is spaced above the pad 16 by a distance which is about the same as the
thickness of the thickest coin.

As can be seen most clearly in FIG. 2, the outwardly moving coins initially
enter an annular recess 20 formed in the underside of the guide plate 12 and
extending around a major portion of the inner periphery of the annular guide plate.
The outer wall 21 of the recess 20 extends downwardly to the lowermost surface 22
of the guide plate (see FIG. 3), which is spaced from the top surface of the pad 16 by
a distance which is slightly less, e.g., 0.010 inch, than the thickness of the thinnest

coins. Consequently, the initial radial movement of the coins is terminated when
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they engage the wall 21 of the recess 20, though the coins continue to move
circumferentially along the wall 21 by the rotational movement of the pad 16.
Overlapping coins which only partially enter the recess 20 are stripped apart by a
notch 20a formed in the top surface of the recess 20 along its inner edge (see FIG.
4),

The only portion of the central opening of the guide plate 12 which does not
open directly into the recess 20 is that sector of the periphery which is occupied by a
land 23 whose lower surface is at the same elevation as the lowermost surface 22 of
the guide plate. The upstream end of the land 23 forms a ramp 23a (FIG. 5), which
prevents certain coins stacked on top of each other from reaching the ramp 24.

When two or more coins are stacked on top of each other, they may be pressed into
the resilient pad 16 even within the deep peripheral recess 20. Consequently, stacked
coins can be located at different radial positions within the channel 20 as they
approach the land 23. When such a pair of stacked coins has only partially entered
the recess 20, they engage the ramp 23a on the leading edge of the land 23. The
ramp 23a presses the stacked coins downwardly into the resilient pad 16, which
retards the lower coin while the upper coin continues to be advanced. Thus, the A
stacked coins are stripped apart so that they can be recycled and once again enter the
recess 20, this time in a single layer. _

When a stacked pair of coins has moved out into the recess 20 before reaching
the land 23, the stacked coins engage the inner spiral wall 26. The vertical |
dimension of the wall 26 is slightly less than the thickness of the thinnest coin, sa the
lower coin in a stacked pair passes beneath the wall and is recycled while the upper
coin in the stacked pair is cammed outwardly along the wall 26 (see FIGS. 6 and 7).
Thus, the two coins are stripped apart with the upper coin moving along the guide
wall 26‘, while the lower coin is recycled.

As coiné within the recess 20 approach the land 23, those coins move
outwardly around the land 23 and engage a ramp 24 leading into a recess 25 which is
an outward extension of the inner peripheral recess 20. The recess 25 is preferably
just slightly wider than the diameter of the coin denomination having the greatest
diameter. The top surface of the major portion of the recess 25 is spaced away from
the top of the pad 16 by a distance that is less than the thickness of the thinnest coin
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so that the coins are gripped between the guide plate 12 and the resilient pad 16 as
they are rotated through the recess 25. Thus, coins which move into the recess 25
are all rotated into engagement with the outwardly spiralling inner wall 26, and then
continue to move outwardly through the recess 25 with the inner edges of all the
coins riding along the spiral wall 26.

As can be seen in FIGS. 6-8, a narrow band 25a of the top surface of the
recess 25 adjacent its inner wall 26 is spaced away from the pad 16 by approximately
the thickness of the thinnest coin. This ensures that coins of all denominations (but
only the upper coin in a stacked or shingled pair) are securely engaged by the wall 26
as it spirals outwardly. The rest of the top surface of the recess 25 tapers
downwardly from the band 25a to the outer edge of the recess 25. This taper causes
the coins to be tilted slightly as they move through the recess 25, as can be seen in
FIGS. 6-8, thereby further ensuring continuous engagement of the coins with the
outwardly spiraling wall 26.

The primary purpose of the outward spiral formed by the wall 26 is to space
apart the coins so that during normal steady-state operation of the sorter, successive
coins will not be touchihg each other. As will be discussed below, this spacing of
the coins contributes to a high degree of reliability in the counting of the coins.

Rotation of the pad 16 continues to move the coins along the wall 26 until
those coins engage a ramp 27 sloping downwardly from the recess 25 to a region 22a
of the lowermost surface 22 of the guide plate 12 (see FIG. 9). Because the surface'
22 is located even closer to the pad 16 than the recess, the effect of the ramp 27 is to
further depress the coins into the resilient pad 16 as the coins are advanced along the
ramp by the rotating disc. This causes the coins to be even more firmly gripped
between the guide plate surface region 22a and the resilient pad 16, thereby securely
holding fhe coins in a fixed radial position as they continue to be rotated along the
underside of the guide plate by the rotating disc.

As the coins emerge from the ramp 27, the coins enter a referencing and
counting recess 30 which still presses all coin denominations firmly against the
resilient pad 16. The outer edge of this recess 30 forms an inwardly spiralling wall

31 which engages and precisely positions the outer edges of the coins before the coins
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reach the exit channels which serve as means for discriminating among coins of
different denominations according to their different diameters.

The inwardly spiralling wall 31 reduces the spacing between successive coins,
but only to a minor extent so that successive coins remain spaced apart. The inward
spiral closes any spaces between the wall 31 and the outer edges of the coins so that
the outer edges of all the coins are eventually located at a common radial position,
against the wall 31, regardless of where the outer edges of those coins were located
when they initially entered the recess 30.

At the downstream end of the referencing recess 30, a ramp 32 (FIG. 13)
slopes downwardly from the top surface of the referencing recess 30 to region 22b of
the lowermost surface 22 of the guide plate. Thus, at the downstream end of the
ramp 32 the coins ;Lre gripped between the guide plate 12 and the resilient pad 16
with the maximum compressive force. This ensures that the coins are held securely
in the radial position initially determined by the wall 31 of the referencing recess 30.

Beyond the referencing recess 30, the guide plate 12 forms a series of exit
channels 40, 41, 42, 43, 44 and 45 which function as selecting means to discharge
coins of different denominations at different circumferential locations around the
periphery of the guide plate. Thus, the channels 40-45 are spaced ciré:umferentially
around the outer periphery of the plate 12, with the innermost edges of successive
pairs of channels located progressively farther away from the common radial location
of the outer edges of all coins for receiving and ejecting coins in order of increasing
diameter. In the particular embodiment illustrated, the six channels 40-45 are
positioned and dimensioned to eject only dimes (channels 40 and 41), nickels
(channels 42 and 43) and quarters (channel 44 and 45). The innermost edges of the
exit channels 40-45 are positioned so that the inner edge of a coin of only one
particular denomination can enter each channel; the coins of all other denominations
reaching a given exit channel extend inwardly beyond the innermost edge of that
particular channel so that those coins cannot enter the channel and, therefore,
continue on to the next exit channel.

For example, the first two exit channels 40 and 41 (FIGS. 2 and 14) are
intended to discharge only dimes, and thus the innermost edges 40a and 41a of these

channels are located at a radius that is spaced inwardly from the radius of the
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referencing wall 31 by a distance that is only slightly greater than the diameter of a
dime. Consequently, only dimes can enter the channels 40 and 41. Because the
outer edges of all denominations of coins are located at the same radial position when
they leave the referencing recess 30, the inner edges of the nickels and quarters all
extend inwardly beyond the innermost edge 40a of the channel 40, thereby preventing
these coins from entering that particular channel. This is illustrated in FIG. 2 which
shows a dime D captured in the channel 40, while nickels N and quarters Q bypass
the channel 40 because their inner edges extend inwardly beyond the innermost edge
40a of the channel so that they remain gripped between the guide plate surface 22b
and the resilient‘ pad 16.

Of the coins that reach channels 42 and 43, the inner edges of only the nickels
are located close enbugh to the periphery of the guide plate 12 to enter those exit
channels. The inner edges of the quarters extend inwardly beyond the innermost
edge of the channels 42 and 43 so that they remain gripped between the guide plate
and the resilient pad. Consequently, the quarters are rotated past the channel 41 and
continue on to the next exit channel. This is illustrated in FIG. 2 which shows
nickels N captured in the channel 42, while quarters Q bypass the channel 42 because
the inner edges of the quarters extend inwardly beyond the innermost edge 42a of the
channel. |

Similarly, only quarters can enter the channels 44 and 45, so that any larger
coins that might be accidentally loaded into the sorter are merely recirculated because
they cannot enter any of the exit channels.

The cross-sectional profile of the exit channels 40-45 is shown most clearly in
FIG. 14, which is a section through the dime channel 40. Of course, the cross-
sectional configurations of all the exit channels are similar; they vary only in their
widths and their circumferential and radial positions. The width of the deepest
portion of each exit channel is smaller than the diameter of the coin to be received
and ejected by that particular exit channel, and the stepped surface of the guide plate
adjacent the radially outer edge of each exit channel presses the outer portions of the
coins received by that channe] into the resilient pad so that the inner edges of those
coins are tilted upwardly into the channel (see FIG. 14). The exit channels extend

outwardly to the periphery of the guide plate so that the inner edges of the channels
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guide the tilted coins outwardly and eventuaily eject those coins from between the
guide plate 12 and the resilient pad 16.

The first dime channel 40, for example, has a width which is less than the
diameter of the dime. Consequently, as the dime is moved circumferentially by the
rotating disc, the inner edge of the dime is tilted upwardly against the inner wall 40a
which guides the dime outwardly until it reaches the periphery of the guide plate 12
and eventually emerges from between the guide plate and the resilient pad. At this
point the momentum of the coin causes it to move away from the sorting head into an
arcuate guide which directs the coin toward a suitable receptacle, such as a coin bag
or box.

As coins are discharged from the six exit channels 40-45, the coins are guided
down toward six corresponding bag stations BS by six arcuate guide channels 50, as
shown in FIGS. 17 and 18. Only two of the six bag stations BS are illustrated in
FIG. 17, and one of the stations is illustrated in FIG. 18.

~ As the coins leave the lower ends of the guide channels 50, they enter
corresponding cylindrical guide tubes 51 which are part of the bag stations BS. The
lower ends of these tubes 51 flare outwardly to accommodate conventional clamping-
ring arrangements for mounting coin bags B directly beneath the tubes 51 to receive
coins therefrom.

As can be seen in FIG. 18, each clamping-ring arrangement includes a support .
bracket 71 below which the corresponding coin guide tube 51 is supported in such a
way that the inlet to the guide tube is aligned with the outlet of the corresponding
guide channel. A clamping ring 72 having a diameter which is slightly larger than
the diameter of the upper portions of the guide tubes 51 is slidably disposed on each
guide tube. This permits a coin bag B to be releasably fastened to the guide tube 51
by positioning the mouth of the bag over the flared end of the tube and then sliding
the clamping ring down until it fits tightly around the bag on the flared portion of the
tube, as illustrated in FIG. 18. Releasing the coin bag merely requires the clamping
ring to be pushed upwardly onto the cylindrical section of the guide tube. The
clamping ring is preferably made of steel, and a plurality of magnets 73 are disposed
on the underside of the support bracket 71 to hold the ring 72 in its released position
while a full coin bag is being replaced with an empty bag.
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Each clamping-ring arrangement is also provided with a bag interlock switch

for indicating the presence or-absence of a coin bag at each bag station. In the

illustrative embodiment, a magnetic reed switch 74 of the "normaly-closed" type is
disposed beneath the bracket 71 of each élamping—ring arrangement. The switch 74
is adapted to be activated when the corresponding clamping ring 72 contacts the
magnets 73 and thereby conducts the magnetic field generated by the magnets 73 into
the vicinity of the switch 74. This normally occurs when a previously clamped full
coin bag is released and has not yet been replaced with an empty coin bag. A similar
mechanism is provided for each of the other bag stations BS.

As described above, two different exit channels are provided for each coin
denomination. Consequently, each coin denomination can be discharged at either of
two different locations around the periphery of the guide plate 12, i.e., at the outer
ends of the channels 40 and 41 for the dimes, at the outer ends of the channels 43
and 44 for the nickels, and at the outer ends of the channels 45 and 46 for the
quarters. In order to select one of the two exit channels available for each
denomination, a controllably actuatable shunting device is associated with the first of
each of the three pairs of similar exit channels 40-41, 42-43 and 44-45. When one of
these shunting devices is actuated, it shunts coins of the corresponding denomination
from the first to the second of the two exit channels provided for that particular
denomination.

Turning first to the pair of exit channels 40 and 41 provided for the dimes, a
vertically movable bridge 80 is positioned adjacent the inner edge of the first channel
40, at the entry end of that channel. This bridge 80 is normally held in its raised,
retracted position by means of a spring 81 (FIG. 14), as will be described in more
detail below. When the bridge 80 is in this raised position, the bottom of the bridge
is flush with the top wall of the channel 40, as shown in FIG. 14, so that dimes D
enter the channel 40 and are discharged through that channel in the normal manner.

When it is desired to shunt dimes past the first exit channel 40 to the second
exit channel 41, a solenoid Sp (FIGS. 14, 15 and 19) is energized to overcome the
force of the spring 81 and lower the bridge 80 to its advanced position. In this
lowered position, shown in FIG. 15, the bottom of the bridge 80 is flush with the

lowermost surface 22b of the guide plate 12, which has the effect of preventing dimes
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D from entering the exit channel 40. Consequently, the quarters are rotated past the
exit channel 40 by the rotating disc, sliding across the bridge 80, and enter the
second exit channel 41.

To ensure that precisely the desired number of dimes are discharged through
the exit channel 40, the bridge 80 must be interposed between the last dime for any
prescribed batch and the next successive dime (which is normally the first dime for
the next batch). To facilitate such interposition of the bridge 80 between two
successive dimes, the dimension of the bridge 80 in the direction of coin movement is
relatively short, and the bridge is located along the edges of the coins, wﬁere the
space between successive coins is at a maximum. The fact that the exit channel 40 is
narrower than the coins also helps ensure that the outer edge of a coin will not enter
the exit channel while the bridge is being moved from its retracted position to its
advanced position. In fact, with the illustrative design, the bridge 80 can be
advanced after a dime has already partially entered the exit channel 40, overlapping
all or part of the bridge, and the bridge will still shunt that dime to the next exit
channel 41. .

Vertically movable bridges 90 and 100 (FIG. 2) located in the first exit
channels 42 and 44 for the nickels and quarters, respectively, operate in the same
manner as the bridge 80. Thus, the nickel bridge 90 is loéated along the inner edge
of the first nickel exit channel 42, at the entry end of that exit channel. The bridge
90 is normally held in its raised, retracted position by means of a spring. In this
raised position the bottom of the bridge 90 is flush with the top wall of the exit
channel 42, so that nickels enter the channel 42 and are discharged through that
channel. When it is desired to divert nickels to the second exit channel 43, a
solenoid Sy; (FIG. 19) is energized to overcome the force of the spring and lower the
bridge 90 to its advanced position, where the bottom of the bridge 60 is flush with
the lowermost surface 22b of the guide plate 12. When the bridge 90 is in this
advanced position, the bridge prevents any coins from entering the first exit channel
42. Consequently, the nickels slide across the bridge 90, continue on to the second
exit channel 43 and are discharged therethrough. The quarter bridge 100 (FIG. 2)
and its solenoid SQ (FIG. 19) operate in exactly the same manner. The edges of all
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the bridges 80, 90 and 100 are preferably chamfered to prevent coins from catching
on these edges.

The details of the actuating mechanism for the bridge 80 are illustrated in
FIGS. 14 and 15. The bridges 90 and 100 have similar actuating mechanisms, and
thus only the mechanism for the bridge 80 will be described. The bridge 80 is
mounted on the lower end of a plunger 110 which slides vertically through a guide
bushing 111 threaded into a hole bored into the guide plate 12. The bushing 111 is
held in place by a locking nut 112. A smaller hole 113 is formed in the lower
portion of the plate 12 adjacent the lower end of the bushing 111, to provide access
for the bridge 80 into the exit channel 40. The bridge 80 is normally held in its
retracted position by the coil spring 81 compressed between the locking nut 112 and a
head 114 on the upper end of the plunger 110. The upward force of the spring 81
holds the bridge 80 against the lower end of the bushing 111.

To advance the plunger 110 to its lowered position within the exit channel 40
(FIG. 15), the solenoid coil is energized to push the plunger 110 downwardly with a
force sufficient to overcome the upward force of the spring 81. The plunger is held
in this advanced position as long as the solenoid coil remains energized, and is
returned to its normally raised position by the spring 81 as soon as the solenoid is de-
energized. _ |

Solenoids Sy and SQ control the bridges 90 and 100 in the same manner
described above in connection with the bridge 80 and the solenoid Sp-

As the coins move along the wall 31 of the referencing recess 30, the outer
edges of all coin denominations are at the same radial position at any given angular
location along the edge. Consequently, the inner edges of coins of different
denominations are offset from each other at any given angular location, due to the
different diameters of the coins (see FIG. 2). These offset inner edges of the coins
are used to separately count each coin before it leaves the referencing recess 30.

As can be seen in FIGS. 2 and 10-12, three coin sensors S 1> S9 and S5 in the
form of insulated electrical contact pins are mounted in the upper surface of the
recess 30. The outermost sensor S is positioned so that it is contacted by all three
coin denominations, the middle sensor S, is positioned so that it is contacted only by

the nickels and quarters, and the innermost sensor Sq is positioned so that it is



WO 95/06920 PCT/US94/09383

10

15

20

25

30

17
contacted only by the quarters. An electrical voltage is applied to each sensor so

that when a coin contacts the.pin and bridges across its insulation, the voltage source
is connected to ground via the coin and the metal head surrounding the insulated
sensor. The grounding of the sensor during the time interval when it is contacted by
the coin generates an electrical pulse which is detected by a counting system ‘
connected to the sensor. The pulses produced by coins contacting the three sensors
S{, Sp and S3 will be referred to herein as pulses Py, Py and P3, respectively, and
the accumulated counts of those pulses in the counting system will be referred to as
counts Cy, C, and Cj, respectively.

As a coin traverses one of the sensors, intermittent contact can occur between
the coin and the sensor because of the contour of ihe coin surface. Consequently, the -
output signal from the sensor can consist of a series of short pulses rather than a
single wide pulse, which is a common problem referred to as "contact bounce." This
problem can be overcome by simply detecting the first pulse and then ignoring
subsequent pulses during the time interval required for one coin to cross the sensor.
Thus, only one pulse is detected for each coin that contacts the sensor.

The outer sensor S contacts all three coin denominations, so the actual dime
count Cy, is determined by subtracting C, (the combined quarter and nickel count)
from C; (the combined count of quarters, nickels and dimes). The middle sensor Sy,
contacts both the quarters and the nickels, so the actual nickel count Cyis |
determined by subtracting C5 (the quarter count) from C, (the combined quarter and
nickel count). Because the innermost sensor S5 contacts only quarters, the count Cs
is the actual quarter count CQ.

Another counting technique uses the combination of (1) the presence of a
pulse P; from the sensor S and (2) the absence of a pulse P, from the sensor Sy to
detect the presence of a dime. A nickel is detected by the. combination of (1) the

 presence of a pulse Py from the sensor S and (2) the absence of a pulse P4 from

sensor S3, and a quarter is detected by the presence of a pulse P3 from the sensor
S3. The presence or absence of the respective pulses can be detected by a simple
logic routine which can be executed by either hardware or software.

To permit the simultaneous counting_of prescribed batches of coins of each

denomination using the first counting technique described above, i.e., the subtraction
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