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(57) ABSTRACT

A coin discrimination apparatus capable of discriminating the
denomination and authenticity of coins including bimetallic
coins. A first coin detection sensor, located near a guide,
obtains a physical characteristic of a peripheral part of a coin
moved on a carrying path. A second coin detection sensor,
located apart from the guide, obtains a physical characteristic
about a central part of the coin. A third coin detection sensor,
located on a downstream side of respect to the first sensor,
obtains a physical characteristic about the peripheral partofa
coin. A fourth coin detection sensor, located downstream of
the second sensor and apart from the guide, obtains a physical
characteristic about a central part of the coin. An additional
physical characteristic about the peripheral part of the coin is
obtained by cooperation of the second and third sensors when
the coin reaches the third sensor.
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FIG. 1
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FIG. 3
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FIG. 4
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FIG. 7
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COIN DISCRIMINATION APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a coin discrimina-
tion apparatus and more particularly, to a coin discrimination
apparatus that makes it possible to discriminate the denomi-
nation and authenticity of coins accurately even if they are
bimetallic coins.

[0003] The term “coin” used in this specification means
widely coins as a currency, tokens, medals, and so on, which
may have any shape such as circular and polygonal ones.

[0004] 2. Description of Related Art

[0005] Conventionally, as a prior art, a coin denomination
discrimination apparatus is known, as disclosed, for example,
in the Japanese Patent No. 4780494 (see FIGS. 2 to 6 and
Paragraphs 0026 to 0040). This apparatus comprises a slide
base made of a non-magnetic material, a rotator made of a
non-magnetic material and formed adjacent to the slide base
in such a way as to be rotated in a plane parallel to the slide
base, a reference guide formed outside a rotation path of the
rotator, and a magnetic sensing device for discriminating the
denomination of coins provided near a coin carrying path
through which coins are carried by rotation of the rotator.

[0006] The magnetic sensing device includes a diameter
sensor, a material sensor, and a thickness sensor.

[0007] With the prior-art coin denomination discrimination
apparatus disclosed in the Japanese Patent No. 4780494, the
denomination of target coins is discriminated using one mate-
rial sensor, one thickness sensor, and three diameter sensors
serving as the magnetic sensing device. The material sensor
and the thickness sensor are arranged in such a way as to be
opposed to not only the central portion of a coin but also the
peripheral part thereof.

[0008] When discriminating the denomination of a bime-
tallic coin, where the peripheral part (ring-shaped part) and
the central part (i.e., core part) are made of different metals,
the data about the materials of the core and ring-shaped parts
of the bimetallic coin is obtained by the material sensor and
the data about the material of the connection portion of the
core and ring-shaped parts thereof is obtained by the same
material sensor. Similarly, the data about the thicknesses of
the core and ring-shaped parts is obtained by the thickness
sensor and the data about the thickness of the connection
portion is obtained by the same thickness sensor. Because the
connecting portion contains some structural unevenness, the
data obtained from the connecting portion is likely to include
dispersion or variations. Accordingly, the data obtained from
the connecting portion by the material sensor and the data
obtained from the connecting portion by the thickness sensor
also will include dispersion or variations, which raises a prob-
lem of degradation in discrimination accuracy of bimetallic
coins.

SUMMARY OF THE INVENTION

[0009] The present invention was created to solve the
abovementioned problem of the prior art coin denomination
discrimination apparatus, and an object of the present inven-
tion is to provide a coin discrimination apparatus capable of
discriminating the denomination and authenticity of coins
accurately even if they are bimetallic coins.
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[0010] The above object together with others not specifi-
cally mentioned will become clear to those skilled in the art
from the following description.

[0011] A coin discrimination apparatus according to the
present invention comprises:

[0012] a base having a carrying path on which coins are
carried, wherein one surface of each coin that is moved on the
carrying path is supported by the base;

[0013] arotator configured to be rotatable around a rotation
axis perpendicular to the base, wherein the rotator has push-
ing members by which coins are carried on the carrying path
one by one due to rotation of the rotator;

[0014] a guide formed outside a rotation area of the rotator
s0 as to extend along the carrying path, wherein a coin that is
moved on the carrying path is guided by contacting a periph-
eral face of the coin with the guide; and

[0015] acoin detector for detecting physical characteristics
of'a coin that is moved on the carrying path, wherein the coin
detector is located along the carrying path;

[0016] wherein the coin detector comprises a first coin
detection sensor, a second coin detection sensor, a third coin
detection sensor, and a fourth coin detection sensor;

[0017] the first coin detection sensor, which is located near
the guide, has a function of obtaining a physical characteristic
about a peripheral part of a coin that is moved on the carrying
path;

[0018] the second coin detection sensor, which is located
apart from the guide at a predetermined interval, has a func-
tion of obtaining a physical characteristic about a central part
of'the coin that is moved on the carrying path;

[0019] the third coin detection sensor, which is located on a
downstream side of the carrying path at a predetermined
interval with respect to the first coin detection sensor and
which is located near the guide, has a function of obtaining a
physical characteristic about the peripheral part of the coin
that is moved on the carrying path;

[0020] the fourth coin detection sensor, which is located on
the downstream side of the carrying path at a predetermined
interval with respect to the second coin detection sensor and
which is located apart from the guide at a predetermined
interval, has a function of obtaining a physical characteristic
about the central part of the coin that is moved on the carrying
path; and

[0021] an additional physical characteristic about the
peripheral part of the coin that is moved on the carrying path
is obtained by cooperation of the second coin detection sensor
and the third coin detection sensor when the coin that is
moved on the carrying path reaches the third coin detection
sensor.

[0022] With the coin discrimination apparatus according to
the present invention, as explained above, the base having the
carrying path, the rotator for carrying coins on the carrying
path one by one, the guide for guiding the coins along the
carrying path, and the coin detector for detecting physical
characteristics of the coins are provided. The coins that are
moved on the carrying path are carried to a predetermined
position through the coin detector itself or through the vicin-
ity of the coin detector. The coins that are carried on the
carrying path due to the rotation of the rotator are guided by
contacting the peripheral face of the coin with the guide.
[0023] The coin detector comprises the first to fourth coin
detection sensors, which are located at different positions
with respect to the guide. This means that the positions of the
first to fourth coin detection sensors are respectively deter-
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mined using the guide as a reference. Moreover, the coin that
is moved on the carrying path is guided by contacting the
peripheral face of the coin with the guide that extends along
the carrying path.

[0024] Therefore, the positional relationships between
each of the coins that are carried on the carrying path with the
first to fourth coin detection sensors are kept approximately
the same for all the coins thus carried. Accordingly, the physi-
cal characteristics about the peripheral and core parts of the
coin that is moved on the carrying path can be detected
accurately with the first to fourth coin detection sensors.
[0025] Furthermore, the additional physical characteristic
about the peripheral part of the coin that is moved on the
carrying path is obtained by cooperation of the second and
third coin detection sensors when the coin that is moved on
the carrying path reaches the third coin detection sensor. This
means that the physical characteristics about the different
positions of the peripheral part of the coin can be detected by
the second and third coin detection sensors approximately
simultaneously. For this reason, coin discrimination can be
performed using not only the physical characteristics
obtained by the first to fourth coin detection sensors but also
the additional physical characteristic obtained by the coop-
eration of the second and third coin detection sensors.
[0026] Accordingly, the denomination and authenticity of
the coins can be discriminated more accurately compared
with the case where the additional physical characteristic is
not obtained by the cooperation of the second and third coin
detection sensors.

[0027] In the case of discriminating a bimetallic coin com-
prising a ring-shaped part (i.e., a peripheral part) and a core
part (i.e., a central part) which are made of different materials
or different-composition materials (e.g., different metals and/
or alloys), the physical characteristics about the peripheral
part of the bimetallic coin are respectively obtained by the
first and third coin detection sensors at different positions,
and the physical characteristics about the central part of the
bimetallic coin are respectively obtained by the second and
fourth coin detection sensors at different positions. Moreover,
the additional physical characteristic about the peripheral part
of'the bimetallic coin is obtained by cooperation ofthe second
and third coin detection sensors.

[0028] Therefore, even if the connecting portion of the
bimetallic coin, which connects the ring-shaped part (periph-
eral part) and the core part (central part), includes some
structural unevenness, the physical characteristics obtained
by the first to fourth coin detection sensors and the additional
physical characteristic obtained by cooperation of the second
and third coin detection sensors are unlikely to be affected by
the structural unevenness of the connecting portion.

[0029] Accordingly, the denomination and authenticity of
coins can be discriminated with high accuracy even if they are
bimetallic coins.

[0030] In a preferred embodiment of the coin discrimina-
tion apparatus according to the present invention, the physical
characteristic about the peripheral part of the coin obtained by
the first coin detection sensor is a physical characteristic
about a thickness of the peripheral part of the coin, the physi-
cal characteristic about the central part of the coin obtained by
the second coin detection sensor is a physical characteristic
about a material of the central part of the coin, the physical
characteristic about the peripheral part of the coin obtained by
the third coin detection sensor is a physical characteristic
about a material of the peripheral part of the coin, the physical
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characteristic about the central part of the coin obtained by the
fourth coin detection sensor is a physical characteristic about
a thickness of the central part of the coin, and the additional
physical characteristic about the peripheral part of the coin
obtained by cooperation of the second and third coin detec-
tion sensors is a physical characteristic about the material and
a diameter of the peripheral part of the coin.

[0031] In this embodiment, since the physical characteris-
tics about the thickness, material, and diameter of the periph-
eral part of'the coin and those about the thickness and material
of the central part of thereof are respectively obtained by
different coin detection sensors, these characteristics can be
detected accurately. Thus, the denomination and authenticity
of the coins can be discriminated with high accuracy even if
they are bimetallic coins.

[0032] In another preferred embodiment of the coin dis-
crimination apparatus according to the present invention,
each of the first to fourth coin detection sensors comprises a
pair of magnetic material cores and coils wound respectively
around the cores.

[0033] In this embodiment, magnetic characteristics of the
coins are detected by the first to fourth coin detection sensors.
Therefore, there is an additional advantage that even if dust or
rubbish is attached on the first to fourth coin detection sen-
sors, the denomination and authenticity of the coins can be
discriminated with high accuracy without the effect of the
dust or rubbish.

[0034] In still another preferred embodiment of the coin
discrimination apparatus according to the present invention,
the coin detector further comprises fifth, sixth, and seventh
coin detection sensors. The fifth coin detection sensor is
located at a further position from the guide than the second
and fourth coin detection sensors. The sixth coin detection
sensor is located at a further position from the guide than the
fifth coin detection sensor. The seventh coin detection sensor
is located on the downstream side of the carrying path with
respect to the fifth and sixth coin detection sensors. Each of
the fifth to seventh coin detection sensors has a function of
obtaining a physical characteristic about a diameter of the
coin that is moved on the carrying path.

[0035] In this embodiment, the physical characteristic
about the diameter of the coin having a relatively small diam-
eter is obtained by the fifth coin detection sensor, the physical
characteristic about the diameter of the coin having a rela-
tively large diameter is obtained by the sixth coin detection
sensor, and the physical characteristic about the diameter of
the coin having a relatively middle diameter is obtained by the
seventh coin detection sensor. Thus, compared with the case
where the physical characteristic about the diameter of a coin
is obtained by a single coin detection sensor, the physical
characteristics about the diameter of the coin can be obtained
in more detail. As a result, there is an additional advantage
that the denomination and authenticity of the coin can be
discriminated with higher accuracy than the case where the
coin detector does not comprise the fifth, sixth, and seventh
coin detection sensors.

[0036] In a further preferred embodiment of the coin dis-
crimination apparatus according to the present invention, the
coin detector further comprises fifth, sixth, and seventh coin
detection sensors. The physical characteristic about a diam-
eter of a coin having a relatively small diameter is obtained by
the fifth coin detection sensor, the physical characteristic
about a diameter of a coin having a relatively large diameter
is obtained by the sixth coin detection sensor, and the physical
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characteristic about a diameter of a coin having a relatively
middle diameter is obtained by the seventh coin detection
sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The objects and features of the present invention,
which are believed to be novel, are set forth with particularity
in the appended claims. The present invention, both as to its
organization and manner of operation, together with further
objects and advantages, may best be understood by reference
to the following description, taken in connection with the
accompanying drawings.

[0038] FIG.11isa perspective view of a coin discrimination
apparatus according to an embodiment of the present inven-
tion, which is seen from the front right side of the apparatus;
[0039] FIG. 2 is a perspective view of the coin discrimina-
tion apparatus according to the embodiment of the present
invention, which is seen from the front left side of the appa-
ratus;

[0040] FIG. 3 is a front view of the coin discrimination
apparatus according to the embodiment of the present inven-
tion;

[0041] FIG. 4 is a front view of the coin discrimination
apparatus according to the embodiment of the present inven-
tion, which shows the state where the inside of the upper
cover of the apparatus is exposed;

[0042] FIG. 5 is a front view of the coin discrimination
apparatus according to the embodiment of the present inven-
tion, which shows the state where the upper cover of the
apparatus is detached;

[0043] FIG. 6 is an enlarged front view ofthe coin discrimi-
nation section of the coin discrimination apparatus shown in
FIG. 5;

[0044] FIG. 7 is a cross-sectional view along the line VII-
VIl in FIG. 3;
[0045] FIG. 8is an enlarged front view of the detecting part

(the coin detector) of the coin discrimination section of the
coin discrimination apparatus shown in FIG. 6; and

[0046] FIG. 9 is a front view of the driving mechanism of
the coin discrimination apparatus according to the embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0047] Reference will now be made in detail to the pre-
ferred embodiments of the invention which set forth the best
modes contemplated to carry out the invention, examples of
which are illustrated in the accompanying drawings. While
the invention will be described in conjunction with the pre-
ferred embodiments, it will be understood that they are not
intended to limit the invention to these embodiments. On the
contrary, the invention is intended to cover alternatives, modi-
fications and equivalents, which may be included within the
spirit and scope of the invention as defined by the appended
claims. Furthermore, in the following detailed description of
the present invention, numerous specific details are set forth
in order to provide a thorough understanding of the present
invention. However, it will be obvious to one of ordinary skill
in the art that the present invention may be practiced without
these specific details. In other instances, well known meth-
ods, procedures, components, and circuits have not been
described in detail as not to unnecessarily obscure aspects of
the present invention.
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[0048] Preferred embodiments of the present invention will
be described in detail below while referring to the Preferred
embodiments of the present invention will be described in
detail below while referring to the drawings attached.

[0049] [Overall Structure of Coin Discrimination Appara-
tus]
[0050] A coindiscrimination apparatus 100 according to an

embodiment of the present invention is shown in FIGS. 110 9.
[0051] As shown in FIGS. 1, 2 and 9, the coin discrimina-
tion apparatus 100 comprises a coin separating and forward-
ing section 102 for separating coins C that are stacked in bulk
from each other and forwarding the coins C thus separated
toward the next step, a coin discrimination section 104 for
carrying the coins C forwarded from the coin separating and
forwarding section 102 toward the next step and discriminat-
ing the denomination and authenticity of the coins C, and a
driving mechanism 106 for driving a carrying mechanism for
the coins C. The coin separating and forwarding section 102
is provided at the lower right position of the apparatus 100.
The coin discrimination section 104 is provided at the upper
middle position of the apparatus 100. The driving mechanism
106 is provided at the lower left and upper middle positions of
the apparatus 100.

[0052] The coin separating and forwarding section 102, the
coin discrimination section 104, and the driving mechanism
106 of the coin discrimination apparatus 100 may comprises
the separated forwarding device disclosed in Japanese Patent
No. 4780494 issued in 2011. Since the concrete structure and
function of the separated forwarding device are explained in
detail in Japanese Patent No. 4780494, the explanation about
the structure and function of the separated forwarding device
are omitted here.

[0053] Applicant hereby incorporates by reference, the
subject matter disclosed by the current inventor in U.S. Pat.
No. 7,426,987, issued on Sep. 23, 2008 and assigned to the
same assignee.

[0054] [Coin Separating and Forwarding Section]

[0055] Next, the coin separating and forwarding section
102 of the coin discrimination apparatus 100 will be
explained below with reference to FIGS. 1 to 5.

[0056] The coin separating and forwarding section 102 has
the function of separating coins C that are stacked in bulk
from each other and the function of forwarding the coins C
thus separated toward the next step. This section 102 com-
prises a storing container 200, a rotary disk 202, and a receiver
204.

[0057] The rotary disk 202 is obliquely mounted at a pre-
determined angle and rotated at a predetermined speed. On
the upper surface of the disk 202, three coin receiving parts
206a,206b, and 206¢ are formed to receive the coins C one by
one. Since all the coin receiving parts 206a, 2065, and 206¢
are the same in structure, the same reference numerals are
attached to the structural elements of the parts 206a, 2065,
and 206¢ and at the same time, the parts 2064, 2065, and 206¢
are distinguished with different suffixes of English alphabet a,
b, and ¢ added to the reference numerals in this specification.
[0058] Inthis embodiment, three coin receiving parts 2064,
2065, and 206¢ are formed on the upper surface of the rotary
disk 202. However, the count of the coin receiving parts may
be changed appropriately based on the processing speed in
the coin discrimination section 104, the processing speed of
an external device or devices (not shown) of the coin discrimi-
nation apparatus 100, the diameters of the coins C, and so on.
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[0059] The coin receiving parts 206a, 2065, and 206¢ have
depressions 2084, 2085, and 208¢ for receiving the coins C
and pushers 210a, 2105, and 210c¢ located at inner positions
with respect to the depressions 2084, 2085, and 208¢, respec-
tively. The depressions 208a, 2085, and 208¢ have openings
212a,212b, and 212¢ formed at the upper side of the disk 202,
and openings 214a, 2145, and 214¢ formed at the peripheral
edge side of the disk 202, respectively. The depressions 208a,
208b, and 208¢ have the same plan shape like a U character.
[0060] Thepushers210qa,2105, and 210c are located at one
sides of the depressions 208a, 2085, and 208¢ in such a way
as to extend along the inner edges of the depressions 208a,
2085, and 208c, respectively. In the ordinary state where the
coins C can be received, one ends of the pushers 2104, 2105,
and 210c are respectively located at the sides of the peripheral
edge openings 214a, 2145, and 214¢ of the depressions 208a,
208b, and 208c¢ and at the same time, the other ends of the
pushers 210a, 2105, and 210c¢ are respectively located at the
positions near the center of the disk 202.

[0061] As clearly shown in FIG. 5, the peripherally posi-
tioned ends 210aa, 210ba, and 210ca of the pushers 210a,
2105, and 210¢, which are respectively located at the periph-
eral edge openings 214a, 2145, and 214c, are rockably sup-
ported by the disk 202. The pushers 210a, 2105, and 210¢ are
configured in such a way that the pushers 210qa, 2105, and
210c are respectively pivoted on their ends 210aa, 210ba, and
210ca in conjunction with the rotation of the disk 202 and that
the internally-positioned ends 210ab, 21065, and 210cb of
the pushers 210a 1 21056 1 and 210c¢ are respectively moved
toward the peripheral edge openings 214a 1 2145 1 and 214¢
due to their pivot movements.

[0062] The sizes (widths) of the coin receiving parts 206a,
2065 1 and 206¢ are set to be equal to or greater than the
diameter of a maximum diameter coin and less than twice as
much as the diameter of a minimum diameter coin. The
heights of the coin receiving parts 206a 1 2065/and 206¢ are
set to be equal to or less than the thickness of a thinnest coin.
Therefore, in the state where two or more coins C are aligned
in parallel to the upper surface of the disk 202 1 these coins C
are unable to be received by each of the coin receiving parts
2064120651 and 206¢. Moreover I even if two or more coins
C are stacked perpendicular to the upper surface of the disk
202 1 the coin or coins C other than the lowest-positioned one
is/are unable to be received by each of the coin receiving parts
206a 1 2065, and 206¢.

[0063] Because of the aforementioned structure of the coin
receiving parts 206a 1 2065 1 and 206C 1 only a single coin
C is received by each of the coin receiving parts 206a 1 2065,
and 206C 1 and the coins C thus received are respectively
pushed out through the peripherally positioned openings
214a/214b/and 214c¢ with the pushers 210a 12105 1 and 210¢
that are pivoted in conjunction with the rotation of the disk
202 in the first rotation direction R1. In this way, the coins C
thus received are successively forwarded to the next step (i.e.,
the coin discrimination section 104) from the respective
openings 214a, 2145, and 214c.

[0064] [Coin Discrimination Section]

[0065] Next, the coin discrimination section 104 of the coin
discrimination apparatus 100 will be explained below with
reference to FIGS. 1 to 8.

[0066] The coindiscrimination section 104 has the function
of discriminating the denomination and authenticity of the
coins C sent out from the coin separating and forwarding
section 102 one by one. The coin discrimination section 104
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comprises a base 302 that supports one of the two surfaces of
the coin C, a rotator 304 that pushes the peripheral face of the
coin C, a guide 306 that guides linearly the coin C moved by
the pushing operation of the rotator 304, and a detecting part
(i.e., a coin detector) 308 that detects predetermined physical
characteristics of the coin ¢ moved by the pushing operation
of the rotator 304.

[0067] As shown in FIG. 5, the base 302 is formed by a
non-nonmagnetic material such as a synthetic resin. The sur-
face of the base 302 is formed flat. The rotator 304 is placed
on the surface of the base 302 so as to be rotatable around a
rotation axis perpendicular to the same surface of the base
302. The surface of the base 302 is approximately flush with
the upper surface of the rotary disk 202 of the coin separating
and forwarding section 102. By these structures, the coins ¢
can be transferred smoothly from the coin separating and
forwarding section 102 to the coin discrimination section
104. In other words, the coins C can be carried smoothly to a
carrying path 320 by way of the receiver 204 from the coin
receiving parts 206a, 2065, and 206¢ of the coin separating
and forwarding section 102. Several strip-like protrusions
that extend in the guiding direction of the coins C may be
formed on the surface of the base 302 in order to reduce the
friction force between the surface of the base 302 and the
opposing surface of the coin c.

[0068] The rotator 304 has the function of pushing the
peripheral face of the coin C that has been received from the
coin separating and forwarding section 102 and sending out
the coin C thus pushed to the next step. The rotator 304 is
formed by a non-magnetic material such as a synthetic resin.
The rotator 304, which is placed in parallel to the surface of
the base 302, is configured to be rotatable around a rotation
axis 318 perpendicular to the surface of the base 302. The
rotator 304 comprises three blade-shaped pushing members
316a, 3165, and 316c¢ arranged at equal intervals around the
rotation axis 318, where the pushing members 316a, 3165,
and 316c¢ are extended in the directions approximately per-
pendicular to the axis 318 (in other words, extended along the
surface of the base 302). Because of the necessity of receiving
the coins C that have been sent out one by one from the coin
separating and forwarding section 102, the pushing members
316a, 3165, and 316¢ are respectively provided so as to cor-
respond to the coin receiving parts 206a, 2065, and 206¢ of
the disk 202. In other words, the rotator 304 comprises the
pushing members 316a, 3165, and 316¢ that are respectively
provided corresponding to the coin receiving parts 206a,
2065, and 206¢. The coins C that have been sent out succes-
sively from the coin receiving parts 206a, 2065, and 206¢ to
the receiver 204 are successively pushed by the pushers 210a,
21056, and 210c¢ of the rotator 304 rotating in the second
rotation direction R2 and thereafter, these coins C are carried
on the carrying path 320 on the base 302.

[0069] Inaddition, the count of the pushing members 3164,
3165, and 316¢ may be changed appropriately according to
the count of the coin receiving parts 206a, 2065, and 206¢
and/or the relationship between the rotation speed of the disk
202 and the rotation speed of the rotator 304.

[0070] The guide 306, shown in FIGS. 5, 6, and 8, has the
function of guiding the peripheral face of a coin C that is
pushed and moved by the rotator 304. The guide 306 is
located outside the rotation path 322 of the peripheral ends of
the pushing members 3164, 3165, and 316¢ and is placed
adjacent to the receiver 204. The guide 306 comprises an
arc-shaped part 312 formed so as to be continuous with the
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receiver 204 in such a way that a small gap is formed between
the arc-shaped part 312 and the receiver 204, and a linear part
314 formed so as to be continuous with the arc-shaped part
312. A coin C, which is rotated by the rotator 304 on the base
302, is guided by the linear part 314 of the guide 306 by
contacting the peripheral face of the coin C with the linear
part 314. By such the structure and operation, the coin C can
be guided linearly on the carrying path 320 on the base 302 in
the extension direction of the linear part 314, i.e., the carrying
direction R3, as shown in FIG. 6.

[0071] In addition, although the guide 306 is formed to be
separated from the base 302 in this embodiment, the present
invention is not limited to this. The guide 306 and the base 302
may be integrated with each other.

[0072] The surface of the base 302 is covered with a cover
324. A control section for controlling the operation of the coin
discrimination apparatus 100 is placed in the cover 324. The
cover 324 is attached to the base 302 in such a way as to be
opened and closed. In the closed state, the rotator 304 and the
carrying path 320 are covered with the cover 324. In the
opened state, the rotator 304 and the carrying path 320 are
exposed from the cover 324. The bottom 326 of the cover 324,
which is opposite to the surface of the base 302 in the closed
state of the cover 324, is formed flat. The clearance between
the bottom 326 of the cover 324 and the surface of the base
302 is set to be slightly larger than the maximum thickness of
coins C. By this structure, coins ¢ that are moved in conjunc-
tion with the rotation of the rotator 304 can be prevented from
being displaced in the direction perpendicular to the surface
of the base 302, which means that the coins C are carried
stably on the carrying path 320 formed on the surface of the
base 302.

[0073] The detecting part or coin detector 308 comprises a
plurality of coin detection sensors and has the function of
discriminating the denomination and authenticity of coins C
based on the physical characteristics of the coins C obtained
by these sensors. In this embodiment, as shown in FIG. 6, the
detecting part or coin detector 308 comprises first, second,
third, fourth, fifth, sixth, and seventh coin detection sensors
330, 332, 334, 336, 338, 340, and 342. Each of the first to
seventh coin detection sensors 330, 332, 334, 336, 338, 340,
and 342 is formed by a magnetic sensor comprising a pair of
magnetic material cores and coils wound around the respec-
tive cores.

[0074] Specifically, the first coin detection sensor 330 com-
prises a pair of magnetic material cores 330a and 3305, and
coils (not shown) which are respectively wound around the
central cores 330aa and 330ba of the cores 330a and 3305.
The second coin detection sensor 332 comprises a pair of
magnetic material cores 332a and 3325, and coils (not shown)
which are respectively wound around the central cores 332aa
and 332ba of the cores 3324 and 332b. The third coin detec-
tion sensor 334 comprises a pair of magnetic material cores
334a and 3344, and coils (not shown) which are respectively
wound around the central cores 334aa and 334ba of the cores
334a and 3345b. The fourth coin detection sensor 336 com-
prises a pair of magnetic material cores 3364 and 3365, and
coils (not shown) which are respectively wound around the
central cores 336aa and 336ba of the cores 336a and 3365.
The fifth coin detection sensor 338 comprises a pair of mag-
netic material cores 338a and 3385, and coils (not shown)
which are respectively wound around the central cores 338aa
and 338ba of the cores 3384 and 338b. The sixth coin detec-
tion sensor 340 comprises a pair of magnetic material cores

Jun. 16, 2016

340q and 3405, and coils (not shown) which are respectively
wound around the central cores 340aa and 340ba of the cores
340a and 3405. The seventh coin detection sensor 342 com-
prises a pair of magnetic material cores 342a and 3424, and
coils (not shown) which are respectively wound around the
central cores 342aa and 342ba of the cores 342a and 3425b.
[0075] The first to seventh coin detection sensors 330, 332,
334, 336, 338, 340, and 342 are arranged along the carrying
path 320 formed on the base 302. As shown in FIG. 7, the
magnetic material cores 330a, 332a, 334a,336a, 3384, 340a,
and 342q are arranged on the rear side of the base 302. On the
other hand, the magnetic material cores 3305; 3325, 3345,
3365, 338b, 3405, and 3425 are arranged in the cover 324
placed on the front side of the base 302, specifically, on the
opposite side of the bottom 326 of the cover 324 to the
carrying path 320. Furthermore, the magnetic material cores
330a, 3324, 334a, 3364, 3384, 340a, and 342q and the mag-
netic material cores 3305, 33256, 3345, 3365, 338b, 3405, and
342p are respectively opposite to each other in such a way that
the carrying path 320 intervenes between the former cores
and the latter cores. Accordingly, coins C that are being car-
ried on the carrying path 320 pass through the region sand-
wiched by the combination of the magnetic material cores
330a,332a,334a,336a, 3384, 3404, and 342q and that of the
magnetic material cores 3305, 3325, 3345, 3365, 3385, 3405,
and 3425.

[0076] The first and fourth coin detection sensors 330 and
336 are configured to obtain the physical characteristics about
the thickness of a coin C carried on the carrying path 320. The
second and third coin detection sensors 332 and 334 are
configured to obtain the physical characteristics about the
material of'a coin C carried on the carrying path 320.

[0077] As shown in FIG. 8, the first coin detection sensor
330, which is placed near the linear part 314 of the guide 306,
is configured in such a way that the pair of central cores 330aa
and 330ba of the first sensor 330 is opposed to the peripheral
part of acoin C. The pair of central cores 330aa and 330ba of
the first sensor 330 is arranged in such a way that the guide-
side ends of the central cores 330aa and 3305bq are in contact
with the linear part 314 of the guide 306. Furthermore, the
pair of central cores 330aa and 3305ba is placed in the range
where only the peripheral part of a coin C that is carried in the
carrying direction R3 passes through, and the diameters D1 of
the central cores 330aa and 330ba are defined in such a way
as not to be opposite to the central part of the coin C. In other
words, the distance [.1 from the linear part 314 of the guide
306 to the opposite ends (i.e., the remote-side ends) of the
central cores 330aa and 330ba to the guide 306 is defined.
[0078] The second coin detection sensor 332, which is dis-
tant from the first coin detection sensor 330, is configured in
such a way that the pair of central cores 332aa and 332ba of
the second sensor 332 is opposed to the central part of a coin
C. In other words, the distance L2 from the linear part 314 of
the guide 306 to the centers of the central cores 332aa and
332ba and the diameter D2 of the central cores 332aa and
332ba are defined in such a way that the pair of central cores
332aa and 332ba is placed in the range where the central part
of'a coin C that is carried in the carrying direction R3 passes
through, and that the pair of central cores 332aa and 332ba is
not opposed to the peripheral part of the coin C.

[0079] The third coin detection sensor 334 is placed on the
downstream side of the carrying path 320 at a predetermined
distance with respect to the first coin detection sensor 330.
Moreover, the third sensor 334, which is placed near the linear
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part 314 of the guide 306, is configured in such a way that the
pair of central cores 334aa and 334ba of the third sensor 334
is opposed to the peripheral part of a coin C. The central cores
334aa and 334ba are placed in such a way that the guide-side
ends of the central cores 334aa and 334ba are contacted with
the linear part 314 of the guide 306. Furthermore, the diam-
eters D3 of the central cores 334aa and 334ba are defined in
such a way that the pair of central cores 334aa and 334ba is
placed in the range where only the peripheral part of a coin C
that is carried in the carrying direction R3 passes through, and
that the pair of central cores 334aa and 334ba is not opposed
to the central part of the coin C. In other words, the distance
L3 from the linear part 314 of the guide 306 to the opposite
ends (i.e., the remote-side ends) of the central cores 334aa
and 334ba to the guide 306 is defined.

[0080] The fourth coin detection sensor 336 is placed on the
downstream side of the carrying path 320 at a predetermined
distance with respect to the second coin detection sensor 332.
The fourth sensor 336, which is distant from the guide 306
with respect to the third coin detection sensor 334, is config-
ured in such a way that the pair of central cores 336aa and
336ba of the fourth sensor 336 is opposed to the central part
of a coin C. In other words, the distance 1.4 from the linear
part 314 of the guide 306 to the centers of the central cores
336aa and 336ba and the diameters D4 of the central cores
336aa and 336ba are defined in such a way that the pair of
central cores 336aa and 336ba is placed in the range where
the central part of a coin C that is carried in the carrying
direction R3 passes through 1 and that the pair of central cores
336aa and 336ba is not opposed to the peripheral part of the
coin C.

[0081] Duetothe aforementioned configurations of the first
to fourth coin detection sensors 330, 332, 334 1 and 336, the
physical characteristic about the thickness of only the periph-
eral part of the coin C can be obtained by the first sensor 330,
the physical characteristic about the material of only the
central part of the coin C can be obtained by the second sensor
3321 the physical characteristic about the material of only the
peripheral part of the coin C can be obtained by the third
sensor 334, and the physical characteristic about the thickness
of only the central part of the coin C can be obtained by the
fourth sensor 336.

[0082] Moreover, with respect to the second and third sen-
sors 332 and 334, the interval 1.7 between the pair of central
cores 332aa and 332ba of the second sensor 332 and the pair
of central cores 334aa and 334ba of the third sensor 334 is
defined in such a way that the peripheral edge of the maxi-
mum diameter coin LC within target coins C to be discrimi-
nated is also faced with the pair of central cores 332aa and
332ba of the second sensor 332 when the peripheral edge of
the maximum diameter coin L.C is faced with the pair of
central cores 334aa and 334ba of the third sensor 334. The
coils wound around the pair of magnetic material cores 332a
and 3324 of the second sensor 332 are electrically connected
in series to the coils wound around the pair of magnetic
material cores 334a and 3345 of the third sensor 334 1 respec-
tively. By such the structure 1 the physical characteristics
about the material and diameter of the peripheral part of the
coin C can be obtained by cooperation of the second and third
sensors 332 and 334.

[0083] Accordingly, by using the physical characteristics
about the material and diameter of the peripheral part of a coin
¢ obtained by the cooperation of the second and third sensors
332 and 334 for coin discrimination in addition to the physical
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characteristics about the thickness and material of the periph-
eral and central parts of the coin C obtained by the first to
fourth sensors 330/and 3361 the denomination and authen-
ticity of the coin ¢ can be discriminated more accurately than
the case where the physical characteristics about the material
and diameter of the peripheral part of the coin C obtained by
the cooperation of the second and third sensors 332 and 334
are excluded.

[0084] Here, a case for discriminating a bimetallic coin BC
such as a one or two Euro coin will be explained below as an
example.

[0085] The first coin detection sensor 330 is located in the
vicinity of the linear part 314 of the guide 306 in such a way
that the pair of central cores 330aa and 330ba are opposed to
the ring-shaped part (i.e., the peripheral part) of a bimetallic
coin BC. In other words, the pair of central cores 330aa and
330ba is placed in the range where only the ringshaped part of
the bimetallic coin BC passes through and the connecting
portion of the core part (i.e., the central part) and the ring-
shaped part of the bimetallic coin BC does not pass through.
The guide-side ends of the central cores 330aa and 330bq are
arranged so as to be contacted with the linear part 314 of the
guide 306. The diameters D1 of the central cores 330aa and
330ba are set to be smaller than the width W2 of the ring-
shaped part of the bimetallic coin BC (i.e., D1<W2)insucha
way that the central cores 330aa and 330ba are not opposed to
the connecting portion of the core and ringshaped parts of the
bimetallic coin BC. In other words, the distance L1 between
the linear part 314 of the guide 306 to the remote-side ends of
the central cores 330aa and 330ba is set to be smaller than the
width W2 of the ring-shaped part of the bimetallic coin BC
(L1<W2). By such the relationship, the physical characteris-
tics about the thickness of only the ring-shaped part of the
coin BC can be obtained by the first sensor 330. Therefore, the
effect to the physical characteristic about the thickness of the
ring-shaped part of the coin BC obtained by the first sensor
330, which is applied by the dispersion or variations in physi-
cal characteristic about the thickness of the coin BC caused by
the structural unevenness of the connecting portion thereof,
can be prevented.

[0086] Inaddition, inthe coin discrimination apparatus 100
according to this embodiment, the diameters D1 of the central
cores 330aa and 330ba are set to be equal to the distance L1
between the linear part 314 of the guide 306 and the opposite
ends (i.e., the remote-side ends) of the central cores 330aa
and 330ba (i.e., D1=L1). However, the present invention is
not limited to this. The diameters D1 may be changed appro-
priately if the distance L1 is set to be smaller than the width
W2; this is because it is sufficient that the central cores 330aa
and 330ba are configured so as not to be opposed to the
connecting portion of the core and ring-shaped parts of the
bimetallic coin BC.

[0087] The second sensor 332 is located in such a way that
the central cores 332aa and 332ba are opposed to the core part
of the bimetallic coin BC. In other words, the central cores
332aa and 332ba are arranged in the range where the core part
of the coin BC that is carried in the carrying direction R3
passes through. The distance [.2 between the linear part 314
of'the guide 306 and the centers of the central cores 332aa and
332ba is set to be larger than the width W2 of the ring-shaped
part of the coin BC and smaller than the sum of the diameter
W1 of the core part of the coin BC and the width W2 of the
ring-shaped part thereof (i.e., W1<[L.2<W1+W2). The diam-
eters D2 of the central cores 332aa and 332ba of the second
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sensor 332 are set to be smaller than twice as much as smaller
one of the distance G1 from the centers of the central cores
332aa and 332ba to the guide-side end of the core part of the
coin BC in the direction perpendicular to the linear part 314 of
the guide 306, and the distance G2 from the centers of the
central cores 332aa and 332ba to the remoteside end of the
core part of the coin BC in the direction perpendicular to the
linear part 314 of the guide 306. Specifically, when the dis-
tance G1 is smaller than the distance G2, (i.e., G1<G2), the
diameter D2 is set to be smaller than twice as much as the
distance G1 (i.e., D2<G1x2). On the other hand, when the
distance G2 is smaller than the distance G1 (i.e., G2<G1), the
diameter D2 is set to be smaller than twice as much as the
distance G2 (i.e., D2<G2x2). By such the structure, the cen-
ters of the central cores 332aa and 332ba can be opposed to
only the core portion of the coin BC in the process of carrying
the coin BC in the carrying direction R3. Therefore, the
physical characteristic about the material of only the core part
of the coin BC can be obtained by the second sensor 332.
Accordingly, the effect to the physical characteristic about the
material ofthe core part of the coin BC obtained by the second
sensor 332, which is applied by the dispersion or variations in
physical characteristic about the material of the coin BC
caused by the structural unevenness of the connecting portion
thereof, can be prevented.

[0088] The third sensor 334 is placed on the downstream
side of the carrying path 320 with respect to the first sensor
330. Moreover, the third sensor 334, which is placed near the
linear part 314 of the guide 306, is configured in such a way
that the pair of central cores 334aa and 334ba is opposed to
the ring-shaped part of the bimetallic coin BC. In other words,
the central cores 334aa and 334ba are arranged in the range
where only the ring-shaped part of the coin BC passes through
and the connecting portion of the core and ring-shaped parts
of'the coin BC does not pass through. The guide-side ends of
the central cores 334aa and 334ba are in contact with the
linear part 314 of the guide 306. The diameters D3 of the
central cores 334aa and 334ba are set to be smaller than the
width W2 of the ring-shaped part of the coin BC (i.e.,
D3<W2) in order for the central cores 334aa and 334ba not to
be opposed to the connecting portion of the core and ring-
shaped parts of the coin BC. In other words, the distance L3
from the linear part 314 of the guide 306 to the remote-side
ends of the central cores 334aa and 334ba is set to be smaller
than the width W2 of'the ring-shaped part of the coin BC (i.e.,
L.3<W2). Therefore, the physical characteristic about the
material of only the ring-shaped part of the coin BC can be
obtained by the third sensor 334. Accordingly, the effect to the
physical characteristic about the material of the ring-shaped
part of the coin BC obtained by the third sensor 334, which is
applied by the dispersion or variations in physical character-
istic about the material of the coin BC caused by the structural
unevenness of the connecting portion thereof, can be pre-
vented.

[0089] Inaddition, in the coin discrimination apparatus 100
according to this embodiment, the diameters D3 of the central
cores 334aa and 334ba are set to be equal to the distance [.3
between the linear part 314 of the guide 306 and the remote-
side ends of the central cores 334aa and 334ba (i.e., D3=L3).
However, the present invention is not limited to this. The
diameters D3 may be changed appropriately if the distance
L3 is set to be smaller than the width W2; this is because it is
sufficient that the central cores 334aa and 334ba are config-
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ured so as not to be opposed to the connecting portion of the
core and ring-shaped parts of the bimetallic coin BC.

[0090] Further in addition, in the coin discrimination appa-
ratus 100 according to this embodiment, the diameters D1 of
the central cores 330aa and 330ba are set to be equal to the
diameters D3 of the central cores 334aa and 334ba (i.e.,
D1=D3). However, the present invention is not limited to this.
The diameters D1 and D3 may be changed appropriately.

[0091] The fourth sensor 336 is placed in such a way that
the pair of central cores 336aa and 336ba is opposed to the
core part of the bimetallic coin BC. In other words, the central
cores 336aa and 336ba are arranged in the range where the
core part of the coin BC that is carried in the carrying direc-
tion R3 passes through. The distance .4 between the linear
part 314 of the guide 306 and the centers of the central cores
336aa and 336ba is set to be larger than the width W2 of the
ringshaped part of the coin BC and smaller than the sum of the
diameter W1 of the core part of the coin BC and the width W2
of the ring-shaped part thereof (i.e., W1<L4<W1+W2). The
diameters D4 of the central cores 336aa and 336ba of the
fourth sensor 336 are set to be smaller than twice as much as
smaller one of the distance G3 from the centers of the central
cores 336aa and 336ba to the guide-side end of the core part
of'the bimetallic coin BC in the direction perpendicular to the
linear part 314 of the guide 306, and the distance G4 from the
centers of the central cores 336aa and 336ba to the remote-
side end of the core part of the coin BC in the direction
perpendicular to the linear part 314 of the guide 306. Specifi-
cally, when the distance G3 is smaller than the distance G4,
(i.e., G3<G4), the diameter D4 is set to be smaller than twice
as much as the distance G3 (i.e., D4<G3x2). On the other
hand, when the distance G4 is smaller than the distance G3
(i.e., G4<(G3), the diameter D4 is set to be smaller than twice
as much as the distance G4 (i.e., D4<G4x2). By such the
structure, the centers of the central cores 336aa and 336ba
can be made opposed to only the core portion of the coin BC
in the process of carrying the coin BC in the carrying direction
R3. Therefore, the physical characteristic about the thickness
of only the core part of the coin BC can be obtained by the
fourth sensor 336. Accordingly, the effect to the physical
characteristic about the thickness of the core part of the coin
BC obtained by the fourth sensor 336, which is applied by the
dispersion or variations in physical characteristic about the
thickness of the coin BC caused by the structural unevenness
of the connecting portion thereof, can be prevented.

[0092] Because of the aforementioned structures and rela-
tionships, without being affected by the structural unevenness
of'the connecting portion of the bimetallic coin BC, the physi-
cal characteristic about the thickness of the ring-shaped part
of'the coin BC is obtained by the first sensor 330, the physical
characteristic about the material of the core part of the coin
BC is obtained by the second sensor 332, the physical char-
acteristic about the material of the ring-shaped part of the coin
BC is obtained by the third sensor 334, and the physical
characteristic about the thickness of the core part of the coin
BC is obtained by the fourth sensor 336. This means that the
effect of the structural unevenness of the connecting portion
of the coin BC can be avoided in any of the first to fourth
sensors 330, 332, 334, and 336. Accordingly, unlike the case
where the physical characteristic about one of the thickness
and material of the core and ring-shaped parts of a bimetallic
coinis obtained by a single coin detection sensor, the physical
characteristics of the thickness and material of the core and
ring-shaped parts of the bimetallic coin BC can be obtained in
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detail, which means that the denomination and authenticity of
the bimetallic coin BC can be discriminated with high accu-
racy.

[0093] Moreover, the second and third sensors 332 and 334
are arranged in such a way that the central cores 332aa and
332ba of the second sensor 332 also are opposed to the
peripheral part or edge of the bimetallic coin BC when the
peripheral edge of the coin BC reaches the central cores
334aa and 334ba of the third sensor 334. In other words, the
distance L7 between the central cores 332aa and 332ba of the
second sensor 332 and the central cores 334aa and 334ba of
the third sensor 334 is defined in such a way that the central
cores 332aa and 332ba and the central cores 334aa and 334ba
are simultaneously opposed to the peripheral edge of the
bimetallic coin BC. By such the structure, not only the physi-
cal characteristic about the material of the ring-shaped part of
the bimetallic coin BC but also the physical characteristic
about the diameter of the coin BC can be obtained by the
cooperation of the second and third sensors 332 and 334.
[0094] Accordingly, by using the physical characteristics
about the material and diameter of the bimetallic coin BC
obtained by the cooperation of the second and third sensors
332 and 334 for coin discrimination in addition to the physical
characteristics about the thickness and material of the ring-
shaped and core parts of the coin BC obtained by the first to
fourth sensors 330, 332, 334, and 336, the denomination and
authenticity of the coin BC can be discriminated more accu-
rately than the case where only the physical characteristics
about the material and thickness of the ring-shaped and core
parts of the coin BC obtained by the first to fourth sensors 330,
332, 334, and 336 are used.

[0095] In the coin discrimination section 104 of the coin
discrimination apparatus 100 according to this embodiment,
the physical characteristics about the thickness of the coin ¢
are obtained by the first and fourth sensors 330 and 336 and
the physical characteristics about the material of the coin C
are obtained by the second and third sensors 332 and 334.
However, the present invention is not limited to this. The
physical characteristics about the material of the coin C may
be obtained by the first and fourth sensors 330 and 336 and the
physical characteristics about the thickness of the coin C may
be obtained by the second and third sensors 332 and 334.
[0096] Moreover, similar to the second and third sensors
332 and 334, the physical characteristics about the coin C
may be obtained by the cooperation of the first and fourth
sensors 330 and 336 by connecting the coils of the first and
fourth sensors 330 and 336 in series. Furthermore, the posi-
tions and sizes of the central cores 330aa, 330ba, 332aa,
332ba, 334aa, 334ba, 336aa, and 336ba of the first to fourth
sensors 330, 332, 334, and 336, concretely speaking, each of
the distances 1.1, L2, 1.3, L4, and L7 and the diameters D1,
D2, D3, and D4, may be changed appropriately according to
the diameter, material, and so on of a target coin C to be
discriminated.

[0097] The fifth, sixth, and seventh sensors 338, 340, and
342 have the function of acquiring the physical characteristic
about the diameter of a coin C in the state where the fifth,
sixth, and seventh sensors 338, 340, and 342 are opposed to
the opposite peripheral edge (i.e., the remote-side peripheral
edge) of a coin C that is carried on the carrying path 320 to the
guide 306.

[0098] The fifth sensor 338 is located to acquire the physi-
cal characteristic of a diameter of a minimum diameter coin
SC. Specifically, the pair of central cores 338aa and 338ba of
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the fifth sensor 338 is located in such a way as to be opposed
to the remote-side peripheral edge of the minimum diameter
coin SC. In other words, the distance L5 between the guide-
side end of the central cores 338aa and 338ba of the fifth
sensor 338 and the linear part 314 of the guide 306 is set to be
smaller than the diameter of the minimum diameter coin SC.
[0099] The sixth sensor 340 is located to acquire the physi-
cal characteristic of a diameter of a maximum diameter coin
LC. Specifically, the pair of central cores 340aa and 34054 of
the sixth sensor 340 is located in such a way as to be opposed
to the remote-side peripheral edge of the maximum diameter
coin LC. In other words, the distance 1.6 between the remote-
side ends of the central cores 340aa and 340ba of the sixth
sensor 340 and the linear part 314 of the guide 306 is set to be
larger than the diameter of the maximum diameter coin L.C.

[0100] The seventh sensor 342 is placed on the downstream
side of the carrying path 320 with respect to the fifth and sixth
sensors 338 and 340. Moreover, the central cores 342aa and
342ba of the seventh sensor 342 are arranged between the
central cores 338aa and 338ba of the fifth sensor 338 and the
central cores 340aa and 340ba of the sixth sensor 340 in the
direction which is perpendicular to the extension direction of
the linear part 314 of the guide 306 and which is parallel to the
surface of the base 302.

[0101] By such the structure, the physical characteristic
about the diameter of a relatively small diameter coin ¢ can be
obtained by the fifth sensor 338, the physical characteristic
about the diameter of a relatively large diameter coin C can be
obtained by the sixth sensor 340, and the physical character-
istic about the diameter of a relatively middle diameter coin C
can be obtained by the seventh sensor 342.

[0102] The fifth and seventh sensors 338 and 342 are
arranged in such a way that the remote-side ends of the central
cores 338aa and 338ba of the fifth sensor 338 and the guide-
side ends of the central cores 342aa and 342ba of the seventh
sensor 342 are overlapped with each other by a predetermined
length G5 in the direction which is perpendicular to the exten-
sion direction of the linear part 314 of the guide 306 and
which is parallel to the surface of the base 302. The sixth and
seventh sensors 340 and 342 are arranged in such a way that
the guide-side ends of the central cores 340aa and 340ba of
the sixth sensor 340 and the remote-side ends of the central
cores 342aa and 342ba of the seventh sensor 342 are over-
lapped with each other by a predetermined length G6 in the
direction which is perpendicular to the extension direction of
the linear part 314 of the guide 306 and which is parallel to the
surface of the base 302.

[0103] By such the structure of the fifth to seventh sensors
338, 340, and 342, the physical characteristic about the diam-
eter of'a coin C can be obtained by the fifth to seventh sensors
338, 340, and 342 even in the state where the boundary
between the central cores 338aa and 338ba of the fifth sensor
338 and the central cores 342aa and 342ba of the seventh
sensor 342 and the boundary between the central cores 340aa
and 340ba of the sixth sensor 340 and the central cores 342aa
and 342ba of the seventh sensor 342 are opposed to the
peripheral edge of the coin C.

[0104] The fifth to seventh sensors 338, 340, and 342 are
arranged in such a way that the physical characteristic about
the diameter of a relatively small diameter coin C can be
obtained by the fifth sensor 338, the physical characteristic
about the diameter of a relatively large diameter coin C can be
obtained by the sixth sensor 340, and the physical character-
istic about the diameter of a relatively middle diameter coin C
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can be obtained by the seventh sensor 342 within the target
coins ¢ to be discriminated. This means that the physical
characteristic about the diameter of a coin C is obtained by
one of the fifth to seventh sensors 338, 340, and 342 according
to the diameter value ofa coin C. Accordingly, compared with
the case where the physical characteristic about the diameter
of a coin is obtained by a single coin detection sensor, the
physical characteristic about the diameter of a coin C can be
obtained in more detail, which means that the denomination
and authenticity of a coin ¢ can be discriminated with higher
accuracy by using the physical characteristic about the diam-
eter ofthe coin C obtained by the second and third sensors 332
and 334 along with the physical characteristics about the
diameter of the coin C obtained respectively by the fifth to
seventh sensors 338, 340, and 342.

[0105] In addition, the arrangements or layouts of the first
to seventh coin detection sensors 330, 332, 334, 336, 338,
340, and 342 may be changed appropriately according to the
length of the carrying path 320, the diameter of target coins to
be discriminated and so on. For example, the fifth to seventh
sensors 338, 340, and 342 may be arranged on the down-
stream side of the carrying path 320 with respect to the first to
fourth sensors 330, 332 334, and 336. The second and third
sensors 332 and 334 may be arranged on the downstream side
of the carrying path 320 with respect to the first to fourth
sensors 330, 332 334, and 336.

[0106]

[0107] Next, the driving mechanism 106 of the coin dis-
crimination apparatus 100 will be explained below with ref-
erence to FIG. 9.

[0108] The driving mechanism 106 has the function of
driving or rotating the rotary disk 202 of the coin separating
and forwarding section 102 and the rotator 304 of the coin
discrimination section 104. The driving mechanism 106 com-
prises a driving gear 242 that receives driving power from a
driving source 240, a first driven gear 244 that rotates the disk
202, and a second driven gear 350 that rotates the rotator 304.

[0109] The driving gear 242 is connected to the output shaft
of' a motor (not shown) as the driving source 240. The first
driven gear 244, which is in the form of a spur gear, is
integrally configured with the disk 202 on the rear side of the
disk 202. Therefore, the disk 202 is rotated along with the
rotation of the first driven gear 244. Moreover, the second
driven gear 350, which is in the form of a spur gear, is placed
on the rear side of the base 302. The second driven gear 350
is configured to be rotatable around the rotation axis 318, and
is fixed to the rotator 304 with a rotational shaft 352 penetrat-
ing through the base 302 along the rotation axis 318. There-
fore, the rotator 304 is rotated along with the rotation of the
second driven gear 350.

[0110] In the driving mechanism 106, the first driven gear
244 is drivingly connected to the driving gear 242, and the
second driven gear 350 is drivingly connected to the first
driven gear 244. For this reason, if the driving gear 242 is
rotated in the second rotation direction R2, the first driven
gear 244 is rotated in the first rotation direction R1. If the first
driven gear 244 is rotated in the first rotation direction R1, the
second driven gear 350 is rotated in the second rotation direc-
tion R2. Accordingly, the first driven gear 244 and the disk
202 are rotated in the first direction R1 along with the rotation
of the driving gear 242 in the second direction R2 and then,
the second driven gear 350 and the rotator 304 are rotated in
the second direction R2.

[Driving Mechanism]
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[0111] The gear ratio of the first and second driven gears
244 and 350 is fixed at 1 1. The rotation of the disk 202 and the
rotation of the rotator 304 are synchronized in such a way that
coins C are rotated by the pushing members 3164, 3165, and
316c¢ of the rotator 304 immediately after the coins C which
have been sent out from each of the coin receiving parts 206a,
2065, and 206¢ are received by the receiver 204.

[0112] The gear ratio of the first and second driven gears
244 and 350 is not limited to 1 1 and may be changed appro-
priately according to the ratio between the count of the coin
receiving parts 206 of the disk 202 and the count of the
pushing members 316 of the rotator 304.

[0113] [Advantageous Effects of Coin Discrimination
Apparatus]
[0114] With the coin discrimination apparatus 100 accord-

ing to the embodiment of the present invention, as explained
above in detail, the base 302 having the carrying path 320, the
rotator 304 for carrying coins C on the carrying path 320 one
by one, the guide 306 for guiding the coins C along the
carrying path 320, and the coin detector 308 for detecting
physical characteristics of the coins C are provided. The coins
C that are moved on the carrying path 320 are carried to a
predetermined position through the coin detector 308 itself or
through the vicinity of the coin detector 308. The coins C that
are carried on the carrying path 320 due to the rotation of the
rotator 304 are guided by contacting the peripheral face pf'the
coin C with the guide 306.

[0115] The coin detector 308 comprises the first to fourth
coin detection sensors 330, 332, 334, and 336, which are
located at different positions with respect to the guide 306.
This means that the positions of the first to fourth coin detec-
tion sensors 330, 332, 334, and 336 are respectively deter-
mined using the guide 306 as a reference. Moreover, the coin
C that is moved on the carrying path 320 is guided by con-
tacting the peripheral face of the coin ¢ with the guide 306 that
extends along the carrying path 320.

[0116] Therefore, the positional relationships between
each of the coins C that are carried on the carrying path 320
with the first to fourth coin detection sensors 330, 332, 334,
and 336 are kept approximately the same for all the coins C
thus carried. Accordingly, the physical characteristics about
the peripheral and core parts of the coin C that is moved on the
carrying path 320 can be detected accurately with the first to
fourth coin detection sensors 330, 332, 334, and 336.

[0117] Furthermore, the additional physical characteristic
about the peripheral part of the coin C that is moved on the
carrying path 320 is obtained by cooperation of the second
and third coin detection sensors 332 and 334 when the coin C
that is moved on the carrying path 320 reaches the third coin
detection sensor 334. This means that the physical character-
istics about the different positions of the peripheral part of the
coin C can be detected by the second and third coin detection
sensors 332 and 334 approximately simultaneously. For this
reason, coin discrimination can be performed using not only
the physical characteristics obtained by the first to fourth coin
detection sensors 330, 332, 334, and 336 but also the addi-
tional physical characteristic obtained by the cooperation of
the second and third coin detection sensors 332 and 334.

[0118] Accordingly, the denomination and authenticity of
the coins C can be discriminated more accurately compared
with the case where the additional physical characteristic is
not obtained by the cooperation of the second and third coin
detection sensors 332 and 334.



US 2016/0171809 Al

[0119] In the case of discriminating a bimetallic coin BC
comprising a ring-shaped part (i.e., a peripheral part) and a
core part (i.e., a central part) which are made of different
materials or different-composition materials (e.g., different
metals and/or alloys), the physical characteristics about the
peripheral part of the bimetallic coin BC are respectively
obtained by the first and third coin detection sensors 330 and
334 at different positions, and the physical characteristics
about the central part of the bimetallic coin BC are respec-
tively obtained by the second and fourth coin detection sen-
sors 332 and 336 at different positions. Moreover, the addi-
tional physical characteristic about the peripheral part of the
bimetallic coin BC is obtained by cooperation of the second
and third coin detection sensors 332 and 334.

[0120] Therefore, even if the connecting portion of the
bimetallic coin BC, which connects the ring-shaped part (pe-
ripheral part) and the core part (central part), includes some
structural unevenness, the physical characteristics obtained
by the first to fourth coin detection sensors 330, 332, 334, and
336 and the additional physical characteristic obtained by
cooperation of the second and third coin detection sensors
332 and 334 are unlikely to be affected by the structural
unevenness of the connecting portion.

[0121] Accordingly, the denomination and authenticity of
coins C can be discriminated with high accuracy even if they
are bimetallic coins BC.

[0122] Furthermore, in the aforementioned coin discrimi-
nation apparatus 100 according to this embodiment, the coin
detector 308 further comprises the fifth, sixth, and seventh
coin detection sensors 338, 340, and 342. The fifth coin detec-
tion sensor 338 is located at a further position from the guide
306 than the second and fourth coin detection sensors 332 and
336. The sixth coin detection sensor 340 is located at a further
position from the guide 306 than the fifth coin detection
sensor 338. The seventh coin detection sensor 342 is located
on the downstream side of the carrying path 320 with respect
to the fifth and sixth coin detection sensors 338 and 340. Each
ofthe fifth to seventh coin detection sensors 338, 340, and 342
has the function of obtaining the physical characteristic about
the diameter of the coin C that is moved on the carrying path
320.

[0123] Accordingly, the physical characteristic about the
diameter of the coin ¢ having a relatively small diameter is
obtained by the fifth coin detection sensor 338, the physical
characteristic about the diameter of the coin ¢ having a rela-
tively large diameter is obtained by the sixth coin detection
sensor 340, and the physical characteristic about the diameter
of'the coin having a relatively middle diameter is obtained by
the seventh coin detection sensor 342. Thus, compared with
the case where the physical characteristic about the diameter
of'the coin C is obtained by a single coin detection sensor, the
physical characteristics about the diameter of the coin C can
be obtained in more detail.

[0124] As aresult, there is an additional advantage that the
denomination and authenticity of the coin can be discrimi-
nated with higher accuracy than the case where the coin
detector 308 does not comprise the fifth, sixth, and seventh
coin detection sensors 338, 340, and 342.

[0125]
[0126] It is needless to say that the present invention is not
limited to the above-described embodiment and its variations.

Any other modification is applicable to the embodiment and
variations.

Variations
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[0127] For example, in the aforementioned coin discrimi-
nation apparatus 100 according to the embodiment of the
present invention, the structure of the coin separating and
forwarding section 102 is not limited to the one explained in
this embodiment. For example, the coin separating and for-
warding apparatus disclosed in the Japanese Non-Examined
Patent Publication No. 2014-041396 may be used for the coin
separating and forwarding section 102. The coin separating
and forwarding apparatus of the Publication No. 2014-
041396 comprises a moving member that is reciprocated
linearly along the diameter direction of a rotary disk in con-
junction with the rotation of the disk. Coins C are separated
from each other by the moving member and then, forwarded
to the next process.

[0128] The structural elements and their shapes and sizes
are preferred examples of the present invention; it is needless
to say that any other structural elements may be used and
these shapes and sized may be changed according to the
necessity.

[0129] The present invention is applicable to any type of
coin processing apparatuses for processing coins. For
example, the present invention may be preferably applied to
change machines, money changers, vending machines, auto-
mated teller machines, ticket-vending machines and so on.
[0130] While the preferred forms of the present invention
have been described, it is to be understood that modifications
will be apparent to those skilled in the art without departing
from the spirit of the invention. The scope of the present
invention, therefore, is to be determined solely by the follow-
ing claimsistics of the thickness and material of the core and
ring-shaped parts of the bimetallic coin BC can be obtained in
detail, which means that the denomination and authenticity of
the bimetallic coin BC can be discriminated with high accu-
racy.

[0131] Moreover, the second and third sensors 332 and 334
are arranged in such a way that the central cores 332aa and
332ba of the second sensor 332 also are opposed to the
peripheral part or edge of the bimetallic coin BC when the
peripheral edge of the coin BC reaches the central cores
334aa and 334ba of the third sensor 334. In other words, the
distance L7 between the central cores 332aa and 332ba of the
second sensor 332 and the central cores 334aa and 334ba of
the third sensor 334 is defined in such a way that the central
cores 332aa and 332ba and the central cores 334aa and 334ba
are simultaneously opposed to the peripheral edge of the
bimetallic coin BC. By such the structure, not only the physi-
cal characteristic about the material of the ring-shaped part of
the bimetallic coin BC but also the physical characteristic
about the diameter of the coin BC can be obtained by the
cooperation of the second and third sensors 332 and 334.
[0132] Accordingly, by using the physical characteristics
about the material and diameter of the bimetallic coin BC
obtained by the cooperation of the second and third sensors
332 and 334 for coin discrimination in addition to the physical
characteristics about the thickness and material of the ring-
shaped and core parts of the coin BC obtained by the first to
fourth sensors 330, 332, 334, and 336, the denomination and
authenticity of the coin BC can be discriminated more accu-
rately than the case where only the physical characteristics
about the material and thickness of the ring-shaped and core
parts of the coin BC obtained by the first to fourth sensors 330,
332, 334, and 336 are used.

[0133] In the coin discrimination section 104 of the coin
discrimination apparatus 100 according to this embodiment,
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the physical characteristics about the thickness of the coin ¢
are obtained by the first and fourth sensors 330 and 336 and
the physical characteristics about the material of the coin C
are obtained by the second and third sensors 332 and 334.
However, the present invention is not limited to this. The
physical characteristics about the material of the coin C may
be obtained by the first and fourth sensors 330 and 336 and the
physical characteristics about the thickness of the coin C may
be obtained by the second and third sensors 332 and 334.
[0134] Moreover, similar to the second and third sensors
332 and 334, the physical characteristics about the coin C
may be obtained by the cooperation of the first and fourth
sensors 330 and 336 by connecting the coils of the first and
fourth sensors 330 and 336 in series. Furthermore, the posi-
tions and sizes of the central cores 330aa, 330ba, 332aa,
332ba, 334aa, 334ba, 336aa, and 336ba of the first to fourth
sensors 330, 332, 334, and 336, concretely speaking, each of
the distances 1.1, L2, 1.3, L4, and L7 and the diameters D1,
D2, D3, and D4, may be changed appropriately according to
the diameter, material, and so on of a target coin C to be
discriminated.

[0135] The fifth, sixth, and seventh sensors 338, 340, and
342 have the function of acquiring the physical characteristic
about the diameter of a coin C in the state where the fifth,
sixth, and seventh sensors 338, 340, and 342 are opposed to
the opposite peripheral edge (i.e., the remote-side peripheral
edge) of a coin C that is carried on the carrying path 320 to the
guide 306.

[0136] The fifth sensor 338 is located to acquire the physi-
cal characteristic of a diameter of a minimum diameter coin
SC. Specifically, the pair of central cores 338aa and 338ba of
the fifth sensor 338 is located in such a way as to be opposed
to the remote-side peripheral edge of the minimum diameter
coin SC. In other words, the distance L5 between the guide-
side end of the central cores 338aa and 338ba of the fifth
sensor 338 and the linear part 314 of the guide 306 is set to be
smaller than the diameter of the minimum diameter coin SC.
[0137] The sixth sensor 340 is located to acquire the physi-
cal characteristic of a diameter of a maximum diameter coin
LC. Specifically, the pair of central cores 340aa and 34054 of
the sixth sensor 340 is located in such a way as to be opposed
to the remote-side peripheral edge of the maximum diameter
coin LC. In other words, the distance .6 between the remote-
side ends of the central cores 340aa and 340ba of the sixth
sensor 340 and the linear part 314 of the guide 306 is set to be
larger than the diameter of the maximum diameter coin L.C.
[0138] The seventh sensor 342 is placed on the downstream
side of the carrying path 320 with respect to the fifth and sixth
sensors 338 and 340. Moreover, the central cores 342aa and
342ba of the seventh sensor 342 are arranged between the
central cores 338aa and 338ba of the fifth sensor 338 and the
central cores 340aa and 340ba of the sixth sensor 340 in the
direction which is perpendicular to the extension direction of
the linear part 314 of the guide 306 and which is parallel to the
surface of the base 302.

[0139] By such the structure, the physical characteristic
about the diameter of a relatively small diameter coin ¢ can be
obtained by the fifth sensor 338, the physical characteristic
about the diameter of a relatively large diameter coin C can be
obtained by the sixth sensor 340, and the physical character-
istic about the diameter of a relatively middle diameter coin C
can be obtained by the seventh sensor 342.

[0140] The fifth and seventh sensors 338 and 342 are
arranged in such a way that the remote-side ends of the central
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cores 338aa and 338ba of the fifth sensor 338 and the guide-
side ends of the central cores 342aa and 342ba of the seventh
sensor 342 are overlapped with each other by a predetermined
length G5 in the direction which is perpendicular to the exten-
sion direction of the linear part 314 of the guide 306 and
which is parallel to the surface of the base 302. The sixth and
seventh sensors 340 and 342 are arranged in such a way that
the guide-side ends of the central cores 340aa and 340ba of
the sixth sensor 340 and the remote-side ends of the central
cores 342aa and 342ba of the seventh sensor 342 are over-
lapped with each other by a predetermined length G6 in the
direction which is perpendicular to the extension direction of
the linear part 314 of the guide 306 and which is parallel to the
surface of the base 302.

[0141] By such the structure of the fifth to seventh sensors
338, 340, and 342, the physical characteristic about the diam-
eter of'a coin C can be obtained by the fifth to seventh sensors
338, 340, and 342 even in the state where the boundary
between the central cores 338aa and 338ba of the fifth sensor
338 and the central cores 342aa and 342ba of the seventh
sensor 342 and the boundary between the central cores 340aa
and 340ba of the sixth sensor 340 and the central cores 342aa
and 342ba of the seventh sensor 342 are opposed to the
peripheral edge of the coin C.

[0142] The fifth to seventh sensors 338, 340, and 342 are
arranged in such a way that the physical characteristic about
the diameter of a relatively small diameter coin C can be
obtained by the fifth sensor 338, the physical characteristic
about the diameter of a relatively large diameter coin C can be
obtained by the sixth sensor 340, and the physical character-
istic about the diameter of a relatively middle diameter coin C
can be obtained by the seventh sensor 342 within the target
coins ¢ to be discriminated. This means that the physical
characteristic about the diameter of a coin C is obtained by
one of'the fifth to seventh sensors 338, 340, and 342 according
to the diameter value of a coin C. Accordingly, compared with
the case where the physical characteristic about the diameter
of a coin is obtained by a single coin detection sensor, the
physical characteristic about the diameter of a coin C can be
obtained in more detail, which means that the denomination
and authenticity of a coin ¢ can be discriminated with higher
accuracy by using the physical characteristic about the diam-
eter of the coin C obtained by the second and third sensors 332
and 334 along with the physical characteristics about the
diameter of the coin C obtained respectively by the fifth to
seventh sensors 338, 340, and 342.

[0143] In addition, the arrangements or layouts of the first
to seventh coin detection sensors 330, 332, 334, 336, 338,
340, and 342 may be changed appropriately according to the
length of the carrying path 320, the diameter of target coins to
be discriminated and so on. For example, the fifth to seventh
sensors 338, 340, and 342 may be arranged on the down-
stream side of the carrying path 320 with respect to the first to
fourth sensors 330, 332 334, and 336. The second and third
sensors 332 and 334 may be arranged on the downstream side
of the carrying path 320 with respect to the first to fourth
sensors 330, 332 334, and 336.

[0144] [Driving Mechanism]

[0145] Next, the driving mechanism 106 of the coin dis-
crimination apparatus 100 will be explained below with ref-
erence to F1G. 9.

[0146] The driving mechanism 106 has the function of
driving or rotating the rotary disk 202 of the coin separating
and forwarding section 102 and the rotator 304 of the coin
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discrimination section 104. The driving mechanism 106 com-
prises a driving gear 242 that receives driving power from a
driving source 240, a first driven gear 244 that rotates the disk
202, and a second driven gear 350 that rotates the rotator 304.
[0147] The driving gear 242 is connected to the output shaft
of' a motor (not shown) as the driving source 240. The first
driven gear 244, which is in the form of a spur gear, is
integrally configured with the disk 202 on the rear side of the
disk 202. Therefore, the disk 202 is rotated along with the
rotation of the first driven gear 244. Moreover, the second
driven gear 350, which is in the form of a spur gear, is placed
on the rear side of the base 302. The second driven gear 350
is configured to be rotatable around the rotation axis 318, and
is fixed to the rotator 304 with a rotational shaft 352 penetrat-
ing through the base 302 along the rotation axis 318. There-
fore, the rotator 304 is rotated along with the rotation of the
second driven gear 350.

[0148] In the driving mechanism 106, the first driven gear
244 is drivingly connected to the driving gear 242, and the
second driven gear 350 is drivingly connected to the first
driven gear 244. For this reason, if the driving gear 242 is
rotated in the second rotation direction R2, the first driven
gear 244 is rotated in the first rotation direction R1. If the first
driven gear 244 is rotated in the first rotation direction R1, the
second driven gear 350 is rotated in the second rotation direc-
tion R2. Accordingly, the first driven gear 244 and the disk
202 are rotated in the first direction R1 along with the rotation
of the driving gear 242 in the second direction R2 and then,
the second driven gear 350 and the rotator 304 are rotated in
the second direction R2.

[0149] The gear ratio of the first and second driven gears
244 and 350 is fixed at 1 1. The rotation of the disk 202 and the
rotation of the rotator 304 are synchronized in such a way that
coins C are rotated by the pushing members 3164, 3165, and
316c¢ of the rotator 304 immediately after the coins C which
have been sent out from each of the coin receiving parts 206a,
2065, and 206¢ are received by the receiver 204.

[0150] The gear ratio of the first and second driven gears
244 and 350 is not limited to 1 1 and may be changed appro-
priately according to the ratio between the count of the coin
receiving parts 206 of the disk 202 and the count of the
pushing members 316 of the rotator 304.

[0151] [Advantageous Effects of Coin Discrimination
Apparatus]
[0152] With the coin discrimination apparatus 100 accord-

ing to the embodiment of the present invention, as explained
above in detail, the base 302 having the carrying path 320, the
rotator 304 for carrying coins C on the carrying path 320 one
by one, the guide 306 for guiding the coins C along the
carrying path 320, and the coin detector 308 for detecting
physical characteristics of the coins C are provided. The coins
C that are moved on the carrying path 320 are carried to a
predetermined position through the coin detector 308 itself or
through the vicinity of the coin detector 308. The coins C that
are carried on the carrying path 320 due to the rotation of the
rotator 304 are guided by contacting the peripheral face pfthe
coin C with the guide 306.

[0153] The coin detector 308 comprises the first to fourth
coin detection sensors 330, 332, 334, and 336, which are
located at different positions with respect to the guide 306.
This means that the positions of the first to fourth coin detec-
tion sensors 330, 332, 334, and 336 are respectively deter-
mined using the guide 306 as a reference. Moreover, the coin
C that is moved on the carrying path 320 is guided by con-
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tacting the peripheral face of the coin ¢ with the guide 306 that
extends along the carrying path 320.

[0154] Therefore, the positional relationships between
each of the coins C that are carried on the carrying path 320
with the first to fourth coin detection sensors 330, 332, 334,
and 336 are kept approximately the same for all the coins C
thus carried. Accordingly, the physical characteristics about
the peripheral and core parts of the coin C that is moved on the
carrying path 320 can be detected accurately with the first to
fourth coin detection sensors 330, 332, 334, and 336.

[0155] Furthermore, the additional physical characteristic
about the peripheral part of the coin C that is moved on the
carrying path 320 is obtained by cooperation of the second
and third coin detection sensors 332 and 334 when the coin C
that is moved on the carrying path 320 reaches the third coin
detection sensor 334. This means that the physical character-
istics about the different positions of the peripheral part of the
coin C can be detected by the second and third coin detection
sensors 332 and 334 approximately simultaneously. For this
reason, coin discrimination can be performed using not only
the physical characteristics obtained by the first to fourth coin
detection sensors 330, 332, 334, and 336 but also the addi-
tional physical characteristic obtained by the cooperation of
the second and third coin detection sensors 332 and 334.
[0156] Accordingly, the denomination and authenticity of
the coins C can be discriminated more accurately compared
with the case where the additional physical characteristic is
not obtained by the cooperation of the second and third coin
detection sensors 332 and 334.

[0157] In the case of discriminating a bimetallic coin BC
comprising a ring-shaped part (i.e., a peripheral part) and a
core part (i.e., a central part) which are made of different
materials or different-composition materials (e.g., different
metals and/or alloys), the physical characteristics about the
peripheral part of the bimetallic coin BC are respectively
obtained by the first and third coin detection sensors 330 and
334 at different positions, and the physical characteristics
about the central part of the bimetallic coin BC are respec-
tively obtained by the second and fourth coin detection sen-
sors 332 and 336 at different positions. Moreover, the addi-
tional physical characteristic about the peripheral part of the
bimetallic coin BC is obtained by cooperation of the second
and third coin detection sensors 332 and 334.

[0158] Therefore, even if the connecting portion of the
bimetallic coin BC, which connects the ring-shaped part (pe-
ripheral part) and the core part (central part), includes some
structural unevenness, the physical characteristics obtained
by the first to fourth coin detection sensors 330, 332, 334, and
336 and the additional physical characteristic obtained by
cooperation of the second and third coin detection sensors
332 and 334 are unlikely to be affected by the structural
unevenness of the connecting portion.

[0159] Accordingly, the denomination and authenticity of
coins C can be discriminated with high accuracy even if they
are bimetallic coins BC.

[0160] Furthermore, in the aforementioned coin discrimi-
nation apparatus 100 according to this embodiment, the coin
detector 308 further comprises the fifth, sixth, and seventh
coin detection sensors 338, 340, and 342. The fifth coin detec-
tion sensor 338 is located at a further position from the guide
306 than the second and fourth coin detection sensors 332 and
336. The sixth coin detection sensor 340 is located at a further
position from the guide 306 than the fifth coin detection
sensor 338. The seventh coin detection sensor 342 is located
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on the downstream side of the carrying path 320 with respect
to the fifth and sixth coin detection sensors 338 and 340. Each
ofthe fifth to seventh coin detection sensors 338, 340, and 342
has the function of obtaining the physical characteristic about
the diameter of the coin C that is moved on the carrying path
320.
[0161] Accordingly, the physical characteristic about the
diameter of the coin ¢ having a relatively small diameter is
obtained by the fifth coin detection sensor 338, the physical
characteristic about the diameter of the coin ¢ having a rela-
tively large diameter is obtained by the sixth coin detection
sensor 340, and the physical characteristic about the diameter
of'the coin having a relatively middle diameter is obtained by
the seventh coin detection sensor 342. Thus, compared with
the case where the physical characteristic about the diameter
of'the coin C is obtained by a single coin detection sensor, the
physical characteristics about the diameter of the coin C can
be obtained in more detail.
[0162] As aresult, there is an additional advantage that the
denomination and authenticity of the coin can be discrimi-
nated with higher accuracy than the case where the coin
detector 308 does not comprise the fifth, sixth, and seventh
coin detection sensors 338, 340, and 342.
[0163] Variations
[0164] It is needless to say that the present invention is not
limited to the above-described embodiment and its variations.
Any other modification is applicable to the embodiment and
variations.
[0165] For example, in the aforementioned coin discrimi-
nation apparatus 100 according to the embodiment of the
present invention, the structure of the coin separating and
forwarding section 102 is not limited to the one explained in
this embodiment. For example, the coin separating and for-
warding apparatus disclosed in the Japanese Non-Examined
Patent Publication No. 2014-041396 may be used for the coin
separating and forwarding section 102. The coin separating
and forwarding apparatus of the Publication No. 2014-
041396 comprises a moving member that is reciprocated
linearly along the diameter direction of a rotary disk in con-
junction with the rotation of the disk. Coins C are separated
from each other by the moving member and then, forwarded
to the next process.
[0166] The structural elements and their shapes and sizes
are preferred examples of the present invention; it is needless
to say that any other structural elements may be used and
these shapes and sized may be changed according to the
necessity.
[0167] The present invention is applicable to any type of
coin processing apparatuses for processing coins. For
example, the present invention may be preferably applied to
change machines, money changers, vending machines, auto-
mated teller machines, ticket-vending machines and so on.
[0168] While the preferred forms of the present invention
have been described, it is to be understood that modifications
will be apparent to those skilled in the art without departing
from the spirit of the invention. The scope of the present
invention, therefore, is to be determined solely by the follow-
ing claims

What is claimed is:

1. A coin discrimination apparatus comprising:

a base having a carrying path on which coins are carried,
wherein one surface of each coin that is moved on the
carrying path is supported by the base;
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a rotator configured to be rotatable around a rotation axis
perpendicular to the base, wherein the rotator has push-
ing members by which coins are carried on the carrying
path one by one due to rotation of the rotator;

a guide formed outside a rotation area of the rotator so as to
extend along the carrying path, wherein a coin that is
moved on the carrying path is guided by contacting a
peripheral face of the coin with the guide; and

a coin detector for detecting physical characteristics of a
coin that is moved on the carrying path, wherein the coin
detector is located along the carrying path;

wherein the coin detector comprises a first coin detection
sensor, a second coin detection sensor, a third coin detec-
tion sensor, and a fourth coin detection sensor;

the first coin detection sensor, which is located near the
guide, has a function of obtaining a physical character-
istic about a peripheral part of a coin that is moved on the
carrying path;

the second coin detection sensor, which is located apart
from the guide at a predetermined interval, has a func-
tion of obtaining a physical characteristic about a central
part of the coin that is moved on the carrying path;

the third coin detection sensor, which is located on a down-
stream side of the carrying path at a predetermined inter-
val with respect to the first coin detection sensor and
which is located near the guide, has a function of obtain-
ing a physical characteristic about the peripheral part of
the coin that is moved on the carrying path;

the fourth coin detection sensor, which is located on the
downstream side of the carrying path at a predetermined
interval with respect to the second coin detection sensor
and which is located apart from the guide at a predeter-
mined interval, has a function of. obtaining a physical
characteristic about the central part of the coin that is
moved on the carrying path; and

an additional physical characteristic about the peripheral
part of the coin that is moved on the carrying path is
obtained by cooperation of the second coin detection
sensor and the third coin detection sensor when the coin
that is moved on the carrying path reaches the third coin
detection sensor.

2. The coin discrimination apparatus according to claim 1,
wherein the physical characteristic about the peripheral part
of the coin obtained by the first coin detection sensor is a
physical characteristic about a thickness of the peripheral part
of the coin;

the physical characteristic about the central part of the coin
obtained by the second coin detection sensor is a physi-
cal characteristic about a material of the central part of
the coin;

the physical characteristic about the peripheral part of the
coin obtained by the third coin detection sensor is a
physical characteristic about a material of the peripheral
part of the coin;

the physical characteristic about the central part of the coin
obtained by the fourth coin detection sensor is a physical
characteristic about a thickness of the central part of the
coin; and

the additional physical characteristic about the peripheral
part of the coin obtained by cooperation of the second
and third coin detection sensors is a physical character-
istic about the material and a diameter of the peripheral
part of the coin.
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3. The coin discrimination apparatus according to claim 1
wherein each of the first to fourth coin detection sensors
comprises a pair of magnetic material cores and coils wound
respectively around the cores.

4. The coin discrimination apparatus according to claim 1,
wherein the coin detector further comprises fifth, sixth, and
seventh coin detection sensors;

the fifth coin detection sensor is located at a further position

from the guide than the second and fourth coin detection
sensors;
the sixth coin detection sensor is located at a further posi-
tion from the guide than the fifth coin detection sensor;

the seventh coin detection sensor is located on the down-
stream side of the carrying path with respect to the fifth
and sixth coin detection sensors; and

each of the fifth to seventh coin detection sensors has a

function of obtaining a physical characteristic about a
diameter of the coin that is moved on the carrying path.

5. The coin discrimination apparatus according to claim 2,
wherein the coin detector further comprises fifth, sixth, and
seventh coin detection sensors;

the fifth coin detection sensor is located at a further position

from the guide than the second and fourth coin detection
sensors;
the sixth coin detection sensor is located at a further posi-
tion from the guide than the fifth coin detection sensor;

the seventh coin detection sensor is located on the down-
stream side of the carrying path with respect to the fifth
and sixth coin detection sensors; and

each of the fifth to seventh coin detection sensors has a

function of obtaining a physical characteristic about a
diameter of the coin that is moved on the carrying path.

6. The coin discrimination apparatus according to claim 1,
wherein the coin detector further comprises fifth, sixth, and
seventh coin detection sensors;

the physical characteristic about a diameter of a coin hav-

ing a relatively small diameter is obtained by the fifth
coin detection sensor;

the physical characteristic about a diameter of a coin hav-

ing a relatively large diameter is obtained by the sixth
coin detection sensor; and

the physical characteristic about a diameter of a coin hav-

ing a relatively middle diameter is obtained by the sev-
enth coin detection sensor.

7. The coin discrimination apparatus according to claim 2,
wherein the coin detector further comprises fifth, sixth, and
seventh coin detection sensors;

the physical characteristic about a diameter of a coin hav-

ing a relatively small diameter is obtained by the fifth
coin detection sensor;

the physical characteristic about a diameter of a coin hav-

ing a relatively large diameter is obtained by the sixth
coin detection sensor; and
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the physical characteristic about a diameter of a coin hav-
ing a relatively middle diameter is obtained by the sev-
enth coin detection sensor.

8. A coin discrimination apparatus for receiving individual
coins of different dimensions and physical characteristics
from a source of a plurality of different coins comprising:

a coin separating and forwarding section for receiving and
separating coins that are received in bulk and forwarding
the separated coins in a controlled manner one after
another to move along a carrying path;

a guide member formed along the carrying path to align
each coin to be positioned and moved in a common
orientation;

a coin discrimination section having a plurality of coin
detection sensors operatively mounted along the guide
member to sense each coin on the carrying path, wherein
the coin discrimination section comprises:

a first coin detection sensor, a second coin detection sensor,
a third coin detection sensor, and a fourth coin detection
sensor;

wherein the first coin detection sensor, which is located
adjacent the guide member, has a function of obtaining a
physical characteristic of a thickness of a peripheral part
of a coin that is moved on the carrying path,

the second coin detection sensor adjacent the guide mem-
ber has a function of obtaining a physical characteristic
of a material of a central part of the coin,

the third coin detection sensor adjacent the guide member
has a function of obtaining a physical characteristic of a
material of the peripheral part of the coin,

the fourth coin detection sensor adjacent the guide member
has a function of obtaining a physical characteristic of a
thickness of the central part of the coin, wherein the
physical characteristics of the peripheral part of the coin
can be determined from the outputs of the second and
third coin detection sensors to determine a material and
a decimeter of the peripheral part of the coin,

wherein each of the first to fourth coin detection sensors
comprises a pair of magnetic material cores and coils
wound respectively around the cores.

9. The coin discrimination apparatus according to claim 8,
wherein the coin detector further comprises fifth, sixth, and
seventh coin detection sensors;

the fifth coin detection sensor is located at a further position
from the guide than the second and fourth coin detection
sensors;

the sixth coin detection sensor is located at a further posi-
tion from the guide than the fifth coin detection sensor;

the seventh coin detection sensor is located on the down-
stream side of the carrying path with respect to the fifth
and sixth coin detection sensors; and

each of the fifth to seventh coin detection sensors has a
function of obtaining a physical characteristic about a
diameter of the coin that is moved on the carrying path.
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