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(57) Abstract

A coin presence sensing
apparatus (100) comprises one
or more ringing electronic oscil-
lator circuits (120, 220, 320, 420,
520, 620, 720) at least some of
which include an inductor (121,
221, 321, 421, 521, 621, 721)
having a dumbbell shaped core
(102, 104, 106) adjacent a coin
passageway (112A). A multi-
plexer (110) selectively pulses
each oscillator circuit. After an
oscillator is pulsed, it begins to
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oscillate. Coin proximity to the
inductor of the pulsed oscillator

Yo

during the time that the oscillat-
ing circuit oscillates is deter-
mined by comparing the output
of the oscillating circuit with the
output of an oscillating circuit or A
(820) having a reference induc- 0z
tor (821) isolated from coins.
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Prior sensors have interfered
with the opening of the coin

tube for cleaning and removal

of coin jams and they are sub-

ject to outside influences such
as coins in an adjoining coin
tube.
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COIN PRESENCE SENSING APPARATUS

Technical Field

The present invention relates to a coin
presence sensing apparatus for use in a coin

handling mechanism.

Background Art

In the field of coin handling mechanisms,
many uses for coin presence sensing apparatus
exist. One such use is to monitor coin storage
tube level. It is well known in the art that where
a coin mechanism stores coins in a coin tube for
purposes of change making, it is beneficial to
monitor the level of coins in the coin tube (coin
" tube levei). Typiéally, when the number of coins
in a coin tube becomes too few for change making
purposes, an exact change light is turned on. When
a coin tube becomes full, coin path jamming may be
minimized by diverting coins directly to a cash box
rather than allowing them to pass to the coin tube.
Electromechanical switches have been used to '
monitor the jevel of coins in a coin tube; however,
such switches may require cleaning and can
malfunction by jamming. Optical sensing devices
have also been employed, but these are subject to
performance degradation due to dirt and component
aging. Inductors comprising coils wrapped around
the coin tube have also been used, but these have
several disadvantages. They interfere with the
opening of the coin tube for cleaning and removal
of jammed coins, and they are subject to outside
influences such as coins in an adjoining coin tube.

SUREADY
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A second use of coin presence sensing -
apparatus is to provide a means for determining
when a coin passes a particular, location in the
coin vending mechanism. One wéy that coin passage

®

has been established in prior art apparatus is by
placing an electromechanical switch so that it will
be actuated by a passing coin, or_by establishing a
light beam which crosses the coin path and which
will be interrupted by a passing coin.

The use of inductors as coin presence

sensors in coin mechanisms is well known. The
inductor is usually a part of an electrical
resonant circuit. When a coin or other
electrically conductive or magnetic object is in
the field created by the inductor, changes in
inductance and energy loss can occur. The
resulting shifts in frequency or amplitude of the
resonant circuit, or both, are electrically
detected to provide a signal indicating the
presence or absence of a coin.
_ The conventional measure of inductor
energy loss is called the gquality factor or Q. The
Q of a resonant circuit is its inductive reactance
divided by its egquivalent series resistance. This
is commonly expressed by the formula: Q0 = 2WEL/R
where £ is the frequency, L is the inductance and R
is the resistance of the circuit. Another way of
defining circuit Q is 2 ¥ times the energy stored
in the circuit divided by the energy dissipated in
the circuit during one cycle. See Terman,
Electronic and Radio Engineering, sections 2.7, 3.1
and 3.2 (4th Ed. 1955).

A ringing circuit is a resonant circuit

whose oscillations are started by a pulse and
continue after the removal of the pulse. For this
reason, such circuits are sometimes called
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shock-excited circuits. Once activated in this
fashion, the ringing circuit will continue to
oscillate at its resonant frequency, but the
amplitude of oscillation decreases as energy is
lost. A well known way to measure the Q of a
resonant circuit is to connect it as a ringing
circuit and count the number N of cycles until the
amplitude of oscillation decreases to 1/e of its
initial value where the natural log of e is one and
e is approximately 2.718. The Q of the circuit is
eéual to 21M'N. See Millman & Taub, Pulse and
Digital Circuits, Section 2-8, pp. 52-57 (1956);

U.S. Pats. Nos. 3,163,818 and 3,020,750.

A well known object examining technigque
in both coin discriminating and metal detecting
apparatus is to measure the energy loss of an
oscillator in an inductive sensor circuit in the
presence of the object by measuring the effect on Q
of the object's presence in the field of the .
sensor. See, for example, Canadian Pat. No.
951,403 and U.S. Pat. No. 3,453,532. It is also
well known to measure Q by counting the cycles of a
ringing circuit. See, for example, U.S. Patent
Nos. 3,163,818 and 3,020,750 and News from Rohde &
Schwarz, col. 10, no. 45 (1970). Until recently,
however, ringing circuits with counters to measure
energy losé have been relatively expensive as
compared with other coin sensing circuits. Among
the reasons for this relativé expensé were the need
for both analog and digital circuits, the degree of

stability of the analog circuits necessary to
provide a stable threshold for terminating counting
and the relative complexity of digital circuits.

In particular, such circuits have been too
expensive for use where merely the presence or
absence of coins must be detected, for example, in




WO 83/00762 PCT/US82/01129

-4

determining the contents of coin storage tubes.
Electromechanical switches, optical sensors

together with various detection. circuits have been

more practical for economic reasons. These,

however, often have their own problems and, in many i
cases are not as well suited to use with the

digital control circuits of modern coin mechanisms.

Disclosure of Invention

The present invention provides a coin
presence sensor circuit of the ringing circuit
pulse counting type in which the coin sensor is an
inductor designéd to direct its detection field so
that the field is generally parallel to the coin
face when a coin is present, thereby reducing
extraneous influences. 1In preferred embodiments,
the pulse counts from the coin sensor inductors are
compared with the pulse counts from an inductor of
the same type which is subject to the same
environmental conditions as the coin sensor
inductors, but remote from the influence of coins.

One specially designed inductor has a
dumbbell shaped core which can be more particularly
deécribed as having two faces connected by a
central core extending perpendicularly between the
two faces. The two faces and the connecting
central core are cylindrical in the preferred
embodiment. The central core is wound with a
copper winding. The two faces have a diameter
larger than the diameter of a cylinder defined by
the central core and the copper winding. This ¢
shape is beneficial to creating a magnetic field
projecting into the regions at the ends of the
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inductor. By placing a face of the inductor at the
appropriate level adjacent to a coin tube in a coin
vending mechanism, an electromagnetic field is
created generally parallel to the faces of stacked
coins at the inductor level and an indication of
coin tube presence at that level may be obtained by -
detecting the interaction of coins with the field.
similarly by placing an appropriate inductor
adjacent to a coin passageway in a coin vending
mechanism so that its field is generally parallel
to the faces of passing coins, an indication of
coin passage by the point at which the inductor is
positioned may be obtained.

Further features of the invention, its
nature, and various advantages will be more
apparept upon consideration of the attached
drawings and the following detailed description of

the invention.

Brief Description of Drawings

In the drawings:
_ Fig. 1 illustrates a dumbbell-shaped
inductor for use in accordance with our invention;
Fig. 2 shows a schematic block diagram of
a first illustrative embodiment of our invention;
Fig. 3 shows a schematic block diagram of
a second embodiment of our invention;
Fig. 4 shows in detail a coin passage
~ sensor circuit for use in an apparatus according to

the second embodiment of our invention;
Pig. 5 shows in detail. a coin tube sensor

circuit for use in an apparatus according to the
second embodiment of our invention; .
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Fig. 6 shows in detail a reference sensor
circuit for use in an apparatus according to the
second embodiment of our invention;

Fig. 7 shows a comparator and reference
circuit for use in an apparatus according to the
second embodiment of our invention;

Figs. 8A & 8B illustrate the mounting 6f
the inductors on sensor boards for use in an
apparatus according to the second embodiment of our
invention; .

' Fig. 9 illustrates the mounting of one
sensor board and three inductors with relation to
the back section of three coin tubes for use in
apparatus accoréing to the first and second
embodiments of our invention; and ”

Fig. 10 illustrates the mounting of an
inductor for use in apparatus according to the
firét and second embodiments of our invention.

Although coin selector apparatus

. constructed in accordance with the principles of
this invention may be designed to identify and
accept any number of coins from the coin sets of
many countries, the invention will be adequately
jllustrated by explanantion of its application to
identifying the U.S. 5-, 10-, and 25-cent coins.

The figures are intended to be
representational and are not necessarily drawn to
scale. Throughout this specification the term
"coin" is intended to include genuine coins,
tokens, counterfeit coins, slugs, washers, and any
other item which may be used by persons in an
attempt to use coin-operated devices. Furthermore, ' *
from time to time in this specification, for

simplicity, coin movement is described as
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rotational motion; however, except where otherwise
indicated, translational and other types of motion
also are contemplated. Similarly, although
specific types of logic circuits are disclosed in
connection with the embodiments described below in
detail, other logic circuits can be employed to
obtain equivalent results without departing fromv
the invention. Component values are exemplary for

the embodiments discussed in the specification.

Best Mode for Carrying Out the Invention

Fig. 1 shows an inductor comprising a
coil wound on a dumbbell shaped core which is used
in the first and second embodiments of coin
presence sensing apparatus according to the
invention. The inductor 101 has faces 102 and 104
which are connected by a central core 106. The
central core is wound with a coil of copper wire
108 which connects to leads 103 and 105. Leads 103
and 105 are used to connect the inductor to the
rest of the coin sensing apparatus. The faces 102
and 104 have diameters larger than the diameter of
a cylinder defined by the central core 106 and the
copper winding 108.

In these embodimen;s of our invention,
‘the inductor has a ferrite core which is random
wound with approximately 450 turns of No. 38 AWG
copper wire. The overall length of the core is
12/32 of an inch. The length of the central core
is 6/32 of an inch. The diameter of the inductor
faces is 9/32 of an inch and the diametér of the
central core is 3/32 of an inch. A& suitable
ferrite core for the inductor bf these embodiments

is Tomita's type DRW 8X10.
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When current flows through the coil 108 -
of the inductor 101, a magnetic field is projected
primarily in a direction perpendicular to the faces
102 and 104 of the inductor. A coin passing
through or stopped within the projected magnetic
field interacts with the field and thus affects the
current flowing in the inductor 101. This
interaction is detected by associated circuits as
indicative of coin passage or coin proximity to the
inductor.

Fig. 2 is a schematic block diagram of a
circuit 10 for a first illustrative embodiment of a
coin presence sensing apparatus according to the
invention. The circuit 10 includes an inductor 1l
which corresponds to inductor 101 of Fig. 1. A
capacitor 19 is connected in parallel with the
inductor 11 to form the resonant oscillator circuit
20. One lead 15 of the inductor 11 is connected to
the + input of an analog comparator 30, to supply
voltage Vg through diode D1, and to ground through
switch S1. The other lead 13 of inductor 11 is at
a reference voltage level determined by the supply
voltage Vg, and voltage divider 17 consisting of
resistors Rl and R2. Typically, these resistors Rl
and R2 are of thé same value, placing the base-line
of oscillations of the resonant circuit 20 in the
mid-range of the input to the analog comparator 30.

When switch S1 is closed, the oscillator '
circuit 20 begins to store energy as inductor 11
conducts to ground. When the inductor current has
reached a desired value and the circuit 20 has
stored a desired amount of energy, switch S1 is
opened. When switch S1 is opened, the voltage at
the + input of comparator 30 rises rapidly. This
rise is limited to the supply voltage V. plus the

-———’.“"‘—
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voltage drop across the diode DI. Following this
initial rise, a damped oscillation voltage waveform
is observed at the + input to comparator 30 as
circuit 20 oscillates at its resonant freguency
determined primarily by the inductance and
capacitance. The rate of damping is such that the
voltage amplitude is reduced to 1/e of its initial
value in Q/2T cycles where Q is defined as 2% times
the total energy stored by the resonant circuit
divided by loss of energy by the circuit per cycle.
See, Millman & Taub, Pulse and Digital Circuits

(1956) Section 2-8, pp. 52 & 53.
The damping of the oscillation at the +

input of comparator 30 depends on the losses of the
resonant circuit 20 and the external loading of the
resonant circuit 20. Coin interaction with the
magnetic field of inductor 11 will load the
resonant circuit 20. When a conductive coin is
placed in proximity with a face of inductor 11
corresponding to either of the faces 102 or 104 of
inductor 101 of Fig. 1, eddy currents are induced
in the coin and 12R losses result. Therefore, the
rate of damping of the oscillation circuit 20 and
of the oscillation observed at the + input of
comparator 30 is an indication of the degree of
coin proximity to one of the faces of inductor 11l.
The circuitry to the right of line I-I of
Fig. 2 measures the rate of damping of the
oscillation of the resonant circuit 20 and produces
a signal indicative of coin presence or absence
from the région near one of the faces of inductor
11. This signal is produced as follows. A
reference voltage is applied to the - input of the
comparator 30 by connecting the - input to a
voltage divider consisting of resistors R3 and R4. )
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This reference voltage is adjusted by appropriate
selection of R3 and R4 to some voltage lower than
the maximum amplitude of the damped oscillation.
The output of comparator 30 is high whenever the
voltage amplitude of the signal at its + input is
greater than the reference voltage at its - input.
Thus, each time a cycle of the oscillation at the +
input of comparator 30 rises to an amplitude
greater than the reference voltage, comparator 30
has a high output. Since the waveform at the +
input of compaprator 30 is a damped oscillation, a
series of pulses is produced on line 31 at the
output of comparator 30. The series of pulses on
line 31 begins when the oscillation first rises
above the reference voltage and ends when the
oscillation ceases to rise above the reference
voltage. The series of pulses on line 31 are '
counted by a counter 40. The output of the counter
40 is a signal (sensor count)-indicative of the
number of pulses counted. This signal is connected
to an input of a comparator 50. A digital storage
means 60 is connected to the other input of the
comparator 50 and provides a reference number
indicative of some predetermined fraction or
percentage of the number of pulses which would be
counted under some predetermined conditions, for
example, when the inductor 11 is isolated from coin
presence.

Since coin proximity to a face of
inductor 11 increases the losses per cycle of
circuit 20, the Q of circuit 20 is decreased by
coin proximity to inductor 11. Conseguently, coin :
proximity to inductor 11 increases the rate of
damping of the oscillation of circuit 20 and
decreases the number of cycles occurring before the
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amplitude of the oscillation drops below the
reference voltage. Counter 40 produces a maximum
sensor count signal when no coin is near inductor
11. In one embodiment, the reference number stored
in storage unit 60 is less than this maximum sensor
count signal but greater than the decreased sensor
count produced when a coin is proximate to inductor
11. When the sensor count exceeds the reference
count, comparator 50 produces a signal indicating
that a coin is not present near the faces of
inductor 11. If the reference count exceeds the
sensor count, comparator 50 produces an output
indicating that a coin is present near a face of
inductor 11.

Suitable means for mounting inductor 11
so that the apparatus of Fig. 2 can be used for
coin tube level sensing or for coin passage sensing
are shown in Figures 8, 9 and 10 respectively.
These figures are discussed below.

Figure 3 is a schematic block diagram of
the circuit 100 of a second embodiment of coin
presence sensing apparatus according to the
invention. In this embodiment, seven coin sensor
circuits 120, 220, 320, 420, 520, 620 and 720 and a
reference sensor circuit 820 are used. The sensor
circuits 120, 220, 320, 420, 520, 620 and 720,
shown as blocks in Fig. 3, each include an inductor
for monitoring coin passage or coin tube level.
Sensor circuit 120 serves as a coin passage sensor;
sensors 220, 320, 420, 520, 620 and 720 serve as
coin tube level sensors; and sensor circuit 820
serves as a reference sensor., The circuit 100 also
includes a pulse counter 140, a logic circuit 150

and a storage memory 160.
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All of the sensor circuits, except
possibly the coin passage sensor circuit 120, have
inductors of the type generally shown and discussed
in connection with Fig. 1. Suitable sensor
circuits 120, 220 (typical of circuits 220-720) and
820 are shown in Figs. 4-6, respectively. Typical
component values for these sensor circuits are set
forth below:

Table I - Coin Passage Sensor Circuit 120

Resistors 116 1k

117 10 k

118 1k

119 1M
Capacitor 112 2700 pF

113 560 pF
Inductor 121 4 mH
Diode 104 1N4148
Transistor 114 2N3563 or

equivalent

Table II - Coin Tube Sensor Circuit 220

Resistors 216 1k

217 10 k

218 1k

219 . 1M
Capacitor - 212 1000 pF

213 180 pF
Inductor 221 10 mH .
Diode 204 1N4148
Transistor 214 2N3563 or

equivalent
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Table III - Reference Sensor Circuit 820

Resistors # 8l6a 1k

816b . 1k

8l6¢c 50 k(adj.)

817 1k

818 1k

819 1M
Capacitor 812 1000 pF

813 180 pF
Inductor 821 10 mH
Diode 804 1N4148
Transistor 814 2N3563 or

equivalent

In Circuit 820 of Figure 6, capacitances 831, 832 °
and 833 represent capacitances which may be
necessary to compensate for the fact that circuit
820 has less stray capacitance than the sensor
circuits 120,...,720 because it does not require as
long leads to the inductors.

A discussion of the selection and
operation of the coin tube level sensor 220 will
illustrate the principles of operation of all eight
sensor circuits 120,...,820 and the circuit 100.
The sensor circuits 120,...,820 are connected
between two multiplexers 110 and 111, shown in Fig.
3. Sensor circuit selection occurs in the
following manner. Multiplexer 110, such as a
National Semiconuctor type 74156, is connected as a
three line-to-eight line decoder and is controlled
by the signals applied to pins &, B, Cl' Y Gy and
G, in conventional fashion. When the inputs to
pins G, and G, are both low, the binary signal
inputs on lines 01, 02 and 04 to pins A, B, C; and

PCT/US82/01129
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C, will determine which of the eight outputs is
low. Multiplexer 111, such as an RCA type 4051, on
the other hand is connected to select one of its
eight inputs as the output and is controlled by the
signals applied to pins A, B and C.

As shown in Fig. 3, the same signals are
applied to the pins A, B, Cl and C2 (Cl and C2 are
connected together) of multiplexer 110 and pins &,
B, and C of multiplexer 111. Control signals on
lines 01, 02 and 04 may be produced by a logic
circuit 150 which can be a hardwired logic circuit
or a programmed data processor, such as a
microprocessor, or other logic circuit capable of
performing the ;equired functions as outlined
herein. An Intel 8748 microprocessor is suitable
for use as the logic circuit in this embodiment.

In this embodiment, the resonant or tank
circuits 115,...,815 of the sensor circuits
120,...,820 are maintained in an energized state
when not in use by holding the outputs 0-7 of the
input multiplexer 110 low. This prevents ringing
of non-selected tank circuits, which might occur as
a result of coupling when one of the sensor
circuits is selected and its tank circuit is rung.

In order to explain the typical operation
of the sensor circuits 120,...,720, we assume that
one of them--a coin tube sensor circuit 220--has
been selected. This is done by causing output 1 of
the input multiplexer 110 to switch from low level
(ground) to high level (open circuit). The output
multiplexer 111 is simultaneously switched to
accept only the outﬁut of sensor circuit 220 on the
output multiplexer's input 1. Referring now to
Fig. 5, the voltage at output i of multiplexer 110

Sm————
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rises rapidly after that output is switched from
low level to high level, causing transistor 214 to
switch off. A diode clamp consisting of a diode
204 and voltage supply (here 5VDC) limits the rise
to the supply voltage plus the voltage drop across
the diode 204, a total of 5.7VDC in this case.
This limiting prevents the forward biasing and
conduction of input 1 of multiplexer 111, and is
also used to limit the amplitude of oscillation to
a maximum voltage which is compatible with
circuitry used in other parts of the apparatus 100.
When output 1 of multiplexer 110 switches
from ground to -an open circuit (i.e. the drive is
removed), the field in inductor 221 collapses and
the tank circuit 215 begins a damped oscillation.
The voltage from sensor circuit 220 to ground
appears at input 1 of multiplexer 111 and is a
.damped oscillation around a voltage determiﬁed by a
voltage divider consisting of resistors 216 and
218. The appropriate selection of the resistors
216 and 218 along with the appropriate selection of
power supply voltage (5VDC here) and diode 204,
discussed previously, determines the maximum
amplitude of the oscillation and the level around
which oscillation occurs and dispenses with the
need for fancy compensation circuitry. 1In this
embodiment, divider resistors 216 and 218, as well
as the corresponding resistors 116, 316,...,816 and
118, 318,...,818 of the other sensor circuits 120,
320,...,820 are all of the same value (1k here), so
that the base-line of all oscillations is at the
mid-point between the power supply rails (0 and
5yDC here). Circuits 120, 320,...,820 and their
corresponding elements (see Figs. 4 and 6) operate
in the same manner as sensor circuit 220 when they )
are selected by the multiplexers 110 and 111. )
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When sensor 220 is interrogated, the
output of output multiplexer 111 will follow the
oscillations at the output of sensor 220. This
output signal serves as one input of a comparator
circuit 130. The other input of the comparator
circuit 130 is a reference voltage set at a
predetermined level by a reference circuit 135.

The comparator circuit 130 will produce a pulse for
each cycle of the oscillation at its input which
reaches an amplitude greater than the reference
voltage.

Fig. 7 shows a circuit suitable for the
comparator 130 and reference circuit 135 of the
apparatus of Fid. 3. The signal from the output
multiplexer 111 is received through a compensating
circuit 131 and is épplied to the + input of a
comparator 132. A National Semiconductor type
ILM339 is suitable for the comparator 132. The
other (-) input of the comparator 132 is connected
to the reference circuit 135. This includes two
resistors 136 and 138 of the same value as the
divider resistors 116,...,816 and 118,...,818 of
the sensor circuits 120,...,820. In the preferred
form of this embodiment, all of these resistors are
1% resistors packaged together in a resistor
assembly so that they are similarly affected by the
‘environment. A suitable resistor assembly for this
embodiment is a Dale type MDP 1405102/102F.

Divider resistors 136 and 138, without resistor

137, would establish the same reference level as

the base line of oscillations of the sensor

circuits 120,...,820. Resistor 137 in parallel

with one of the divider resistors, here resistor

138, reduces the resistance on that side of the -
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divider and thereby establishes the voltage
difference between the base line of oscillations
and the reference value for thé comparator 132.
This establishes the threshhold for detection of
oscillation pulses by the comparator 132. A
Schmitt trigger circuit inverter 133, here a NAND
gate connected as an inverter, is used to sharpen
the transitions of the output pulses from the '
comparator 132. '

_ The pulses from the comparator 130 can be
counted and compared with reference values in
practically any convenient fashion. 1In the
apparatus of Fig. 3, the pulses from comparator 130
are fed to a cohnte: 140.. At the completion of
each sensor interrogation cycle, the logic circuit
150 reads out the count in the counter 140, resets
the counter 140 and compares the count with the
value in a storage memory 160. The value in the
storage memory 160 is typically in the range of
50%-90% of the count which would be provided by one
of the sensors 220,...,720 in the absence of a
coin. Such a value can be manually stored in the
storage memory 160 or can be provided as a result
of periodically interrogating the reference sensor
circuit 820. When the reference sensor circuit 820
is employed, the reduced value for storage can be
obtained by either multiplying the count from the
reference sensor 820 by a constant (in the range of
0.5 to 0.9 in this example) or by the use of an
additional resistance provided by an adjustable
resistor 816c to offset the base line of the
reference sensor circuit 820 and thereby reduce the
number of oscillations from the number which would
be produced, for exanple, by a typical coin tube
sensor circuit 220,...,720 in the absence of coins. A
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Table IV - Comparator 130 and Reference Circuits 135

Resistors 131r 100 k
136 1k ,
137 10 k

Capacitor 131c 1000 pF
134 .01 uF

In one embodiment, the apparatus 100
functions as follows. The coin passage sensor 120,
which has its inductor 121 adjacent the accepted
coin passageway 122A as shown in Fig. 10, is
interrogated frequently enough so that all coins
which pass the sensor 120 are detected. Typically,
after the coin is detected in a preceeding
validator circuit (not shown), the reference sensor
820 is interrogated by the logic circuit 150 and a
reference count is stored, and then each of the
coin tube level sensors 220, 320, 420, 520, 620 and
720 is interrogated, after a suitable time delay,
to determine if the addition of the detected coin
has filled a coin tube or whether change which
might have been required by any vending operation
related to the accepted coin depletes a coin tube
of sufficient coins to provide change for future
vends. Operation in this fashion is advantageous
for at least two reasons. First, it avoids coin
tube level sensing when the vending machine is
idle. Second, the use of a reference sensor
subject to the same environment as the other
sensors results in a reference count which reflects
changes in environment in the same way that counts
produced by the other sensors reflect environmental
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changes such as changing temperature. Other
suitable methods for operation of the disclosed
apparatus will be clear from the disclosure of the
physical structure of the the apparatus.

Figs. 8-10 illustrate how inductors
121-821 are mounted and also illustrate how
inductor 11 shown in Fig. 2 is mounted in one
embodiment. Figs. 8A and 8B illustrate how seven
of the inductors 221-821 are mounted on two sensor
boards 62 and 64. Six inductors, 221-721, are part
of high and low coin level sensors 220-720. These
six inductors are inserted into mounting holes in
the back of a coin tube wall assembly 68 as is
shown for inductors 521, 621 and 721 in Fig. 9.
Fig. 9 illustrates the placement of these inductors
in relation to the coin tubes 65, 67 and 69. The
inductors 521, 621 and 721 are each mounted so that
one face projects a magnetic field into the coin
tube near the bottom of the coin tube when a
current is flowing in its coil. Inductors 221, 321
and 421 are similarly arranged near the tops of
their respective coin tubes. An inductor 821 which
is part of the reference sensor 820 is also mounted
on sensor board 64. Inductor 821 is oriented so
that its two faces are both effectively isolated
from coins.

Figure 10 shows the mounting of the
eighth inductor 121 which is part of coin passage
sensor 120. 1Inductor 121 is mounted adjacent
accept passageway 122A which is a portion of coin
passageway 122 located after acceptance gate 124.
Mechanical gate 124 diverts acceptable coins along
accept passageway 122A and unacceptable coins along
reject passageway 122R. The details of the
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functioning of a mechanical coin-diverting gate
like gate 124 are further discussed in United
Kingdom Application No. 79-10550 filed March 26,
1979 and in U.S. Patent No. 4,106,610. As shown in
this embodiment, the field of inductor 121 is
directed toward the face of passing coins and, for
this reason, inductor 121 is a pot core type

inductor.
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We Claim:

1. A coin presence sensihg apparatus
comprising a coin passageway in which the presence
or absence of coins is to be detected,

a first ringing type electronic oscillator
circuit comprising a first inductor,

the first inductor comprising a coil wound on
a dumbbell shaped core and producing a magnetic
field projecting from an end when current flows
through the coil, said end being adjacent said
passageway so that said magnetic field will project
into the passageway.

2. The céin presence sensing apparatus of
claim 1 wherein the magnetic field is projected
into the passageway in a direction generally
parallel to the usual position of the face surface
of a coin when the coin is in the passageway

adjacent the first inductor.

3. The coin presence sensing apparatus of
claim 1 wherein the coin passageway comprises a
coin storage tube in which coins are facially

stacked for storage.

4, The coin presense sensing apparatus of
claim 3 wherein the magnetic field is projected
into the coin tube in a direction generally
parallel to the usual position of the face surface
of a coin when the coin is stacked in the coin tube

adjacent the inductor.

5. The coin presence sensing apparatus of
claim 3 further comprising at least one further
coin passageway having a generally rectangular
cross-section, the smaller dimension of which is
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smaller than the diameter of the smallest
acceptable coin to be passed by the apparatus but
larger than the thickness of the thickest coin to
be passed, and the largest dimension of which is
larger than the diameter of the largest coin to be
passed, ' 7

a second ringing type electronic oscillator
circuit comprising a second inductor, and

said second inductor being located adjacent
the rectangular cross-section coin passageway.

6. The coin presence sensing apparatus of
claim 5 wherein the second inductor is of the pot
core type and eéch of the first and second
inductors project their magnetic field into their
respective passageways in a direction generally
parallel to the usual position of the face surface
of a coin when the coin is in the passageway

adjacent the inductor.

7. The coin presence sensing apparatus of
claim 5 further comprising means for selectively
applying a pulse to any of said oscillator circuits
to initiate oscillation therein.

8. The coin presence sensing apparatus of
claim 1 further'comprising a second coin passageway
in which the presence or absence of coins is to be
detected,
a .second ringing type electronic oscillator
circuit associated with second coin passageway, the
second oscillator circuit comprising a second :

inductor,
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the second inductor comprising a coil wound on
a dumbbell shaped core and producing a magnetic
field projecting from an end when current flows
through the coil, said end being adjacent the
second coin passageway so that said magnetic field
will project into the second coin passageway.

9. The coin presence sensing apparatus of
claim 8 wherein the magnetic field is projected
into the passageway in a direction generally
parallel to the usual position of the face surface
of a coin when the coin is in the passageway

adjacent the first inductor.

10. The coin presence sensing apparatus of
claim 8 further comprising means for selectively
applying a pulse to any of said oscillator circuits

to initiate oscillation therein.

11. The coin presence sensing apparatus of
claim 8 wherein at least one of the coin
passageways comprises a coin storage tube in which
coins are facially stacked for storage.

12, The coin presense sensing apparatus of
claim 11 wherein the magnetic field is projected
into the coin tube in a direction generally
parallel to the usual position of the face surface
of a coin when the coin is stacked in the coin tube

adjacent the inductor.

13. The coin presence sensing apparatus of
claim 11 wherein the first inductor is located near
the bottom of the coin storage‘tube so that its
magnetic field projects into the coin storage tube

at that level, further comprising,
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a further ringing type oscillator circuit of
the same type as the first oscillator circuit, the i
inductor of the further oscillator circuit being of
the same type as the first inductor and being
located near the top of the coin storage tube so
that its magnetic field projects into the coin
storage tube at that level.

14, The coin presence sensing apparatus of
claim 12 further comprising means for selectively
applying a pulse to any of said oscillator circuits
to initiate oscillation therein.

15. The coin presence sensing apparatus of
claim 12 further comprising one or more additional
coin storage tubes, two additional oscillator
circuits associated with each additional coin
storage tube, each of the additional oscillator
circuits being of the same type as the first
oscillator circuit, each of the oscillator circuits
having an inductor of the same type as the first
inductor, the inductor of one of said oscillator
circuits being located near the bottom of the
additional coin storage tube so that its magnetic
field projects into the coin storage tube at that
level, and the inductor of the other of said
additional oscillator circuits being located near
the top of the additional coin storage tube so that
its magnetic field projects into the additional
coin storage tube at that level.

1s6. The coin presence sensing apparatus of
claim 15 further comprising means for selectively
applying a pulse to any of said oscillator circuits
to initiate oscillation therein.
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17. The coin presence sensing apparatus of
any of claims 1 through 16 further comprising an
additional ringing type electronic oscillator
circuit comprising an additional inductor, and

the additional inductor being placed in a
location sufficiently remote from coin passageways
that its field is not likely to be affected by

coins moving through the apparatus.

18. The coin presence sensing apparatus of
any of claims 1 through 16 further comprising means
for counting the pulses produced by one or more of
the oscillators.between a first amplitude and a
secpnd amplitudé threshhold thereof.

19. The coin presence sensing apparatus of
claim 18 further comprising an additional ringing
type electronic oscillator circuit comprising an

additional inductor, and
the additional inductor being placed in a

location sufficiently remote from coin passageways
that its field is not likely to be affected by

coins moving through the apparatus.

TUREAD
OMFI

. WIPO
A’TEDM A-ﬂf\ﬁ?




WO 83/00762 PCT/US82/01129

1/4

700 /60/ L~ /75
™~
: 40
50
~— <
130
ol gibs
FL i J_%‘m 2
/06! 62 ? T 220 ,A 7
: — V320 "
2 L 70 .
- J 520 : 4
g; - ’;’ g Y620 5 B
= L
04t G 6 - 720 "’Jﬁ c
— 7
) ] 70

FIG.3

| wREAb
OMPI
SUBSTITUTE SHEET e TEO Y

ks




WO 83/00762 PCT/US82/01129
2/4
+SVOC
//5% M i 4
! 2 /2/, : 120
_ _[// I
V] | T 3 } [5x4
1 N
rV0C
73 724
& ‘/g//vo
N7
/7
PINO
#5V0C
6. /é - 2/5 *5Y0C
C 2 i
% | Leziz g A 204
o~
2i8 7 |
I S 2
B 213
+5V0C HE
_
217 __VV\(Z/,Q !
" _, /I:
PINT 2/4
FIG.5

SUBSTITUTE sHegT




WO 83/00762 PCT/US82/01129
3/4
+5V0C
86
Y /i¥:] 2
blba
/&0
8i6c
8 832 b5
ki
24 | ezl -k I 2
= 1T T -1 !
! N |
! 2633 |
15VDC |L- _____:_:____J
&9 M
87 W PINT
It
[ §
/10 tg/;
PNT a4
13/c
, ',____:_ ________1/'/3/ //30
= ; o /3Ir ;
E— A —J: +5vDC L5VDC
T | B2
: ZV [ i +\k /0/( /33 /OK
!
| { -
e
1351 I
» . .
|/38 %37 -|1134:
=t 7T |
| L
Lo o 1
FIG.7
TUREAT
COMPI
1. WIFO &
e et cWTFT . ‘Z‘ERNAT‘Oﬁy‘/




(=3

WO 83/00762

cUBSTITUTE SHEET

PCT/US82/01129

TUREATS
OMPI

Do WIFO N,
}ERNAT‘O$V




o

INTERNATIONAL SEARCH REPORT
International Application No PCT /US 82/01129

1. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) 3
According to Internatignal Patent Classification (IPC) or to both National Classification and IPC

Int. C1.° GO7D 1/04, GOTF 3/00
U.S. C1. 194/1004

il. FIELDS SEARCHED

Minimum Documentation Searched 4

Classification System | Classification Symbols

UsS 133/1R, 14, 3, 8R, 8A, 8B, 8C, 8D
|194/1OOA, 100R

Documentation Searched other than Minimum Documentation
1o the Extent that such Documents are Included in the Fields Searched &

1. DOCUMENTS CONSIDERED TO BE RELEVANT 14

Category * | Chtation of Document, 16 with indication, where apﬂropriate. of the relevant passages 17 Relevant to Claim No. 18
X [Us, A, 3,242,932, Published 29 March 1966, 1,3,18/1,
Becker. 18/3,18/8:
X,P{UsS, 4, 4,286,703, Published 01 September 1981, 5,7,17/5,
Schuller- et al. 17/7,18/5,
18/7,19
Y [Us, &, 4,!06,610, Published 15 August 1971, 7-8,10,16,
Heiman. 17/7,17/8,
17/10,18/7,
18/8,18/10,
19
Y DE, 4, 23143,915, Published 08 March 1973, 15-16,17/15,
. Hilgendorf et al. 17/16,18/15,
18/16,19
Y Us, A, 3,870,137, Published 11 March 1975, 18-19
Fougere.
Y,PUS, A, 4,286,704, Published 01 September 1981, 1-19
Wood. .
A US, A, 3,796,295, Published 12 March 1974, 5-7,17/5,
Montolivo et al. 17/6,17/7,
18/5,18/6,
A F15

“T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

invention

* Special categories of cited documents: 13
uaA" document defining the general state of the art which is not

considered to be of particular relevance

wgr earlier document but published on or after the international
filing date

“L" document which may' throw doubts on priority claim(s) or
which is cited to esieblish the publication date of another
citation or cther special reason (as specified)

“Q" document referring to an oral disclosure, use, exhibition or
other means

upr document published prior to the internationat filing date but
tater than the priority date claimed

ux» document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step

wy" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being oovious to a person skilled
in the art.

ug® document member of the same patent family

V. CERTIFICATION

Date of the Actuzl Completion of the International Search ¥

22 November 1982

Date of Mailing of this lnternational'{ea?ch Report 2

04 DEC 1982

International Searching Authority 1

ISA/US

Signature of Authorized Officer 20 .
g' / 591/\4[;4&4

J. Koniarek /

Form PCT/ISA/210 {second sheet) (October 1981)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

