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@ Electronic coin validators.

@ The validator has a transmit coil TC for creating a
magnetic field and a receive RC coil for detecting changes in
the field due to the presence of a coin adjacent to the coils.
The validator performs a test on each coin to provide a first
parameter which is a measure of coin face area, and a
second parameter which is a measure of coin resistance.

The parameters are utilised to establish the validity of
the coin.
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TITLE: ELECTRONIC COIN VATIDATORS

The pfesent invention relates to electronic coin
validators. When a step change of magnetic flux is
applied axially to a coin an eddy current is induced
which flows in the periphery of the coin, the coin acts
like a coil comprising a single shorted tuzmn. The coin
has an inductance ILc and an equivalent series resistance
Rc, related to the resistivity of the coin and its
resistance. The eddy current induced in the coin is
also related to the current step I in the transmit coil
that produces the step change of magnetic flux and the
mutual coupling Mc between the coil and coin.

The current can be used to give an electronic sig-
nature that defines the coin type.

According to the present invention there is provided
an electronic coin validator including a transmit coil
for creating a magnetic field, a receive coil for detecting
changes in the magnetic field due to the presence of a
coin adjacent to the coils, and means whereby the validator
operates to perform a test on the coin, to give a first
parameter which is a measure of the coin face area, and
a second parameter which is a measure of the coin resistance,
said first and second parameters being used to establish
the validity of the coin.

According to a further aspect of the invention there
1s provided an electronic coin validator including a
transmit coil for creating a magnetic field and a receive

coil for detecting the transmitted magnetic field, said
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receive coil being used to detect a compensation signal
when the transmit coil is activated, which signal is
unaffected by the coin to be validated.

The invention will now be described with reference
to the accompanying drawings wherein;

Figure 41 shows the circuit diagram of an electronic
coin validator according to the present invention,

Figure 2 shows a set of waveforms which are produced
at various points in the circuitry of Figure 1,

Figure % shows the output waveforms of the circuitry
of Figure 1 for each coin denomination,

Figure 4 shows & coin validator of another embodi-
ment of the present invention,

Figure 5 shows & graph of the normélised coill
voltage against frecuency with a coin present in the
embodiment shown in Figure 4.

Referring to Figures 1,2 and %, an embodiment of
the invention, an impulse test tType validator, will now
be described.

For impulse testing the magnetic field is larger
than the largest coin to be tested and two parameters
are measured, coin face area and coin resistance. The
receive coil current wgveform is shown in Figure 2. If
the open circuit voltage in the coin, is detected, the
peak voltage is a measure of a coin face area and the
integrated voltage waveform has a time constant related
to the coin resistance.

The circuit of Figure 1, producesthe waveforms of
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Figure 2. It consists of a current switch CS which
has a defined turn on time, and drives the transmit
coil TC. The receive coil RC drives an amplifier which
is connected to an integrator I and a peak detector

PD. A comparator set at 90% of the integrator maximum
output voltage gives a signal that allows t, coin to

be measured, where t coin is the time taken for the
integrator output voltage to rise to the 90% level.

A start pulse gates a 10 MHz clock into a counter chain
CC via flip fiop FF1 when the transmit current step

is applied, and, the integrator output stops the count.
The number in the counter is now a measure of t coin
which relates to coin resistance, and may'be applied

to a microprocessor‘nP for evaluation. The peak
detector holds the peak impulse shown in Figure 2 and
can produce the set of output voltages shown in

Figure 3 for the different coins. The peak detector
drives four window gates WG, one of which is shown,
whose thresholds are adjusted to each coin face area
distribution. The window comparator outputs are gated
into a 'D' type flip-flop FF2 that are clocked 51 S
after the start of the coin test, this effectively produces
a peak detector output sample at 5 u S, as shown in

Figure 3. The output of each flip-flop FF2 may be

applied to the microprocessor uP for evaluation. Alternatively,

the peak detector voltage may be entered into an analog-
to-digital converter and the output applied %o a

microprocessor for evaluation.
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The theory of operation of the impulse test
type coin validator is as follows:-

Direct flux linkage transmit to receive coil eoc = -M 4I

dat
which for a current step of I eoc(t) = -M.I.RT. BTy,

L

. L
where RT is the damping resistor across the receive coil
and RT » Rx.

If the step is of rise time T, this is modified to:
eoc(t) = -M.I l:ﬂ—f(t-T) —e_ﬁfm + £(£-T) eiﬁE (t—T)}
T L L
It can be shown that L is large and T small then the rise
time variation does not have a great effect on eoc.

The voltage in the receive coil due to the presence of the

“coin is modified to:

V, = -MR.Mc .I. RT -RT Re Re
T I — - Lt -— - =%
L I, Le L Le Le
Rx - Rc
! L I i

and this has to be added to the voltage due to the direct
flux in order to give the complete receive waveform.

It can be seen from the equations that if a test impulse is
applied when no coin is present then this can be used to
provide a reference level providing compensation for the
effects of drift etc. The coin validator verifies two

parameters of a coln before it is passed as genuine.
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Any disc of the correct size will meet the size parameter,
but then has to have a time t coin inside the correct time
distribution to meet the second parameter and be recognised
as genuine.

The validator uses identical transmit and receive coils
wound on the outside of a ferrite vinkor. The area of
the coil is quite critical and has to be such as to allow
sufficient flux to pass around each coin and also produce an
easily measurable t-coin period in excess of 10 uS.

Referring to Figures 4 and 5 an alternative embodiment
of the invention will now be described.

The multi-freguency validator carries out a test to
verify two paramefers of the coin. The first parameter is of
face area of the coin, and the second parameter is of the
coin resgistance.

A magnetic field larger than the largest coin face
area is produced across the coin runway between the transmit
and receive colls. The field can be either produced by an
alternating current or a step change of current in the
transmit coil.

The multi-frequency validator has a transmit coil TC
which is driven by a coil drive circuit CD. The coil drive
circuit CD is fed with a multi-frequency signal generated
from oscillator OSC and divider circuit DV vie a signal
amplitude control circuit AC, filter circuits F1-F4 and
summing and amplifude weighting circuit SW.

The receive coil RC drives a differential amplifier

DA and filters F5-F&. The output of the filters is fed via
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respective rectifier circuits R1-R3 to detector circuits D1-D3
the outputs of which are selectively switched by switch S to
analog-to-digital converter ADC to a microprocessor pP for
evaluation.

5 Rectifier R4 feeds an automatic gain control circuit AGC
which also receives a voltage reference signal from circuit
VR. The output of the automatic gain control circuit AGC is
used to modify the operation of signal amplitude control
circuit AC to compensate for temperature changes in inductance,

10 drift etc. The graph shown in Figure 5 shows the normalized
receive coil voltage NCV ageinst transmit current frequency f.
At frequencies below 1KHz the received signal amplitude is
unaffected by the presence of the coin set of interest and so
can be used for a continuous reference tone that compensates for

15 variations in mutual inductanée, temperature effects and
component drift. At high frequencies the coin is opaque to
the applied magnetic field and so the majority of the received
signal is due to the field that gets round the edge of the coin,
therefore the ratio of the amplitude of the received signal

20 with and without the coin present gives a measure of the coin face
area. 1f amplitude measurements are taken in the receive coil
at two freguencies between 1KHz and 100KHz we can get a
measure of the coin resistaznce. The open circuit receive

24 coil voltage is:-

Voc = Aw coswt — B w2 Re sinwt + B w2 Ic Coswt + Bw ét/IC/Rc
Re2 +w2 L2 Re2 +tvi2 Le2 Re2 +W2 L2
A = MLO
= McM I

RO
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The term A w cos wt gives a measure of coin face area at high
frequency and the other terms at lower frecuencies give a

measure of coin resistance.

Mutual coupling between two coils M = noneNmlNp (Area of receive)
coil

distance between coils

where Np is Nﬁmbér of turns on the transmit coil

Np is Number of turns on the receive coil

ne is the effective permeability
The equation shows that Voc varies in amplitude with w and M.
An accurately controlled freguency using a crystal master clock
will prevent variations in w effecting Voc. However, coin
face area is the ratio of the magnetic field passing round the
coin to that when no coin is present and is directly proportional
to the mechanical dimensions of the receive coil, which vary
from coil to coil. As a result one absolute adjustment is
needed to set up the validator in production and can be carried
out with a disc of accurate proportions. The ratios from coin

to coin will always be the same once the initial adjustment

°

is made.
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What we claim is

1. An electronic coin validator including a transmit coil
for cresating a magnetic field, a receive coil for detecting
changes in the magnetic field due to the presence of a

coin adjacent to the coils, and means whereby the validator
operates to perform a test on the coin, to.give a first
parameter which is a measure of the coin face area, and a
second parameter which is & measure of the coin resistance,
said first and second parameters being used to establish
the validity of the coin.

2. An electronic coin validator including z transmit

coil for creating a magnetic field and a receive coil for
detecting the created magnetic field, said receive coil
being used to detect a compensation signal when the transmit
coil is activated, which signal is unaffected by the coin to
be velidated.

3. An electronic coin vealidator as clzimed in claim 17 or 2
wherein the transmit coil is driven by a current switch
having a defined turn on time, and the receive coil drives
an amplifier which is connected to an integrator and peak
detector.

4, An electronic coin validator as claimed in claim 3
wherein the integratbr is connected to a comparator set at

a percentage of the integrator maximum output voltage to
provide a control signal.

5. An electronic coin vealidator as claimed in ciaim 4
wherein the control signal controls a counter which is started

when the transmit coill is activated, the control signal
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being used as a stop sigral for the counter in which the
count is indicative of a measured value relating to the

coin resistance.

6. An electronic coin validator as claimed in claim 3
wherein the peak detector is connected to and drives a
plurality of window gates having a respective threshold
adjusted for a respective coin face area, and which

provide respective output signals.

7. An electronic coin validator as claimed in claims 5 and
6 wherein the count value and the output signals are applied
to a microprocessor for evaluation.

8. An electronic coin validator as claimed in claims 1 or 2
wherein the transmit coil is activated by a multi-frequency
signal which is applied to the coll via a signal amplitude
control circuit, filter circuits and a summing and an
amplitude weighting circuit.

9. An electronic coin validétor as claimed in claim 8
wherein the receive coil is connected to and drives filter
circuits, rectifier circuits, and detector circuits which
provide output signals indicative of the detected coin

which are selectively switched via an analog-to-digital
converter to a microprocessor for evaluation.

10. An electronic coin validztor as claimed in claim,9
wherein the retio of the amplitude of the signal received

by the receive coil with and without a coln present gives

a measure of coin face erea.

11. An electronic coin vealidator as claimed in claim 10

wherein amplitude measurements are taken in the receive
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coil at two frequencies to obtain a measure of coin
resistance.

12. An electronic coin validator as claimed in claim 11
wherein the measurements are taken at two frequencies
between 1KHz and 100KHz.

13. An electronic coln validator as claimed in claim 12
wherein one of the rectifier circuits drive an automatic
gain control circult which also receives a reference voltage,
the output signal from which is used to modify the operation
of the signal amplitude control circuit for compensation

purposes.
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