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Description

This invention concerns a procedure for the detec-
tion and analysis of elements of a metallic nature, such
as coins, magnetic keys, tokens, alloys, etc.

The procedure of the invention is essentially appli-
cable to coin selector apparatus intended to be fitted in,
for example, automatic machines that are operated by
the introduction of one or more coins, to a preset value.

There exist various types of coin selector on the
market, and almost all of them have in common the fact
that they use an emitter element and another receiver
element that function electrically. The emitter and re-
ceiver elements usually consist of coils whose connec-
tions are made via conducting wires. Breakage of these
wires is one of the most frequent causes of failure in the
selectors.

Another problem with selectors of the type com-
mented upon derives from their low reliability, it being
necessary to resort to the addition of optical systems in
order to measure the size of the coins. These optical
systems also function electrically and, furthermore,
have the drawback that they become dirty fairly quickly,
thusincreasing the level of failures and functioning prob-
lems.

As selectors whose functioning is based on the use
of coils, one can quote the British patents 1461404 and
2151062, and the Spanish utility models numbers
272.205, 275.542 and 283.742. Within selectors based
on optical systems; one can quote the Spanish patent
557.523 and, as a mixed selector including coils and op-
tical means for measurement, one can quote for exam-
ple the Spanish patent 555.181. All these selectors have
the problems stated above, the lack of precision of the
systems used being particularly notable.

GB-A-2 029 995 discloses a procedure for testing
metal objects in which a decaying oscillating magnetic
field is created and the number of oscillations above a
pre-determined amplitude is counted to determine the
object's identity.

The subject of the present invention is a procedure
for the detection and analysis of elements of a metallic
nature which, on account of its precision, is particularly
applicable to the analysis of coins, tokens or counters,
as well as any other element that can be introduced into
a selector.

As well as its high precision, the procedure of the
invention also has the advantage of simplicity of the
components or circuits by which the detection and anal-
ysis is carried out, no more than one tank circuit being
necessary for its functioning.

The procedure of the invention is especially appro-
priate as a personal identification system and for the
identification of magnetic keys, on account of its simplic-
ity, economy and reliability.

The procedure of the invention can also be applied
to quality control in the manufacture of metallic materi-
als.
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As advantages of the invention the following can be
pointed out: the use of a single coil for detecting metallic
elements; in spite of its simplicity, it has high precision,
which allows it to be used in coin detection and can even
distinguish the year of its manufacture and the position
in which it was introduced; it is not necessary to use two
coils, one to generate a magnetic field that attracts the
element and the other to detect it; given its precision,
the use of optical elements is not necessary, thereby
avoiding fitting and maintenance costs; by using only
one coil, breakage of wires in the doors, as happens in
traditional selectors, does not occur.

The invention's detection and analysis procedure is
based on the study of specific characteristics of the self-
oscillation response of a tank circuit.

In accordance with the invention, a magnetic field
with damped oscillation is created and its damping is
measured in order to obtain a value K,, which corre-
sponds to the average among the peaks of the oscilla-
tions. The metallic element to be analysed is made to
pass through the field created, and a second measure-
ment is made of the damping of that field in order to ob-
tain a value K, which corresponds to the average of the
ratio between the peaks of the oscillations altered by the
effect of the passage of the metallic piece or element.
The ratio Ky/K; is then calculated, which gives a unique
and indicative value for the material of the metallic piece
or element, a value that will be compared with preestab-
lished values generated by a processor.

It is also provided for the invention to discover the
value of the average of the periods of the damped os-
cillations before and during the passage of the metallic
piece to be analysed, which allows values Py and P4 to
be obtained, whose ratio Py/P; will give us a second
unique and indicative value for the material of the me-
tallic element which, as in the previous case, will be
compared with preestablished values generated by a
processor.

The damped oscillation magnetic field can be gen-
erated by means of a tank circuit. The signals from this
circuit can be made to pass through a first amplifier or
separator in order to detect the length of the period of
the self-oscillation, and through a second amplifier or
separator, through which passes the signal to an ana-
log-digital converter.

The analog-digital converter could consist of a volt-
age/frequency converter or a voltage/pulse converter.

The characteristics and advantages of the invention
will be able to be better understood with the following
description, made with the help of the attached dia-
grams, in which is shown in a schematic manner, and
by way of an example only rather than restrictively, a
possible way of materializing the invention.

Figure 1 corresponds to the diagram of the simplest
circuit that can be used for creating the damped seli-
oscillation field.

Figure 2 corresponds to the graph of the damped
self-oscillation of the circuit of figure 1.
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Figure 3 shows the circuit of figure 1 connected to
& processor.

Figure 4 is a block circuit for a better way of mate-
rializing the procedure of the invention.

Figure 5 corresponds to the development of the cir-
cuit in figure 4.

Figure 6 represents the different shapes of wave
produced with the circuitry of figure 4.

In the circuit in figure 1, when the switch 1 is closed
a current flows through the coil 2 with an intensity that
will be equal to V/R, where R is the resistance of the coil
2 and V the voltage of the supply battery 3. When the
switch 1 is opened, the current flowing through the coil
2 decreases, creating between its terminals an induced
back electromotive force, which charges the capacitor
4 with a voltage equivalent to the induced back electro-
motive force and inverse to the initial voltage. When the
intensity of the current flowing through this circuit is ze-
ro, due to the phase difference between the current and
voltage in this type of circuit, the voltage in the capacitor
4 is maximum but negative. In this moment, the capac-
itor 4 starts to discharge through the coil 2. This dis-
charge produces a magnetic field in the coil 2. When the
intensity in this coil is maximum, the voltage between its
terminals is zero and the magnetic field starts to de-
crease, producing an induced back electromotive force
between its terminals, which charges the capacitor 4
with a voltage equivalent to this induced back electro-
motive force, and inverse to the previous voltage. In the-
ory, this cycle would become a perfect oscillation of in-
definite duration. However, in practice this is not so due
to the resistance of the circuit, magnetic resistance,
losses in the capacitor and other losses that cause the
oscillation to be damped, as shown in the graph of figure
2.

Another effect can also be seen in figure 2: the initial
voltage V is less than the voltage at the peak of the first
cycle. The reason is very simple: if, instead of putting a
battery between the circuit terminals, we had just
charged the capacitor 4, the voltage charge of this ca-
pacitor would be greater than the voltage at the first
crest. However, by directly connecting the battery to the
circuit, the initial charge is the intensity of the coil 2, be-
cause it has more force than the voltage in the capacitor
4. This system has been used because it is the way in
which the oscillation is generated in this example.

The frequency of these cycles is always the same
and is determined by the following formula:

f= %J (1/LC-R%/4L?)
Where:

f= Frequency in cycles/second in hertz

R = Resistance of the circuit in ohms
L = Impedance of the coil in henrys
C = Capacitance of the capacitor in farads

If the resistance of the circuit is not taken into ac-
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count, or is zero, which is not possible, the formula is
more familiar and is:
o1
2JLC

andthe period of the cycle that we see in the graph

_1
P=1

P = Time of duration of each cycle in seconds.

With the description, it can quickly be deduced that
the first parameter that is measured is the length of the
cycle "P", which gives us the value of the inductance of
the coil 2 in a quadratic function. And the relative per-
meability of the circuit will be given by Po/P4, where 120
is the value of the period in vacuo and 121 the value of
the period when a material is inserted in the magnetic
field.

The second value that interacts with the first for the
analysis of materials is the ratio between the positive or
negative peaks of the oscillation. The first peak that is
produced always depends on the material interacting in
the middle, including air itself; the second peak is the
result of multiplying the first peak by a factor K that is
always less than 1; the third peak is the result of multi-
plying the second peak by the same factor K; and so on
successively until the last appreciable peak. If we con-
sider that the first instant, when there is maximum inten-
sity in the coil, is equivalent to the zeroth peak, or the
ghost peak, this will always have the same value and
depends only on the intensity passing through the coil
before disconnecting S1, it being possible to know pre-
cisely what the second peak will be, or the value of K
just by measuring the first peak.

The same would occur in a similar way with the neg-
ative peaks.

For greater precision, instead of the ratio between
peaks (K), the average of them could be used.

This damping is due to the sum of the vectors of the
following parameters with unequal factors:

Closing of the magnetic circuit by the material.

Magnetic conductance of the material.

Hysteresis of the material.

Eddy current losses in the material.

Shape of the material.

Surface of the material.

Mass of the material.

Volume of the material.

leading to the damping being less than in vacuo with
some materials, such as ferrites for example.

The interaction of these two parameters, and com-
paring them with some preestablished values, gives us
the value of the material that is being analysed. These
values are compared with those generated by the proc-
essor, which gives the response of whether or not the
element is within the permitted range.

As the circuit explained above would not be very
operative, an example is given below for connection to
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& processor.

Figure 3 shows a circuit that includes a tank circuit
consisting of a coil 111 and capacitor 112 in parallel, con-
nected to a processor 5.

Referenced with number 110 in the circuit in figure
4 is the pick-up, consisting of the tank circuit. This ar-
rangement also includes an amplifier or separator 120
for detecting the pulse length; an amplifier or separator
130 for the analog-digital converter, and the power gen-
erator 140 for providing energy for the pick-up.

The pick-up 110 is made up of a pick-up coil 111,
figure 3, and a capacitor 112 in parallel. This forms a
resonating LC unit like that found in many electrical sen-
sors, but its functioning is totally different, as was seen
previously, and the circuit can even function with just
one coil without any need to fit another pick-up on the
side opposite to where the material passes as occurs in
the majority of selectors, though this does not prevent
the possibility of two or more coils being included in
place of one, whether they be in parallel, series, star,
etc., without the boundaries of the present invention be-
ing exceeded.

Element 120 of figure 4 is a Schmitt trigger amplifier,
and its task is to convert the signal from the coil into
something that the logic circuitry connected to 102 can
measure in order to obtain the period of the self-oscilla-
tion.

Element 130 is an attenuator. Element 140 is an
amplifier.

Circuit 110 of figure 4 consists of the elements 111
and 112, figures 3and 5, element 111 being the pick-up
coil for magnetic damping and magnetic permeability,
while element 112 is the resonance capacitor for the
above element.

As can be better appreciated from figure 5, the cir-
cuit 120 is formed from the elements 121, 122, 123 and
124. Element 121 has the function of limiting the input
signal and polarizing the element 124. The function of
element 122 is solely to polarize 124. The element 123
is the load resistance of the element 124 for being able
to calculate the polarization values of the elements 121
and 122.

Element 124 is the active element of circuit 120 and
its purpose is to amplify the signal generated by circuit
110 and convert it into logic levels so that the length of
the pulses generated or a set of them can then be meas-
ured.

Circuit 130 is made up of the elements 131, 132,
133 and 134: element 131 has the function of limiting
the current of the pulses generated by circuit 110. Ele-
ment 132 has the task of short-circuiting small parasitic
noises. Element 133 has the task of putting a limit on
the supply voltage to the generated pulses, in such a
way that if a pulse has a higher voltage it is automatically
short-circuited and restricted to the supply voltage. El-
ement 134 has the task of putting a limit on the negative
supply voltage to the generated pulses, in such a way
that if a pulse has a lower voltage it is automatically
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short-circuited and restricted to the supply voltage.

Circuit 140 is made up of the elements 141, 142,
143, 144, 145 and 146: element 141 has the task of pre-
venting a voltage generator pulse being greater than a
specific value in the event of malfunctioning; if it were
not for this, an excessively long pulse in 104 would burn
out the elements 144 and 145. Element 142 is a polar-
ization resistor so that element 144 is normally deacti-
vated. Element 143 is a polarization resistor so that el-
ement 145 is normally deactivated. The function of ele-
ment 144 is to amplify the input pulse into 104, in order
for it to be injected into element 145. This element 145
has the task of amplifying the input signal in order to be
able to inject a pulse with the sufficient energy into circuit
110. The function of element 146 consists of allowing
the energy pulse amplified by the previous elements to
pass to circuit 110, but it does not allow the rebound from
the signal to pass to the circuit itself.

All the above elements are an example of this ap-
plication, and any or all of them can be varied so long
as the functioning of the invention does not vary and the
boundaries or scope of it are not exceeded.

In one of the multiple laboratory tests, the following
elements were used, giving examples of correct func-
tioning:

111 - Elliptical coil of some 2 mH of 300 turns with
a thickness of 0.2 mm.

112 - 68 nF polyester capacitor.

121 - 100K resistor.

122 - 390K resistor.

123 - 2.2K resistor.

124 - BC547 transistor.

131 - 33K resistor.

132 - 100pF ceramic capacitor.

133 and 134 - One BAV99, double diode in series.

141 - 100nF ceramic capacitor.

142 - 47 resistor.

143 - 1K resistor.

144 - BC547 transistor.

145 - BC557 transistor.

146 - 1N 4148 diode.

The V dc supply for this example of the invention
was 5V and its earth OV.

Figure 6 shows the times diagrams for the function-
ing of this example, where:

The shape of wave F1 corresponds to the pulse at
the input to 104. This is simply a positive indicator pulse
of the instant in which the circuit 140 has to give an en-
ergy pulse to the coil.

The shapes of waves F2, F3 and F4 refer to the am-
plification in intensity of circuit 140.

The wave of shape F5 is the response from the coil
to the energy pulse.

The shape of wave F6 corresponds to the positive
semi-rectification that can be read in point 103.

The shape of wave F7 corresponds to the interme-
diate pass of the amplifier 120 for generating the signal
102.
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The shape of wave F8 is what can be read in point
102 of the circuitry after having been amplified by circuit
120.

All these shapes belong to the circuit of figure 5,
and are indicated in the same circuit for a better under-
standing of the example of the invention.

For the functioning of the example described, in the
first instant a positive pulse with a predetermined dura-
tion is injected in point 104. This pulse, with the wave
shape F1, is amplified by the circuit 140, giving an en-
ergy pulse to the circuit 110. This circuit starts to self-
oscillate, as shown in F5, with a damped oscillation
tending towards zero. In that moment, the same wave
shape is present in point 103 as in the circuit 110, but
only the positive part and limited by the positive feed,
as shown in F6. This signal is measured by an analog-
digital converter at its high point in the crests lower than
the supply voltage. The ratio between these crests and
the separation between them give us the value of the
elementtobe measured, as already stated above. Com-
paring them with some preestablished parameters, we
can learn what material the element to be verified con-
sists of.

Point 102 is a signal for being able to measure the
period of the cycle of the response oscillation and there-
by know in which moment to measure the crest. In this
way, a ratio is obtained between the magnetic permea-
bility of the element, its mass, its hysteresis, etc.

In the case of coins or tokens, the measurement is
made at each of the instants in which the coin passes
through the magnetic field of the pick-up. In this way,
coins or tokens with two or more alloys can be differen-
tiated from falsifications with a single alloy, since they
leave a holographic memory of the wave shape within
the circuitry at each moment the coin passes.

The damping is always given by a factor K. This is
always less than 1 and gives us the ratio between the
peaks of the signal generated by 110, in such a way that,
except for leaks and other losses, the second peak will
always be the first one multiplied by K, as previously ex-
plained.

The formula can also be represented by e-(Ixn),
where (n) is the number of the crest and "I" another way
of showing the constant.

With the arrangement described, and without any
other kind of element, such as optocouplers for exam-
ple, the size, mass and material of the compound can
be distinguished.

Claims

1. Procedure for the detection and analysis of ele-
ments of a metallic nature, wherein a damped oscil-
lation magnetic field is created, characterised by
measurement of its damping being made in order
to obtain a value K, which corresponds to the meas-
urement of the ratio between the peaks of the oscil-
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lations; the metallic piece to be analysed being then
made to pass through the field, a second measure-
ment being made of the damping of that field in
order to obtain a value Ky corresponding to the
measurement of the ratio between the peaks of the
oscillations altered by the effect of the passage of
the metallic piece or element; finally calculating the
ratio Ko/K4 which will give a unique and indicative
value of the material of the metallic element or
piece, which will be compared with preestablished
values generated by a processor.

2. Procedure according to patent claim 1, character-
ized by the fact that the value of the average of the
periods of the damped oscillations is also discov-
ered, before and during the passage of the metallic
piece to be analysed, values Py and P, being
obtained, whose ratio Py/P, which will give a unique
and indicative value of the material of the metallic
element, which will be compared with preestab-
lished values generated by a processor.

3. Procedure according to patent claims 1 and 2, char-
acterized by the fact that the damped oscillation
magnetic field is generated by a tank circuit.

4. Procedure according to patent claim 3; character-
ized by the fact that the signals from the tank circuit
are made to pass through a first amplifier or sepa-
rator in order to detect the length of the period of
the oscillation, and through a second amplifier or
separator through which the signal passes to an
analog-digital converter.

5. Procedure according to patent claim 4, character-
ized by the fact that the analog-digital converter
consists of a voltage/frequency converter.

6. Procedure according to patent claim 4, character-
ized by the fact that the analog-digital converter
consists of a voltage/pulse converter.

Patentanspriiche

1. Verfahren zur Bestimmung und Analyse von Ele-
menten metallischer Natur, wobei ein magneti-
sches Feld gedampfter Oszillation erzeugt wird,
dadurch gekennzeichnet, daf3 mit dem Zweck einen
Wert Ky zu bekommen, eine Messung seiner
Dampfung, die der Messung des Verhaltnisses zwi-
schen der Oszillationsspitzen entspricht, durchge-
fuhrt wird; wobei das zu analysierenden metalli-
schem Werkstlick durch das Feld durchlaufen
gelassen und eine zweite Messung von der Damp-
fung dieses Feld durchgeflhrt wird, mit dem Zweck
einen Wert K, der Dampfung von diesem Feld zu
bekommen, der der Messung des Verhélinisses
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zwischen der durch die Auswirkung des
Durchchlaufen vom metallischen Werkstick oder
Element veranderten Oszillationsspitzen ent-
spricht; wobei anschlieBend ein Rechnen des Ver-
haltnisses Ky/K, durchgeflihr, das einen einzigen
und kennzeichnenden Wert vom Werkstoffen des
metallischen Elementes, bzw, Werkstlckes, erge-
ben wird, der mit vorbestimmten, durch einen Pro-
zessor erzeugten Werte, vergliechen wird.

2. Verfahren nach Anspruch 1, dadurch gekennzeich-
net, da3 die MittelwertgréBe von der Dauer der
gedampften Oszillationen auch bevor und wahrend
des Durchlaufen vom zu analysierenden metalli-
schen Werkstilick bestimmt wird, wobei Werte Py,
und P, bekommen werden, deren verhaltnisse
Po/P4 einen einzigen und kennzeichnenden Wert
vom Werkstoffen des metallischen Elementes,
ergeben werden, der mit vorbestimmten, durch
einen Prozessor erzeugten Werte, vergliechen
wird.

3. Verfahren nach Ansrpuch 1 und 2, dadurch gekenn-
zeichnet, daB das magnetische Feld gedampfter
Ossillation von einen Resonanzkreis erzeugt wird.

4. Vefahren nach Anspruch 3, dadurch gekennzeich-
net, daB3 die Signalen aus dem Resonanzkreis
bestimmt sind, um durch einen ersten Verstarker
oder Trenner durchzulaufen, mit dem Zweck der
Bestimmung von der Oszillationsdauer, und durch
einen zweiten Verstarker oder Trenner, durch wel-
chen das signal zur einen anolog-digital Umformer
durchlauft.

5. Verfahren nach Anspruch 4, dadurch gekennzeich-
net, daf3 der analog-digital Umformer ein Span-
nung/Frequenz Umformer ist.

6. Verfahren nach Anspruch 4, dadurch gekennzeich-
net, daB der analog-digital Umformer ein Span-
nung/Pulse Umformer ist.

Revendications

1. Procédure pour la détection et I'analyse d'éléments
de nature métallique, ou I'on crée un champ magné-
tique a oscillation amortie, caractérisée par le fait
que la mesure de son amortissement est faite pour
obtenir une valeur K, correspondant & la mesure du
rapport entre les sommets des oscillations, la piéce
métallique & analyser est faite pour passer dans le
champ, une seconde mesure de l'amortissementde
ce champ étant faite pour obtenir une valeur K, cor-
respondant & la mesure du rapport entre les som-
mets des oscillations modifiées par I'effet du pas-
sage de la piéce métallique ou de I'élément. Fina-
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lement le calcul du rapport Ko/K, donnera une seule
valeur indicative du matériau de I'élément métalli-
que ou de la piéce, qui sera comparée aux valeurs
préétablies créées par un processeur.

Procédure selon la revendication 1, caractérisée
par le fait que la valeur de la moyenne des périodes
des oscillations amorties est également révélée,
avant et pendant le passage de la piéce métallique
aanalyser ; 'on obtient alors les valeurs Py/P4, dont
le rapport Py/P donnera une seule valeur indicative
du matériau de I'élément métallique et sera com-
paré aux valeurs préétablies créées par un proces-
seur.

Procédure selon les revendications 1 et 2 caracté-
risée par le fait que le champ magnétique a oscilla-
tion amortie est créé par un circuit a réservoir.

Procédure selon la revendication 3, caractérisée
par le fait que les signaux provenant du circuit a
réservoir sont congus pour passer par un premier
amplificateur ou séparateur, afin de détecter la lon-
gueur de la période d'oscillation et par un second
amplificateur ou séparateur & travers duquel le
signal passe a un convertisseur analogique-numé-
rique.

Procédure selon la revendication 4, caractérisée
par le fait que le convertisseur analogique-numéri-
que consiste en un convertisseur de voltage/fré-
quence.

Procédure selon la revendication 4, caractérisée
par le fait que le convertisseur analogique-numéri-
que consiste en un convertisseur de voltage/impul-
sion.
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