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@ Kopsavilkums: Monétu (M), Zetonu vai citu
plakanu metala priekSmetu autentiskuma parbaudes
ierice (fig. 1) satur monétas kanalu (1), kuram ir apak$éja
(4) un aug$éja (5) sanu sienas. Monéta (M) virzas pa
monétas kanalu (1), kontaktéjot ar apk$éjo (4) sanu
sienu, garam pirmajam un otrajaminduktivajam sensoriem
(9,10). Induktivie sensori ir izveidoti vai nu spolu (8,10),
vaispoju un metala plaksnu (9,11; 10,12) veida, pie kam
pirma spole (9) ir uzstadita pie apakséjas sanu sienas (4),
bet otra spole (10) - pie aug$éjas sanu sienas (5). Abas
spoles darbojas elektriski neatkarigi. Spoles (9,10) ir
elektriski izdevigi sakartot ka svarstibu kontiru (RCL)
virkni. Monétai virzoties gar spolém, tiek méritas un
analizétas katra spolé (9,10) inducétas stravas pretestibas
izmainas. Tada veida tiek noteikti monétas (M)
sakauséjuma sastavs un monétas biezums d.

Monétu, Zetonu vai citu plakanu metala priekSmetu autentiskuma parbaudes ierice
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IZGUDROJUMA FORMULA

1. Monétu (M), Zetonu vai citu plakanu metéla priekSmetu autentiskuma

parbaudes ierice, kas satur;

monétas kanalu (1) ar apak$gjo (4) un augséjo (5) sanu sienam, pie
kam monétas kanals (1) novietots noteikta slipuma attieciba pret
vertikali (V), un monéta (M) idedld gadijuma virzas gar apak$éjas sanu
malas sienu (4), saskaroties ar to,

divus induktivos sensorus, iestiprinatus monétas kanala (1),
elektronisko shému (14) un vadibas un novértédanas bloku (15),
atskiras ar to, ka:

pirmais induktivais sensors ir spole (9), kas uzstadita pie apak$éjas
sanu sienas (4),

otrais induktivais sensors ir spole (10), kas uzstadita pie aug$éjas
sanu sienas (5),

bloki (13, 14) paredzéti tadi, lai stradatu ar abam spolém (9, 10)
elektriski neatkarigi,

elektronisk@ shéma (14) ir izveidota ta, lai izméritu abu spolu (9, 10)
omisko pretestibu R,(t) un R, (1) izmainas monétas (M) virzisanas
laika,

vadibas un novértésanas bloks (15) nosaka pirmas spoles (9) izejas
pretestibas R_(t) lielako vértibu K,

vadibas un novértésanas bloks (15) nosaka otras spoles (10) izejas
pretestibas R, (t) maksimumus (m1, m2) un nosaka %0 maksimumu
(m1, m2) lielako vértibu (v1, v2), ko apzimé ar K,

vértibas K un K, vai K un H,=K, +K, tiek izmantotas, lai pienemtu
lémumu par monétas (M) atzisanu par derigu vai noraididanu.

. Monétu (M), Zetonu vai citu plakanu metala priekSmetu autentiskuma

parbaudes ierice, kas satur:
moneétas kanalu (1) ar apak3éjo (4) un augséjo (5) sanu sienam, pie
kam monétas kanals (1) novietots noteikta slipuma attieciba pret
vertikali (V), un monéta (M) ideala gadijuma virzas gar apakséjas sanu
malas sienu (4), saskaroties ar to,

divus induktivos sensorus, iestiprindtus monéatas kanala (1),
elektronisko shému (14) un vadibas un novértésanas bioku (15),
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at$kiras ar to, ka:

pirmais induktivais sensors ir spole (9), kas uzstadita pie apakséjas
sanu sienas (4),

otrais induktivais sensors ir spole (10), kas uzstadita pie augséjas
sanu sienas (5),

bloki (13, 14) paredzéti tadi, lai stradatu ar abam spolém (9, 10)
elektriski neatkarigi,

elektroniska shéma (14) izveidota ta, lai izméritu abu spoju (9,10)
omisko pretestibu R_(t) un R, () izmainas monétas (M) virzisanas
laika,

vadibas un novértésanas bloks (15) nosaka pirmas spoles (9)
pretestibas R_(t) lielako vértibu K o

vadibas un novértésanas bloks (15) nosaka otrds spoles (10)
pretestibas R (t) maksimumus (m1, m2) un $o maksimumu (m1, m2)
lielako vértibu (v1, v2), ko apzimé ar K,

vadibas un novértédanas bloks (15) nosaka pirmas spoles (9) iek&éjo
pretestibu r, un otras spoles (10) iek3éjo pretestibu r, tiesi pirms vai
peéc monétas (M) virzisanas garam spolém,

vértibas P =r /K un P =r/K vai P un =P +P, tiek izmantotas, lai
pienemtu Iémumu par monétas (M) atzisanu par derigu vai
noraidisanu.

. lerice saskana ar 1. vai 2. punktu, kas

atskiras ar to, ka spoles (9, 10) pielagotas virknes rezonanses
kontura (RLC) pretestibas mérisanai.

. lerice saskana ar 3. punktu, kas

atSkiras ar to, ka elektroniska shéma (14) satur diferencialo
pastiprinataju (18) un pastiprinataja shému (22), pie kam no
diferenciald pastiprinatdja (18) izejas baro$anas spriegums caur

rezistoru (21) tiek padots uz inverso ieeju(19) un caur pastiprinataja _

shému (22) uz neinverso ieeju (20), pie kam pastiprinitdja shéma (22)
pie ieslégtas elektroniskas shémas (14), pirmkart, iesvarsta virknes
rezonanses konturu (RLC), otrkart, veido stabilas amplitidas
spriegumu (U3(t)) virknes rezonanses kontira (RLC) ierosinasanai.
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5. lerice saskana ar 4. punktu, kas
atskiras ar to, ka pastiprinatdja shéma (22) satur divus invertorus (24,
25), kas ir virkné saslégti vai nu NAND, vai NOR elementi.

6. lerice saskana ar vienu no 3.- 5. punktiem, kas
atSkiras ar to, ka ir paredzati lidzekli svarstibu frekvences (wo(Ls)
izmainu noteik$anai pirmaja spolé (9) monétas (M) virzisanas laika un
ka §is izmainas tiek izmantotas ki Kritérijs lémuma pienemsanai par
monétas (M) atziSanu par derigu vai noraididanu.

7. lerice saskana ar vienu no 1.- 6. punktiem, kas
atskiras ar to, ka katrd gadijuma metéla plaksnite (11, 12) ir
piestiprinata spolém (9, 10) pretéjai sanu sienai (5, 4).

8. Monétu (M), Zetonu un citu plakanu metala priekSmetu autentiskuma
parbaudes ierice, kam ir monétas kanals (1) ar apak3éjo (4) un
augs$ejo (5) sanu sienam, pie kam apakséja (4) sanu siena ir apgadata
ar ribam (7) monétas kustibas virziena, monétas kanals (1) ir novietots
noteikta lenki attieciba pret vertikali (V), un monéta (M) ideala
gadijuma virzas gar apékééjés sanu sienas (4) ribam (7), saskaroties
ar tam,
atskiras ar to, ka ribu (7) izliekuma radiuss (R) ir vismaz puse no
attaluma (a) starp blakus izvietotajam ribam (7).

9. lerice saskana ar 8. punktu, kas
atskiras ar to, ka ribu (7) izliekuma radiuss (R) ir aptuveni salidzinams
ar attalumu (a) starp blakus izvietotajam ribam (7).
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Device for testing the authenticity of coins, tokens or other flat metallic obiects

The invention relates to a device for testing the authenticity of coins, tokens or
other flat metallic objects of the type mentioned in the precharacterizing clause of Claim 1.

Such devices are suitable, for example, as collection stations in public
telephone stations, vending machines, meters for measuring electricity, etc.

A device for testing the authenticity of coins of the type mentioned in the
precharacterizing clause of Claim 1 is known from EP 304 535 B1. The device has three
inductive sensors, operating independently of one another, for determining the thickness, the
alloy composition and the diameter of the coin to be tested. These inductive sensors are
constructed as double coils which are arranged on both sides of the coin channel and are
connected electrically in parallel or in series, so that measurement scatter as a result of
bouncing or jumping of the coin in the coin channel can be partially compensated for,
bouncing and springing meaning a lifting off from the bottom of the coin channel or a change
in the position with respect to the side walls of the coin channel. The use of double coils,
however, is associated with the disadvantage that the alloy composition and the thickness of
the coin cannot be determined independently of each other. Each of the inductive sensors
are part of a parallel resonant circuit in which the shift of the resonant frequency, brought
about by the coin, and the changed quality are measured. The measured changes in these
parameters serve as decision criteria for the acceptance or rejection of the coin. It is also
envisaged to construct an inductive sensor serving for the determination of the alloy
composition as a simple coil which is fitted to only one side of the coin channel.

A coin detector with inductive sensors, which is operated at frequencies from
3kHz to 1MHz, is known from GB 1397 083. The inductive sensors are arranged in
resonant circuits and in bridge circuits. The resonant frequency in the presence of the coin
serves to characterise the coin.

The use of energy-absorbing elements, in order to achieve rolling of the coin
without bouncing or jumping in the region of the sensors, is known from GB 2 266 804 and
also from German Utility Model G 90 13836.8. Such energy-absorbing elements are
preferably platelets made of ceramic which are arranged in the coin channel in such a way
that each coin inserted into the coin inlet opening impacts thereon.

It is known from DE 3007 484 to construct the lower side wall of a coin
channel which is inclined by a predetermined angle with respect to the vertical with ribs
designated as guide rails along the running direction of the coin.

The invention is based on the object of providing a device for testing the
authenticity of coins in which the alloy composition and the thickness of the coin may be
determined independently of each other, in which bouncing or jumping of the coin is firstly




excluded as far as possible and secondly any remaining bouncing or jumping leads to a
measurement scatter which is as small as possible.

The said object is achieved according to the invention by means of the
features of Claims 1, 2 and 8.

Exemplary embodiments of the invention are explained in more detail below
using the drawing, the reference to the coin M in the following also being understood to refer
to tokens or other flat metallic objects.

Fig. 1 shows a coin channel of a testing device,
Fig. 2 shows the coin channel in cross-section,
Figs. 3, 4 show measured value diagrams,
Fig. 5 shows a sensor signal and
Fig. 6 shows an electronic circuit.

Fig. 1 shows a device for testing the authenticity of coins, tokens or other
metallic objects, having a coin channel 1 which is preferably constructed as a recess in a
body 2 consisting of two plastic parts. The coin channel 1 is confined by the bottom 3, a
lower and an upper side wall 4 and § and a cover 6. The lower side wall 4 is provided with
integrally moulded ribs 7 which are running parallel to the bottom 3 in the travel direction of
the coin M. The coin channel 1 is inclined in the running direction of a coin M to be tested
and the two side walls 4 and 5 are inclined by an acute angle of typically 10° with respect to
the vertical V, so that the coin M to be tested rolls or slides on the bottom 3 down along the
coin channel 1 and, while one face of the coin M is laying flat on the ribs 7 of the lower side
wall 4, ideally. Both side walls 4 and 5 have, on their side facing away from the coin channel
1, recesses to accommodate coils 9 and 10 which are arranged in an off-axis displacement
and, optionally, metallic platelets 11, 12. The coil 9 and the platelet 12 are located on the
lower side wall 4, for which reason they are shown by dashed lines. The recesses are shown
only in Fig. 2 on grounds of clarity. The platelets 11 and 12 are fitted opposite the coils 9 and
10, respectively. They are preferably round or rectangular but can also have any other
desired geometric form. In each case one coil 9 or 10 and, if appropriate, the metallic
platelet 11 or 12 arranged in the opposite side wall 5 or 4 form an inductive sensor. The two
coils 9 and 10 have two connections, one each of which is led to a common electric ground
connection m, the other to a switch 13, so that they can be-connected to an electronic circuit
14 for electrical operation independent of one another. The device further contains a control
and evaluation unit 15, for example in the form of a microprocessor, for evaluating the output
signal supplied by the electronic circuit 14 and for controlling the device. The circuit 14 and
the microprocessor 15 are constructed to the effect that they derive, from the signals
measured with the coils 8 and 10, discrete values which are a measure of the alloy and the
thickness d of the coin M. The coin M is only considered to be authentic and is accepted by
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the testing device if these values agree with predetermined values within prescribed limits,
otherwise the coin M is rejected.

Fig. 2 shows the coin channel 1 in cross-section at the level of the coil 10. The
ribs 7 are arranged at a mutual distance a which is preferably a = 7.25 mm. The shape of
their surface facing the coin channel 1 is cylindrical, their radius of curvature R is of
comparable size to the spacing a: R = a. A somewhat larger value of R = 8 mm is preferred.
The ribs 7 are naturally separated by depressions 16 whose depth is about 0.5 mm. The
depressions 16 have a flat area 17 in the region of the greatest depth between the ribs 7, so
that the side wall 4 has a minimum wall thickness in the region of the recesses 8, the wall
thickness is chosen based only on the material properties of the body 2 and on the
mechanical stresses to be expected as a result of the coins M, but irrespective of the radius
of curvature R and the spacing a. Preferably, a minimum wall thickness of 0.6 mm is
provided, so that the coil 9 fitted in the recess 8 in the lower side wall 4 has a fixed spacing
of 1.1 mm from a coin M rolling past in an ideal manner. The ribs 7 are also there in order to
prevent undesired sticking or even jamming of a wet coin.

The construction of the ribs 7 having a cylindrical surface with a comparatively
large radius of curvature R results in a greater contact area between the lower side wall 4
and the coin M than is the case in ribs according to the prior art. This leads to the fact that
an impact, directed against the lower side wall 4, of a coin M which does not rest in an
ideally flat manner, is connected with a relatively high damping, so that bouncing and
jumping of the coin M in the region of the coils 9 and 10 rarely will occur, even if the coin has
damages such as scratches or indentations. The extent to which the bouncing and jumping
of the coin M can also be suppressed with ribs 7 whose radius of curvature R is smaller than
the spacing a and, for example, is only a/2, is easy to determine by means of trials. Also, the
shape of the ribs 7 does not have to be exactly that of a cylinder.

The high damping of the coin M impacting against the lower side wall 4 also
results in significantly lower noise emissions compared to a conventional construction of the
ribs 7.

Another embodiment of the invention comprises instead of the ribs 7 in the lower
side wall 4 in the region of the coils 9 and 10, a thin plate which is loosely fastened parallel
to the side wall 4. The plate has a comparatively low mass, compared with the masses of the
coins M to be tested, and consists, for example, of metal or of ceramic. It serves for the
purpose of absorbing the energy of the jumping coin M, if necessary in the event of an
impact of the coin M on the plate, and as a result to damp the jumping of the coin M.

According to a further embodiment of the invention, apart from the mechanical
precautions to prevent the bouncing and/or jumping of the coin M, improvements in terms of
measurement are also provided which further reduce the influence of any possible remaining



bouncing or jumping on the measurement of the important characteristics of alloy
composition and thickness of the coin M.

Insofar as the considerations apply to both, the coil 9 and the coil 10, the
reference symbol S is used below on grounds of simplicity instead of the reference number 9
or 10. Thus, a coil S means one of the coils 9 or 10. The coil S is electrically characterised
by its inductance Lg and its ohmic internal resistance Rg. It represents an inductive sensor.
The above mentioned combination of the coil S with one of the platelets 11 or 12 represents
another inductive sensor. During the passage of the coin M past the coil S, the values Lg
and Rg change briefly because of physical interactions between the coil S and the coin M.
The internal resistance Rg comprises a static component Rs,bc and a dynamic component
Rg,Ac(w) which is a function of the angular frequency  of the current flowing through the
coil S, of the physical properties of the coin M, of the geometry of the coil S and, in
particular, of the spacing between the coil S and the coin M. As soon as the coin M, while
rolling along the coin channel 1, passes into the measurement region of the coil S, its
internal resistance Rg increases. The typical variation with time of the internal resistance Rs
is shown in Fig. 5. In order to avoid any influence of the diameter of the coin M on the
measurements of the thickness d and of the alloy composition, the diameter of the coil S is
selected to be smaller than the diameter of the smallest coin M to be measured and the coil
S is arranged on the side wall 4 or 5 of the coin channel 1 at a corresponding level, so that
the smallest coin M to be tested completely covers the coil S during the passage for a short
time. The diameter of the coil S is, for example, 14 mm. The resistance of the feed wires is
comparatively small. Wire-wound coils with a ferrite core are particularly suitable as coils 9
and 10. The implementation of the coils 9 and 10 as single coils arranged in each case on
only one side of the coin channel 1, and their complete electrical separation, avoids the loss
of sensitivity associated with double coils.

The electronic circuit 14 operates the coil S in a series resonant circuit and
supplies at its output an analogue signal which is proportional to the internal resistance Rs
of the coil S. During the passage of a coin M through the measurement region of the coil S,
the variation with time of this output signal is acquired by the microprocessor 15 by means of
an analogue/digital converter as a series f1 of digital values which are stored. Subsequently,
the microprocessor 15 carries out a detailed analysis which is explained below, whose result
are two values, for example the values Ky and Ko described below, which are used to
decide about the acceptance or rejection of the coin M.

The coil 9 is located on the lower side wall 4 along which the coin M moves in
contact, so that the spacing between the coil 9 and the nearest face of the coin M is fixed,
for example, at 1.1 mm. The coin M is made either from a single alloy or from a composition
of a plurality of alloys. The internal resistance Rq of the coil 9, measured in the presence of
the coin M, is a approximate function of the material of the coin M, exclusively, if the
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frequency w of the current flowing through the coil 9 is selected property. Fig. 3 shows the
internal resistance Rg as a function of the thickness d of the coin M for coins produced from
various alloys L1, L2 and L3, the coin M being located during the measurement in a
symmetrical position resting in front of the coil 9. It can be seen from this that the internal
resistance Rg is practically independent of the thickness d. Hence, using the coil 9, an
important first characteristic variable of the coin M, which is almost exclusively a function of
its alloy or its alloy composition, can be determined in a simple way.

The spacing between the coil 10 and the coin M is a function of its thickness d.
In the case of the coil 10, the internal resistance Rqg is thus a function not only of the
material of the coin M but also of its thickness d. As Fig. 4 shows, the dependence on the
thickness d in the range of interest is approximately linear for all the alloys L1, L2 and L3
shown. If the alloy of the coin M is known, the thickness d of the coin M can be determined
unambiguously.

In contrast to the use of so-called double coils which are arranged on both sides
of the coin channel 1 and are connected electrically in parallel or in series, the use of the two
single coils 8 and 10 with or without platelets 11 and 12, which are arranged on only one
side wall 4 and 5, respectively, allows the mutually completely independent determination of
the two parameters of the coin M which characterise the coin M on the basis of its alloy or
alloy composition and thickness.

Fig. 5 shows the variation with time of the output signal of the electronic circuit
14 for three coins of the same type. The coins come into the measurement region of the first
coil 9 at time t4, and leave it again approximately at time to. At time t3 they come into the
measurement region of the second coil 10, which they leave again approximately at time ty4.
The output signal from the coil 9 has two maxima M1 and M2 having values U1 and U2, the
output signal from the coil 10 two maxima m1 and m2 having values vi and v2. The
continuous line represents the output signal of a coin M which rolls down the coin channel 1
(Fig. 1) without bouncing or jumping and, in so doing, lies flat on the ribs 7. In this case, the
measured values U1 and U2 and also the values v1 and v2 are equal: U1=U2, vi=v2. The
dash-dotted line shows the output signal of a coin M which bounced or jumped in the
measurement region of the first coil 9: the values U1 and U2 are different. The dashed line
shows the output signal from a coin M which bounced or jumped in the measurement range
of the second coil 10: the values v1 and v2 are different. Trials have shown that at least one
of the values U1 or U2 and v1 or v2 is relatively stable, that is to say it has a low scatter,
whereas the minimum lying between the corresponding maxima is subject to a greater
scattering. In the case of the first coil 9, the value of the greater of the two maxima
corresponds to the smallest spacing between the coil 9 and the coin M, since then the
damping of the coil 9 is at its strongest. In the case of the example shown in Fig. 5, this is for
both lines the second maximum M2 having the value U2, which is also the more stable of the



two maxima. The microprocessor 15 is therefore programmed to the effect that it determines
the greatest value of the output signal in the first coil 9 and stores it as the value Ky. The
damping of the second coil 10 is smaller, the larger the spacing is between the coil 10 and
the coin M. The microprocessor 15 is therefore programmed to the effect that it determines
the values v1 and v2 of the two maxima m1 and m2 in the second coil 10 and stores the
smaller of the two values v1 and v2 as the value Kp: Ka=min(v1, v2). In the example in Fig.
5, the maximum m2 corresponds to this case.

In @ manner known per se the microprocessor 15 carries out this described
analysis of the output signals. In order to balance out noise effects and to reduce the scatter
of the values K1 and Ky to be determined, it is advantageous to convert the sequence f1 into
a sequence {2, each value of the sequence f2 being the running average determined over,
for example, ten successive values of the sequence f1. The determination of the greatest
value of the output signal from the first coil 9 can be carried out by means of numeric
comparisons, the determination of the maxima m1 and m2 can be carried out by calculating
the first and second derivatives of the sequence f2.

In order to exclude the influences of other physical factors such as temperature,
humidity, etc. on the measured results to the greatest extent possible, it is advantageous for
the microprocessor 15 to form relative values Py = r1/Ky and Pp = ro/Ko, the variables ry
and rp representing reference resistances which are equal to the internal resistance Rg of
coil 8 and Ryq of coil 10 in the absence of the coin M. The reference resistances ri and ro
are advantageously determined each time directly before or after the passage of the coin M.

As is known, each coin M has two faces which are embossed differently and
which, in common English usage, are designated *head” and "tail". This asymmetrical
embossing of the coin M leads to the fact that the characteristic variables K1 and Ko
determined in the case of the coin M depend on which side of the coin M rests on the side
wall 4. The scatter in the variables K1 and Ko which is present in the case of a specific type
of coin is additionally increased by this effect. However, the range of scatter of the variable
Kt remains sufficiently small in order to be able to determine the alloy of the coin M
unambiguously. On the other hand, the measurement of the thickness d is disturbed by this
effect to such an extent that the assessment of the authenticity of the coin M and/or the
determination of its value is made more difficult since coins of different value produced from
the same alloys often differ very little in their thickness. Using a further measure, which will
now be described, the influence of this effect on the determination of the thickness d can be
reduced. In the case of a coin M without embossing, the measurements from the coils 9 and
10 'yield, for example, a value Ky and a value Kz. If the coin M has an asymmetrical
embossing, and if the head side faces the coil 9, the measurements yield slightly changed
values Ky + 8rqy and Ko - 8ro. An increase in the variable K1 leads to a decrease in the
variable Ko, since a reduction in the spacing between the coil 9 and the coin M leads to a
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consequent increase in the spacing between the coin M and the coil 10. Because of the
linearity of the variables K{ and Ky as a function of the spacing of the coin M from the
corresponding coil, it is true in the case of using identical coils 9 and 10 and using the same
frequency w to excite the coils 8 and 10 that: 8rq = &rp = &r. In the case of the same coin M,
if the tail side faces the coil 10, the measurements yield values Ky - &r and Ko + &r instead.
Hence, the sum Hp = Ky + Kp or the sum Io = Py + Pp thus advantageously serves as a
measure of the thickness d of the coin M and thus as a decision criterion for the acceptance
or rejection of the coin M. The sums Hp and I are independent of how the coin M faces the
side wall 4, since the values - § r and + § r cancel each other out.

Fig. 3 shows that the measurement values K1 are distinctly different for different
alloys. The alloy of the coin M can thus be determined comparatively easily, that is to say the
tolerance limits which specify whether the coin M is accepted or rejected on the basis of its
measured alloy can be set to be relatively wide. The closer the tolerance limits for the
variables Kp or Pg or Hp or 2 are set, the more coins M can be reliably distinguished on the
basis of their thickness d. The prevention of the bouncing or jumping of the coins in the
region of the inductive sensors by means of the newly constructed ribs 7 in combination with
the detailed signal analysis described now makes possible the setting of very close tolerance
values for the variables Ko or P or Ha or .

Fig. 6 shows an advantageous electronic circuit 14 having a series resonant
circuit RLC for the separate acquisition of the change of the ohmic resistance Rg and the
inductance Lg of a coil S. The starting point is the knowledge that the series resonant circuit
RLC formed from the coil S and a capacitive element C represents in the case of resonance
a purely ohmic impedance Zg which is equal to the resistance Rg of the coil S. In contrast to
this, in the case of resonance, a parallel resonant circuit in which the coil S and the
capacitive element C are connected in parallel behaves like an impedance

Zp=ijXRS
L,

which is a function of the ratio of the resistance Rg to the inductance Lg of the coil S (j
designates the imaginary unit). The resonant frequency wg(Lg) of the series resonant circuit
RLC is given by

1

2ot = e
S

The electronic circuit 14 has a differential amplifier 18 with an inverting input
19 and a non-inverting input 20, a resistor 21, a two-stage amplifier circuit 22 and an
amplitude detector 23. The series resonant circuit RLC consists of the coil S and a
capacitive element C which are connected in series, and is connected to ground m with one



connection and to the inverting input 19 of the differential amplifier 18 with the other
connection. The output of the differential amplifier 18 is fed back via the resistor 21 to the
inverting input 19 and via the amplifier circuit 22 to the non-inverting input 20.

The amplifier circuit 22 has the objects, firstly, of bringing the series resonant
circuit RLC into oscillation when the circuit 14 is switched on and, secondly, to make
available an amplitude-stabilised voltage U3(t) for exciting the series resonant circuit RLC.
This object is realised by means of two inverters 24 and 25, connected in series, and a
downstream-connected voltage divider 26. A capacitor 27 and 28 is in each connected
upstream of the input of the inverters 24 and 25, and the output of the inverters 24 and 25 is
fed back to the input in each case via a resistor 29 and 30. The capacitors 27 and 28 serve
for direct current DC decoupling. The resistors 29 and 30 determine the DC operating point
of the inverters 24 and 25. On switching on the circuit 14, the amplifier circuit 22 behaves
like a linear AC amplifier so that, because of the positive feedback of the output voltage
U1(t) of the differential amplifier 18 to its input 20, the series resonant circuit RLC begins to
oscillate. The amplification of the input signal U(t) is selected to be so high that the second
inverter 25 is then always brought into saturation, so that a square wave voltage Us(t) is
present on its output, the two voltage levels of said voltage corresponding to the positive and
the negative voltage level with which the entire electronic circuit 14 is fed in a bipolar fashion
with reference to ground m in a manner known per se. With the aid of the chmic voltage
divider 26 connected to ground m, the level of the voltage Up(t) is reduced. A square wave
voltage Us(t) is thus present at the output of the amplifier circuit 22 and hence at the input
20 of the differential amplifier 18, said voltage being in phase with the voltage Uq(t), but its
amplitude being independent of the amplitude of the voltage U4(t). The voltage divider 26
has two resistors 31 and 32, the resistor 31 being of the order of magnitude of the resistance
Rg of the coil S. The resistor 32 is to be dimensioned such that the level of the voltage Ug(t)
is a few tens to one hundred millivolt. The amplitude detector 23 serves to measure the
amplitude of the voltage U 1(t) and to transmit it to the microprocessor 15 in a suitable form.

During the passage of the coin M past the coil S, the resonant frequency
wo(Lg) changes, as appropriate with the change of the inductance Lg. The circuit 14
described operates such that the series resonant circuit RLC oscillates at a frequency
which is always equal to the resonant frequency wg(Lg). During the passage of the coin M
past the coil S, the resistance Rg of the latter also changes. Since the series resonant circuit
RLC has the ohmic impedance Zg = Rg at resonance, and since the voltage Ug(t) which
serves to excite the series resonant circuit RLC is a periodic voltage of constant amplitude,
the current i(t) flowing through the series resonant circuit RLC and hence the amplitude of
the voltage U4(t) at the output of the differential amplifier 18 is directly a measure for the
resistance Rg of the coil S. The evaluation of the signal U(t) is now carried out by means of
the microprocessor 15 as previously described.
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The frequency  of the rectangular voltage Ua(t) present at the output of the
second inverter 25 can be determined in a simple manner, not shown, for example using a
counter module which is enabled to count by the microprocessor 15 in accordance with the
variation with time of the amplitude of the voltage U4(t), while the coin M covers the coil S.
The frequencies s and w; determined in this manner in the coil 9 or in the coil 10
correspond to the resonant frequencies during the passage of the coin M and represent a
third and fourth characteristic variable K3 and K4, which can serve as further decision
criteria for the acceptance or rejection of the coin M.

Using the device described, the variables K1 and Ko and hence the alloy
composition and the thickness d of the coin M can be determined with an accuracy which is
sufficient to be able to distinguish a multiplicity of coins M. In order to exclude the possibility
of deceit, whereby a coin M2 of a specific alloy and greater thickness d can be faked by
using a coin M1 of smaller thickness d or with a thin metallic platelet, in that the spacing of
the coin M1 or of the metallic platelet from the coil 9 is intentionally increased, for example
by inserting a non-metallic layer between the coin M1 and the coil 9, it is sufficient to
establish whether the resonant frequency wo(Lg) of the coil 9 during the passage of the coin
M is greater or smaller than in the absence of a coin. The sign of the change in resonant
frequency wg(Lg) of the coil 9 thus advantageously serves as a further decision criterion for
the acceptance or rejection of the coin M. An exact determination of the resonant frequency
wo(Lg) in the presence of the coin M is not necessary.

The arrangement of the coil 9 or 10 in the series resonant circuit RLC offers
the advantage that a variable characterising the alloy composition or a variable
characterising the thickness d may be determined with a circuit which is of simple
construction and which measures the damping of the series resonant circuit RLC in the
presence of the coin M. The series resonant circuit RLC consequently represents a
particularly suitable means for measuring the resistance change induced in the coil S.
Hence, coins can also be detected which yield no signal change or an insufficient signal
change when using a parallel resonant circuit, if the changes in the inductance Lg and in the
resistance Rg mutually compensate each other.

The inductance Lg of the coil S and the value of the capacitive element C are
selected such that the resonant frequency wo(Lg) of the tuned circuit RLC is located in the
range from 50 to 200 kHz, a typical value being 90 kHz. At these frequencies, the
penetration depth of the magnetic field generated by the coil S into the coin M is sufficiently
large, with the result that the composition in terms of materials of the coin M may be
detected sufficiently selectively.

Fluctuations in the level of the voltage U3(t) exciting the resonant circuit RLC,
which are brought about, for example, by fluctuations in the operating voltage which serves



as the power supply of the circuit 14, have no influence on the variables P and Po, since
these represent a ratio of two directly successive resistance measurements.

The inverters 24 and 25 can, for example, be inverters of the known type
4007. In a special embodiment of the circuit 14, at least one of the inverters 24 or 25 is
substituted by a NAND or a NOR component with an additional input, the additional input
being connected to an output of the microprocessor 15. The circuit 14 can be switched on
and off in a simple manner via the logic potential at this output of the microprocessor 15, The
circuit 14 can thus be switched on briefly as required, only just for the testing of a coin M.
The substitution of both inverters 24 and 25 by a NAND or a NOR component offers the
advantage that the circuit 14 needs exceptionally little power in the switched-off condition.

Fig. 6 shows only one example of an electronic circuit 14 which is suitable to
detect the change in resistance Rg of the coil S by means of a series resonant circuit RLC.
Numerous further examples of electric circuitry of the series resonant circuit RLC, which
excite the series resonant circuit RLC with a voltage or a current, can be found in the
technical literature.
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PATENT CLAIMS

1. Device for testing the authenticity of coins (M), tokens or other flat metallic
objects, having a coin channel (1) with a lower (4) and an upper (5) side wall, the coin
channel (1) being inclined by a predetermined angle with respect to the vertical (V) and the
coin (M), in the ideal case, moving along the lower side wall (4) in contact, having two
inductive sensors arranged along the coin channel (1), an electronic circuit (14) and having a
control and evaluation unit (15), characterised in that the first inductive sensor is a coil (9)
fitted to the lower side wall (4), in that the second inductive sensor is a coil (10) fitted to the
upper side wall (5) in that means (13, 14) are provided to operate the two coils (9, 10)
electrically independently, in that the electronic circuit (14) is equipped to measure the
variation with time of the ohmic resistance Rg(t) and R1g(t) of the two coils (9, 10) during the
passage of a coin (M), in that the control and evaluation unit (15) determines the greatest
value of the resistance Rg(t) of the first coil (9) as the value K1, in that the control and
evaluation unit (15) determines the local maxima (m1, m2) of the resistance R1p(t) assumed
by the second coil (10) and determines the greater of the two values (v1, v2) of the two
maxima (m1, m2) as the value Kp, and in that the values Ky and K or the values K4 and
Ho = Ky + K serve to decide about the acceptance or rejection of the coin (M).

2. Device for testing the authenticity of coins (M), tokens or other flat metallic
objects, having a coin channel (1) with a lower (4) and an upper (5) side wall, the coin
channel (1) being inclined by a predetermined angle with respect to the vertical (V) and the
coin (M), in the ideal case, moving along the lower side wall (4) in contact, having two
inductive sensors arranged along the coin channel (1), an electronic circuit (14) and having a
control and evaluation unit (15), characterised in that the first inductive sensor is a coil (9)
fitted to the lower side wall (4), in that the second inductive sensor is a coil (10) fitted to the
upper side wall (5) in that means (13, 14) are provided to operate the two coils (9, 10)
electrically independently, in that the electronic circuit (14) is equipped to measure the
variation with time of the ohmic resistance Rg(t) and Ryq(t) of the two coils (9, 10) during the
passage of a coin (M), in that the control and evaluation unit (15) determines the greatest
value of the resistance Rg(t) of the first coil (9) as the value K4, in that the control and
evaluation unit (15) determines the local maxima (m1, m2) of the resistance R1o(t) assumed
by the second coil (10) and determines the greater of the two values (v1, v2) of the two
maxima (m1, m2) as the value Ky, in that the control and evaluation unit (15) determines the
internal resistance ry of the first coil (9) and the internal resistance ro of the second coil (10)
directly before or after the passage of the coin (M), and in that the values Pq = r{/K4 and
P2 =ro/Kp or the values Py and I =P{+P5 serve to decide about the acceptance or
rejection of the coin (M).

3. Device according to Claim 1 0r 2, characterised in that the coils (9, 10) are
arranged to measure the resistance in a series resonant circuit (RLC).



4. Device according to Claim 3, characterised in that the electronic circuit (14)
comprises a differential amplifier (18) and an amplifier circuit (22), the output of the
differential amplifier (18) being fed back via a resistor (21) to the inverting input (19) and via
the amplifier circuit (22) to the non-inverting input (20), and the amplifier circuit (22), firstly,
on switching on the electronic circuit (14), brings the series resonant circuit (RLC) into
oscillation and, secondly, makes available an amplitude-stabilised voltage (Ug(t)) for exciting
the series resonant circuit (RLC).

5. Device according to Claim 4, characterised in that the amplifier circuit (22)
has two inverters (24, 25) connected in series or NAND or NOR components.
6. Device according to one of Claims 3 to 5, characterised in that means are

provided in order, during the passage of the coin (M), to determine the sign of the change in
the resonant frequency (wo(Lg)) in the first coil (9), and in that this sign serves as a further
decision criterion for the acceptance or rejection of the coin (M).

7. Device according to one of Claims 1 to 6, characterised in that a metallic
platelet (11, 12) is fitted in each case on that side wall (5, 4) lying opposite the coils (9, 10).
8. Device for testing the authenticity of coins (M), tokens or other flat metallic

objects, having a coin channel (1) with a lower (4) and an upper (5) side wall, the lower side
wall (4) being provided with ribs (7) in the running direction of the coin, the coin channel (1)
being inclined by a predetermined angle with respect to the vertical (V) and the coin (M), in
the ideal case, moving along the ribs (7) of the lower side wall (4) in contact, characterised in
that the radius of curvature (R) of the ribs (7) is at least half as large as the spacing (a) of
adjacent ribs (7).

9. Device according to Claim 8, characterised in that the radius of curvature (R)
of the ribs (7) is approximately comparable to the spacing (a) of adjacent ribs (7).
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ABSTRACT

A device for testing the authenticity of coins (M), tokens or other flat
metallic objects contains a coin channel (1) having a lower (4) and an upper
(5) side wall. A coin (M) moves along the coin channel (1) on the lower side
wall (4) in contact, past a first and a second inductive sensor (9, 10). The two
inductive sensors are either a coil (9, 10) or a coil and a metallic platelet (9,
11, 10, 12), the first coil (9) being fitted to the lower side wall (4) and the
second coil (10) to the upper side wall (5). The two coils (9, 10) can be
operated electrically independently. The coils (9, 10) are advantageously
arranged electrically in a series resonant circuit (RLC). During the passage of
the coin (M), the variation of the resistance change induced in each coil (9,
10) is measured and analysed and the alloy composition and the thickness d
of the coin (M) are determined therefrom.

(Fig. 1)
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