CI]N DISCRIM NATI NG APPARATUS This invention relates to coin
dlscm~n1naf|ng apparatus. .Vari ous proposals have been made for ‘coin di
5 -cr|n1nat|ng apparatus .in which eddy currents are induced in a ¢oin - -dﬂ'
t he effect”"of the eddy currents on an electrical circuit are rmni-t%igg_

some arrangenents a single coil is connected to an A C. source and the ;
effegt” of the ‘eddy currents on the coi l cgnrent I s detected, wherge
in otfer arrangenents two coils are enployed e being connected to t

A.C. source to induce eddy- c t.S gggégéégg—_nnnytoring
circuit. It has al so been proposevﬁ?r%di lq'lnk{&,.lﬁ E G B. 2 041

532A to nonitor the decay of eddy currents produced in a coin by a pulse in

a-coil. The known arrang@gfgtSlﬁggngﬁgﬁre@éqgkgg CQRﬁblaofﬁ daSQEPEMEﬁQEEHg

bet ween certain coins, but In practice they would provi
satisfactory di scr REPABREH- 20 bet ween coi ns of_several di f f erent
denom nati ons, and addltlonal non-inductive coin tests would need to be -

enpl oyed. In practice irt_na for exa | e necgssary di sti ngui,sh
between British.50 pence’®¥ Q%Qﬁt %Qg g Tﬁé%: ﬁ? Offti cfiis-
have been val i dby |usémindtimgbappanauaseinawhﬁcheeﬂépleurrenﬁsahse ifhduced
di stingui sh bogus -Cgh”% SUGn asang‘etﬂg Ceeﬁ%(y@sofv‘@iger d%dﬁékﬂgﬁtg’“ Gg an

should not have een. I nSerte part.icul ar
The term 'coin' e@deatricalieirewit are mandtereds. i ntended to include
bogus coins such as washers, and also tokens 5 The present
i nventi on has resulted- fron1 our
: o In some arrangements a single ‘coil is connected to .
an'A.C._source_and the effect of the eddy currents on the
10 coil current is detected, whereas in other arrangements
two coils are employed,'one being'connected to the A.C.
source to induce’ eddy currents and the other to a

' monztorlng circult

: It has also been proposed in Patent Application
15 G.B. 2 041 532A to monitor the decay of eddy currents
- produced in a coin by a pulse in a coil.
 _eThe known arrangements are theoreticallyrsapable of
distinguishing between certain coins, but in practice
they would ndt' provide satisfactory discrimination

20 "between coins of several dlfferent denominations, and
'addltlonal non-lnductlve_ coin tests would need to be

employed.

In practice it may, for example, be necessary to

_ distlnguish between Brxtxsh 50 pence, 10 pence, 5 pence

25 ‘and 2 pence coins which have been validly inserted into a

cOin-released mechanism, and also to distinguish bogus .
cozns ‘such as one pence coins,. washers and slugs which

should not have been inserted into the particular

~

fmechanlsm.
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attenpts to inprove inductive coin testers to deal with situations tn )
whigh coins of a range are  to be distinguished. 10 *J

Y«

prggR®m wth t he previ ously proposed arrangenents is.that usual
%ﬂ
Eﬂ_‘!§$"0f the same material; and another problemis that they can even

| not distinguish between coins of differenf dianeters when they
X fused by coins of 'qU|te different 15 -materials in certalm*_
ci kelnst ances. W have studi ed t hede probl ens in. arrangenents in whi ch%
eddy cdrrentg, are |nduced ln,a co ulse applie to coi |- and the.
decay of thei'gﬁdy BEPr entifs Zﬁsegn%?f%f’é%f tehd & 49 sed that the
-~ probl eninkeadeads o an.adludehbtomlsr aceindasuche asit waehenecayamﬂ‘ t-he eddy
current 31igy @eReAdent upon the 'ratio L/R where L is the inductance of the
eddy current loop induced in the coin, and Ris the resistance of that
| oop. The 25 ratio L/R ¢an be the same for different denoninations of
coi's. For exahpl e prdsentat iinudmtion ttasaneesaltdd 6 £2pmcoigur and sone

vorn ong el o s olal haicidvedBord kit Wehddie s are

encircl coi'l Sven ot 1o erra coins is .’

. quite dsﬂtuatﬁanA fort mcprolﬂoemwmnﬁw & | NN t laxienddet | @ coi n 35
testersdh§taﬁ?hlgﬁga the eddy- currents are induced in the surface of a :
plated coin it is the reS|st|V|ty of © '3 the plating which is effectively
bei ng ‘neasured, and it is "necessary in -sone circunstances to be able
. toldi stingui ohebet preblpmat ecrizihd urche at ep:l:exmduslys propos%a:ordl ng to

{he Sk aeReR Ol 1 S BaLLIGy CBRLOLTL SR ARl qsmeans for

|ndu0|n% curr I-n~a coln I ng a
etween coins of different dlameters when they are made

' of the same material, and another problem is that they
- can even be confused by coins of quite different
15 materials in certain circumstances.

We have studied these problems_in.errangements in

which eddy currents are induced in a coin'by a pulse

'applzed to a coil and the decay of the eddy currents is

20 monltored, and we have reallsed that the problems are'
associated with the fact that the rate of decay of the

eddy currents is dependent upon the ratio L/R where L

is the 1nductance of the eddy current loop induced in

the coin, and R is the resistance of that loop. The

25 . ratio L/R can be the same for different denominatrons

| of coin.

‘For example, the ratio L/R is the same for 1976

2p co;ns and some worn one shllllng coins dated prior

30 to 1948, when the coins are encircled by the pulsed

coil, even though the materlal of the coins is quite
different.

A further problem which arises w1th 1nductive coxn
35 testers is that when the eddy currents are 1nduced in
the surface of a plated coin it is the resxstivity of



coil or-different coils of the coil neans with voltage pul ses of shorter
and\r/l.fonger. durations, and neans for 10 noni toring the decay of eddy

cyrrents in the coin. A short voltage pulse, for exanple a pulse of-
will: induce. eddy currents in the coin surface only, whereas a |ong ol t
vol tage pul se, . for exanple a pulse of 15  200s, will induce eddy curt} nt's
in the full thlck'ness_of a coin, and so tRe rate of decay of the
edochurrents will depend upon the resisfivity of the material of”

the coin surface f0£ & ﬁf&’ﬂmj’%ﬁfchaﬂg HE?Qc%B@&lffbéfﬁgbﬂQé{s@}e& Neag®!

for a long pul se, ng it possible to |st|ngwsh | at ed col ns.

The reason is that Jt?le ‘&‘?ﬁ?sﬁﬂﬁﬁ erl? wig9meh o FIGmBEARGeEo §°h|5ﬁera'9£?u
the end of a |ong v@isﬁgﬁgxmelseaeﬁmﬁ maa:eshamaeunvph.hagd poiae, and
accordingly. larger eddy currents in the coin will result .on termnation of
25 the voltage pulse. In order to reduce the requirements as to the
dynam ¢ range Sof the Aeganding ngo dihecuipyvgntion s qRigt edisgrinénatieg

del ay between'the_-Iwm@gec@&péﬁsestheoﬂol madfs Pucye ﬁthirhf eddy
neasurenent- of the eddR/ currents, hy sang ing e current f “ﬁ;e ver
coil, is made | ongeFUFRFALE | dfy Joi93de pHPERS; H"té’ﬁ fBPLECERERLY v a

pul se. 35 o nc@n‘e enbddiffenent soihdke ofoitheé scakkdnéms wbtla voltage
transmtting coil s Ao FC G A é}{éi %BH e% gucf‘althons,' %nd?_%'f@i‘y
pul sed with four vo age pul ses er urations can

provi de a rel al?velgorikeping r%é’rﬁﬁﬁY %fuﬁ@ébﬂ surgengscanntheal Fadbor,

since there is only one coil. 5 1t is also-possible for the c0|I means to

conprise two coils, one of which i ulsed,with_a | on Ise e
bei ng puI sed at a di fferlg ?h?ﬁ‘revﬂi?%% E‘Mﬁ?' for exgmgf p“ se °P g"s'

whereas a long voltage pu_lse, for example a pulse of

15 200us,_will' induce eddy currents in the full thickness

of a° cein,' and so the rate of decay of the eddy

~ currents will depend upon the resistivity of the

material of the coin surface for a short pulse, and

upon that of the body of the coin for a long pulse,

20 making it possible to distinguish plated coins. The

-~ reason is that the coil current will have built up to a

higher value_ by the end of a long voltage ‘pulse than

for a shorter voltage pulse, and accordingly . larger

_ eddy currents in the coin will result on term:.nat:.on of
25 the voltage pulse.

In order to reduce the requirements as to the
dynamic 'range of the monitoring circuitry 'it. is
preferred that the delay between the lagging edge of

30 the voltage pulse and the measurement of the eddy
"'currents, by sampling the current in a receiver coil,
is made longer for a long voltage pulse than for a
| short voltage pulse.

35 ' In one embodiment a single coil is used both as a
transmitting coil and as a receiving coil, and the coil
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pul'se. 10 In order to provide additional information, in one preferred
arr angenent ‘the coil nmeans conprises first and second transmtting coils,of

3 and smaller effective cross-sectional areas respectively, and the
| sing means is arranged to apply a voltage pul'se to one of -the
’ttlng coils followed by a voltage pulse to the other _
tr.l tting coil, and' .the noniforing nmeans is arranged.to moni 't or the
decay”of eddy currents produced in a coin by t'he | agging edge of 20 ‘thed

resul ti ”Qa.émrétﬂlfes@i'v%@. i BullBeat reeR téduis. %ﬂt%g%epu&gascoaf s 8
posi ti oned, ?ﬁdé(acent to he respective transmttjng coi or. both of

the tra neF  dgrpéinasg. be This ﬁPPar@‘é%"’t‘%F b@ pEeLRELVEIYh said
pul ses ofciaduy tarmghd&mersMahl@mOPrsf evdhl yalb@apoo) esinceef fecti ve

cross-segd ggea A first transmtting coil onto a. coin 30
p05|t|onec}{a Jacent o] t'hatclag'&l’l by a | ocation neans is. arranged to be

great%r than that of the face of at |east npbst of the coins that are to be .

di sti ngui shed,r#ngk t4sd OSGés DHLECEHS tﬁeseoﬂnaes@d tHakompeideundary of
sai d prOJ ect.ed aiea of the fI%St tr,ansmni t| g g 5.1S enC| cles the coin
when t he 2RyCRHHTF enPlea%F | WaHER 18 R 'ﬁ"i;’ ﬁu R0? B'f $fe first
transni t tthey atdier being apuﬂ.semeataaréngéelmnt time swith & hsihhorthe

pr oj ect e(hﬁfg £ctive  cross-sectional area  of the second- :
transm tting coil lies within the area of the face of at' |east nost of the _
coi-n when the coin is positioened 5 ~“adjacent to the second

transmtting mpidrddy td hfrowidd | 9dd EbdwaRninfdtha€on, | npethéed. The
first ”aﬂl%? rtx.lerag SS&LnSLmLEEQG‘th r%%x‘ﬁ" Imeans compr:.ses first
and second transmitting coils of larger and ‘smaller
effective cross-sectional areas respectz.vely, and the
15 pulsing means is arranged to apply a voltage pulse to
one of the transmitting . coils followed by a voltage
pulse to  the other transt.ttJ.ng coil, and the
mon:.toring means is arranged to monitor the decay of
eddy curreni_:s produc_ed in a coin by the lagging edge of
20 the resulting current pulses in the tranmitting- coils
- when the coin is positionea_ adjacent to the respective
transmitting coils. '

.

One or both of the transmzttlng coz.ls may be
25 arranged to be pulsed. with said pulses of shorter and
longer duratz.on. '

Preferably the -pr.o_jected ~effective cross-sectional

area ~of the first transmitting coil onto a. coin

30 positioned adjacent to that coil by a locati'on means is
arranged to 'be greater than that of the face .of at
least most of the coins that are to be distinguished,

and the location means is so arranged that the boundary

of said projected area of the first ‘transmitting coil

35 encircles the coin when the eddy currents are induced
' in the coin by pulsing of the first transmitting coil,



rAu

- ’ ; . '
I nduce turrents in the periphery of a coin positioned 10 adj acent to
it, “so that: the dianmeter - of the eddy current loop in the coingom

bg Substantially that of the coin, and wll therefore differ" iy
coins of different dianeters.. However, the dianeter of the eddy c ,%:?_;
1 oop . induced in coins by the -second 15 transnitting c¥ o V)
smal ter area will be substantially the same fgr different coins. Since thé.

rat® of decay of. eddy . currents is dependent upon the ratio L/R of the-

short circuit turnandd ¢R@d bReah§eMeh&NCA sl |SudH Opeﬁéton%hetoéﬂlﬁe‘l{&'d
of the turn [err], re.r is the radius of the short. cirguit turn, "and the

resistance Ris pr Ve 1 FURSSeShHOne ) | AXSfe reSFsti TofSRIRN
materi al of the coitransmitginghicdill hbiexidyithinethe fdrea dfiethat €ack of

decay 25 is dependenfe ﬂktﬂfslf %fotfmépcioﬁ.nzh%ehatﬂ E?&eﬁgﬁ %’ot‘%

I nduced by the first transmt col
the coin dianet¥er zﬁﬁ’daﬁ’@ﬁtst|*§Rtyth%eﬁéﬁ§n¢ort€éa§méﬁ Féﬁtscpﬁéuc@& bf-hﬁwe

second transm tti nQok@dion meapsbahanthat! ¥ofdnss aphlsea 30 that the ratio
r/p will change only for materials of different resistivities. Thus,
moni-toring the rates of decay of eddy currents produced by the two
transmtting coils 35 Thebsfinstaltirpnspitsdsgs adiel chiinclestgayf area will

di sti ngui shi ng bet Wﬁc@mé&fgny@rigu%h@at!% dpgiﬁe@dogl métoq.rxzs posj_q_ﬁ_i_d,{ed

wi |l be: appreciated that measurepents on cay| n currents
produced by ofe @dIfsentti kg cdFr %‘PlOLiWFt bh&o aé‘@é"&r beforkhe e RAAY
currents are i nduwi-rleyxtpmdﬁpwgmfthé]eceihemu&amﬁnstdnmmdllﬂmafu rcm

transmtting coil r@pé_b | se r|o tr]'n d t g
vice versa. The fiTs %g§§: se E‘E‘?‘ané SF%?‘%%Q c%’f'?flé{n RP ¢ J'As

different diamet_ers. However, the d:.ameter of the eddy

current loop induced in coins by' the second

15  transmitting coil of smaller area will be substantially

the same for different coins.

Since the rate of :decay of eddy _current's is

dependent upon the ratio L/R of the short circuit turn,

20 and the inductance L is proportional to the area of the

turn nr3, where r is the radius of the short circuit

turn, and the resistance R is proportional to p.2mr,

- where p is the resistivify of the material of the coin

" through which the eddy currents flow', the rate of decay

25 is dependent on the rat:.o r/p. This ratio for eddy

| currents induced by the first transmitting coil will

vary in dependence upon both the coin diameter and -

resistivity, whereas for eddy currents J.nduced by the

second transm:.tt:.ng co:.l r is substantially constant so

30 that the ratio’ r/p will change only for materials of
different resistivities. '

Thus, monitoring the rates of decay of eddy

currents produced by the two transmitting ‘coils

35 substantially increases the chances of distinguishing
between coins of various materials and diamei:ers.'
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10 © preferably positioned such that the coin being tested is substantiall y

i Q. the same position during pulsing of the first and second transmtting

. :}‘ ~but if desired the transmtting coils may be placed at spacéd,
‘\ ons -along a coin path. The neasurenments can be 15 - made ext renely

v

y.so that it does not matter if the coins are noving quickly past 't he

One or both of the' transmittgng coils nmay also act as a receiver - : ..
.coi |l “responsive to the induced. eddy 20 currents and connected to the
Irmnl toring cirgyi twildr bee atm{x@d;_fmi@aenagﬁ rnﬁ%%hd:‘i‘té&teﬁ@é tS?@BﬂQe Ipr ovi ded.

n one pr rred arr enen e firs sgcon ransm tting coils are .
posi ti Oge§e$ %gﬁer &i}gd ﬁ"‘rﬁ"e?g: PFP§P°8 | Ibiéct%neas%r"ﬁ@ F‘é‘(?&gﬁgr coil both-
for when chelf i skould aniseri teompletsd s befqud seddynd currenttse seeond
transmitt i pgueod! by SpRIk SRS of Nhd MY | $1h i34 iind SJANEf erably arranged

to 30, neasure the magnitude of the decayi ng eddy currents at three
prede'?erm ned tinmes subsequent to the. initiation of the eddy currents. At
~first sight |tTneghirappeaansmattmngsUbQMEnhyobetbaleealpeubte&b at only '
two timesg pou S e decay curve. 35

However , iglgn%:gcg‘t?% HH f%‘%’&‘in’f‘%éﬁsﬁ |c§'tne}]:|esn ‘the coin changes with
time, in partlcul ar |n reI ation'to - the depth . of the eddy currents in the

coin, and.si nC@néowlﬁgtHSa%ae mé&&ﬁi t@?aﬁ%iﬁ‘tﬂ?@suééﬁgt @2@ help to-
di st ng sh. _bet ?V:ﬁ}? pl.at.e and ~coins.. This is: because two

poi nt8 dePFREexra qt?é’sé'}ﬂBH?F}t |sd’r°h5 tg‘%% B SRin keiaggkestede.  The
decay i s bstsabstapttatipodanthel sdme postiitdonkidurdept bu&%ﬁ.ﬁgt of As the
eddy currehl £200:I86AY3.ERRACHIARSRACEIRALC1SE BRECYSN JellieRal e eddy
currents flow reduces resul t resrstance nd uct ance of

the | oop FReredsangnitgingoRailS (MRYi nBEct aHeacast at Ié@pcﬁﬁcreases

fastler positions along a coin path. The measurements can be
15 made extremely quickly so that it does not matter if
the coins are moving quickly past the coils.

' One or both of the transmitting coils may also act

' as a receiver coil. :espensive to the induced eddy
20 currents and connected to the mon‘itoring circuit, or
one more iridependent receiver coils may be provided. |

In one preferred arrangement the first and second

transmitting coils ete- positioned together, and the

25 first -c_:eil acts as the receiver coil both for when the

- first t_ransmitting coils is.'pu;lsed and when the second
transmitting coil is pulsed.

The monitoring circuit is preferably arranged to

30 measure the magnitude of the decaying eddy currents at
three predetermined times. subsequent to the initiation

of the eddy currents. At first sight it might appear
that measurement of the coil current at only two times
.would be sufficient to characterise the decay curve.-

35 However, since the eddy current dJ.strJ.butJ.on in the
coin changes with time, in particular in relation to



than the resistance so the decay rate is slower than a sinple exponential. °
ThlEJeffect Is nore marked if the coin is thicker and is thereby use R &
assist in-detecting coin_thickness. 15 The receiver coil .is prefer Q/'¢7
arranged t o be crltlcally danped by a suitable choice of ‘the I nput 'q
resistance of the nonitoring circuit to enable the neasurenments to be’,
madeé~in a mininumtime. 20 The transnlttingL7coiIs my be in the form
of bflnted circuit . spirals, . possibly arranged as two concentric

spirals. 25 : tﬁ@'Beﬁtﬁcwﬂﬂiﬁﬁ'Qédﬁpaﬁ&éhﬁés'&dﬂiﬁéfﬁﬁwﬁ VA& ERfce
invention may be wused .in conjupcti

% rc,l;?cro rocessor .ne ng %
circuit whichis a??%ﬁQEELHBIQQﬁrP fEeQar & ﬁsqﬂii wrementsean (gpLp
when in a |earn note t&bstjppguidhis betwWeszh wiglated amopd ofunepllateao codhsa

gi ven denomi nati ONpn;g THE leGlisk %ep%jpﬁg ﬁgéej arrhﬂﬁ. g e&?hﬂ@ﬁtlgi

the wvarious <coil voltage neasurenents non1na Ion Of CO
then in the noﬁnalaépeﬁéilﬁﬁ Ao d&raighite ddmee (jtﬁhq dRFAVGES PPtaacEimple

under test are congapg eﬂemimtaeeswr%evaém eﬁéptht@fféw.tlfxsthneceaay
Thi s avoi ds the need for aq ext ensi ve %%Fh rati on Qce
t

enabl e the 8 aPpEFeths *® PECANT 6r°%$6F§FI&ﬁnéktéfeﬁlngpgﬁP :
coi nages wi thout twbicked#théorddyecivrnrentsdifliontreatisces. calhbsatresnlts be

made. 5 Thee 8V eRtdiQR AWkl m/v PRabEELREE gesqméoeﬂoopya%%e%mg.

exanpl e only, mnth reference to the acconpanyln Il agrammatic ramnngs in
whi ch: - Fi gur 01 j Bowe¥efemithiee b?‘?‘é‘ﬁﬁmb? ag’|fa tlﬁéplolncreaseﬁuﬁ SR
arrangenent for ghafi Bhke relsiaftanckt isaJ the decay rate is slower than a .

simple exponential. This effect is more marked if the
coin is ‘thicker and is thereby used to assist in
detecting coin thickness. . '
15 g _ _
The receiver coil is preferably arranged to be
' critlcally damped by a suitable choice of the input
resistance of the monltorlng clrcult to enable the
. measurements’ to be made in a mlnlmum time. -
20
The transmlttlng cozls may be in the form of
printed circuit . spirals, possibly arranged as two
concentric spirals. '

25 | Coin discriminating apparatus in accordance with
the invention may be used. in conjunction with a
m1croprocessor memory clrcult which' is arranged to
learn the various characteristics of a coin when in a
learn mode the apparatus is fed with a range of coins

30 of a given denomination. The circuit stores maximum
and minimum values of the yarious coil voltage
measurements for each denomination of coin, and'then in
the normal operating mode the measured coil voltages of
a coin under test are compared with the stored values

35 to identify the coin. This avoids the need for an
extensive callbration procedure, and can enable the
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Figure 2 is a graph |IIustrat|ng t he vol t age pul se applred to the
of Figure 1 and the current in 15 the coil produced by decaykdg
currients in a coin;. Figure 3 is an axial view of a large coil and
: sl ng-t he eddy currents induced in the periphery 20 of a -coin;
Frgure‘ﬂ —is  a side elevation .of - a coin discrimnating station
utittising two coils -of different _sizes; 25 Figure 5 illustrates the eddy
currents produced in coin by a voltﬁge pulse of  short duration.in an '
adj acent _coi

,to Fi t _sh
drfferentEafﬁzéufhetgddQe cgpFen?§¥Broaﬁﬁeﬁ Vga Ygﬁ@ V%*? %$€¥§egn =
Fi gur e 7 dodnadgieisoski thouwtuitheli negdinfaf sapea:n@ice 1@5d:.f1.cat:.oms lomr r angenent

in which 438 43l lohﬁtgubieg adbth. 9 a series of vol t age pul ses.
of. different durations Igure 8 is a conposite graph of applied voltage

5 ~ and corl current for the arrangement of Figure 7; and Figure 9 is
- a fret el evatthen phvén€bom: gﬂglldaﬁ@d’: ibe aﬁﬁﬁtld@ﬁcafe}ﬂctrlibbﬂe hwegt lbon 10
i Flgures p VI e effe roduce y g
‘pul si ng %’aé'orhdf ’f&g?e]le é s\"tr% %}E‘i ref%p e?f%i g’ﬁ?a%%%%m?% ¥YHE face of a
coi n. VM@Wrﬁmmemencdravlnggune whlche-resrstrve and inductive 15
conponents of the .coil .are represented by R and L '

Figure 1 is a schematic circuit dlagram of the
10 pulsing arrangement for a single transmitting
coil; o '

Figure 2 is a graph illustrating the voltage pulse
applied to the coil of Figure 1 and the current in

15 e the coil produced by decaying eddy currents in a
c01n, ' -

Figure 3 is an axial view of a large coil and
showing the eddy currents induced in the periphery
20 : of a coin;

Figqure 4 is 'a side elevation of a coin
discriminating station utilising twoi'coils of
different sizes;

25 - _ :
Figure 5 illustrates the eddy currents produced in
coin by a voltage pulse of short duration in an
adjacent c01l, ' '

30 Flgure 6 is similar to Flgure 5 but shows on a

d:.fferent scale the eddy currents produced by a
‘long voltage pulses; '

"Figure 7 is a block circuit diagram of a singie
35 coil arrangement in which the coil is pulsed with



. _
respectively. The coil is connected between ground and a -V supply through )
a switch S, which in practice would be a suitable electronic circuit. W
switch S, could be operated:in response to detection of the presence of ‘
a-coin at a coin testing station, but preferably it is operated by a p{
train of suitable repetition frequency to ensure that with noving.coins
I eq;éj one pulsing of the coil takes place wi ty the coin adjacent to the
coitr 25 I'n the arrangenment. of Figure 1 the same coil is used both as a _
"transmitter' and 'receiyer’'gddidshat oighe %ﬁa&urreﬁﬁsé@dmﬁé | Ng ££ £+ OY
pul sing of the coil are nonitored by detecting currents in the coil which -
30 result fromthe ed®Pr@k0Fs, but as previously stated i ndpendent
transmtting and receiving.coils could be used. The switch S of Figure 1

may be a VMOS transi st org. u S Jpd | nteer.natqi; I
Rectifier. ~ This't ransigéﬁ%rftﬁ%]ngd éoi"@o?iafg%_u‘&%y%f Bgr gglﬁ%éqﬁg‘f%ltaqelo
produced by a stitabl e @nskteehl ccerrentt forsidie muzangemepthef nFigured by
the coin, by a coin feegggechanism or a -continuously operating pulse -
generator may be enployed. 5 The currents .in the coil L are nonitored by
a suitable nonitoring circuit M- .connected 'through -an anplifier A and
the.stray capacitances dfigure Goiis amdfaaopti kilevatiopubf a& ecoimdvabidatons
C. The - -i nput 10 r 'sd;&rb&%' fal Lf i ksnarranged such that
the coil L is criticall ;ﬁidarrpe _.anca g’git%gﬂg% th'ﬁ(e’eé\t/:\nitégﬁ S for a period of

a few [err] produces a negative square voltage pulse in the coil, shown in
Figure 2(b). The Figures 1 and 2 are provided .to explain the

a

4
»
2,

effects produced by pulsing a coil which is positioned
with one end adjacent to the face of a' coin. With |
reference to Figure 1, the resistive and inductive
15 components of the coil are represented by R and L
' respectively. ' The coil is connected between ground and
a -V supply through a switch S, which in practice would
be a suitable electronic circuit. The switch S, could
_ be operated in ;eSponse to detection of the presence of
20 a coin at a coin testing station, but preferably it is
' operate& by a pulse train of suitable repetition
frequency to ensure that_with:moving coins at least one
pulsing of the coil takes place with the coin ;djacent
to the coil. | '
.25 _ _
' In the arrangement of Figure 1 the same coil is
" used both as a 'transmitter' and 'receiver' in that the
eddy currénts induced in a coin by pulsing of the coil
are monitored by detecting currents in the coil which
30 result from the eddy:Currenté,-but as previously stated
indpendent transmitting and receivihg coils could be
- used., '

The swii:ch' s of Figure 1 may be a vMOS transistor,
35 such as IFR833 made by International Rectifier.  This
transistor is. turned on by a pulse of preset length



resultlng current in the coil is showm in Figure 2(a). 15 The coi

- s ent i ncreases in the negative direction during the presence of the _

' ge pul se, then reverses on termnnation of the voltage pul se, foll ovve\HJ B
,“,{exponentlal curve ke-(t/a) corresponding to the critically

ﬁﬁm:-d decay of current in the coil. 20 Figure 2 shows t hat when a coin

is present the eddy currents |nduced1 n the coin by the trailing edge of P:

the voltage pul se and.the associated | nduced currents in the coil decay

atsltﬁwer gebauabacb vl @ Euiita®ed dlectirondict c%emrﬁeasusucmpmeeeoll current |
a ree

red ed ti t11t2,and t3.fr hetralllng edge of
the vol t af§8¥ p sé‘n?‘EFﬁé'T gﬁ[ g‘%sf’gﬂ‘(’”abé'f atﬁéué&%?ﬁgn is :
proportioasl atocomtuanuowslp lopekatiniger pulke gsnerénEmSOmayr nikect ance of
t he shorteﬁ#,ig L. turn provided by the coin and [err] is the resistance of
‘that turn gractlce the time constant .a will not usually be conputed.
Instedd it is preferred to conpare. the 35 actual measurenents of coil -
current at tintRet curyérdts stiar edhéef@dﬂlae \WaleUemoni tofegde oy aThe stored .

val ues of of #1650 2" ROUMERRGN LY rhakel | D ANGEEEEOMLrELAULS Ty ShOVS

that the ced F6W aro #oi n -
peripheryamplifitarthe andnthe gmatéydcamage&nnces orfeténdc@ﬂ-laa@dll 2 whi ch

is of a dhﬂﬁgigiegreghgﬁtt hg@et héi.tndifoattlé% cyd amd vvhe&\ﬁet hg nph@) ected area
of the coil c¢overs g ép_\gn be..understood that in this case L is

: propaﬁt i ohgPLEbaRfe ?g thg, amplifigr Aoi§ AXIangsfyspch é‘hlal‘l'-e% n radi us.
The rati ocbilRL iis tdﬁfetalelyprdmpedonalclasmﬁy nof adhes stdtch § ven type
of coin MpLer il poflgr & ¢ Shopg, g‘sgohgoshs%y U PLLE0: 5L AR 10

accordance w e rnventi on, [Targé (% anet er
coils 3 avWalhagespadsevdin ghei Fpéhed own in Flgure 2(b). The

resulting current in the coil is shown in Figure 2(a).
15° The coil current increases in the negat:.ve direction -
- during the presence of the voltage pulse, then reverses

on termination of the vo_ltage pulse, followed by an

exponential curve  ke-(t/a) . corresponding to the '

critically damped decay of current in the coil.
20 FPigure 2 shows that when a co-in_ is present the eddy

' currents' induced in the coin by the trailing edge of

‘the voltage pulse and the assoeiated induced currents

in the coil decay at " a slower rate which is monitored

by circuit M by measur:.ng the coil current at three
25 predetermined times tl'tz ‘and t3 from the trailing edge .
‘of the voltage pulse. '

'l'ne. time constant a of the exponential curve is
_ proportional to the rat:.o L,/R; where Ll is -~ the
30 . inductance of the short c:.rqu.t turn prov:l.ded by the

coin and R1 is the resistance of that turn.

In practice the time constant a will not usually
be computed. Instead it is preferred to oomp_are. the

35 actual measurements of coil current at times t,,t,,t,



wi‘th their axes substantially parallel and wth their adjacent ends closely.
spaced fromone side of a coin path. The coins may slide along the coip
pgt‘ﬁ,. but in 2Q this case: the coins 6 are rolled along a plastics cq
track ‘5. The larger coil.3 is of a diameter such that its projected
will cover all of the range of coins which pass along the track 5. The
smedter coil 4 is of a diameter such that |tsl projected area falls 25
Wi ttin the face of any coin within the range en it ‘is positioned

substantial ly centgathy sqfoxtéae §E9Ekeﬂcé5wﬁ4¥ﬁ@§ orﬂ}?arfﬁ]éé s 3mpd 4¢8E84q

arranged to be pul sed | ndependent |y and in seqemence | ocat 1 on of both .
coils 3 and 4 on tKRlUaHeOk| FRNGAS t?’\‘%? ANV tlyy si@reds ipe AP BEEBAM. -
enabl es the |arger coi l 3 to be used as the receiver -coil both for mhen

that coil 3 is pulsed ag V\hﬁp e | 1 il S t'o
the geonmetry, the Iarger %0% J{a\}%&} ggglg T.h&u?eé aﬁ%ﬂx\?\n th '
current |oop iBAduceainnlt ﬁé%’oﬁﬁossd the t%%rﬂﬂ%ﬂh% |11'4 whenl thet ﬁ@ﬂ-aby

nmost suited to aCtlQSpﬁaééﬁea&?écéﬂUt&\htsﬁbcéh& 4ri s eyised whidhi s ofl’
consi derably sinp one r.eceiver sectlggﬁ
e

of the o\ rouit i o PLBFERR B5eaRRry ddahe thaty Gy Fis: CoUE GLCYSE By
larger coil 3, andptogectedeared obitbeisokiptovera tthai coim. Andtheill be
dvant f t id t

o oppobyre. SHBLPELORE EALL 100 IS AR RIS LR Ll E" o' e
i ni mi sing th&0chakked ef ﬁheopﬁipan‘eﬁcs@ ?wé Riectag/ tﬁge ARy ri@%‘l‘%ﬂtsTth

the coins are nopatdsed m a isUi tRBLE£OPE | tpHdpti tdionall t £60MyGt edalifus
coil 3 which in bo%h case ares %he measq;remerlts of the current |evel

at tinmes [érr]and 8}}? coin materia

Figure 4 shows a -coin d:.scr:un:.nat:.ng station in

15 accordance with the invention, and compr:.s:.ng large and
emall diameter coils 3 and 4 respectively positioned
with their axes substantially parallel and with théir
adjacent ends ‘closely spaced from one 'side of a coin
path.  The coins may slide along the coin path, but in

20 this case the coins 6 are rolled along a plé_stics coin
track 5. The larger coil 3 is of a diameter such that

its projected areas will cover all of the range of -

- coins which pass along the track 5. The smaller coil ¢

' is of a diameter such that its projected area falls-

25 within the face of any coin within the range when it is
positioned substantially centrally of the station as
shown. The coils 3 and 4 are arranged to be pulsed
independently and in sequence. The location of both
coils 3 and 4 on the same side of the coin path and

30 super:.mposed enables the larger c¢oil 3 to be used as
| the receiver coil both for when that coil 3 is pulsed
and also when the small coil is 4 is pulsed. Due to

- the geometry, the larger coil 3 will have a good flux
linkage with the eddy current loop induced in the coin

35 by the smaller coil 4, and is thereby most suited to
| act as a receiver coil when coil 4 is pulsed. This



&
~ with respective stored values or ranges. Thus a single coin will give
Q\sets of values of coil current. for a pulse of .a specified Ilength, a
"set of three corresponding to eddy currents-.flowing in the periphery g
e toin, and a further set of three coil currents 20. corresponding -
_ ~eddy currents flowing ‘in a short- circuit turn of dianeter '

substantially equal to that of the. ygmaller coil 4. As is explained in. -
nore detail hereafter with referencé’to Figures 5 and 6, one or nore ~ ¥

further &siddtfablydl Umpi1afesobtdidicdeied!Sidihed® ol Segndf different

| ength. . The two sets of cur%egﬁ'vaLues. cgrr%%¥89d| {.0 ulflqg of coils.
3 and 4 SRGHVSRUIIREEIg of hEhesghEchdfgds ’cr(?%a?%d BSE¥Ft abl e :

circuits the hediyreurBdnts va$ udstetteadiby ctihe ehargér chopl el craddy are ’
derived f Ao £ Y e RN Vol BEmE | appar atus on sanpl e :
coi ns, igﬁ§$gér'to etern?ﬁeq?hggﬁgtS?ego?igﬁéh@gin_under test. It wll be
appré%iated that since the tine constant associated with the pulsing of
.s_rralhl eL 35'I gﬂdth]fézd@?zzt_ﬁg’ag%p@ﬂdguamaiaﬁhﬁgi%he,. cdidlseasn t Higé associ?ted
with the pulsing,of gcoi . 1's dependent .on size,,  tw - _sets of . |
measur emdHHE S48 08 "ehe aoth BALH 3 LAY $he PREGELER 19980 shed
from eactth® heoin wpatburayt be leddd ogen, athirémpnaninimbsbdng tthéde
per f or me¢th ahAdidd @doin Yapr,mation about a: coin may be obtained by
measuring the coil current”at nore than three tines, since although the
eddylocurrent decay Curve is approxi mately exponential, it is not :
"precisely 10 TH idecdyimpsasidyduacirrdds fald téwé tdeink stardution of

the decayligcdth S It 51 Lib O SERl foraid 1kt fRnectdi g9y

currents 0 perte gr.ené
- coil 3 which in both cases compares the measurements of

the current level at times t;. t, and t,, Figure 2,
15 with respective stored values or ranges. Thus a single
 coin will give two __sef.s of values of coil 'curre_nt,for a
pulse of a specified length, a first set of three
corrésponding to eddy currents flowing in the periphery
of the coin, and a further set of three coil currents
20 . corresponding to eddy currents flowing -in a . short-
circuit turn of diameter substantially equal to that of
the smaller coil 4. As is explained in more detail
hereafter with reference to -l?igures 5 and 6, one or
more further sets of values are obtained bf{ ﬁsing

25 pulses of different length. | ' '

_ The two sets of current values, 'correspondi_ng to
"pulsing of coils 3 and 4 with pulses of the same

‘ l'e_ngth,- are comp&red by suitable 'cir'cu_its with ‘stored
30 values of coil current which p'referabl-y' aife " derived
from. actual measurements by . the testing apparatus on

~ sample coins, in order to determine the nature of the
coin under test. It will be appreciated that since the
time constant associated with the pulsing of smaller

35 coil 4 does not depend upon coin size, whereas that
associated with the pulsirig of coil 3 is dependent on



depths of the. coin at later tines, so that plated coins may be - nore
easily identified by making current 15 measurenments over a nore
e>g,.t§/nded.range of the eddy eurrent decay curve. Figure 5(a) and 5(b) y
correspond to the curves of. Figures 2(a)  and (b) respectively when a Sg_

voltage 20 ~ pulse is applied to a coil, and the. shading in

Fi gures 5(¢) and (d) illustrates how the |ndu§§d eddy currents in a coin
flowin the periphery of the coin for -pulsing of a | ar ge "di aneter -coil, and
in the surface mat ayilzal, of ¢whe COs@tsaceofor ale‘a%&h:lemdnaafet elendble Coirlany
Figures 6(a) to(d) 5|mlarl showwhat ha na.rela n

pul se is applied t& l\é | n cﬁﬂ SQ§ t'tJ'ﬁlgz}{u'I zﬂ%‘e %5? tach
Figure 6(c), the edxb}xec;Ur wém:hgutl othen lae¢€1d|f91tyatdtﬁl¢h-onaﬂg| nastﬁorw orbe
of the coin, % fMreg.a small coil, 30 Figure 6(d), the eddy
currents flowin a Ioop whi ch ext ends through the full thickness of the
coin. Plated ca ns, as.- used in many countries, wll show different -eddy

current characteristi c&ddmzdap&ndetm%tlaxponabbetde|aI h ¢eimhi mhyt hebe

‘eddy currents penet ndy, [?ﬁas?ﬂr g rr

for 14 dif- fererﬂbatlt engt gf pul'se Z’?aibfgﬁe #’2"’3 gg?géh?o%o JnOEH &Hkn
di sti ngui shed frorhhngésn- Gllmééd génes. althouglm dhe efgfy reurserhcdanay
the eddy current Itwa:vfeprld b ity | x&ﬁmllaqon itheid M&nerﬁeécmewe

SOl AL RIS AT TR LI SR TN
such neasurenents - ofaythe hdeedyirng bkddgnuuryrectst ain deherupma vialrdes with
thickness of coiNgifie! NOTheStllly Whrtlfits tdna'8o Pehdlade 'P'gAliY
- depths of the coin at later times, so that plated coins
may be more easily identified by making current
- 15 measurements over a more extended range of the eddy
‘current decay curve.

Figure 5(a) and 5(b) correspond to the curves of.

Figures 2(a) and (b) respectively when a 5us 'volt'age

20 pulse is applied to a  coil, and the shading in

| Figures 5(c) and (d) illustrates how the induced eddy

currents in a coin flow in the periphery of the coin

for pulsing of a large diameter coil, and 1n the

surface material of the coin face for a small diameter

25 coil. Figures 6(a) to (d) similarly show what happens

when a relatively long pulse is applied to a coil,

200us. in this case. With a large coil, Figure 6(c),

the eddy currents flow in a radially thick marginal

portion of the «coin, and with a small coil,

30 Figure 6 (d) , the eddy currents flow in a loop wh:.ch
' -extends through the full thJ.ckness of the coin.

Plated coins, as used in many countries, will show

S different eddy current characteristics in dependen’ce"
35 upon the depth to which the eddy currents penetrate,
 and so measurements - of the decaying coil current for



coil 3, 4 of the apparatus of Figure 4 is pulsed successively with

il ses. of
T
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[5-C

ﬁE: ded

qui ckly

20 using two coils only whilst

t hrough t
coils 3,

di sc typedistimguishediedfaemc

different lengths to detect plated coins and to neasur

‘Esﬁess, in addition 15 to coin material and dianeter. Aga
IS
2

e coin
in, the'

oy ed val ues of time constant are preferably conpared with previously:-
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val ues for sanple coins. Since the electronics can work extrenely

t is quite feasible to carﬁ
_ the coins are noving qui
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teri so as not to influence the .eddy current produtC

a series of.
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made of a
tion. 35.

15 Fi gur etigh £ck adagFaflof TARSRFRRRATRNMAY CHETRLPERt | BR which
enpl oys osmpleyed NG deiterhiher Bhéh thickmedd i ief awdinscebyging, and in

whi ch thet§§%

di fferent

is subject to a series of four voltage puls
ené%hs for each coin 6. The timng of the voltage pu

the 3®ming of the sanpling of. the coil current is controlled by
unit U which opgiq ng SUijkabhgraRdédarhdior ohll SoPURARE. o£Thengul se and

sanpl i ng
8 which i

15

20

25

30

sequence for _the arrangenent. of _Fi re 710 .- is sho
[ L et gu EQ

1L Brhsi?e gEaph BREIFAFLS iqure 4 is pu

successively with pulses of differeént lengths to detect
plated coins and to measure coin thickness, in addition
to coin material and diameter. Again, the measured
values of fime_constant are pfgferably COmpared with
pteviously recorded values for sample coins. Since the
electronics can work extremely quickly--it is quite
feasibie to carry'but all éf these tests at one station
using two‘-boils. only whilst the coins are moving
quickly through the station. | ”

In one embodiment’of the invention, not shown, the
coils 3, 4 are used in conjunction with a coin sorter
of the inclined disc type. An inclined disc provided
wiéh marginal recesses picks out coins one bY'one from

es of 5
| ses and
a control

in Figure

a hopper. The coils are positioned at a fixed location 

adjacent to the path of the disc récesses and_p:idr to
a series of exit gates provided with suitable means for
removing the coins from the disc recesses. -The exit
gates are controlled in response tb'the output of the

_ monitoring circuit to sort the coins. The disc is made

35

of a plastics material so as not to influence the eddy
current production. ’



both the vol tage pul ses, as the negative ordinate, and the coil current,
as ;the positive ordinate, against timet. At time tA a negative going &<,
VQI‘T/age is appljied to the coil 3 by a pulse energi sation circuit P and
15 .pulse.is ternminated after [err] at time [err] The tern1nat|o ‘(

t he pulse gives rise, as in the previous arrangenents.described, to eddy
currents in the coin which in turn produce a ggcaying current in the coi

3, shown as a dotted line in Figure 8. The corl current 20 'in the |
absence of a coinis al §Qg8BeW aSs al WilodK Ngiadbém ChigPngy! EﬂBo&Heﬁ@Slets
from saturation of. the anpljfier A connected ~“between _the coj

the nonitoring - ci rt@ﬁ rinventign  whichqem ® PHHy RIS | fPh gear?é"

to the nonitor Mt dothf dotansmiftiting m‘mﬂ&eceimng),l |aredir imntwwhibght Itthenmuﬂor
Mat a time [err]q 1‘&’”' %tl cherH) a%t egex[z. of Af%‘ﬁg ! begég B@% t%gl atci

Is then allowed to the coi curre to have decaye

to zero before3a s rf&relnﬁndéﬂg\#@lstaﬁéfpe#@é ceipnbei atThe atiming pdr rtjhe?,o
The second pul se Im&at;er p€ldds aaddal S:Heerﬂilﬁﬁido@t ﬂudmsér@gsrin SbHC &:he

| | t buil t d Ita I f
anser eort e enchgs Bkl 00, lag e Lot wlane aig et v

of .the second pul se:omttalglse&m.rtablian soif¢vareoforhelfiis prunposes, Thed pulse
accordingly the ed e I | y r dgn
%dcuiérﬁﬁifndj Qléiéuencﬁv fgglsaamb arrahfefERe ge cﬁqqgﬂztéﬂ R

preferable feature of t | hvent etween“the en
second pul se dfd tHé [Showp A FHigure ke wWdigh c‘tfr % OMROSI R | PR Shayeing
greater, [err], thm&m&mwmlmés, dgs ayheBnlegaltite] odddmalte,f @nd

P oy o s L0 SEAIRE {58! Mg 35 6 CBEaTRARY! e,
This avoids the timed t.f oAt ma@eqpemtnegatlve going voltage is applied
to the coil 3 by a pulse energisation circuit P and the
15 pulse is term.m_ated after 10us at time tB The
termination of the pulse gives rise, as in the previous
'arrangement_s ‘described, to eddy currente ~in the coin
which in turn produce a deceying current in the coil 3,
shown as a dotted line in Figure 8. The coil current
20 in the absence of a coin is also shown as a ‘full line. ‘
The clipped top SAT results from saturation of the
amplifier A connected between the coil 3 and the
monitoring circuit. The control unit 3 provides a
‘timing signal to the monitor M to effect sampling of
25 the coil current by the monitor M at a time t, which is
- 200ps after t,. A sufficient length of time is then
allowed to pass for the coil current 'to"h_ave decayed
substantlally to zero before a second, ‘longer voltage
pulse is .1.n.1.t.1.ated at time tD
30 o
The second pulse lasts for 30us and is terminated
at time tpe Since a larger coil current has built up
during the 30us voltage pulse than for the 10us pulse,
the eddy currents produced in the ‘coin on termination
'35 . of the second pulse are greater__ than those for the

first pulse, and accordingly the eddy currents decay.
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MY i ng circuits for the different pulses. 10 Similarly, third and fourth"
s of yet greater lengths [err] and [err] respectively are appllgg
padtcession to the coil 3 and sanpling of the coil current takes N
at times [err] and tH respectively. 15 = after delays of [err] and

Ny respectlvely Thus with this arrangenent four val ues of coil current
will be obtained for each coil fjgom the neasurenents at tines [err]-
[err] tGand [err] and these four - values are conpared in Unit Uwth st o4

ref\%r1 enﬁ@ncm.l Uﬂioﬂlyzo I aaeearaandet RikhNa (hke SN akb@Eupé the coin,
or et her

ot a ce t I preciated that |j would be'
possi bl e ¥o LE\? rrgpg en ° ?hé#lafyouk gHF?E @P %t | engt hs
as. necesssmond (pmlﬁealand htahe etiime pdatiegh beh otheilem:l nd:unaremtl is It will

al so be apppeciat ed Haate t&‘f‘eﬂéier ebugu' il dags Pkegagﬁﬁlﬁe be as

shown_in Figure 8. 3 gure e size- o col as” been chosen
to be gr &q@yY tbrmnt‘? hEcdl %‘\'\?t'erf‘?ﬁ ‘&lP? Sf-rﬁﬁepé‘é-lsﬁs ti® RE¢astPed, but
usef ul nmmarqaanthaeowhé beoihdeurfenite meduyey elso vhﬁ:}ﬁm | 8hé&i gure 5(d)’

f h
gﬂfisggd;n samﬁ i NG p@rl O(??Nl t&;e th, ég‘%%gs-’: élelayatn smhli‘%%??l o the

ar r angemir L FiMyur es Thind WQ%ﬂmk’ehﬁeaBﬁcéneﬁPE onndeaen@ea's they rol |

freely daydinglitg Ralrdcia%sC Eok %tehaqfffarealtnpﬁﬁgésng nmechanism all four
measur enent being carried out whilst the coin 6 is within the 5

proﬂé%ted area of the coil 3. A typical validator is shown .

schemati cal | y Siinilarduyr,e hiardl andmivuselR pmlselsncdﬁ el NPrédedr pl astics - -
plate 7 'ﬁngtﬁes .}.btz&er arIci”‘C:l.eZ(m.st heregﬁé)&lvéﬂce af@ aﬁ?lled in
succession to ‘the coil 3 and sampl:.ng of the coil
current takes place at times tG and tH respectively

15 after delays of 40us and 70us respectively. Thus with

this arrangement four values of coil current will be

- obtained for each 'coil' from the measurements at

times tc, tF' tc' and - tH’ and these' four values are

. compared in Unit U with stored reference values or

20 ranges to determine the denomination of the co:m, or

whether it is not acceptable.

It will'be appteciated that it would be possible

to use more or less than four pulses of different

25 lengths ae_ necessary to obtain the required degree of

di'scrimination.' It will also be appreciated that the

orxder of pulsing does not have to be as shown in
Figure 8. | | -

30 In F:Lgure 7 the size of coil 3 has ‘been chosen to
be greater than the diameter of all of the coins to be
measured, but useful measurements could be made if the
coil were to be as in Figure 5(d) and G(d); | |

35 In view. of the relatively short times of the
pulses and sampling periods it is qui.te' possible to use



16 dr-aw ng;, of which is provi ded a channel 8 defining a coin path down
whiich coins slide/roll when inserted into a coin slot 9. Coil 3 and a .- ~—-_
fuh”ﬁer ‘check coil- 10 are encapsul ated within the plate 7, just bel ow t i’

surface of .the base of channel 8. The anplifier A, 15. nonitor M an
control unit U may conveniently be mounted on a ci rcuit board secures
to the rear of plate 7. The check coil 10 is grranged to carry out simlar
20 \reasurenents to the principal nmeasuring coil 3, and its purpose is to

ﬁgeﬁk that a coi ndr@?fum@h erfetid 6”% aﬁigl@féy 7 eardies . wemépuexaeagﬁfergéxt:?e
chanism in order_to gounter audu | coins a e
strings are withdra¥h FP3RS: S m’égﬁ%{nl%ﬁ‘f FFELYV\AV%]? n the, é‘cﬁ"ﬁ%
that the validat gath reﬁgenenunofteﬁltgmnﬁad@nm,araldngmhr onefgsurerRen
the manner of the MOie LALIRAOCHRA PHi1BE0ropLalddis, tdﬂelféyguh€5§30'£hé

Wi thin coil né nce aI thec II's o e arrangenent of
ar r anged Wi t hi n° t heP Heaf A% of (e CRddndl- 8 can be’left open thereby

.mnimsing the chances of a coin blockage. 35 18 CLAIMS 1. A coin

Currents o alcorn rank (SPIS Mgy, (TR nbgh, | BRHERRPLEARYY oin ¢
of the coil neans vﬁ‘lgﬂnﬂ)lﬁ agadputomprbseshoxn erlrmid-ﬂedngmpudldedtlbh%Stm
means for nonitoringdhe Aegay hecddypey’reats, i nehde £t ¥dce in the
. 10 drawing, of which is provided a channel 8 defining a
coin path down which coins slide/rcll when '_inserted"
'into a coin slot 9. Coil 3 and a further check coil 10

are encapsulated within the plate 7, 'just below the

surface of the base of channel 8. The amplifier A,

15 monitor M and control unit U may conveniently be

mounted on a circuit board secured to the rear of

plate 7.

‘I'he check coil 10 is arranged to carry out smu.lar
20 measurements to the pr:.nc:.pal measuring coil 3, and its
‘ ~ purpose is to check that a comn measured by coil 3
actually reaches the lower part of the mechanism, in
order to counter fraudulent use in which coins attached

to strings are withdrawn from the mechanism,

25 _ , _
It will be appreciated that the validator
arrangement of Figure 9 may be arranged to operate' in
the manner of the Flgure 4 arrangement by J.ncorporating
the further co:.l 4 within. co.11 3. ’
30

Since all t-he coils of the arrangement of Figure 9
"are arranged within the moulded plate, the channel 8
~can be left open thereby m:.n:.m:.s:.ng ‘the chances of a

coin blockage.
35



2. A coin discrimnatimg apparatus as—clained inclaim1 in which
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he eddy currents is Io @Ijm
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dis“iy nating apparatus as clalned I n cIa|n11 or claim2 in which the
- coi | “YBans conprises a single . coil,,only -which is arranged to be . -
- pul sed 20 successively with the puPses of different durations. 4. A
coin discrimnating apparatus as clainmed in claiml “or ‘claim2 in
which f

| arger a

irst and second transnitting coils of the coil means are of

nd 25 smal l'er effectiv

means i s a

s-sectional areas respectlvely t he
pul sing nmeans is arranged to apply a voltage pul se to one of the

oo 00 501 kashol NSl S YLt MRS | EBapHES Mk o, (e

-transmttlng col

ermn

decay of me@ns eﬁm;/ Emiﬂmg 9ﬂéﬁu@é@ri@t§ dot nabgoihe meagisngfatge of the

resultin
posi tion
dlscrlm

pr oj ect ediuraftfientsi,veandrmeans forxd mmtitamialg atiwa dkchire dffi reddyt r ansni tting

coi.l ont
arranged
t hatt%re

GeQlcitabel ;ﬁ?ﬁs iy the ddiansatt it erints :Y\'S&erl:,th% CGHd 1S
ed 3gjacen he: re%Pectlv tranéyttln coi:| 5.
gme%ﬁﬁ)af" s Yoktags sPHiges; 9&| Sharser An cmgeq he
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a modjtageed pillse efdmett ithee meamsrawit ortﬁ thex eaeddyof

currents is longer for a longer voltage pulse than the
correspondlng delay for a shorter voltage pulse. - -

3._ A coin dlscrlmlnatlng apparatus as claimed in
claim 1 or clalm 2 in which the coil means comprises a
single coil only which is arranged to be pulsed

fsuccessively with the pulses of different durations.

4. A coin discriminating 'apparatus as claimed in

25

30

35

claim 1 or . claim 2  in - which first and second
transmitting coils of the coil means are of larger and
smallexr effective cross-sectlonal areas respectively,

the pulsing means is arranged to. apply a voltage pulse

to one of the transmitting coils followed by a voltage
pulse to the other transmitting coil, and the
monitoring means is arranged to monitor the decay of
-eddy currents produced in a coin by the lagging edge of
the_resulting current pulées'in the transmitting coils
when the coin is positioned adjacent to the respective
transmitting coils. ' ' '

5. A coin . discrlminatlng apparatus as claimed in

claim 4 in whrch. " the projected effective cross-l

coil

y
such

X

an that of the face of at | east nost of the coins
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transm-tting coil lies within the.ar: ce of at |east nost of the
co'- ns when the coin is positioned adj nt -to'the second transmtting coi I

he. rocation.means and that coil gm” ﬂﬂ""m , A coin
d| scri i nat.ing . apparatus as claime ” I”"I claim5 in
the first and second transmitti ng coils afre hosit *oned such that t
coinbeing tested is substantially in tha9 same position 20 = duriXd
pul\rfr ng .of the first and second transnitting coils. 7. A coin _
di scrimnating apjegtianal agres| sifrethei ficissi mrAnamiditb@ing 5cohl wientle tée
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8. A coin discrimnating apparatus as clalned In an claine 4 to 7
in which one or nor® BFFeRege oFPs&’@f greptern Sfhan r‘r’é‘é‘?‘g °§I §Be Fece of ag
receiver coil. 30 leasispoostvef tthe tdwing nthatdareddy wrdfatsng@mheds

connect ed to tde t a
‘appar at us §cl géla{rgedfél n chal lﬁ#iﬁgsggp Sgncft?ytn% dldal méG n vé]&gthd?% of
first and 35 sectHd t Raedfatadhgazer soér ethpysiftiingted tragsmhstingndeehb

first transmtti ngerfﬁﬂcl@é Stl@é cb&nr Qﬂféﬂ/eﬁhéobhdy clirrlealls fore \Ab@@uct:@&
first transmttin

ed a he segond t ansmt n
pul sed. 10. A c0| d#%% Vné’"gﬁﬂ'é’rgaﬁ#s 3 ’a’r’%d ?ﬁn%ﬁ\ J%’gg ?°H'|e
precedi ng cl ai ms iandhi thet haru:almgmlemtg ds cusuchs &haangezhet o prajectedhe

magni tude of jfie deEAdag,EddY.LHEL enl s PLOICed by, cach Ul STt BEcsa!

neans at at | east ree predeterm ne %é(fstrres subsequent to the |n|t|at|on of
the eddy ‘currents. tzensmitting ol i $éesnvishing ATRUSOKs theaifaqe | of

any at least most of the coins when the coin is pos:Lt:Loned
N ' adjacent to the second transmitting co:.l by the
location means and that coil is pulsed. _

15
6. ‘A coin _discriniinating apparatus as claimed in
claim 4 or claim 5 in which the first and second
‘transmitting coils are ‘positioned such that the coin
being tested is substantially in the same position

20 _dur:.ng puls:.ng of the f:.rst and second transm:.tting
.coils. ' '

7. A coin discriininating apparatus as claimed in
claim 4 or claim 5 in which the transmitting coils are
25 placed at spaced positions along a coin path. '

8. A coin dl.scrmz.natz.ng apparatus as cla:.med in any
of the claims 4 to 7 in which one or more of the coils
of the coil" means also acts as a ' receiver  coil
30 responsive to the induced eddy currents and is

>

connected to the monitoring circuit.

9. ' A coin discriminating apparatus as claimed in
_ claim 8 as appended to claim 6 in which the first and
35 second transmitting coils are positioned together, and
the first transmitting coil acts as the receiver coil




of claims 4 to 10 in which the first or the second transmtting coil is
pulsed with said pul ses of shorter and Ionger duratitom—1i5 12.

3

A coin -discrim-nating apparatusec

A "coin
ally as

. . Qi'nati ng apparatus as clained bst ant,i
dedq{b¥yd with reference to Figures 7 an ﬂH I &Eﬁanyl ng draw ngs. -
inclaiml and

. substlally as described wi.th refgpence to F| gures 3 and 4 of the

“acconpanyi ng draw ngs.
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10. A coin d:.scrmu.nat:.ng apparatus as .claimed in’ any
of the preceding claims in which the monitoring circuit

~ is arranged to measure the magnitude ‘of the decaying
eddy currents produced by each pulse of the coil means

at at least three predetermined times subsequent to the
1n:|.tiat1.on of ‘the eddy currents. '

11. A coin diseriminating appaj:'atus- as claj‘_.med in any

. of -claims 4 to 10 in which the first or the second
transm:.tt:.ng coil is pulsed ‘with sald pulses of shorter

15

20

25

and longer duration.

12. A coin discriminating apparatus ‘as claimed in

claim 1 and substantially as descr:.bed with reference

to E_‘J.gures 7 and 8 of the accompanying drawings.

25 PATENTS ACT 1977 SPECI FI CATI ON NO. 2135095B Th

13. A coin discriminating apparatus as claimed in

claim 1 and substantially as described with reference
to Figures 3 and 4 of the accompanyz.ng draw:.ngs.

PATENTS ACT 1977
' SPECIFICATI@N NO. 21350958

The following corrections were allowed under Section 117
on & April 1986

E'ront page Heading (72) below Inventors
delete Colin Kenneth Leonard Chapman
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