CONTROL OF ELECTROVAGNETI C SI GNALS OF CO NS THROUGH MULTI - PLY PLATI NG
TECHNOLOGY The present patent application clains the priority of United
States Patent Application No. 5 61/061,287 filed June 13, 2008, which is
hereby incorporated by reference. FIELD OF THE | NVENTI ON [ 0001] The present
i nvention relates to novel netallic conposites that are suitable as coi nage
materials for the mnting industry. Mre particularly, the present
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BACKGROUND OF THE INVENTION

15
[0002] Coins are commonly used as a means of payment in vending or similar automatic

machines. In this function, the coin needs to be recognized and identified by the machine

and either accepted or rejected. This discrimination process is carried out by a device

called a coin acceptor and generally consists of measuring various physical properties of
20 the coin as it move’s through the acceptor’s mechanism.

[0003] Most coin acceptors presently in use rely on signals that result when a coin disturbs
a variable electromagnetic field. For example, a coin moves between two coils acting as
emitting and receiving antennae, respectively. The signal picked up by the receiving coil
25 is then analyzed using a proprietary algorithm to produce what is called an
electromagnetic signature (EMS) of the coin. Based on its EMS, the coin is either

accepted or rejected.

[0004] A common problem affecting coin acceptors is the fact that electromagnetic
30 signatures (EMSs) may be very similar for different coins. When the EMSs of coins of
different denominations or coins issued in different jurisdictions are similar, there is an

opportunity for fraud.



30 signatures (EMSs) may be very simlar for different coins. Wen the EMSs
of coins of different denom nations or coins issued in different
jurisdictions are simlar, there is an opportunity for fraud. [0005] As
ref erenced above, EMS values are not cal cul ated by any physical, chem cal
or mathematical fornula. Rather, they are a set of nunbers generated by
software and al gorithnms devi sed by each coin acceptor nechani sm

manuf acturer. EMSs are unit-less 5 and are made up of a set of figures
which are purported to determ ne the dianeter, the edge thickness, the

wei ght , [0008] Ak|referencaeoabdve) EMS tvaluestdreanat altuddted iblyf yepriydicat octaricabor
I\/breover thesgc%afloues ar&ﬁﬂqot single re et|t|ve val ues which identify the

char act 8iateema fmdac oRathena theyr arenarsel S RUBRerS: generates by softiwarg andom
COi Nt OaRRithrié HQVlQe@ b?eéécﬁ' ébih 2ReEptoPRihdhidi bhanhfﬁur%ﬁ”@?x/l$§ afé Uhit$éds
for coin acceptor acturers, since even perfectl d coins may be

rej €zt egnd Hi@ nﬂ%ﬂﬁgtépcﬂf asaetuefsfigures whiclr ere)pern@etedstpadﬁtemmea the diameter, the

proper | ¥d%€%8ﬁ{e%§' fHe \R/E §R|ﬁ§g"é}c’ ﬁﬁ)%%ft%hegtct h ta g‘cﬁnét él*elgqrﬁfg%a[l%hégg

f eat ures a coln, suc etdget ness
Per hapsMoneowedr, thise belsies aag sot singlel rapetitive \Faﬂi&s whlah liaherwtifiy tl’rwmarabterlstlcs of

measur epent .15 rough the rre al's conductivity. Conme | nstrunent s
v o av el Rathek Hidt Bolnt Hagk Hir v9uSSHan T chll O MBERE @ peRaaNge. b
COﬂdUCtAMd:drMm@@/t ehatarhgehis drititaNRIr Coilg HREEHIBE MhanufbEllfers OBIABE tdven! Yerf@dtyT -
[0007] Wth base nmetals increasing in price over the |ast 30 years, people

wor ¥l ng¥alid qawes mayretaipiedn diie: o £F v abssemust thietaioreer establintsd §0 aSetauce
the cosgropbriptRAHE! &ectﬂé ecfﬁe Ir&;’ Hﬁ@s fith dé}qbé'ﬂtl Y‘ﬂt\ Sggﬁ%?ér'f& F)Pée

expensi ve base netals, suc coppe stitutes 1 nc

nmono- pl Suchl ast itsidigmedgr, pdwtfuclmeswmn(aHWy pl ated steel consists of plating a
single layer of a netal or an alloy over steel. This is to be distinguished
frommulti-ply plated steel, which consists of plating several |ayers on

st eel . [2606] FHIBapSoN® ot thabestiwayplol rekite @MSEMSdtopakaowa physicabie@asukenent
i nclude the follown Canadi an Pat en plication

| | d
mqupi%f'?@?)% f&%ﬁfigiaéﬁ GONdNRtViG . Commercial insigyments e, PUAIABI 49 (TRgsUTo
4, 089, Godudhvityedudh %TsethleP@F eIfGerNér s Zidma '8 cﬁﬂﬂub’ﬁhﬁ)ﬁﬁ}%fﬁ%ﬁ% th& IS &heo-

4,279,968. Alternatives include coins in which the co
Sigmascope® SMP10 conductlwty meter.

[0007] With base metals increasing in price over the last 30 years, people working in the
20 minting industry have come up with ideas on how to reduce the cost of producing coins,
including finding metal substitutes for more expensive base metals, such as nickel and
copper. Substitutes include mono-ply plated steel products. Mono-ply plated steel
consists of plating a single layer of a metal or an alloy over steel. This is to be
distinguished from multi-ply plated steel, which consists of plating several layers on steel.
25
[0008] Sample patent applications and patents that describe mono-ply plated steel include
the following: Canadian Patent Application No. 2,137,096, Canadian Patent No.
2,271,654, United States Patent No. 4,089,753, United States Patent No. 4,247,374 and
United States Patent No. 4,279,968. Alternatives include coins in which the core is made
30 of a metal, such as nickel or copper, which is mono-ply plated with either another metal or
an alloy. Sample patents of this type include United States Patent No. 3,753,669, United



30 of a netal, such as nickel or copper, which is nono-ply plated with

ei ther another netal or an alloy. Sanple patents of this type include
United States Patent No, 3,753,669, United States Patent No. 4,330,599 and
United States Patent No. 4,599,270. [0009] Inconveniently, coin acceptor
mechani sms in the vending industry often cannot differentiate between coins
fromdifferent countries that are nmade of the sane alloy and 5 have
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20  chromium steel.

[0011] Despite the above, counterfeiters are actively finding ways to get past the electronic

devices used in vending machines, and therefore fraud continues to be a major problem.

There thus remains a need for novel coins that combine metals that are favored by
25 manufacturers of legal tender but that may be discriminated on the basis of their EMSs.

[0012] The present invention seeks to meet this and related needs.

SUMMARY OF THE INVENTION

30
[0013] The shortcomings associated with current coin technology can result in a breach of

security and revenue when vending machines cannot distinguish coins from two different

3



countries, or when the vending machi nes cannot differentiate between a
nono- pl ated steel coin and a steel slug. In order not to jeopardi ze the
vendi ng nmachi ne i ndustry, many coin acceptors sinply do not accept any
nono-ply plated steel coins. 5 [0014] The present invention provides an
alternative to coinage materials that are currently avail abl e.

Specifically, the present invention relates to novel nmulti-ply netallic
conposi t ' [ fact f60] [
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As indicated above, acceptor mechanisms work on current waveform data and defined

feature points.

[0016] It has been found that by judiciously choosing the type of metals deposited through
25 electrogalvanic (plating), and by manipulating the plating deposit thicknesses of the metal
layers, the type of induced current generated by a coin can be modulated. If one or more
of the plated layers are non-magnetic, and the core is made of a magnetic material such
as steel or nickel, the intensity of the induced current can be modulated. Alternatively, if
one or more layers are magnetic, and the core is made of a non-magnetic material, such
30 as copper, zing, tin, aluminum, silver, gold, indium, brass or bronze, the intensity of the
induced current can also be modulated. Specifically, by controlling the thickness of the



[0017] Single layer plating, particularly with netals having nmagnetic
properties, such as nickel and cobalt, was found to have i nherent
limtations that render nmanipul ation of the EMS of a coin difficult, even
by nodi fying such features as the coin's thickness. 10[0018] Wth all of
t he above in mnd, the present invention provides: 1) A nmulti-ply plating
process that produces: netallic conposites which overcone t he probl em of
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defining the thickness of the dep03| ted nmetal |ayers. Alternatively, the
magnetic and non-magnetic pair ¥ plated in the reverse order, that

i s, 1&op[oA8hLNEth alk of gl"eﬁQPV%We'ﬁl"ﬂﬁl he E'[@é?”t mmentiasyproyides: control 1ing t he

t hi cknesses of the | ayers of metals deposited. 5) A nulti-ply plating

process whereby (1) a nmagnetic netal such as nickel or cobalt is
A multi-ply plating process that produces metallic composites which overcome the

problem of being unable to differentiate between two coins comprising the same
alloy and of the same size;
15
2) A multi-ply plating process that produces metallic composites which overcome the
inability and the difficulty of calibrating vending machines precisely and accurately
in order to recognize a mono-ply steel plated coin, particularly when the plated
material is magnetic such as nickel or cobalt.
20
3) A multi-ply plating process that prevents counterfeiting of coins made of plated
materials because the order of the clad metal layers and the plating thicknesses of
the layers can be defined and controlled in a reproducible manner in order for the
coin to generate the same induced current, that is, the same EMS.
25
4) A multi-ply plating process that produces metallic composites whereby the core
may be steel over which nickel and then a non-magnetic metal such as copper, or
brass, or bronze can be deposited as a layered pair, and the EMS is controlled by
defining the thickness of the deposited metal layers.
30
Alternatively, the magnetic and non-magnetic pair may be plated in the reverse



5pl ated over a magnetic steel core, then (2) a non magnetic netal such as,
but not limted to, copper, brass, bronze or zinc is deposited and (3) an
external |ayer of nickel is plated in order to control the el ectro-nagnetic
signal of the netallic conposite product. This is achieved through contro
of the thicknesses of the netals deposited. The external |ayer of nickel
may be any other netal, either 10magnetic (such as chrom um or
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Conductrvity ren
deposited over a non-magnetic metal core, such as copper, brass or bronze, to

15 form a paired magnetic and non-magnetic metal combination in order to control the
EMS. This is achieved by controlling the thickness of the nickel or cobalt that is
deposited.

7) A multi-ply plating process whereby (1) a magnetic metal, such as nickel, is
20 deposited over a steel core, then (2) a non magnetic metal such as copper, zinc,
brass, bronze is deposited, and (3) another layer of magnetic metal such as nickel
is deposited. A final layer of silver or gold is deposited in order to control the
electromagnetic signal of the composite product. This is achieved through control
of the thicknesses of the metals deposited. The external layer of silver or gold is
25 deposited to give a value-added appearance and to modify the conductivity or the
color of the composite product combination (nickel — silver or nickel — gold), in

addition to the first pair of magnetic — non-magnetic combination (nickel-copper).

[0019] Other objects, advantages and features of the present invention will become
30 apparent upon reading of the following non-restrictive description of embodiments thereof,
given by way of example only with reference to the accompanying drawings.



5 [0021] Figure 2: Plating Processes (A) Single ply technol ogy has one
coating of netal over a steel blank, such as nickel over steel for white
coi ns, copper over steel for red coins and bronze or brass over steel for
yel l ow coins; (B) The Royal Canadian Mnt (RCM nulti-ply technol ogy
utilizes nore than one |ayer of coating, for exanple, in the case of red 10
and yel |l ow coins, nickel over steel followed by copper, bronze or brass,
dependi ng on the col our chosen for the coin; and (C) In one enbodi nent, the
RCM mul ti-ply technology utilizes three |ayers for the production white

coi ns, \BRIEF DESCRIPTION OFPHE DRAWINGS! . the second layer is copper and
the third layer is nickel plated over the copper, creating a sandw ch of

| ayers. 15 [0022] Figure 3: EMSs of different netallic conposites at 60KHz.
[ 0023] 90291 Eigureds uctivityr of gifferenvisnetdlliceaoresisanks. 20 [0024] Figure
5: rrelati on between copper thickness and the Internal Conductivity 1

(1 CIC§). [ 0025] Figure 6: Conductivity analyses of ICl by popul ation. 25

DETAI LEDOREFERjuré | ZN\PEking Hirobés4eNT(ANSinGR2ply tebhnalogy hasocw ooastirey ef metal
desi,gned to

desi gned t t he, i nduct i i nciple. A coi tor, i
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|l ower)). The 30 coils are sufficiently renmoved fromeach other so that no

si gni f i BRMtPdeshnalogsutiizer sprahayy ore kayer sheoating, J axapmigdo the|cage phied

I vy COobh@ yellow coins, nickel over steel followed by copper, bronze or brass, depending on the
colour chosen for the coin; and (C) In one embodiment, the RCM multi-ply technology
utilizes three layers for the production white coins, wherein the first layer is nickel, the
second layer is copper and the third layer is nickel plated over the copper, creating a
sandwich of layers.

15
[0022] Figure 3: EMSs of different metallic composites at 60KHz.

[0023] Figure 4: Copper layer and EMSs of Plated Blanks.

20 [0024] Figure 5: Correlation between copper thickness and the Internal Conductivity 1
(IC1).

[0025] Figure 6: Conductivity analyses of IC1 by population.
25 DETAILED DESCRIPTION OF THE INVENTION

[0026] All coin acceptors are designed to work on the induction principle. A coin acceptor
is designed to have live coils (sensors) under power at 2 or 3 different frequencies
(normally, 2 frequencies, high (240KHz and higher) and low (60KHz and lower)). The
30 coils are sufficiently removed from each other so that no significant current is picked up by

a current analyser connected to the live coils.



[ 0027] When a coin is dropped into a coin acceptor, the (space) gap between
the coins is quickly and tenporarily closed and a current is induced as the
coin goes past the coils (sensors). The inductance of the sensors conbi ned
with the eddy current in the coin generates two (2) sinusoidal electric
currents, due to two (2) different sets of coils at two 5(2) different
frequencies. [0028] The current anal yser conmbines the 2 currents, which are
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sane. For other countries, however, the econom cal ram fications can 25 be
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two countries are exactly or alnost of the same dianeter, size, thickness,

wei ght and/or sane alloy, they can be used interchangeably in vending

machi nef@030lhThe dyd8s areedependent dn dbel sizel (dmumeter)f enasy dedgee dhickresseadidng

machi n r on.the pictori or visual designs to recognize
and toe\ﬁ%ﬁp @%@ﬁttgg? §P{hﬁ£§%g?rnzglpygbu{%g@ﬁé%weo%qlﬁ% of this invention is
the creation of nmetallic conposites that are suitable for coin production.
The resulting cojnage products are unique sjnce the elp to elimnpate the
or 051 orlB0SU SAreDRIEATaicBS) b kies SERIE AUPH N PERTHIVAISDE 2568 S daeissan,
Nor t h AmRhbEBS ditffleriftited b9fﬂﬁ>@eamea%cep@éef.l 5@5 é%}ﬁhplﬁé‘% gfsh’rv%?t@) Eéﬁtecc{?ﬁ and,

aut omat ed nerchandi si ng services tha I n the use coins, includin

aut omatthe Ganadiarefivea(hi cesd coimtunied hriantchil 99Q) aredvatpoads of suproninkeh(75%
oL REn%6p R 28 FOAEDCAA S3maft Bl RN e RSt SEnels o
pr esentmankeenti on shoul d be useful for such services.
20
[0032] The shortcomings of today’s coin recognition and discrimination technology can
have serious consequences for the economy of a country. In the case of the US (5) cent
and the Canadian (5) cent coins, the problem is accepted because their face values are
approximately the same. For other countries, however, the economical ramifications can
25 Dbe very serious if their exchange rates are far apart, because if the coins of two countries
are exactly or almost of the same diameter, size, thickness, weight and/or same alloy,
they can be used interchangeably in vending machines. This opens the door to fraud and
counterfeiting, because vending machine sensors do not rely on the pictorial or visual
designs to recognize and to differentiate the coins.
30
[0033] The object of this invention is the creation of metallic composites that are suitable



[0034] Since coin acceptors have different nmeans and ways of capturing and
recording the 10 EMSs, the best way to illustrate and to explain the
concept is to relate the netallic characteristics to its current
conductivity nmeasured in | ACS% (i nternational anneal ed copper standard
percentage). [0035] Figure 1 shows the typical conductivity of different
alloys at different frequencies. 15 The coin identification nunber (coin

nb t th d ductivj t f ot
metal o apEn Produchesy, 1Pk eHRbBe elBege rpalcts et inElRcRBRe el Booke
using a éﬂfnmﬁéeth%t PFOLsIdG Caskbesdted | With BbRAlIKE dbind arfeh AARI PrafIRS me?rﬁy

[0036] Figure 1 shows t hat each netal product, for exanple, cupronickel
st ai nl es4irepeay), CPfH‘sAm%"CéWrﬁrﬁbﬁé@Bt?QﬂW'% Manweathn’e‘ea@‘em@ybroaﬁebqtﬁeoqbct

denti fi %pt
Icoﬁgl !st : E'g) 0 B%r&vﬁgg?'gﬂﬁ St ee cg?ga 'W@l"&é& ;%%g ﬂénﬁ)au'tcfrgétéc?&
ni ckgl ofadhings; sandwich mmcmdsamepMnasoppﬁbdrlnk dispensensonaffea mamhmefs; palbhc
nd roveREEon JasE Sices datfiBadnpls fapetl. Ehdt Auraarae ngoAnes.
2, 019, 568e(nbveldtgnsdf the.presemtiimlenton sRedndsudetul for $th sdraices. Pat ent No.

5,139,886 and United States Patent No. 5,151,167, describes an
el ectroplating process that is suitable for the purposes of the present

i nvent i Rip3478Incef I r
Soch A Sl bt eLo g pRinC s Verp T ek o SR

sholf t hEMSSnetyemﬁﬁé way el illusteate eansk ta exaladn ithe tapngapluiss to aelatméhﬁonetalhc
frequengy, ra%ﬁ@ﬁ@s'n 1 Qs2Bhreft E@rﬁ{?ww Crﬁ‘éééur&? ih els\bﬁfé‘f"d(ut\t%% }o énﬂé%al%g

represents a sanple coin nu number ue a
frequencqppd?stamtaaﬂrpém,entagem 4 has a value of 24 IACS% 5 and coin 7 has a
val ue of 22 IACS% The small variation is due to the fact that it is very
difficult to control the exact thickness of plated nickel deposit and of

copper mam$ugurfée¢6§h&a/stth@ tg@@mscénd@udiwﬂ@f Hiffeparet hallRlyS Gt 'df&rehy fBhGencies.
platin process that is known to those of skill in the art. The plating

depBsi th hia Foipdentification aumbes (e@iainynmker b tomcoin gynakes 0 ARpeaEs ganathgc3< aNsws
that thg, r%ﬁ&tlww' thEY HN!tal( %%%u?‘éa iR2sa@so f%ﬁfe‘%‘i’é @8 ¥ axis. The

conductivity | at e mcrons nic m crons copper,

m cr ongmeasuregieals were dpne@393ingi gube. Foshsiars TheoRltctbity s meder, abf drﬁfpmntal
rrultl-pf% %I-CU Ni RCM plating and of 15 cupronickel at 60KHz. [0040] In
conpari CW NEIE- EMS of a nono- | ayer of nickel on steel at 60 KHz gravitates

20 [0036] Figure 1 shows that each metal product, for example, cupronickel or stainless steel,
has its own conductivity at a fixed frequency. The product identified as RCM (for Royal
Canadian Mint) Ni-Cu-Ni (5-15-5) is a product consisting of a low carbon steel core (SAE
1006) plated with a layer of nickel of 5 microns, then a layer of copper of 15 microns, then
a final nickel layer of 5 microns.

25
The difference between single layer blanks and RCM Multi-layer Blanks is shown in Figure
2. Canadian Patent No. 2,019,568 (Truong et al.), which corresponds to United States
Patent No. 5,139,886 and United States Patent No. 5,151,167, describes an electroplating
process that is suitable for the purposes of the present invention. All of these patents are

30 hereby incorporated by reference.



around 110% I ACS, which is the approxi mate EMS of steel. The range of

val ues reflects the strong magnetic nature of steel and nickel. Practically
speaki ng, the variations 20 associated with nono-|ayer products are too
nunerous to be consi dered usabl e by vendi ng nachi ne manufacturers to
calibrate coin acceptors. In addition, steel cannot be considered as a

coi nage material for the foll ow ng reasons: rusts, it is a very common

Tount o 1offA feisPhl' @ B 18 Ry M ea/ bRy (BS-482%) Show, et they

ol atod sl B""’"‘*‘?Eﬁﬁ?%:"?ﬂ“ﬁ’“?e‘a:?:? I TRaICY | Hotwahd T0 Sa28 ¢
gnd in ﬁi\ﬁgrktit ihRe recalieddhat 'jgﬁa?g@é'smereﬁe@w sapnle, gpiny %U%aﬂr bEaeageeln n
the r a“%ﬁé‘?Wa%%dlA@S%%ﬂJé"& érﬁs&uér%yﬁqdwfe%weerc&rwhaQ al yaliebt 2;4' IACSS,

has to stabilize the EMS value wthin“a narrow range 30 desired
vendPng anddiein 7yhas a gelug]of R2HIAGS%. nthaeesinall variatiorcigrdusutsstherfactihial lta$ fvetyt

eyt SifiediEto RRIBNind AAAUCichroks s Biab RiARAN bBALI 3B B oSHALIGEpRu

nodi fyin ness o erra lreans -Tor controf

varyi ng blehausmtimmeposlttly domndhtdugheélecteo-galvanlél\matimg a:prmss Faitt i eknoureto 1 f

a nmetal ,can t.e the etfects.of , ma et| t he | s _of netismcan be

vari ed g}ﬂf @I'@lﬂb‘? @rtEN@e\PA?t{f@sdP&P% IS a f@ﬁh%‘]"%f"@'”copper i's

very conducti ve offers very | ow resi stance to el ectrical current flow and
netic. ther netals or alloys whi can, be con5| dered for the

'pfoﬁ?ﬂ’& [RRE gt Satlsh shows 1ha die Pras RO NLEER C&4.18) hes atdfarent fange,
gold, i aﬂbymud@iwws |ﬁ 35!9@6%“!40!5[ RR4Shs WhsR), ’ﬁﬂ&oﬁ%%@? 1B ribrdrs, of

pl at ed over steel erall magnetic value of the pair non- magneti c
metal -niskelel " conbination can be altered. This is an i nport ant
consideration for the nodul ation of the nmagnetic intensity of a netallic
conposite, allowing flexibility in changing the EMS val ues of the netals
f or med. [0BBY]EEigars 3 Bhowsrthie IBMS Iuf sleel bfi speees snulfi-phyhNi-CapdisRCMplating and of
non gnetlc t er over steel, various degrees of nmagnetism can be
Ran'PR% 339 d non-magnetic - steel pair. These significant

di scoverl es can serve as a powerful tool in the control of the EMS val ues
of coins and hence, in the prevention of fraud. 20[0045] In addition, the
degr oe 18P4QII8ckamparisoRo I EMS iofy2 Bremodhgen of Bisiel gn istad! b o KiHrearavitates

around 110% IACS, which is the approximate EMS of steel. The range of values reflects
the strong magnetic nature of steel and nickel. Practically speaking, the variations
20 associated with mono-layer products are too numerous to be considered usable by
vending machine manufacturers to calibrate coin acceptors. In addition, steel cannot be
considered as a coinage material for the following reasons: it rusts, it is a very common
material and if a coin is made of steel only, it may be readily counterfeited by anyone
equipped to cut a steel disc of the correct size.
25
[0041] As indicated above, steel and nickel are magnetic, and nickel plated steel is also
magnetic. In order to make a metal alloy less magnetic and in order to give it a more
stable EMS signal so that it can be used in the ranges devised by vending machine
manufacturers for calibration, one has to stabilize the EMS value within a narrow range
30 desired by the vending industry.

10



intensity of the electrical current going through the non-magnetic -steel
pair. In other words, the EMS of coins can be controlled through the
judicious selection of the thickness of the netals or alloys, or

conbi nation of netals or alloys, deposited on steel. For exanple, by

conbi ning netals such as copper, nickel and steel, the magnetic properties
25 and el ectrical conductivity of these netals can be advantageously

Cype. of 12042 AR nafral ef oah AtpSBRal Ak M elicBl e Sl Bt Bt
t o recogoirzand thdtfoandsd chdrmgeddby aiddifyingt the @hidknéds ofinaterial peovidddRicans F6P!

or reject coins. 30 MPLE 1 [0046] To illustrate the control that can
be exer P@H{r&ﬁng RBd &epERg %@W&W@V&\f’ | theggforep ths EMss ofigoing. dabthermore, if

| hvent | @mefdl $6h @8R thel afdctdl o iRBNBIEH! the'\BU&s f Hhbdiietdm Phi b8 viffed and

t hi cknesses of deposits of nicke nd copper, In alternate [ayers, on steel
bl anks tharefore &S values cad betmodulgtedt t he conbi ned effect of the |ayers of
ni ckel and copper at different frequencies was neasured, and different
results were obtained, as anticipated. 5 [0047] Figure 4 illustrates the

di f f er e[0943] Rutcheoprerds verynemieictive, wffape veryelowofesiskdradestobslecteiohii currant lflayer s

f nickel ,and . Specifically, thi h shows .th stivity of th
il 11 < 1 Qe R B8Rt Ol meBlaar atlys i G2y Be POCIREA Snke RRHiTON | o
t he ni cégihs bpy,atithoveliMitaedrsl AMamuA) zincT IR, sfivaXigold iedient BrassCarit BloABk.

nunper while the Y axis 10 shows the resistivity of the coins neasured at
60KIZ with a Dr. Foerster conductivity neter. [ 0048] Each | ayer exerts a

certai ooitk WPRA% Abn-mifyrie® Mital RepIGRINSverSiédiCtRIbvalEh HaurBR¥Sallid SEmen!

i nfluences.” Tests e shown t anges 1 n the thIVC ess of the copper
| ayer apgieest ‘nan-giagoetic majalEvStedlc cootinatjon0d®) behalteredndThis ishan éhpaortantcal

i or ons SR RE e mblaBh 3B iRk ighushy o il issie. Shovings.

7) W t Hlekibility dn whangihgcihepPEMS Miluks of thé-retaly fdrased h®idrevast! by eirfieig the

res1i55t itKljcs(Xegmé top thzeodégosqz 8¥ %nes ngg-rggfr%?ig'metal layer over steel, various degrees of
magnetism can be imparted to the combined non-magnetic — steel pair. These significant
discoveries can serve as a powerful tool in the control of the EMS values of coins and

hence, in the prevention of fraud.

20 [0045] In addition, the degree of electrical conductivity can significantly influence the
intensity of the electrical current going through the non-magnetic -steel pair. In other
words, the EMS of coins can be controlled through the judicious selection of the thickness
of the metals or alloys, or combination of metals or alloys, deposited on steel. For
example, by combining metals such as copper, nickel and steel, the magnetic properties

25 and electrical conductivity of these metals can be advantageously combined to change the
EMS of the resulting coins in order to give to each type of coin a range of specific values
which can be used by coin acceptors to recognize, differentiate, discriminate and

ultimately, to either accept or reject the coins.

30 EXAMPLE 1
[0046] To illustrate the control that can be exerted on the electromagnetic signals of coins
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EXAMPLE 2 [0050] In another set of experinents, the EMS values of a large
nunber of coins were recorded. These coins, which were plated by a

mul ti-ply plating process such as that 25 described in Canadi an Pat ent No.
2,019,568 (Truong et al.), were allowed to pass through a comrercial coin
sorter, Scan Coin 4000 (Figure 5). The recorded values, identified as |Cl
(internal conductivity at coil 1) were plotted against the thickness of

ot ol 1 ogf AP SR TRORTH R s9ts. o cbHce s wies B RRa s Diferert
kv heediihpeibiod v pitningiynbrmglheigen
< appr G AN GRIMEN 8 Mk comoe GHreor Tite G OF TICkpL ANaFoRRer &
bet ween gftferént3tbqlieREiRS %vas measur@8241d & ffgliérn? resui8 Were BbEHIRES lasCAiticaAbd ON
bet ween the thickness of copper and the I ClL 5 values recorded by the Scan

Coi n5§orter EXAMPLE 3 10 [0053] In anot her series of experinents, three
(9 018 PSSO S RSl B, Wi hofE e B G RRHIE Ty
I nsi del\lcmlnblnlng layers of nickel and copper. Specifically, this graph shows the resistivity of the
multi-layered plated blanks as the level of copper content was varied while the nickel

layers were held constant. The X axis shows the coin blank number while the Y axis

10 shows the resistivity of the coins measured at 60KHz with a Dr. Foerster conductivity

meter.

[0048] Each layer exerts a certain influence on the EMS of the coins. Different metals
have different influences. Tests have shown that changes in the thickness of the copper

15 layer appear to affect the EMS the most.

[0049] The trend of the electrical conductivity change is very clear from Figure 4. Muiti 2
(7-14-7) with 14 microns of copper has, on average, a lower resistivity than Multi 3 (7-12-
7) with 12 microns of copper. Multi 1 (7-20-7) has the lowest average resistivity with 20

20 microns of copper.

EXAMPLE 2
[0050] In another set of experiments, the EMS values of a large number of coins were

recorded. These coins, which were plated by a multi-ply plating process such as that
25 described in Canadian Patent No. 2,019,568 (Truong et al.), were allowed to pass through
a commercial coin sorter, Scan Coin 4000 (Figure 5). The recorded values, identified as
IC1 (internal conductivity at coil 1) were plotted against the thickness of copper found by
cross-sectioning the coins, mounting the coins for metallographical observation and
measuring optically the thickness of the different layers of copper and nickel in the coins.

30
[0051] The internal nickel layer is fairly constant at 6 microns and the external nickel layer

12



Layer

Copper Layer QutsideN ckel Layer Sanple 1 (red plot 7p 12 p 5 p

Sanple 2 (green plot) 7p 19 p 5 p Sanpl e3(bl ue pl ot)

10

15

20

is approximately between 10 and 11.5 microns. The copper layer varies between 4 to 24

microns.

[0052] Figure 5 shows a direct correlation between the thickness of copper and the IC1

values recorded by the Scan Coin sorter.

EXAMPLE 3
[0053] In another series of experiments, three (3) different types of blanks were plated with

the following arrangements of plating thickness conditions:

Thickness of Plating

Blank Type Inside Nickel | Copper Layer Outside Nickel
Layer Layer

Sample 1 (red plot | 7 u 12 u Su

Sample 2 (green |7 u 19 u 5u

plot)

Sample 3 (blue |7y 26 u 5u

plot)

[0054] The blanks were minted into coins and the coins were passed through the
commercial ScanCoin coin sorter, model 4000, which measures the coin conductivity.

[0055] Figure 6 shows the conductivity analysis by population on the X axis while the coin
Y axis shows the conductivity values for all 3 samples. The 3 representations (at the right
hand corner of Figure 6) are typical bell curve distributions of the same data for the 3
types of blanks. Once again, it may be seen that as the thickness of the copper layer is
changed, the conductivity of the coins also changes, and these differences allow the coin
reader of the ScanCoin coin sorter to differentiate, to recognize and to sort the coins.

13



7p 26 p 5 p 15 [0054] The blanks were mnted into coins and the coins were
passed through the commercial ScanCoin coin sorter, nodel 4000, which
nmeasures the coin conductivity. [0055] Figure 6 shows the conductivity

anal ysis by population on the X axis while the coin Y axis shows the
conductivity values for all 3 sanples. The 3 representations (at the right
20 hand corner of Figure 6) are typical bell curve distributions of the

same dat 1 Y b i ' : th he
i cknod 205671 B e RS0, Hlon o8 B ra RGP oftRsBs, b ITefiGeg R M Wl iE ot

al so chahg&scoimsdrd helsperdeptitds becassenh [differbhee obarfewanitesnsobdf tdppebdsioCihan
coin sorter tﬁ) ' fereB%iate, to recognize and to sort the coins. [0056]
It shoulPiIg R ©fiP19tor all practical purposes, the differences in the
wei ghts of the 3 coins are not perceptible because a difference of a few

m crons of copper is of the order of 0.005% to 0.01g. 5 %0057 Thi's _

i nveht i (PSThdbisphventipssthys peevidemarernupoweat! toel ohehangetthe ajfcoisi néis | t

: . — . ke it. , ol
conduct Pyl SPER, i pBEACE TRKER R DdsSpROSE elef 1 kel AaBAfl of
met al | umgtallic cainsoytdich [sOUAPpsIible wittacomaitionalevellutdicad alloysent i on are

enornous since this nethod provides 10 neans to alter the physical and
el ectrical properties of coins without having to substantially change all oy

conposi {0088FThd gﬁa@ﬁ@ﬂ asses! 6f s GHeentiopr dres @PBANDGS | sirkied this ometiR®l piovides
excellent nethod to create different el ectromagnetic signals for coin
di f1Qr eMeaRei th alkarckne Physicahand wlectigalopreperiignnf, coins without having to

substantially change alloy compositions. The process is unique, very economical and
provides an excellent method to create different electromagnetic signals for coin

differentiation which is not possible by other means.

156 [0059] Each alloy has its own EMS. A small change in alloy composition over 1 percent
does not change the EMS of the alloy. In multi-ply electroplating, it is possible to change
the EMS of the metal product significantly by making a judicious change of the order of a
few microns in the copper layer deposit which represents a change of less than 0.005
percent of the weight of the coin.

20
[0060] This concept applies to a deposit of 2 or more layers of metals, at least one of
which is non magnetic, such as copper, zinc, tin, aluminum, silver, gold, indium, brass or
bronze.
[0061] The above-described embodiments of the invention are intended to be examples

25 only. Variations, alterations and modifications can be made to the particular embodiments
described herein by those of skill in the art without departing from the scope of the

invention, as defined in the appended claims.

14



15 [0059] Each alloy has its own EMS. A snmall change in alloy conposition
over 1 percent does not change the EMS of the alloy. In nulti-ply

el ectroplating, it is possible to change the EMS of the netal product
significantly by making a judicious change of the order of a few mcrons in
t he copper | ayer deposit which represents a change of |ess than 0.005
percent of the weight of the coin. 20 [0060] This concept applies to a
deposit of 2 or nore |layers of netals, at |east one of which is non
magneti c, S zinc, tin, alumnum silver, gold, indium brass
or bronzes: e-descri bed enbodi nents of the invention are
intended to be exanples 25 only. Variations, alterations and nodifications
can be nmade to the particul ar enbodi nents described herein by those of
skill in fhe a/P\tmﬂI%”WoFi@mééﬁéﬁ tCPWgV"Ftho@nm@@'@f@ép@eéim'fnﬁgn?ﬁ'ﬁlémaﬁﬂe as
defi ned |80,§1P§S|§§pended claims. WHAT IS CLAIMED IS: 1. Anetallic
conposite co th a nodul ated el ectronmagnetic signature, conprising:

a core Iayer aan dowt lay eraand aMeastttWerotharylaysrsedlecitammbdtoadr theea:oreﬂmyempre

| ayer, | east one of the. |ayers.is made of.a n tlc met al
or a1 | oy Sl 3 1287 Shn & Bre e iny BAGE e Tl et el Fehu it o

al 1 oy, thsgt jetist @®sbf thedlagbheis thayeos ahmugn@;ot me@qrmaﬂl@g #rl gcleast @ecor di ng

to their Ihectromagnetlc Rropert es nmetallic conposite coin as

defi ned i Pher da¥R™s haeg & Wk”?%@scéﬁ'éc e&‘y@PCQfQHQ 49 sthélrr elermagneticet al or
al | oy; propeRfe@ Oof the at least two other layers is an internmediate |ayer
consisting of a magnetic netal or alloy electroplated over said core |ayer;
and anot her of the at least two other |ayers is an outer |ayer
consistl of I " o ted over said

i nter rredl ate I'gn%(r?gmggg&%é?e {Sr(?h(?asco%rﬂngh "%Iaﬁjgﬁn%%% @fl ned in claim2,

further corrprlt!aeragrealayagcmsms nséaalhagnetlalmmleﬂamropl ated over said outer
layer to for m06}1ef c?fl"{he at Ieaays?two other layers is an intermediate layer consisting of a
magnetic metal or alloy electroplated over said core layer; and
another of the at least two other layers is an outer layer consisting of a

non-magnetic metal or alloy electroplated over said intermediate layer.

3. A metallic composite coin as defined in claim 2, further comprising a
magnetic metal or alloy electroplated over said outer layer to form a fourth

layer.

4. A metallic composite coin as defined in claim 3, further comprising a non-
magnetic metal or alloy electroplated over said fourth layer to form a fifth

layer.

5. A metallic composite coin as defined in claim 2, further comprising a non-
magnetic metal or alloy electroplated over said outer layer to form a fourth

layer.

6. A metallic composite coin as defined in claim 5, further comprising a

magnetic metal or alloy electroplated over said fourth to form a fifth layer.

15



4. A nmetallic conposite coin as defined in claim3, further conprising a
non- magnetic nmetal or alloy el ectroplated over said fourth layer to forma
fifth layer. 5. A nmetallic conposite coin as defined in claim2, further
conprising a non- magnetic netal or alloy electroplated over said outer

| ayer to forma fourth layer. 6. A netallic conposite coin as defined in
claimb5, further conprising a magnetic netal or alloy el ectropl ated over
said fourth to forma fifth layer. 7. A netallic conposite coin as defined
inclaiml, wherein: the core |layer consists of a magnetic metal or all oy;
one of the at least two other layers is an internediate |ayer consisting of

a non- magnreti c Ampé@llicion®dsa¥ colregs aemert incidmer, vimdréincor e | ayer; and
anot her of the at least two other layers is an outer |ayer consisting of a

magneti ¢ et al 6y CAE Ber eppeistssidamaaneiemetdicsallt er medi ate ayer. 8. A
metal lic conpoghd gf f & Ié?stqwco' cﬂﬁéir I'ager%l ié'a’ﬁ‘iﬁtenfn!éﬂfalﬂﬂa\y‘éPEBﬁéti%ﬁr&go@a

magnetic metal or alloy electroplated over said outer Tayer rma
fourth | apen-magneticmeetal o alloy@igaxiplaied over said defe lager; iandcl ai m 8, furt her

conprising a ngn net i,c |, or alloy._electropla over said fqurth
Tayer to Torm SRR Al i 8F éhsh Bho Biadtebr 8 A oI o oo B eiba i
claim7, Mmaghbic ntalpriatibngleztroplated)oedr saidBiterimertiatalidyey. el ectropl at ed over
said outer layer to forma fourth layer. 11. A netallic conposite coin as

defined in claim210, further conprising a
8. A metallic composite coin as defined in claim 7, further comprising a

magnetic metal or alloy electroplated over said outer layer to form a fourth

layer.

9. A metallic composite coin as defined in claim 8, further comprising a non-

magnetic metal or alloy electroplated over said fourth layer to form a fifth

layer.

10. A metallic composite coin as defined in claim 7, further comprising a non-
magnetic metal or alloy electroplated over said outer layer to form a fourth

layer.

11. A metallic composite coin as defined in claim 10, further comprising a

magnetic metal or alloy electroplated over said fourth to form a fifth layer.

12. A metallic composite coin as defined in claim 1, wherein:

the core layer consists of a non-magnetic metal or alloy;

one of the at least two other layers is an intermediate layer consisting of a
magnetic metal or alloy electroplated over said core layer; and

another of the at least two other layers is an outer layer consisting of a

non-magnetic metal or alloy electroplated over said intermediate layer.

16



magnetic netal or alloy electroplated over said fourth to forma fifth
| ayer. 12. A netallic conposite coin as defined in claiml, wherein: the

core layer consists of a non-magnetic nmetal or alloy; one of the at
| east two other layers is an internmedi ate | ayer consisting of a magnetic
metal or alloy electroplated over said core |ayer; and anot her of the

at least two other layers is an outer |ayer consisting of a non-nagnetic
netal or alloy electroplated over said internediate layer. 13. A netallic
conposite,goi n,as fined in.claim212 further, conpri,ssing a magneti c netal
or Bl oy dPect Aopelic BEnepRLS B aF dierag o “Ciat g e foTPIEgR S 1.
metal | i ¢ conpogiagaeti®ietaisor daiby eesttioplatédbverishid buter Ndyer¢O fahi 8ife\gtR
nonmagnetic nmetal or alloy electroplated over said fourth layer to forma
fifth |ayer. 18YeA netallic conposite coin as defined in claim12, further
conprising a nonmagnetic netal or alloy electroplated over said outer |ayer
to forma fourth layer. 16. A netallic conposite coin as defined in claim
15, furt hé4. coApnétallingompasieacvincasdefiieddn cidimol3, élidarraoptrriség aven- sai d

clai m 1, wher o RO He IS aloh e bR L b SARNREHA TR AE1 B R S 2 1 o,

one of the at lgast two other |layers is an internedi ate | ayer consisting of
a non-magnetic nmetal or alloy electroplated over said core |ayer; and
another of the at least two other layers is an outer |ayer consisting of a

magnetic et al A Ghetallit @Briplo8Ré tOm! A @tirRUan chiinth 2, Ml rRLArRirPY 8bn-
magnetic metal or alloy electroplated over said outer layer to form a fourth

layer.

16. A metallic composite coin as defined in claim 15, further comprising a

magnetic metal or alloy electroplated over said fourth to form a fifth layer.

17. A metallic composite coin as defined in claim 1, wherein:

the core layer consists of a non-magnetic metal or alloy;

one of the at least two other layers is an intermediate layer consisting of a
non-magnetic metal or alloy electroplated over said core layer; and

another of the at least two other layers is an outer layer consisting of a

magnetic metal or alloy electroplated over said intermediate layer.

18. A metallic composite coin as defined in claim 17, further comprising a
magnetic metal or alloy electroplated over said outer layer to form a fourth

layer.

19. A metallic composite coin as defined in claim 18, further comprising a non-
magnetic metal or alloy electroplated over said fourth layer to form a fifth

layer.
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18. A nmetallic conposite coin as defined in claim17, further conprising a
magnetic netal or alloy electroplated over said outer |ayer to forma
fourth layer. 19. A netallic conposite coin as defined in claim18, further
conprising a nonnmagnetic netal or alloy electroplated over said fourth

| ayer to forma fifth layer. 20. A netallic conposite coin as defined in
claim17, further conprising a nonmagnetic netal or alloy el ectroplated
over said outer layer to forma fourth layer. 21. A netallic conposite coin

as defined,in ¢laim20, further.conprisi maghetic netal .or alloy
ST corrop 8Pua ByBPBUE temERorESY BEtes iR ulifers it &Ry
conposi te coi nragnded hizesl drraliapelevnephited baémgaid olier Jdyerub esren A ot
magnetic nmetal or alloy is chosen fromthe group consisting of but not

limted to nicl¥er- cobalt, chronmium stainless steel and
austenitic-ferritic steel. 23. A netallic conposite coin as defined in any
one of clains 1 to 21, wherein said non-magnetic netal or alloy is chosen
from t he gtoupAcortdllir cogposithgpimaes ddfimetiad ¢laint @fpdurtheri eemptising a

al um num silver i,ndi r [ i | i onposite
coin as defi neﬁlapﬂg@%&%&r{e%(?@ﬂ&fagfﬁé&f@go‘%%gﬁ@}@mo?gﬂﬁgmbr@feﬁb met al
or alloy is nickel, chromum steel or austentic-ferritic steel, and said
non- nagney j ¢ tal, or alloy.is co r, zjnc, tin, alumnum _silver, gold,
'ndi um’ b BimeielksRmesbite Rolfag e RelvrResorHE S | & eonpbeiin "col h
as defined i n gy nodhelit nsdtdl oBallbyli® cRsenMibifithe YroAds 86hHstingUbfidut Py

el ectroplating. 26. A method as défined in claim25, wherein said

el ect ropl at i nglimiéedy40 \nigket eohadt chpImamgstainiess Heakband | ustenitipiaiiiie coin

wi th a nodul atﬁgelel ectronmagneti c signature,

23. A metallic composite coin as defined in any one of claims 1 to 21, wherein
said non-magnetic metal or alloy is chosen from the group consisting of
but not limited to copper, zinc, tin, aluminum, silver, gold, indium, brass

and bronze.

24. A metallic composite coin as defined in any one of claims 1 to 21, wherein
said magnetic metal or alloy is nickel, chromium, steel or austentic-ferritic
steel, and said non-magnetic metal or alloy is copper, zinc, tin, aluminum,

silver, gold, indium, brass or bronze.

25. A method of making a metallic composite coin as defined in any one of

claims 1 to 24, which is based on multi-ply electroplating.

26. A method as defined in claim 25, wherein said electroplating is galvanic

electroplating.

27. A metallic composite coin with a modulated electromagnetic signature,

substantially as hereinbefore described, with reference to the examples.
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substantially as herei nbefore described, with reference to the exanples.
28. A net hod of making a netallic conposite coin as defined in any one of
claims 1 to 24, substantially as hereinbefore described, with reference to

t he exanpl es.

28. A method of making a metallic composite coin as defined in any one of
claims 1 to 24, substantially as hereinbefore described, with reference to the

examples.

19



