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 t he nlntlng i ndustry. More partlcularly the present
|nvent|o-
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jurisdictions are simlar, there is an opportunity for fraud. 1
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.




[ 0005] As referenced above, EMS val ues are not cal cul ated by any physical,
chem cal or mathematical fornula. Rather, they are a set of nunbers
generated by software and algorithnms devised by each coin acceptor
mechani 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 weight, the alloy conposition, etc., of a coin at different

frequencies. Moreover, these values are not single repetitive val ues which
identify the characteristics of the coin. Rather than bei ng exact; the
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P Sigmascope® I\F/)IP10 conductivity 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 steef, 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




2 States Patent No. 4,330,599 and United States Patent No. 4,599, 270.

[ 0009] Inconveniently, coin acceptor nmechanisns in the vending industry
often cannot differentiate between coins fromdifferent countries that are
made of the sane alloy and 5 have approxi mately the sane dianeter,

t hi ckness and weight. In addition, nono-ply plated steel coins have EMSs
that are so variable and so close to that of steel that many vending
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corrosb%% nt steel, such as ferritic-chrom um steel, and cl addi ng

| ayers %§ sides of this core layer with a second

corr03| on-r esi stant steel, such as austenitic nickel- 20 chrom um steel .
unterfeiters are activel s, to
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but t h&ermean Ratent Applicatinatliz 384782 abdsu% PatentiNe.r3,684890, [awmeip mgtallic
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coins that are a suitable as an alternative to nickel- containing coins, the method
comprising the steps of forming a laminated composite comprising a core layer of a first
corrosion-resistant steel, such as ferritic-chromium steel, and cladding layers on opposite
sides of this core layer with a second corrosion-resistant steel, such as austenitic nickel-
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 iegal 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 resuit in a breach of

security and revenue when vending machines cannot distinguish coins from two different
3




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 jeopardize the
vendi ng nmachi ne industry, 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 able.
Specifically, the present invention relates to novel nmulti-ply netallic
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two coins having the sane physical features even though they have different
designs is a unique and very powerful tool to control the m suse of coins
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designs is a unique and very powerful fool to control the misuse of coins of one country in
another country. Unlike human beings, coin acceptor mechanisms in their present
20 technological state do not look at the visual or graphical features of coins to identify them.
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, zinc, tin, aluminum, silver, goid, indium, brass or bronze, the intensity of the
induced current can alsc be modulated. Specifically, by controlling the thickness of the




I nduced current can al so be nodul ated. Specifically, by controlling the

t hi ckness of the 4 |ayers of the paired conbination of nagnetic and

non- magnetic nmaterials, the coin will generate conpletely different

i nduced currents, which in turn allow coin acceptor nechanisns to

di stingui sh coins even though they may have the sane dianeter, thickness
and either an identical or simlar weight. 5 [0017] Single |ayer plating,
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produces netallic conposites whereby the core nay be steel over which
ni ckel and then a non-nmagnetic netal such as copper, or brass, or bronze
can belHepohimug-ply piatingyrosasgptiat pregicesiaetallic Gampesitesoviel oyyrcome the

problem of being unable to differentiate between two coins comprising the same
alioy and of the same size;
15

2) A muilti-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 prevenis 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 conirolled 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 nicke! 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




defining the thickness of the deposited netal layers. 30 Alternatively, the
magneti ¢ and non-magnetic pair may be plated in the reverse 5 order, that
is, copper over steel followed by nickel. The key is in controlling the

t hi cknesses of the layers of netals deposited. 5) A nmulti-ply plating
process whereby (1) a magnetic netal such as nickel or cobalt is 5 plated
over a magnetic steel core, then (2) a non nagnetic netal such as, but not
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is 25 deposited to give a val ue-added appearance and to nodify the
conductivity or the color of the conposite product conbination (nickel -

sil ver g NiaC ! t ol g ; ' ;
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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 goid 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.




[ 0019] Ot her objects, advantages and features of the present invention wll
becone 30 apparent upon reading of the follow ng non-restrictive
description of enbodi nents thereof, given by way of exanple only with
reference to the acconpanyi ng drawi ngs. 6 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0020] Figure 1: Conductivity of different netallic conposites. 5 [0021]
Figure 2: Plating Processes (A) Single ply technology has one coating of
metal over a steel blank, such as nickel over steel for white coins,

copper over steel for red coins and bronze or brass over steel for yellow
coi ns; BRIEFF DESCGRIRTIOShORINHEDRAWINGSN) nulti-ply technol ogy utilizes
nore than one | ayer of coating, for exanple, in the case of red 10 and

yell o ni ck ove foI co r, bronze or brass,
depend[orc?goﬂﬁiqqfﬁ'l §9 ‘66(0‘? §T6P ?ﬁm@'&%ﬁp‘gﬁﬁ S(0) In one enbodi ment,
theg RCM nul ti-ply technol ogy utilizes three |ayers for the production
white coins, wherein the first Is nickel, the second |ayer is copper
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sandwich of layers.
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[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] Al 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 'fl;'OITI each qther so that no sig_nificant current is picked up by

a current analyser connected to the live coils.




7 [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

i nduced as the coin goes past the coils (sensors). The inductance of the
sensors conbined 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 conbines the 2
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coin and the Canadian five (5) cent coin (dated prior to 1999) are both
made of cugr oni ckel (75% copper 25% ni ckel) and cannot be differentiated
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count epbginty 4if B8R HiflaléqBFLISTBERY REMERATAE Eoflg, not rely on the

pi ctorial® or vi esl cognize and to differentiate the coins.
30

15  [0031] Accordingly, coins of the same alloy and approximately of the same diameter
cannot be differentiated by the coin acceptors. For example, the US five (5) cent coin and
the Canadian five (5) cent coin (dated prior to 1999) are both made of cupronickel (75%
copper 25% nickel) and cannot be differentiated by the existing coin acceptors in the
market.

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 be 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




[ 0033] The object of this invention is the creation of netallic conposites
that are suitable 8 for coin production. The resulting coinage products
are unique since they help to elimnate the problens associated with

| ook-al i ke coins which have pl agued many European, North American and

Asi an econom es. Many nations have a broad base of automated nerchandi sing
services that rely in the use of coins, including automatic candy 5

mach! NS oSN B8duRtiGRC NTRE SreslifingPEAREGe . Blilcts” bk URIGUBCSRRESthey ChéIBC1q
machi nes, public or comopn tranSit services, parking ters, road, tolls,
casi noeligimnitgathien groblems nassociated with dook-@likg arfing hehiph ebave plaguad insany

G 1 er Buronteah ok EanraTd, AR cpromis ot RtiohE RETE LRRed Wke B
way t oautdmetbdaherchandising seplicesithiab eelg tmthrdiisd 6f ¢aing, dheluding eitomatid Cardy
characteristics to jts current conducti vj tgé measured in | ACS%

(i n® er MAGHIES, SANMWISh deachings, delerhenrsa Salt SEink dizpenasrs, coties mashiinse PPlih ows
the typy %hrﬁ@r‘i‘(ité\?l%iﬂ’éefr\)ic&r,m%rf(ihgrﬁ@fer@,'rr{)deé)r@@t&, ehdih6s %PrbéeéfrﬁB RigcRihes. 15

The coin identification nu (Corn nu 0 coln nu appears on

t he X dhpdovehepigeatihetpresent inverting shouls benuseful for such ser@esappears on the
Y axis. The neasurenents were done using a Dr. Foerster' STM conductivity
nmeter at different frequencies. 20 [0036] Figure 1 shows that each netal
pr oduc {003#p Bireeaoninh accepiprsdwiveldifferent sivanslaad watsasflcapturing aridsregording the

CaBar MG RStk to, Mateste) dac, 10 lRiatd e cosritent i do Jitate B walatln *
steel gRramicierdlics 1906 cﬂhéh?‘éoﬁﬂlﬁélivﬂyhﬂéﬁéurleﬂ il ACE%0 (inferAbidifdl Sanridaf 2

| ayer of copper of 15 microns, then "a final nickel layer of 5 mcrons. 25
The di FoRpeifdandard Reeeendagryl e | ayer bl anks and RCM Mul ti -l ayer 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, [00B5] bigureldsshavse theatypidab condipdtivity o differentatlioyshatt differet iftesjoleaciesr

t g5 PUTRESSTh MlentfSadntifiber (SO hiRBer 4t Bin hiiSBEr BB} SP5Sard'dh the X axis
and conductivity of the metal measured in IACS% appears on the Y axis. The
measurements were done using a Dr. Foerster's™ conductivity meter at different

frequencies.

20 [0036] Figure 1 shows that each metal product, for example, cupronickel or stainiess 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.




30 hereby incorporated by reference. 9 [0037] Returning now to Figure 1,
the RCM Mul ti-ply blanks (7.5-20-7.5) show that they have a snmall range of
conductivity values, at the 60KHz frequency, between 20 and 28 |1ACS% It
will be recalled that the X axis represents a sanple coin nunber. Each coin
nunber has a | ACS% val ue at a frequency. For exanple, coin 4 has a val ue of
24 | ACS% 5 and coin 7 has a value of 22 ACS% The small variation is due

to the Rei@hirid né - W ] 1 te )ty
ol at od STL HERnind nod WFurel, HeROM MUERR, DRk 1P 20 1 0) srop et e,
t hr ougihaxe & smallgange of coptuctivity, valuigs; ¢t dke 60KEZ frequensynbelweanh2d andf28

Kill i _— lhati ' . i [ n.
0 [ 00 7 SH o e Fecingl s (RER s feBestily 2 AT Soir FpSE. BabB LS
di f f er eambenihge a KICSBnalue atva fryquén?ywai@grdggtrﬂﬂb,\ddim4 %ﬁsra’ valoe of B«t:_ VSGS:‘% 2
m n W 15 mcero 0 c . (. _Flgur sno e 0
0 B S0 Bt s ek bl el et s Vel Bl
60KHz. diffiéiAOlo |doneBIMBRE iexabt tﬁiaexel%y&)mﬁedrmmi BEPbsP fand 6+<%E§g abpssit at
60 KHz gravitates around 110% | ACS, ich is the approximate EM5 of steel.
The raRgeawse the derosileis|danesthrugh elecagalagicepiatingiad precess thekis knaven to

| ckel td I ' ‘ - At | Wt h. nono-| ayer
kel iSRRG IIR o SR e e oot bl Qary SnaRatAh S oo, =
manuf acturers to calibrate coin acceptors. In addition, steel cannot be

id ' i,al f fol.l oW I ot it i
2 00 W Sioute 3o SodR e prciust FOMRREEN ELEETRS s & diroiel) Fange ' °
readi | yf epHOUEtVItg] tIEGvdy plabetPWith FBIwiieRad RicketUR ricfdrRetopPerC 18 mickehs of
correct  size. 25 [0041] As indicated above, steel and nickel are nagnetic,

and ni E'I@@P'-pl ated steel is also magnetic. In order to nmake a netal all oy
| ess magnetic and in order to give it a nore stable EMS signal so that it
can be used in the ranges devised by vendi ng nachi ne nmanufacturers for
cal i br §2038hFigune 3rstowsothet BMIS ofzsteel of Epaialanulbi-ply NHGu-Ni ROM platingnare of

15 cupronickel at 60KHz.

[0040] In comparison, the EMS of a mono-layer of nicke! on steel at 60 KHz gravitates
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 monc-layer products are too numerous fo 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 stee! is also
magnetic. In order to make a metal alloy less magnetic and in order to give it a more
stabie 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.
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30 desired by the vending industry. 10 [0042] A plated material that can
substantially affect the electrical current conductivity of a coin and
that can be changed by nodi fying the thickness of material provides neans
for controlling and varying the conductivity, and therefore, the EMSs of
coins. Furthernore, if a nmetal can negate the effects of nagnetism the
| evel s of magnetismcan be varied and 5 therefore EMS val ues can be

modul afdydz) hoéiét’éh lﬁﬂfe‘?laFﬂfHP%én 'sﬁbgﬁhﬁalrwm&hé/%|ec9icfa%§rn¥ﬁregﬁ9\ﬁw of a

reS|stance to electrical current ow “and 1S non magnetic al's or

al | oys coni and thaii cas hepkangadeby modifying tbedb@knesmobmat@rml pEovides meiansdar

limta n r 10

[00a4] CRfREoNIED L Eing I8 codubindb A inefiote, S EMAR o3GRS AltinetRiE [

val ue afmetada caparielgeté theoeffeuty ofetnagnaaas;ml the Ielvelsl of magfetisat can beavaried and

alt TIS an |rrportant deration for the nodul ation of the
gﬁ ﬂ'@r yalb‘P &aﬁéJPamPﬁ’@ E%’#—rposi te, allowing flexibility in

changl ng the EMS val ues of the netals fornmed. Mreover, by varying the 15

t hi ckness of the deposit of the non-magnetic netal Iayer over steel,

vari ouéooéﬁbPé& cepper s yant candusive peffarayant low rasistarce: heleatigaheusrent flovt i ¢

- I
"t hon R hon FERENS! Blhcr ABRAs ofaRGR R B BR SRLUEIEFOP IROBRLLANRA 8P
f r aud. caias [a0@AGithdut lierdkaiio n,caiumiriuen,dzing, diey, silvee) galtly indisim, boaskiand birdngecan

siﬂgificantly influence the intensity of the electrical current going
ugh the non-magnetic -steel pair. In other words, the EMS of coins can

be contgoal] Brthdnha edBtmbadseticufbe @3/ plated @Géﬂ §teeDfthé Beeﬁahlrﬁagmrt vallie bhthe

metals or alloys, or conbination of netals or alloi/‘ 03|ted on steel.
For eRaked cnomwnagnetic Mmeaigl mestert camabination sapehe a e@da aﬁ;dlsSa@emportﬁet

magnet

ndvant SonSRBoh 1 iné it the forkRIMERSY b Hotfie SomBELR: uERhal,

to g| VﬂemblllHaE'IhCth)lthQ:@M}S avaluasgef Hfe smtalsffoomedl. d\éereoublr cby vanyingethes ed
h%%@g Oo? etﬁ? hgerprogﬁ cog Bbe %pn?ﬂélfaéﬁ?t c? h‘ig?%lelpxgr S%r' srpeela vanous 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 metais 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 accepiors fo recognize, differentiate, discriminate and
ultimately, to either accept or reject the coins.

30 EXAMPLE1
[0046] To illustrate the control that can be exeried on the electromagnetic signals of coins
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30 EXAVPLElI [0046] To illustrate the control that can be exerted on the

el ectromagnetic signals of coins 11 of the present invention, a series of
pl ati ng experinents were conducted. Different thicknesses of deposits of

ni ckel and copper, in alternate |ayers, on steel blanks were made. The
conductivity of the conbined effect of the |ayers of nickel and copper at
different frequencies was neasured, and different results were obtained, as

anti ci ppttRé- preséMOthibniiorg Us Ssetids! bﬁ%lét@beéxﬁé}ﬁ“n&hty ﬁé@‘%nﬂ&t&ﬂe Different
el ectro- magnetlc properties of netals nbi ni n% ayers of nickel and
ye

copper thiginasses odlidepositsio ImI@bmngrmwer.h@ alé@ngte ;s ¢in stegl blanks were
lti- I I
'Enﬁe Ini bﬁéeqaer eﬁ&%e?é@ecﬁg'ﬂﬂ%fé congfb ?d/%klfﬁ&f ngﬁ?géy e’%e col n aénjrkg\pl ©

nunber differént ftduypiehcies washicasired, afnbdiffessrd resulisywere dhﬂmned; asamticigaiedd at

60 with a Dr. Foerster conductivity neter. [0048] Each | ayer exerts a
cerfain influence on the EMS of the coins. Different metals have different

I nf| ueupa?) FikRrd I MayiLated N8 diffFbn6d AN 8RS cldttrobfalRbtik riids 6kl
15 layer a ]p -eégr to affect the EMS the npst. R0049 Theﬁfari%nd of the d

ol cct 1 EombINiG (AYSTs O Rigkel raMgeRPer. SpecBral s GRANY shows Hhe asiativity of the
|
{nan OB plpted B aq SRSVl bl LRI,y VANEQ JiB. B i |

| onest layers wgee thetd sonstany wihehX Zxis 8bows dhermnmblankpwnbeEWhﬂ@LtEe?f [a3&50]

I n,anot t of. nts. the EMS v enu er of. coi.ns
wel €38k 6% 85infidlEt, e Soims, DRetiBa 4 4142 by, anhr s FOHRT eciak®
procesmegerch as that 25 described in Canadi an Patent: No. 2,019,568 (Truong
et al.), were allowed to pass through a commercial coin sorter, Scan Coin
4000 (Figure 5). The recorded val ues, identified as |1Cl (internal

CondUC dous] Eadh | x%?;t V@c%rtﬂin%hﬁ@nc?&%h ﬁé ENMS & Hék&ﬁﬁ§ C[Plfféfé‘h‘t)‘?ﬁetfaﬁmd
SS- sectlo ng e colns, nounting the coins or met al | ographi ca
obser vlaave) diftenent 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. Multi 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 nhumber 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 nickef in the coins.
30

[0051] The internal nickel layer is fairly constant at 6 microns and the external nicket layer
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measuring optically the thickness of the different |ayers 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 is approximtely
between 10 and 11.5 m crons. The copper |ayer varies between 4 to 24

m crons. [0052] Figure 5 shows a direct correlation between the thickness
of copper and the ICL 5 values recorded by the Scan Coin sorter. EXAMPLE 3
10_ [ 0033hoproxRERBetNEE 9D 4id PXBANICEHY. STh BoESerlid)erdidricsitutheb A9 2f

bl anks mere plated wwth the tollowng arrangenents of plating thickness
condi t FIGFONSThi ckness of Platlng Bl ank Type Inside N ckel Copper Layer
Qutside Nickel Layer Layer Sanple 1 (red plot 7 N 12 N 5'U Sanple 2
(green 7 N19P 5 N plot) Sanple 3 (blue 7 N26 N5 p plot) 15 [0054] The
bl anks [omp Figuné €5dshusw$> ac@i'rm coneldtiva metween \the ¢hipkisessdoft toppey faridhihe 1C1

co rC| Scan r gndel 4000, which neasures the coin

con ucV? §eco%¥’ é&@'§ﬂ s the conductivity analysis by

popul ati on on the X aX|s mhlle 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 sanme data
for the 3 types of blanks. Once again, it may be seen that as the

t hi ckness of the copper layer is changed, the conductivity of the coins
al so cEﬁﬁUﬂBLEéhd t hese differences all ow the coin reader of the ScanCoin

Cow stotsgf In an&hg; s?ér?erét(') expénmen e?hr% (éfdl erentt ?ypsé%rcgf ban%scveergsplatzlag 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 y 12 iy S5u

Sample 2 (green |7 y 19y S5u

plot)

Sample 3 (blue |7 yu 26 y 5u

plot)

15 [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
20 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




[0056] It should be noted that, for all practical purposes, the differences
in the weights of the 3 coins are not perceptible because a difference of
a few mcrons of copper is of the order of 0.005g to 0.01 g. 5 [0057] This
i nvention thus provides a very powerful tool to change the EMS of coins. It
IS quite unique since the process nakes it possible to alter the

el ectrical conductivity of mnetallic coins which is not possible with

convenigosBpit SHRURI b rdtethat! fop il - prb&%ﬁbuab@.eer%tdrﬁéﬂen\éé% e Waigﬁts of
i nvention are enornous since this method provides 10 neans to al ter

physi cHie ar@ing aE mtoeﬁrcwt@% beradsef diffaraaceof Bdew migremsyot eopper is of the

subst aptd ldf oy conpositions. The process is unique, very
econoni ca I‘OVI an excellent nmethod to create different

el ect romagnet ic signals for coin differentiation which is not possible by

contpos RSB THBrvaPBE thER pro et 4 13 phuRyll Babtshsngd Prefi pons, Fls *¥

rml ti-glie &Jrﬁ?w @mlcat ﬂh@gprobés$ dessit Posible dhainae thé hledtial oridaetiviBt of
product Si cantly maki nlgﬁb t']ﬂudlmous change of the order of a” few
Wl

ni cr on§etal @ﬁ@m@aﬂ}s@?iawwsa@ capyertionabmetallrgical ala¥hge 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 nmetals, at |east one of which is non

rragnet [09585Tbée precticgipesss of this inventical ané ramormeus veince dlisdmethudi providesass

"1Qnalels 2 A ABE A  oRfticdl 3RabETRE SoficcuRe WFLBRRELE ons
can besubstantiallyt dtearr iU bampesitions. TETHes ﬁrot@%sns hetigis redrp deonbhmiss am‘d
skill in the art without departing frompthe sco of the |nvent| n, as
def i neBRAViRash &Ny SYeRIRT MIethor. tor AregtpTdifierent Apleisomagnetic ASigaals| fare coin
;ﬁ”posdmré‘rﬁﬁﬂbh%m is/hdl Po8sibRYY offef fiedhs@ non-magnetic netal or alloy;
15 [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 represenis 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.
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5 A second | ayer plated over said core |layer consisting of a magnetic netal
or alloy. 2. Anetallic conposite conprising: A core |layer made of a
magnetic netal or alloy; and A second | ayer plated over said core |ayer
consi sting of a non-nmagnetic netal or 10 alloy. 3. A netallic conposite
conprising: A core |layer consisting of a magnetic netal or alloy; An

I nternmedi ate | ayer consisting of a magnetic netal or alloy plated over said
core {pHAMMS CLAIMEDISOuUt er | ayer consisting of a non-magnetic netal or
all oy pratea over sald internediate layer. 4. A nmetallic conposite as
defined in claim3, further conprising a magnetic netal or 20 alloy plated
over said out . : rth layer. 5. A netallic conposite as
defined’in C @P%H%y&?@ﬁ%%@ n{)sﬁrl@l ng a non-nmagnetic nmetal or alloy

pl at ed over Asaord ldyenmdde afyenon-endgeretic métalf drhallogyand 25 6. A netallic

conposite as defined in claim3, further conprising a non-magnetic _netal
or BIloy pl AeRFod daver aidted gVer saig Epie laver Ronsistig aTia magastc metal okaliay. | c
conposite as defined in claim6, further conprising a nagnetic netal or

alloy plated over said fourth to forma fifth layer. 30 8. A netallic
conpositt e cOrpetalicpmpasiteicomprising | ayer consisting of a magnetic metal or

alloy: An i B SRR niad P maBRSlS el By gty mRonet i ¢ netal or all oy
pl ated over sal core layer; dnd An outer 'yer consisting of a nagnetic
met al or al Aocsequindtlayeroplatedsavat said eone thyer eonSistiay ef a non-magnetic metal or

10 alloy.

3. A metallic composite comprising:
A core layer consisting of a magnetic metal or alloy;
An intermediate layer consisting of a magnetic metal or alloy plated over said core
15 layer; and
An outer Iayef consisting of a non-magnetic metal or alloy plated over said
intermediate layer.

4. A metallic composite as defined in claim 3, further comprising a magnetic metal or
20 alloy plated over said outer layer to form a fourth layer.
5. A metallic composite as defined-in claim 4, further comprising 'a non-magnetic

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

25 6. A metallic composite as defined in claim 3, further comprising a non-magnetic
metal or alloy plated over said-ocuterlayer-to-form a fourth layer.

7. A metallic composite as defined in claim 6, further comprising a magnetic metal or
alloy plated over said fourth to form a fifth layer.
30

8. A metallic composite comprising:

15




9. Anetallic as defined in claim8, further conprising a nagnetic netal or
alloy plated over said outer layer to forma fourth layer. 10 10. A
netallic as defined in claim9, further conprising a non-nmagnetic netal or
alloy plated over said fourth layer to forma fifth layer. 11. A netallic
conposite as defined in claim@8, further conprising a non-magnetic netal
or alloy plated over said outer layer to forma fourth layer. 15 12. A

metal lic coweq@ya%oﬁefsnﬁ@dfama“dr@umrﬁétal dridiloyer conprising a magnetic
nmetal or aIIo_y l'ated over said fourth to forma fifth layer. 13. A

netallic co gtetre'le@ta%@rlamrrc@m@ng\oearr@n a@sﬂe&@mtgwrr@lomplateﬁmgnbt ic

nmetal or alg ?Qr germedl ate | ayer consisting of a nmagnetic netal or

alloy plated over said core layer; and An outer |ayer consisting of a

non- magnet i &nnaiter layer ednisistingl aftaethagnetic swital orialioy platdd aver Saig dnterfédiate A
l1ic copposite as defined in claim 13, further conprising a magnetic

nmetal or a y(?{r pl ated over said outer layer to forma fourth layer. 15. A

metallic conposite as defined in claim14, further conprising a

non- na netlc 30 netal or alloy plated over said fourth layer to forma

fifth Fayer A metallls andawned indaigbipyEherceBpiling danagnetia metl esalley.platredt
conpri si ng Bv&oéhlgﬁﬁﬂﬁtié&rt@?&rﬁ‘i?%urﬂ{ Loyr Pl ated over said outer layer to

forma fourth layer. 17.7 A net I c conposite as defined in claiml1l6,
further conprising a magnetic nmetal or 5 alloy plated over said fourth to

coldi SiPhe &Rl o5 Bofe B Raiyo. SPRRS L fiofiPY A Borpdete gl by

conSI sting pfated oversaid firihdayattelform adifhdsygrl at ed over said

11. A metallic composite as defined in claim 8, further comprising a non-magnetic
metal or alloy plated over said outer layer to form a fourth layer.

15
12.' A metallic composite as defined in claim 11, further comprising a magnetic metal or
alloy plated over said fourth to form a fifth layer.
13. A metallic composite comprising:
20 A core fayer consisting of a non-magnetic metal or alloy;
An intermediate layer consisting of a magnetic metal or alloy plated over said core
layer; and
An outer layer consisting of a non-magnetic metal or alloy piated over said
intermediate layer.
25
14. A metallic composite as defined in claim 13, further comprising a magnetic metal or
alloy plated over said outer layer to form a fourth layer.
15. A metallic composite as defined in claim 14, further comprising a non-magnetic
30 metal or alioy plated over said fourth layer to form a fifth layer.
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10 core layer; and An outer |ayer consisting of a magnetic nmetal or all oy
pl ated over said internediate layer. 19. A netallic conposite as defined
in claim18, further conprising a magnetic nmetal or 15 alloy plated over
said outer layer to forma fourth layer. 20. A netallic conposite as
defined in claim119, further conprising a non-magnetic netal or alloy

pl ated over said fourth layer to forma fifth layer. 20 21. A netallic
conposige aa gRtdifteeomposiéa® déinddUin' Bim %,’%hﬁéﬁ%ﬁpﬂ@iﬂg@%%ﬁgnéfﬁt al
or alloy plated over said outer layer to forma fourth layér. 22. A

met al | i ¢ comsialior @lley ptated aver said outer tayert to farm afqurtbdapen. si ng a magnetic
nmetal or alloy plated over said fourth to forma fifth layer. 25 23. A
nmetallic conposite as defined in any one of clains 1 to 21, wherein said
magnet 1E€. meAahetatlicaldniposite ashdefimedfin @faimhis, durther coomprisirig a gnagfnetivtmetal or

limted t , bal i, ' i nl t eel d
a:J eﬁi ti g-?@y(r:ﬁl’ﬁg{ ‘g“t%ég?'.d f§§%i&9&%?‘ﬁ€h&£izn§ogft eags defined in any

one of clainms 1 to 21, wherein said non- magnetic netal or alloy is chosen
fromthe group consisting of but not limted to 17 copper, zinc, tin,
al uni nify sAIelallicgemposita gpmprisifigass and bronze. 25. A netallic conposite

as defi ned. m@‘%f?“ﬁ%ﬁm@@P&""‘%aqﬁ'sj?ticméféﬁ"& id magnetic netal or

all oy is nickel, m eel "or tentic-ferrrtic steel, and said 5
non- magnet i Anristeahediataldyey consistimmpef a roinAmagnétic metalrarralioy plated aver gaidd,
inﬂd um brass el bronze. 26. Use of a netal conposite as defined in any
one” of cl ai ﬁ%’ela!(%’%%‘? for the mnufacture of a coin or currency unit. 10

27. A met hoaln @uterakyerdconsiBtihglof istmagneismetal 28 afley st bVercebid Aitermaédigleai s
1 to 25, MPICh is based on nulti-ply electroplating.
ayer.

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

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

20 21. A metallic composite as defined in claim 18, further comprising a non-magnetic
metal or alloy plated over said outer layer to form a fourth layer.

22. A metallic composite as defined in claim 21, further comprising a magnetic metal or
alloy piated over said fourth to form a fifth layer.
25
23. A metallic composite as defined in any one of claims 1 to 21, wherein said
magnetic metal or alloy is chosen from the group consisting of but not limited to
nickel, cobalt, chromium, stainless steel and austenitic-ferritic steel.

30 24. A metallic composite 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

17




28. A nethod as defined in claim27, wherein said electroplating is

gal vanic 15 electroplating. 29. A nethod of nodulating the EMS of a
nmetallic conposite conprising the use of at |east one nagnetic netal or
all oy and the use of at |east one non-netallic netal or alloy to nmake a
pai red magnetic and non-nmagnetic nmetal conbination. 20 30. A nethod as
defined in claim?29, wherein the EM5 is further nodulated by controlling

the thi ckneggpmdr, fihe, ﬁ?ﬁ'ditﬁﬁlnﬂﬁfg%ﬁ@ércgélﬂdlrﬁﬂﬁn a8 bihg bidiA, combi nati on,
or of one or rmre of the netal | oys used to nake the netallic

conposite. 25 18
25. A metallic composite 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
5 non-magnetic metal or alloy is copper, zinc, tin, aluminum, silver, gold, indium,
brass or bronze.

26. Use of a metal composite as defined in any one of claims 1 to 25, for the
manufacture of a coin or currency unit.
10
27. A method of making a metallic composite.as defined in any one of claims 1 to 25,
which is based on multi-ply electroptating.

28. A method as defined in claim 27, wherein said electroplating is galvanic

15 electroplating.

29. A method of modulating the EMS of a metallic composite comprising the use of at
least one magnetic metal or alloy and the use of at least one non-metallic metal or
afloy to make a paired magnetic and non-magnetic metal combination.

20

30. A method as defined in claim 29, wherein the EMS is further modulated by
controlling the thickness of the paired magnetic and non-magnetic metal
combination, or of one or more of the metals or alloys used to make the metallic
composite.

25

18




