i'nwention relates to an apparatus for cdin 5 testing and nore

i/cularly to an inproved i nductive sensing arrangenent for use in
elctronic coin testing apparatus. There are several types of maﬁml
coin 0 di scrimnation apparatus based upon passing a coin th
Qtﬂronagnetlc field of an inductor which is part of an oscillator
ir For greater accWeday ExXamisstiohnappapatascoi n may be exani ned
u3|ng two or nore Empdwgriciearb\RL nRebalxakthgnt Dscddilatiort o el ect romagnetic
fields of different 5 frequencies and determning if the interactions
betwen the coin being tested and the fields are within predeterm ned
tol erances anticipated for acceptable electrically conductive coins. See,
for exanple, U S. Patent No. 3,870,137, assigned to the assignee of the
present application. 20 . In sone of the tests by apparatus as
disclosed in the prior art, the coin under test is introduced through a

coin entry and {RRYE! $,3HNa o SOLte PRSSEICHRY aBB3k el BAUCLElL "

i nductors | ocate ng one side © coin sagéeway or in sone

gases QBsRRRGSHAE AbfES il Sty 1Yy PASSAACHRk: Tl a%uet:%e s part of an

i nduct or - acitor OSCI ator- circult ch oscillates at an idling
fr equegeusmgtbe:ah§saeatoffo% G- inV¢€lectronic coin testing

apparatus. .

There are several types of inductive coin
0 discrimination apparatus based upon'passing-a coin through
the electromagnetic field of an inductor which is part of an
oscillator circuit. For greater accuracy of discrimination,
a coin may be examined uszng two or more frequencies by
introducing the coin into electromagnetxc fields of different
.5 frequencies and determining if the interactions betwen the
coin being tested and the fields are within predetermined
tolerances anticipated for acceptable electrically conductive
'coins. See, for example, U.S. Patent No. 3,870,135, assigned
to the assignee of the present application.
20 In some of the tests by apparatus as disclosed in ~
the prior art, the coin under test is introduced through a
coin entry and travels along a coin passageway past an

inductor or inductors located along one side of the coin



5 ., acoin islpresént al ongsi de the inductor, the frequency of the <E§E:;/

‘OSCI|Lat0r circuit containing the inductor ShlftS The degree of
Lnterarﬁlon bet ween the coin and the el ectromagnetic field of the inductor
forns e basis for coin identification. 10 G ven the natural wear
whi ch occurs during a coin's circulation and the consequential range of
coin-interaction for a given coin denom ngtion, a practical coin

i dgnri-fication apparatus must accept coi'hs which fall within certain

tol erance ranges. 15 Accuracy of neasurenent of the interaction of a coin

and an el ectronmagnet gsééfévga}t nRord %%%so{%ﬁle % Wl gﬂ %iﬁ sf Sk th

di scrimnating bet s ] Us era Hc 8 r nge afi8

invalid coins’just oygslds,the év?iaﬁpa”ﬁf‘e "ot is RBrs 52€ahny5H bQBr-

provi des coin testing ap T AT U ri'sing nmeans to s@bject a coin

el ectro- magnetic flé&ﬁaaﬂ@@ﬁshﬁa Mé&ﬂ%&ﬁl&&@ui@%@w b@c@fuah.esdegree
of interaction of the coin with the field, and neans to determ ne whether

sai d signal 25 Coréﬁsmnﬁlixﬁftfléﬁqdéﬁc;ﬁ&rﬁ@@h&@eﬁc@obﬁ, awseiai.n when
means to subject a coin to an el ectronagnetic -3- field conprises a cojn

passageway and B resastoin iscducdsent \glongsisteatthen insuicitoat,otheafraguancy
oscill- ation frequency determ ning inductor adjacent the coin
- _ of the oscillator circuit containing the inductor
shifts. The degree of interaction between the coin
and the'electromagnetic field of the inductor forms

the basis for coin identification.

10 Given thé natural wear which occurs during a
coin's circulation and the cohsequéntial range of
coin interaction_for a given coin denomination, a
pracﬁicalﬁcoin identification apparatus must accept
coins which fall_withih'certain ‘tolerance ranges.

15 Adcuracy of measurement of the interaction of a coin
and an electromagnetic field is important and par-
ticularly so for discriminating betwéen valid coins
just within the tolerance range and invalid coins
just outside ﬁhe toierancé.range.

- 20 The invention provides coin testing apparatus
_ comprising means to subject a coin to an electro-
magnetic field, meahs to produce a signal indicative
~ of the degree of interaction of the coin with ‘the
field, and means to determine whether said signal
25 corresponds to that for an acceptable coin, wherein

the means to subject a coin to an electromagnetic



sageway, the inductor producing an el ectromagnetic 5 “field in the coin
sageway. The RL relaxation oscillator may be easily tuned by the .
justnment of a resistor whereas typical non- relaxation type LC >

oscillators have a non-linear frequency response and usually require ?ﬁﬁing
by 10 adjustment of a variable capacitor. Because the RL relaxation
oscillator has nearly double the frequedcy shift of an LC non-rel axation-
oscillator per unit change in effective inductance brought about by coin\u/
i nfluence, coin interaction with the nmagnetic field 15 of the inductor of
an RL oscillator ddeldecomprices ®i CRiPr PAGSATAVAYIraRY 2 HERSIFEOY it eracti on
of the sanme coin with the field of the'inductgilggoan LC oscillator, can be

measur ed. Such i nPPGREFOR: EYPRcFedp*AELSN ORE PRRY RS A P3G T ant
wh f 2 f illati of il at ' |l ed f
shen 2,11 sauency 0 o, LUl on.ph Bt 055 HLALaLoLe\SRIBLEE 00 3
m bl ot . . ol
moans 0 produce. FAssERiRy cHePhABhcRoE b Roblc otk ol SR otetd £ ) |

coin with thedielgdg eanq_nrr%gscbqndghgggbgﬁay‘ 4 whet her said signal
corresponds to that for an acceptable coin, Wherein the neans to subject_a

coin
fhe RL relaxatieﬁ oseiliator.mey be easily tuned
by the adjustment of a resistor whereas typical non-
relaxat;oﬁ type LC oscillators have a non-linear
frequency response and usually require tuning by
10 adjustment of a varieble capacitor. Because the RL
relaxation osciilato; has'nearly double the frequency
shift of an IC non—reiaxatign oecillater per unit
change in effective inductance brought about by coin
influence, cein interaction with the magnetic field
15 of the inductor of an RL ogcillatof_can be measured
| with greater_accuracy than the in;eraction of the
same coin with the field of.the_inductor of an LC
osciliator can be measured. Such improved accuracy of
measurement is particulatly important when a frequency
20 of oscillation of an oscillator is sampled for a very

short time. _ b

From a further aspect,_the'invenﬁion provides a

eoin testing apparatus comprising means to subject a
coin to an electromagnetic field, means to produce
25 a signel indicative of the degree of interaction of

the coin with ﬁhe field, and means to determihe
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to.an el ectromagnetic field conprises a coin passage- way and a <:ZEE;
resi stpr=inddctor type relaxation oscillator 5 havi ng an oscill ation

hrequémgy_deternining i nduct.or adj acent .the coin passageway, the inductor
produci ng ar’ el ectronagnetic field in the coin passageway, said
resistor-inductor relaxation oscillator -hdvimg a substantially |inear
frequency change with respect 10 to change in the effective inductance in
t h&—dsci |l ator over -éﬂgge of . | nduct gnce suitable for testing coi ns and

[

produci ng an output ¥ T #ith $1OMRYiRATSSPRASUTe &Ratr £85I RBs no
el Tl Lok ety o0l (R AR LY GOULIRY [
b 5o that the sensorte) o8 Sheckimddiid ey SN BlfpradeSOh"cbEn paEsFRE-
circuit, unlike LC oggd|dgd o <ddtidis irfhictdd pe?3RAakatabnt BEcEENELEr

circuit are that its output signal has well defined zero crossings and can
be easily transhat echi¢0ng | &9i ssd £1VRitich |fH@igudnveldeterfiinihdl ihaueheP. I n

practising the RL relaxation oscillator may 25 operate at a frequency in
t he range of approxi adfjatent OthkHoim gdddagelday exthel ihdagiterc prediedhgd
depends ‘upon the bal ancing of greater resolution capability versus
greater adverse effeansebéctromagnatpieifigicesin the coin passageway, said
' ‘resistor-inductor relaxation oscillator having a
substantially linear frequency change with respect
10 to change in the effective inductande in the oscillator
over a range of inductance suitable for testing coins
and producing an output signal which is digital in
" nature and requires no amplitude discrimination or

shaping to be suitable for counting.

15 It is an advantage for the oscillator to have
a linear freguencé response for changes of inductance
within limits_appropriaté to coin testing and also
that the sensor circuit will operate independently of -
the Q of the circuit, unlike LC oscillator circuits.

20 Other aspects of the sensor circuit are that its
output signal has well defined zero crossings and.can
be easily translated from logic level to logic level,

e.g., TTL to CMOS.

In practising the RL relaxation oscillator may
25 operate at a frequency in the range of approximately

100 kHz to 1MHz. The exact fregquency selected depends



t he higher frequencies. The RL relaxation oscillator is an oscillator
frcuit which has two 5 stable states resulting in two distinct output
evel s, and which switches between the two states.at a rate dgternine'f&Is
the rate of rise or decay of voltage across the storage elenent in the
circuit. Further features of the inventign, its nature, 10 and vari ous
advantages wi |l be nore apparent upon coﬁslderatlon of the follow ng
detail ed description of enbodinments of the invention, with reference to thf
~acconpanying drawings, in which: Fig. 1illustrates a sinple RL relaxation

15 oscillator; Illustrate | e LC oscill ator Col pitts
oscillator) for pHPﬁBsggeoPaﬁﬂﬁﬁéﬁgs g#?i#g%B§§§9435ﬁﬂ¥nﬁﬁﬂ?éﬁlﬁfyflrst

enmbodi nent of.. inductive cojn te ting. a ordi ng to .the
i nvention: 5 versus gregper %F & %?ggék é;é%f ré%gﬂﬁfqﬂﬂqﬁf
enbodi nents _of 'ng’ECEhéiehE%x% ggééagrcu&pe@r agﬂ% W YA e R he [ nventi on;

Fig. 5 illustrates an 0sci sui use 1 n determning a

coin characterist bg34¢ht8s §9Ian19scuﬁ@<5&et€ireﬂ@%ﬂh i divee! osed
enbodi ments of the invention; and Fig. 6 illustrates a second oscillator

circuit suitgble EE&bméestQtéﬁtﬁéQhI‘tﬁggaiﬁotvﬁb S Y idtiguts UEvels,

and:which switches between the two states at a rate
determined by the rate of rise or decay of voltage

across the storage element in the RL circuit.

Further features of the invention, its nature;

10 and various advantages will bé.more apparent upon
consideration of the following detailed description

of embodiments of the invention, with reférence to

the accompanying drawings, in which:

Fig. 1 illustrates a simple RL relaxation

15 oscillator;
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coin thickness in any of the disclosed embodements of the 15 I nventi on. ngg
Al t houghi :coi n sel ector apparatus constructed in accordance with. the :

pri nci plles of L hi sigvept § 9RuaRY e deoidnfshd o é denti{Yaepe ggcept any

nunber of coins fromthe coin sets of many countries, e Invention will be

adequat ety1pftts oddlVphtar§drByY PuRipd VY Aompsr 2PHR} Cation to identify
theU. S 5-, 10-, and 25-cent coins. The figures are intended to be
repreSentational afgar® pet anectesdtiey off awf { O 6Catdisod Ihenugbout this
specification the term"coin" is intended to include genuine coins, tokens,
count er f enducti ves, ceinigeesing appehratys acktanding hee theninhéohiony be
used by persons in an attenpt to use coin-operated devices. Furthernore,
frémtine to time Fig¢hé sispacsrbematds dhrsetondiendythisdn movenent
Is described as rotational notion; however, except where otherw se

i ndi cat ’MPed HpeRES | Ohal nANAtdVRe O &L I inthtIRRP B 5¥S a7 €CRBALRAPF St ed.

Simlarly, a]though specific types of logic circuits are disclosed in
connect i W P 5 enbodi ments described below in detail, other |ogic
circuits can be enpl oyed to,0btain equival ent, results, wthou i ng
fromthe invenﬂ(;Haﬁktgifgb“E%§8FF5H%ﬂ1Q§iﬁl a??WL&}?%ﬁﬁg %93?%%?% RL
relaxatipn 10 . oscillatot circuit, 10.consisting of vol t ag pply 1, a
switch 2€ora 1|/ d e%efrh}?lﬁﬂ Fn&&é‘l"or‘:hfr(ﬁﬁtfetal ﬁﬁﬁa"fc}?r%%gg?fgate 9,

apg a_dié)fja%nélt]ér anar]ip_eof%fighd?[-siciogle%seeqnbodiménts of the

invention; and
ﬁig.'s illustrates a second dscillator circuit
suitable for use in detetmining a coiﬁ characteristic such as
coin thickness in any of the disclosed embodiments of thé
15 '.invention.
| Although coin selector apparatus constructed in
‘accordance with. the princiéles of this invention.may be |
designed to identify ang accept any number of coins from the
coin sets of many countries; the invention will be adequately
20 illustraﬁed by explanation of its application to identify the
v.s. 5-, 10~, and 25-cent coins. The figures are intended to
be representational and are not necessarily drawn to scale.
:Throughout this specification the term "coin" is intended to
include genuine coins,fkokens;'COuntetféit coins, slugs,
25 washers, and any other item which may be used by persons in‘
~an attempt to use coin;opetated devices. Furthermore, from

time to time in this specification, for simplicity, coin



t
out put

oltage is initially supplied, t he i nput ‘to the gate 9 wi'l " be hi gh.
ate 9 produces a | ow output (groun when 15 it receives.a high

(an i nput above the gate's upper threshol-d |evel). The |ow at theé&
of the gate 9 provides a path for current to rom1fron1voItage"'

supply 1 through tgF resistor 3 and the |Pductor 7 1o ground.

curren@°ﬁﬁP§G§hHﬂ1

bel ow

As .
eSaFiRsS 28 i TRTabLRRal Jpotiong hoy Y?égeeﬂ?%Btacross -

B AL g

below
interr
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ri ses

up'?‘llr?g lestoplrag%hg:]f cu?&lﬁnattét?rougﬁpy%ap£%t hglgﬁg ct o?gé E]th h this

tige@n oFf m_,rlrcer&,:édlecs/OAzt@g&é@y@ée@tﬁheoﬁﬂéeeloefwihﬁ gake 9
rapidly. Thi's rapid rise neans the voltage waveform at the output

8 the egdlod ithewtlsl deder ibedd anfl ot Oie. detdllp ddhét Mbgithesreusesof

vol tage | evel at the output of the gate 9 to the supply voltage plus the
vol t ageanr be ampdoyeidhecdiokien ilil equivalenpr ogsdkssawpabbutor di scharge of
the inductor current. Inductor current discharges along a path through the

di ode
agaln

ﬁkp@m@lmbefmeml§m©’IQWﬁnhionhe voltage at the input of the gate 9
reaches the upper threshold value. Wien the upper threshold voltage

is reached, the gate 9 again produces alow 10 out put and the cycle

r epeat

S unt|I the switch 2 gces an oscillation with a

square waveform The frequency of oscillation of the RL oscillator

© 10

15

20

25

Fig. 1 illustrates a simple RL relaxation
oscillator circuit 10 consisting of a voltage supply 1, a
switch 2, a resistor 3 (R), an inductor 7 (L), a Schmitt
trigger gate 9, and a diode 11. When the switch 2 is_closed
and Qoltage ié iﬁitially supplied, the input to the gate 9
will be high.  The gate 9 produces a low output (ground) when
it receives a high iﬁput (an input above the gate's upper
threshold levei). The;lowlat'the output of the gate 9
provides a path for current to"flow from voltage supply 1
through the resistor 3 and the inductor 7-to grodnd.

As the current through the inductor 7 increases,
the voltage drop across the resistor 3 increases until the
voltage at the input of the gate 9 drops beléw the gate's
lower threshold level. When the input voltage level drops
below the lower threshold level, the outbut bf'the gate 9 -
goes high intertupting the flow of current through the -

inductor 7. With this interruption of current, the voltage

-level at the output of the gate 9 rises rapidly. This rapid



& . “ . . o TT T
10 ig approximately a const ant tlnes t he rggio of Rand L [err]. The /
change=i-n* frequency f.or -a -change in 15 nduct ance nmay be approxi mat'e

by the“fgllowing relationship: [err]. For an LC oscillator such as the
Col pitts oscillator of Fig. 2, containing inductor L and capacitors C of

equal C h?é'b‘rfs &{be %ﬂé’&é’%a&@k@%oaﬁhhﬂé GL‘E rf;k the2gkeer b

(1/[err] a c0| ects - the

0@%"5&5'@'&&5 esidigé . anpkeaer 18N 1 i k8l aKaki eAskypE Of.
OSC|IIator it results |n ac ange in the ef fective inductance in the

osci |l atwltagﬂﬂqﬂepsﬂ | tlvé subpat aoki 6REr gh€EPONES tReCBappdy i N
i nductance. = For a given change in effective 25 I nductance L, the

change ivoXtayrigius fthe thel Gigesdrbpadorpsgethef Bipdesliwaod that for the
LC oscillator [err]. The present-invention- adapts the-RL rel axation-
0s6i | | atprovigtesige pattofor beehatgat pigthppanduasorFryrrenti| ustrates in

schematic forma first enbodi nent of coin dlscr|n1nat|ng gparatus 6Q which
conpri seshCtRLiqyLRett Fischargest akongna| RaFRgthraNERoL 3751898 gédst

50 t tablish wheth th t f | | at t
Fﬁttp@ziownl %eb%%%ét%gmﬁsﬁ% l?qig‘a’aa?%%npiz% Yepiib. oo & §P8§ g °b d
e.siml.ar C a ar escri be
iﬁpU. S. PATHM" Ki)ea%s u\’f 8‘7%9‘;157t£reﬁ2§° gt nggghom%n E’ ?ﬁcl udes a

back s snoid ISSIg&;{EW e £Red] e QhE tgggga@ﬁ 598@%@5“&1 Bwedge

of a first energy t1ng devi ce,
10 " output and the cycle repeats unt11 the switch 2 is opened.

This proéuCES an oscillation with a square waveform.
The frequeﬁcy of oscillation of the RL oscillator
10 is appréximatély'a constant times the ratio of R and L
(£5y, ¥ KxR/L). Thé change in frequency for a change in
15 inductance may be approxlmated by the following relationship:

f f(AL/L). For an LC osc111ator_such as the Colpitts

RL
oscillator of Fig. 2, conta1n1ng inductor L and capac1tors C

of equal capac;tance, the analogous relationships are f

(/2T ) (1/1EC ) and ¥ (£)(aL/2L).
20 When a coin 'affects the electromagnetic field of

-

‘either an LC or an RL relaxation type of oscillator, it
results in a change in the effective ihducténce in the
oscillator. The RL oséillator has a lihea: respbnse to
_ changes in inductance. For a given chanée in effective -
25 inductance L, the change in frequency for the RL oscillator,

Afy , is twice that for the LC oscillator afy..



in track 35 conprising an edge of a second energy dissipating device 35a,

ch fornms the initial track 15 sect#&n, and a termnal track sectjion

ch is nolded fromplastic along with the sidewall 36 as a single pieée.
The mechanical structure of this portion of the apparatus al so i ncl ude¥™a
front sidewall 38 which is spaced fromand generally parallel to the back
si dewal'l 36. The two 20 sidewal I s 36 and 38 are connected together by a-.
hi nge and spring T 3grezentcamegntion aadapter tsenRi.arelaxbbaonshown in
U.S. Patent No. 3,907,086, except that the retarding apparatus disclosed in
t hat patsayitl liaxorotf oxeseesdr |goinsalii scbyinatingi appahateder gfidi.sdi pating
devices 33, 35a and the 25  track 35, the sidewalls 36 and 38 forma coin
passagdddypstraheshd ncfighamtic fRrmia phirst hembed imenst PRgCPhBuct or 37
which _, 10.s located in or behjnd onpe of the,side i nductor's

focat i G R neidn arpais it (vatR Someniser ¥ a8t 10T 880k) br oren
ocat i G S i SOBRAES o taiessy
chroo Iy o IRENGHnd iy ctot SET, MAQ ERLE SERE SBNLo S

i'ch “megasures € max ms réequéency e oscillator

ci rcui te%%ﬁ%f‘%%' e 4 é%éiﬂ%;g%ﬁgggs &F "y §eSoPPELBERak Nk S

freque_nc t CO!’I’ESpOﬂ sto t _ _ en'_ a genw ne coln pas_ses t he
| nduct ipgR telexpRRl elah fdte 4B ARAPABE SoIfVi trn & hedhbhYcher measuring the

10 frequency shift is shown and described, for exanple, in US.
Appl i cattrartoeel of Nhe Lpbditftds |60l iy cbe 26imi D8P eadtheS. .
mechanical apparatus shown and described in U.S. Patent No.
-10 3,870,137. The portion shown in.Fig. 3 includes a back
sidewall 36, a coin entry cup 31, a coin g:ack 33 comprising
an edge of a first enérgy dissipating device, and a second
coin track 35 comprising an edge of a second ehergy
dissipating device 35a, which forms the iniﬁial track
is section, and a terminal track section which is molded from
plastic along with the sidewall 36 éé a single piece. The
mechanical.structure of this portion of the apparatus also
.includes a front sidewall 38 which iS'épaced from_énd
generally parallel to the bagk sidewall 36. The two
éo sidewalls 36 and 38 are connected together by'a_hinge and
spring 34 at one corner, in a_mannet similar to that éhown in
U.S. Patent No. 3,907,086, gxcgpt-that the retarding
apparatus disclosed in that patent is not necessarily used. -
Together with the energy dissipating devices 33, 35a and the
25 track 35, the sidewalls 36 and 38 form a coin passageway from

the coin entry cup 31 past the coin testing inductor 37 which

+
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Patent No. 3,918, 564 See particularly Fig. 5 and the correspondi ng

di scusSion in U.S. Appl i'cation Serial Not®l134,086; and Fig. 4 and text a
columr3, line 60 to colum 15 * 4, line 55 in US. 3,6918,564.
Alternatively, the test means 50 can be any one of a nunber of suitable

detector ;i { GUL{ g WY, By IBL £ EHa WORL h§§ EH@ g??e%'i‘lfsr.eq 1HaC% A

D ctt%?
osci |l ator durirng coln passage i S W erance range o the frequency

forse gerswexwmtﬁeﬁesia@étemnﬁhs thaSuéckl%ZQeneraari@ 8 and the
corresponding text at colum 5, line 13 et seq.; col'unm 10, "line 65 to

col um 1indi¢aeed Dby abtokeh Urined, ihi Peg663t0 colum, 23, line 47 in U S
Patent No. 3,870,137. A coin enters the nechani cal section 30 of 25

appar at us 60 t hr ourihe cbesit eméarys 330 usbed edith thés embdodimealtorig coin
tracks 33 and 35 between sidewalls 36 and 38. Sidewalls 36 and 38 are

paal | el cptenbery pelvech -mepasurey the makdmsm shidht ip foequensy ofe

t hi ckness of the thickest coin to be processed by the apparatus. In
addi ti onthej skl 1atep ehecwit 4@ fW‘!‘eGOSF’PéhM’§1FBO|§1‘FR@E@€M 288l so that

f [li t k 33 and | at t k.35 5
R RS TR TR T IR L BRI RIEC N
I k he { t t :
LT S B TS B RO TR
I [l b
SPECES;E niqo COﬂj unct Ion W t h@*cufﬁ£20gsg heﬁEQQththeW' ©

10 frequency shift is shown and described, for example, in U.S.
Apblication-Serial No. 134,086 filed March 26, 1980 and U.S.
Patent No. 3,918,564. See-part{cularly Fig. 5.and the
corresponding discussion in U.S. Application Serial No.
134,086; and Fig. 4 and text at column 3, line 60 to column

15 4, line 55 in U S. 3,918,564. Alternatzvely, the test means
50 can be any one of a number of suitable detector circuits
which detect whether thg maxipum frequency of the oscillator
during coin passage is within.a‘tolgrance range of the
frequency fdr a genuine coin. See, for example, éigs. 4, 10

20 and 8 and the corresponding text at column 5, line 13 et
seg.; column 10, line 65 to column 11, line 47; and column
21, line 66 to column, 23, line 47 in U.S. Patent No.
3,870,137.

A Eoin enters the mechanical seetion 30 of
25 .apparatus 60 through coin entry 31. The coin then travels
| along coin tracks 33 and 33 between sidewalls 36 and 38.

Sidewalls 36 and 38 are parallel plates spaced apart by at



r 37 is part of:the RL relaxation qgcillator circuit® 40 such as the
tor circuits showmn in Fig. 5 and Fi'd. 6: When a coin passes,inductor
37, The frequency of oscillation of oscillator circuit 40 will shift. TeSt
means 15 .50.0f ‘Fig. 3 determ nes in known fashion if the peak frequency

shift ofedd@ OPLALRY) Ghofe! CHak éﬂedumegnsegnoeaiﬁegehasmw dlinve of an
acceptable coin,”i.€., whether the maxi'mum frequency or frequency shift

oCcurrigg selr dpﬂgcméu PEgsene hppdtrhbub.a pPhedaBetibngd stigdle@adnge 3sange. 2\;

In second and third enbodi nents shown in Fig. 4, two oscillator circuits:
such asandio3® stwviniltedi ghighthpdf boar eheoo‘eraedannsa shagl @ fpper at us 460
for testing two characteristics of a coin. (A low frequency inductive coin
exanm niof ziceintroklimg adovhacodinstraskd3Bnanielatependiing tra®k 35
application entitled "Low Frequency Phase Shift Coin Exam natiaon N@thod ‘and
Aﬁparai%%aﬁsfﬂﬂ|%ﬂ°ﬂ&)52@@"438 38} | elinducpaguldi . 10815hAMNadS §i6d 5o the
assignee of this [ cation, can be advantageousl |ncorporat d |n t he

same apb%r’&?%t?%ram%h%ﬁpwé%% Feafknd ot NchR ERAPECFAFEYES 1ds 3

| t duct di d nbod f th | t

oo i ndhEeRRRF TP Orﬁ‘i@ieﬁ?ﬁﬁsﬂﬁn‘aﬁﬁ §8RSTHETAE ?—“Phsgér‘%ggn'tca on
[ d h t f.ath

appar 3%%‘0‘% Qi Thed PSSP o 80N GEnk DT, BRE BB TRbolRG' Blnted 17

tracks #3% é‘&%&ﬂiﬂeem t«hﬁ‘o b@&h SéHSB\@HneAEGwi‘M bBeglicepssehdewal |
438. The coin first

10 conjunction with Figs. 4 and 6.

Inductor 37 is part of the RL relaxation oscillatof_
circqit 40 such_é# the oscillator circuits shown in fig. 5
and Fig. 6. When a coin passes inductor 37, the frequency of
oscillation of oscillator circuit 40 will shift. Test meaﬁs

15 .50 of Fig. 3 determlnes in known fashion if the peak
frequency Shlft of the oscillator circuit 4& during coin
passage is indicative of an acceptable coin, i.e., whether
the maximum freguency 6: frequency sh;ft occurring during
coin passage is within a predetermined tolerance range.

20 In second and third embédiments shown in Fig. 4,
two oscillator circuits such as those shown in Figs. 5 and 6
are combined in a single'apparatus 460 for testing two
characteristics of a coin. (A low frequency inductive coin
examining circuit, such és that disclosed in the co-pending_

25 appiication entitled "Low Frequenéy Phase Shift Coin

Examination Method and Apparatus", Serial No. 24 I?:S

filed ijhu1n!f' 1981 and assigﬁed to the assignee of this

a



10 reaches inductor 437 which is nountgd.in the-front sidewall 438. T
i nducter. 437 i's of the pot core type, approximately 21.6 mmin di aneter .
witt h |€§Jface approximately 0.4 nmfromthe passageway side of the front

si dewal | app8iaations cant be appra@uamoeis)lﬂammﬁetetdqelmdmﬁ t§E®K in an

enbodi nent for 15 the United States coin set. Inductor 437 is part of
osm Il at ePParptust fanomoreocompdetaydast ingd of GOIBThATAC L FFistiGhe
fre of _oscillation of .oscillator 440. Test neansréﬁg IS co nected to
OSCI||at he locakionst ef nipductersnias Simsdoses iifyiathats eptable

s hot phReFngPBSFALARPOA 5 PaSF S IR £ AT e ;?oé“% s
_n&toyed4§§% S?hghgl pEESBttg§%§QQa€&°&hJS enbodi nent. After pa55|ng

ctor e co contin along coin track 435 toward inductors 439a
and 439b. These 25 coihWol BAUGLRES &Ich oY AHE thd dh SPTdLS FuKk 28

nmount ed opposite one another in the sidewalls. Each of inductors 439a and
439b is gk the aggagseestxse tARRLGH ERIQ YenkTyIN  THE aydiertvéd h its

face approxi mately- ( mm from t he passageway side of the sidewall in which
it is nogewedlandlong cebhertrapksoXiddatarldy 4B5 batwemy ethenebaak n track in
an enbodi ment for the United States coin set. Inductors 43%9a 5 and 439b

are partsoﬂess&ilﬂaﬁoand4§hwhfcnnﬂ|ﬂ&§&ﬁ§iﬂl%ﬁ&ﬂ'A@h? qaimffiggted by coin
passage. Test neans 455 is_connected to oscillator 445 and determ nes if
t ik ef f Eeaches| hnduatryeddi? whighcds mpunted in Ahe KLt (FEARNY qof

438. The inductor 437 is of the pot core type, approximately
21.6 mm in ‘diameter with its face approximately 0.4 mm from
the passageway side of the front sidewall 438land its center
approximately 20 mm above the c9in track in an emhodiment for
15 the United States coin set. Inductor 437 is part of
'oséillator circuit 440. Coin passage by inductor 437 will
affect the frequency of oséillatioﬁ of oscillator 440. Test
means 450 is connected to oscillator 440 and determines if
this effect is indicative of an acceptable coin. -An idling
20 frequency, the frequency of oscillation when a coin is not
passing by inductor 437, of about 300kHz for oscillator 440
is employed for coin diameter testing in this émbodimqpt.l
After passing inductor 437, the coin coniinues
along coin track 435 toward inductors 439a and 439b. These
25 two inductors are connected in series and are mounted i

opposite'one another in.the sidewalls., 'Each of inductors 3

439a and 439b is of the pot core type, approximately 18 mm in



afout 850 kHz for oscillator 445 is enpl oyed for coin 10 * thickness
A g in this embodinent. A signal onl®ine 448 is‘enployed to switch on
/ of the oscillators 440 and 445. An inverter 449, shown in Fig. 4.as
_ verter connected NAND gate, is connected between |ine 448 and one \g
the oscillators, so that when oscillator 445 is on, 15 oscillator 440 is
of f andd¥pBetesreitht htssfaesi @PRF i el 144 W §Eonrkth® f er ence bet ween

t trat RL I |.I at 140 tabl e f i

- coi nPAPSERFIFHAEIOR 26paPa 34 8NANLI Iy °‘°*bfven Hori Pt Rt nent o of
b t | 1.at I t

tnyha!t n\éfgﬁﬁggsgﬁ 3$§F816g81tell—'yglén% ! es[g%f %ﬁﬁ%l coﬁ Ce£r a(])cndl Jng 3 omr eglr st gr

3 of Fi gmbéazﬁ%@' 2b2 fhe! Hadesistadaoida dd, a%&lﬂé%&?:t%bdfsé esi st or

145. The addition o Justable resi stor 145 allows t requency of
osgill ahgl 439p ailé()?EthGft waed 10% 5 45 Ak Uk | N0 Kereo Sl UBd 8 €

resi stor 145. Capaci 152 connect ed between one input of a NAND gate
Schm tt 440i,gger af#0ceed Byoeodn Pazdded.t o Ridtrinadms 459 pher nodes of
oscillation resulting fromstray capacitance in the circuit. The ot her
i-nput t oohhech¥dDtgavoeciddateraddbniand ddtexrmdimesvifi cthimg effeatscis | at or
140 on or off. Additional resistors 155 and 156 connected in series between
5 thénéugpgtvefoga@e aggephabdeo eed nver A dddinafgrAuenceeft or 154 to

reduce the anplitude of the S|gnal produced at .the OUHPUt of gate 149 to a
| evel cBPﬁHPn€$% kHz hfpReoscil ator 445 is employed for coin :

10 thickness testing in this embodzment. A signal on line 448

is employed to switch on either of the oscillators 440 and
445. An inverter 449, shown in Fig. 4 as an inverter
eonnected'NAND gate, is ronnected between line 448 and one of
the oscillators, so that when oscillator 445 is oh,
15 oscillator 440 is off and vise versa, thus avoiding the.
p0551b111ty of interference between them. |
Fig. 5 illustrates an RL relaxation oscillator 140
suitable for use in coin discrimination apparatus accordxng
to either of the embodiments of my 1nvent10n. The basic
20 .functzonlng of oscillator 140 is similar to that of_the
oscillator 10 of Fig. 1; Resistor 143 corresponding to
eesistor 3 of Fig. 1, consists of fixed_value resistor.144
and adjustable resistor 145. The addition of the
adjustable resistor 145 allows the frequency of oscillator-
.25 140 to be tuned by simply adjusting the adjustable resistor -
145. Capacitor 152 connected between one 1nput of a NAND

‘gate Schmitt trigger 149 and ground is added to e11m1nate

[
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circuitry of the test neans used to deternine if the coin effect on the gi;;;;l
oscillator 140 is indicati-ve of an accept&ﬂfe 10 cpin. An output sign

sti t ably,scal ed by the output at'tenuator 154, is taken fromthe node

connecting reésistors 155 and 156 using |ine 157. The output signal on line

157 is dﬁgﬂe@' modeda by %sg-_ggfmarr %m@iﬁiffm éé}wtgﬁsscpea.ﬂfée

shapi ng yond that provi by attenuator 4 to be sult e for counting.
The™di gijtrale neatcdire vlfe .t herhd BrHeONidpue 46 7t H@KEAND Nea & I £6 akata on
oscillator 140 especially suitable for use in'coin discrimnation apparatus
enpl oyi rR@n rwlc 1dpeoexs Gwidtichiiderehd pdeilrateri14y.o0or off. A
circuit simlar in construction to the one shown in Fig. 5is suitable for
use i'n ddddrtiiomialg resils tairmdtSH .arkrl 36 aenrectedtimgsectes dbatween one
enbodi mrent of the invention, inductor 147 consists of a single coil with an
i nfluct atde® GLtPYS Rff 3¢S HE Y ANhPIIWITRIVOIADHSRT |PRERNE- 25 140 i s
about 300QkHz. Tablg 1 below lists typical values of copponents éor n

154 {E’

osci | | aPHteOPALEIt HokFdureritgie Brplityds of G d nal produce
14&' 5 at the o%\épeg 'g%&gsatt%r§49 to a leve]ig%"ompatible' wit}?’gaiémkm 155

fdhﬁfta%k%c6§%k§t%% t%%Stest means usedtkg'&%éé¥“¥ﬁgrif the coin 147

effect on the oscillator 140 is indicative of an acceptable
10_ coin,
| ~ An output signal suitably scaled by the output
attenuator 154; is token.from the node connecting resistors
155 and 156 using line 157. The outéut signal on line 157 is
digital in nature and requires no amplitude.adjostment or
15 shaping beyond thao provided by attenuator 154 to be suitable
for counting. The digital nature'of the signal on line 157
makes the RL relaxation oscillator 140 especially suitable
for use in coin disorimina;ion ;pparatps employing a
microprocessor or other digital circuitry. .
20 ' A circuit similar.jn construction to the one shown
in Fig. 5 is'suitable‘for use in determining'coin.diameter.
For diameter testing according to one embodiment of thoV
invention, inductor 147 consisté of a single coil with an
inductance of 1.0 mH and the idling freqoenoy of oscillator -

25 140 is about 300kHz. Table 1 below lists typical values of -

components for an oscillator circuit as shown in Fig. 5.



dRq tt Trigger . 149 One section of a Nati‘onal "Sem - 10
conduct or Mbdel No. DM.74132 four sectiodSschnitt trfigger NAND gate 15

D ode 151 1N4004 Capaci tor - 152 ~&
180 pf A circuit simlar in construction to the one shown in Fi'g. 6 carefe
used for determ ning coin thickness. The basic functioning of oscillator
1240 is sinmilar to that of 20 oFABUEtlor 10 of Fig. 1 and oscillator 140.
of Fig. 5. For coin thickness testing, inductor 247 consists of two coilsk_/
247a and 247b connected in series. In this enbodi nent, each of the coils

has an inductance,Qf 240 uH and the idling frequency scillator. 240 is
about 850 kHz. Siﬁ%gpiﬂe 25 coils Z&fg and 247b(ﬁ§QtP i nductor 247 are
on opposite sidewgLls Qér%he appar at us, gshe | eads ar gyelfiely long. A
resistor 246 is prOVIa o reduce the adverse capacitative effects of

these |l eads. A resistor 254 is providedsso reduce dnji fig of frequency
shift with tenperature. Table 2 below |lists typical values of conponents

fa an oscillator circuit as shown in Risg. 6. TABLE 2 5.1 k

Suppl y 241 5V DC :
Adjustable Resistor 145 0-1 k
Inductor  ° 147 1 mH
Schmitt Trigger 149 One section of a
. o ' National Semi-
10 _ ' conductor Model
: No. DM 74132
* four section
Schmitt trigger
NAND gate:
15 Diode 151  1N4004
Capacitor 152 180 pf

A circuit similar in cpﬁstruction to the oﬁe shown
in Fig. 6 can be used for determining coin thickness. The
basic functioning of oécillat&r 240 is similar to that of

20 oscillator 10 of Fig. 1 ana oscillator 140 of Fig. 5. For
coin thickness testing, induétor 247 consist§ of two coils
247a and 247b connected in series. In this embodiment, each
of the coils has an inductance of 240 uH and the idling

- frequency of oscillator 240 is aﬁout 850- kHz. Since the

25 coils 247a and 247b of the inductor 247 are on opposiﬁe
sidewalls of the apparatus, the leads are relatively long. A
resistor 246 is provided to reduce-tﬁe advefse capacitative

effects of these leads. A resistor 254 is provided to reduce
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Resi étors . 244 . : 330 Qs 246 \ 43 k 254 é%%é}?
2.2 k 255° 1 k*10 : . . 256

51 k dyustable~ReS|stor 245 0-1 k Inductor 2

2 coil's - each 240 uH Schmitt Trigger - 249 One section of a

15 drift of'frequency shift with temperature. Tatdig hdieloai -

co duct or, ,Model PNI74132 four section Schmitt trigger 20
gaté‘EFﬁdEYPlca values of,gepmponents for ap\AF% giiﬂiﬂﬁtQﬁxcult

252 CLAI MS: 1. A coin testing apparatus conprising

nmeans to guﬁrgg? éncgfﬂ tg an el ectromagnetic field, neans to produce a

signal indicative of the degree of 5 interaction of the coin wth the

field, and neams’ to determ ne whether said signal corresponds to that for

an acceptabl e coin, wherein the neagagpe gubject a coin to an

el ectromagnetic fleld conprlses a cormm passageway and a resistor-inductor

tyEe relaxatlon Supply | 241 5V DC
Resistors - 244 330 Ohms
. 246 43 K
254 : 2.2 k
| 255 1k
w | 256 5.1k
- Adjustable Resistor 245 0-1 k |
Inductor _ . 247 2 coils - each_
| 1240 uH
Schmitt Trigger 249 ' One section of a
15 . . : National Semi-

conductor Model
No. DM 74132
four section
. : - . 3 Schmitt trigger
20 . NAND gate

‘Diode . 251 1N4004

Capacitor 252 : 82 pF



10 -oscillator having-an oscillation frequency determ ning i nductor
ncent chLEBTﬁ"Ea§Sageﬂay-Lhe I nduct or produci ng an el ectronagnet+ ¢,
d mtheLM sai d resistor-inductor relaxation -
2Zi | | at or Mﬂlﬂlg%ﬁal ly linear frequency change with 15 respect
to change in fhe‘effe duct ance |n t he oscillator over a range of

i nductance suitabl'e"for.testing coins a QIprodUC|ng an out put signal which’
is digital in nature and requires no anplitude discrim ination or shapln

to be suitable for counting. 20 2. The apparatus of claim1, .
wherein the resi st@AIMSuct or rel axation oscillator further com prises a
vari abl e resistor connected to the inductor. 3. The apparatus of claiml,

wherein the resistor-inductar relaﬁﬁ%iqn oscillator further conpri ses

a capacitor_connected tbe el iHiFREE FEREE o§BWPFgFF8ﬁ meaffe to
Zt ray_capacitance [ ‘(t:}?:‘aé% Stcoo\rl%n q:%u% O le%lt%éﬁ%g%@jﬁc £1239) ! halgL- 1

The apparatus of erern conpri ses a

single coil and thg, g%fn lo IFQHEHEM.qhdica fg%pggL%?ho?eggeghngSC|IIator

in the absence of a apprOX|nat
The appar at usg of Ciﬁ%é%éctﬂﬁﬁ”d?’kﬂé“%d%ﬂ'Wi%h thBa%&éQ@“aﬁnﬁaﬁehﬂg to

si dewal | s, the I nduct or conprises two 3 coi I s which are seri al 'y
connected, the coidstdahire WHEERSE said signal corresponds to that for
an acceptable coin, wherein the means to subject a
coin to an electromagnetic field comprises a coin
passageway and a resistor-inductor type relaxation
10 oscillator having'ah oscillation frequency determining
inductor adjacent the coin passageway,_the inductor
producing an electromagnetic field in the coin passage-
way, said resistor-inductor relaxation oscillator -
having a substantially linear frequency cﬁange with
15 respect to change in the cffective inductance ih the
oscillator over a range'of inductance suitable for
testiﬁg coins and producing an output signal which is'

digital in nature and requires no amplitude discrim-

ination or shaping to be suitable for counting.

20 2. The apparatus of claim 1, wherein the

resistor-inductor relaxation oscillator further com~

prises a variable resistor connected to the inductor.

3. The apparatus of claim 1, wherein the
resistor-inductor relaxation oscillator further

25 comprises a capacitor'connected to eliminate higher

modes of cscillation

-t
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4 , opposite 6he"aﬁbfher on the sidewal | s of the-éoin assa émay 5
the-narmal frequency of ;oscillation of the 6 (rﬁﬂ"’ﬂ"ﬂj"ﬂil’“ﬂl?
cai |y
C

nefaxaKLpn oscil]ator in the absence of a F

850kHz. "1 - 6. The apparatus'®f claim 1, wherei h the neans to
2 produce a signal indicative of the degree of interaction of 3 t he
coin wthukheoekeeayosagaeitanteclif enepiriesds ttrainddctor eglansitieon 0 the
freguency of the resistor-inductor 5 rel axation oscillator when the coin
passes andciaddatoto 6 produce a signal indicative of the frequency of
the 7 oscillator. 1 - T. A coin testing apparatus
conprising a coin 2 passageway, neans to subject a cointo a first 3

el ectromagnetic field, neans to produce a _first signal indicative of the

dedree of interactfon ofhenaPRAFAtWSt RE: Ikdarim v Mh@r@insdhe Andurddfs for

j ecti th int I ti ield, t d
Sechnd SPORRFiPRR RaFFORLE! CORD ARG BOoPURRal SHEEATOREor (he coin w th

t he, secopd ti n s to.determne it the first ng signals
cort esponactbiphiel"Per EA"obEARERRPE 45 shebBranr s 8 AR 85 s Ub ec
thg COi”éb?r%kiﬁEt@fg §§5FFg.electronagnetic fields is a resistor-inductor
type 10 “Ttelaxation”oscillator having an oscillation frequency determ ning

i nduct or adj acent the coin passageway, each resistor-inductor relaxation
oscillator having a

1 _ 5. The apparatus of claim 1, wherein the coin
passageway has.two sidewalls, the inductor comprises two
‘coils which are serially connected, the coils being mounted
opposite one another on the sidewalls of the coin passageway

~ and the normal) frequency of oscillation of thé

resistor-inductor relaxation oscillator in the absence of a

N Oy NN W N

coin is approximately 850kHz. _ : | . R

"1 6. Thé apéqratus of claim 1, wherein the means to

2 produce a signal indiqative_of_the.degree_of interaction of

3 the coin with the electtomégnetic field comprises means

4 ::esponsive to the frequency of ﬁhé resistor-inductor

5 relaxation oscillator when the coin passes and means to

6 produce a signal indicative of the frequency of the

7 oscillator.

l _ _ 7. A coin testihg apparétus comprising a coin )
2 passageway, means t;.subject a coin to a first

3 electromagnetic field, means to produce a first signal



duct ancej il lator over a 15 range of inductance suitable for
{ i ng C(Mm,gmm ﬂmf an output signal which is digital ,in natu@iand
ires no anpli Wi m nation or shaping to be suitable for ;
adnting. 8. The apparatus of claim 7[A wherein each 20

resistor-inductor relaxation oscillator further com prises a variable =~
resi stor connected to the inductor. 9. The apparatus of claim7, whereix
each resi stor-indudndicatchiseabfobhesdefreeoof fimtémacttioon qiff itdes coin '
capacitor connected to elimnate higher nodes 25 of oscillation due to
stray capacitance widthhsheefivstrfielidct separabaaneans ofat suhjecting 20 10.
A coin testing apparatus conprising nmeans to subject a coin to an :

el ectromagnetic fi &hg cedansot a8 peeendcedectromainetin chield dteante t®egree

e ctic 11 8h8, Chdansors ARGanAcehes _

whet her <ai d i gnaPTogRRBsBOAREoP BhRAY oiRaleRELER 36| B ATETam S n 1 he
t bj ect in_t | _ tic, field ' '

pacsagevay and a r dEverartiRR SEoFnp, BRHCrAEh: Hin WM ALt an

e e A TR e S T R
correspond to those for an acceptable coin, wherein
each means to subject the.coin to first and éecond
electromagnetic fields is a resistor-inductor type -

10  relaxation oscillator having an oscillation frequency
determining inductor adjacent-tﬁe coin passageway,
each resistor-~inductor relaxation osciliator having a.
linear frequency response with respect to changes in
the effective inductance in the oscillator over a

15 range of inductance suitable for testing coins and
producing an-outpﬁt signél which is digital in nature
and requires no amplitude discrimination or shaping

to be suitable for counting.

8. The apparatus of claim 7, wherein each
20 resistor-inductor relaxation oscillator further com-

prises a variable resistor connected to the inductor.

9. The apparatus of claim 7, wheréin each
resistor4inductor reiaxation 6scillator further com-
prises a capacitor connected to eliminate highér modes

25 of oscillation due to stray capacitance in the'

resistor-inductor relaxation oscillator.

L]
.



bassagemay 11, A coi n testing apparatus as cl ai-red—n—-any_one of clains
to 10:wherei’n the neans to determ ne 15 whet her %ﬂﬁ! naI corresponds to

;that dr an acceptabl e coin inctlude counting maa @\mmmg
ppar at us
|

oscil I'&tions of the oscillator output signal.
substantially as hereinbefore described with reference fo gures 3. 20
or 4, 3 and 5 or 6; or 4 and 5 or 6, of the acconpanying draw ngs.

— | 20

10. A coin testing apparatus comprising means
to subject a coin to an electromagnetic field, means
to preduce a signal indicative of the degree of
interaction of the coin with the field, and meane to
5 determine whether said signal corresponds to that for
an.acceptable coin, wherein the means to subject a
coin to an electromagnetic field comprises a coin
passageway and a resistor-inductor type relaxation
oscillator haying an oscillation ffequency determining
10 inductor adjacent the coin passageway, the inductor
produeing an electrdmagnetic field in the coin

passageway.

11. A coin testing apparatus as claimed in any
one of claims 1'to 10 wherein the means to determine

15 whether a signal corresponds to that for an
acceptable coin include counting means for counting

the oscillations of the oscillator ouﬁput signal.

12. A coin testing apparatus substantially as
hereinbefore described with reference to Figures 3.
20 or 4; 3and5o0r 6; or 4 and 5 or 6, of -the

- accompanying drawings.




