-1- N 2168185 CO N CHECKI NG APPARATUS This invention rel ates
to apparatus for checking the validity of coins, which uses electrical

power in its 5 coin checking circuitry. Throughout the specificatign
t he, 1 “coin” is intended to nean genuine coins, tokens, counterfeif .
coif Md\/gl ugs, washers and any other itemwhich nay be used by persons in an

attenpt to use coin-operated 10 devi ces. Apparatus of that general kind .
is very well known and the power required for its operation_is in the great
majority of applications derived fromthe-nains el ectric- |2158U1)8I5/

In these circunstances, the power 15 consunption of the corn
checking apparatus is of little or no inportance since it is mnimal

conpared with what is continuously available fromthe mains supply.
However, there are applicationsEQﬁﬁLEEEEKlEEL&EI&B&EEﬁe for the coin
checki ng apparatus to be operabl-e 20 I ndependently of a mains power
supply. In such applica- tions one-or nore batteries may be enployed to

pover the coin checkigsappeLat ton dlfs BPYRLIDa2AIeBE ER8GK1ng tifs O
use at all times, and its requirenen or battery
validity of coins, which uses electrical power in its
5 coin checking circuitry.
Throughout . the specification the term "coin" is

intended to mean genuine coins, tokens, counterfeit
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coins, slugs, washers and any other item which may be (
used by persons ‘in an atﬁempt to use coin-operated
10  devices. )
| Apparatus of that general kind is very well known
and the power required for its operation is iﬁ the great
majority of applications derived froﬁ the mains electric-
ity supply. In thesé circumstances, the power
15 consumption of the coin checking apparatus is of little
or no importance since it is minimal compared with what
is continuously available from the mains supply.
However, there are applications where it is desir-
able for the coin checking apparatus to be operable
20 independently of a mains power supply. In such applica-

tions one or more batteries may be employed to power the

coin checking apparatus. The apparatus should be ready



repl acenent should be kept to the m ninmm It. is therefore
desirabl e that the average power consunption of the coin checking apparatus
shoul d- be reduced as far as 5 possi ble so as to naximse battery life,
“thus neximsing the continuous period over which the apparatus will be .x},,' :
operabl'®~ before a battery change is needed, and so nminimising the.
frequency of battery changes. Low average pomer consunption is also

.desirable 10 where the primary power sourceé:s of | ow power as for exanple-
are solar cells. Wth such a | ow powered primary source, rechargeable '
power .storage neans such das a capacitor or -battery may be enpl oyed,

the storage nmeans pghnesehatgash Lopindypl bidandy tsedu WebOVWsr t BEBLERY NY
15 available:to neet the relatively high denand for power when the coin

checking appar at upepDpeemésts. shoulld tbe ckegiscant pheermiwimumpt i odtwets
not |ow, the necessary anount of stored power nmay not be avail abl e when
geeded. The presenthenefore clesinablieo thadvitie apprage poWen cposugpsdrnngf
the validity of coins which, in its quiescent state, has extrenmely |ow
power consunption &heteain 6@%¢kéﬂgs%ﬁ84%ﬁﬁ#%13h?ﬂ%¢(ﬁF rgdugedras fap as

e o0 PoNs, CoTSURELBER o 8 o SRl B! B8 e
of a coin. CheCk'ngthe contlnuous period over which the apparatus w111 be
| o operable__before ‘a battery change is needed, and so
'.minimising the frequency of battery ohanges.
W 't”:” - Low average._poﬁer eonsumptioo is also desirable
'10 | where the primary power source is of low power as for
| | example are solar cells. With such a 10# powered primary
source,:-rechargeable- power storage ﬁeahs,.SUGhl as a
capacitor or battery may be employed, the storage means
being charged continualiy and its stored power then being
'15 avsiiaoie to meet the reiatively high demand for'power
| ﬁhen the coin checking 'apperatus operates. ~ If the
qulescent power consumption were not low, the _necessary
amount of stored power may not be available when needed.
N p't- ~ The present 1nvention aims to prov1de apparatus for
{ 20 checking the valldity of coins whieh, in its quiescent_
| state, has extremely_low power consumption so that, over
a sﬂbstahtiai period of time, its average powver
consumption also will Se-extremely low. |
In general terms,_the invent{on ipvolves leaving the -

25 e’lectrical poWer-consuming aspects of a coin cheeking
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-appar at us unpomefed_mhen t he apparatus i's not béing used and

in the apparatus a piezoelectric elenent which is so arranged that

i nsertion of an
_ el‘nt 5 SO
Sy h on the p

sefnses the arri
its quiescent s
other coin ar
proposed. Thus
appar atus whi ch
i nt erveni ng per

I-ncor por ati ng

y coin into the apparatus will stress the piezoel ectpic
that it generates a voltage.” This voltage is thenwdsed to .
ower of the appar at us. The piezo- electric elenment, which

val of a coin,- consunes no-pewer when the apparatus is in

tate, waiting for acointo be inserted, in contrast to 10 -

rival sensing arrangenents whi ch have previously been.
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said coin path, a piezoelectric elenent arranged so as to be affected by a

coi n passing al asgdtbe switcpash thelparer ofyeher appapatakect Thepiszgnal

in response- to

" consumes no power when the apparatus is in its quiescent

10 -
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S Ing a coin pat el ectrical Ty powered coln

25 said coin, and switching .neans operable by said

electric element,.Which-senses the arrival of a coin,

state, waiting for'a coin to be'inserted, in contrast to

other coin arrival sensing arrangements which have

7_previously been proposed. Thus the invention-enables the

‘power only when it-is being used, and in - intervening
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provision of a coin checking apparatus which consumes

periods ideally consumes none. However, in practice; it

is 1likely that some,"though. extremely_ small, power

consumption nili be required during the quiescent
periods.
More specifically, the invention provides apparatus

for checking the vali_dit'y of _coins, comprising means

'defining a coin'path, electriCally powered coin checking .

circuitry adapted to check the val1d1ty of a coin passing
along said coin path, a p1ezoe1ectric element arranged so
as to be affected by a coin pa531ng along the coin path
such as to generate an electrical signal in response to

said coin, and switching means operable by said

vy,
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electrical - signal . to power up the coin checking circuitry whereby to
enable the coin checking circuitry to check the validity of said coin. .
Preferably, the apparatus conprises a coin inpact 5 surface arranged
be hit bg,a coi n. passing along the coin path, there belng a vibration *
transm ssion path fromsaid coin i mpact surface to the. pi ezoel ectric

el ement. Exanples will be described in which this is achi eved:by

associ ating the pi ezedpetriralel signelvertp clpR€sy wiph the tQQ§QHNﬁR#°kin8

which is hit by the coin However in the preferred’ enbodi nent, t he
mechani cal. ~ coupl i ngeiFQuitRY c¥BErePHpLY S?aﬁgﬁl erGHHQJﬂ?ﬁﬁkiﬂﬂﬂQiﬁ?qkﬁry

el ement and the surf it by the |ca ilon with a common
frame portion of the QpﬁﬂfﬁkughelYaiggPB%eﬁg nnﬁ% n"that even when they
are significantly spaced C or n arrr al G
-still be sensed by the gérgg}if %ﬁgfg'lﬁ?giég ééﬁﬁ?ggg%acrl i i ¢

fthe nechani cal gesiggup}g—aa@eam Ut W niPehe LS IndzRds g@ﬂ%mgﬂtthe_

on the positionfng o e p|ezoe ctrlc 20
i nvention may be norgothegdtl, WHkres bedhg anveaiaadwﬁntpaﬂsﬁ?@élmIﬁamvrxbﬂn

descri bed, by way of exanple,. with reference to the acconpanying
dlagrannatlc dramAnQSaidnddmmﬂEmpact surface to the piezoelectric element.
Ekamples kill be described in which this is achieved by
associating ﬁhe.biezaelectric'element very closely with
10 the memberawhich is hit by the coin. HoWever, in fhe
‘preferred embodiment,.f thé mechanical aoupling is
achieved simply by having both the piazoeleetric element
and the surface hit by the ¢oin in communication with a
common .frame portion of_thé apparatus. It has been found
15 that even when they are significantly spaced apartion a
-comﬁon frame portion, coin_arrival.can still be sensed by
the pxezoelectric element. | This faciliﬁates the.
mechanical design of the apparatus since there is no
great constraint on the positioning of the_piezoelectric
-eiement. |
In order that_the.inveﬂfion may be more clearly
understood, an embodiment thereof will now be described,
-byrway of example, with reference to'the accompanying

diagrammatic drawings, in which:



-Figure 'l shows the basic nmechani cal arrangenment of a coin wvalidity checking
' atus the main structure of which is well known but in which the - :
i nvention has been applied, the lid of the apparatus:5

ghown in an open position. Figure 2 is an elevatlon of the: apparatus

Flgure 3 is a schematic circuit dlagranlotscerU|try 10 "~ by neans of
whi ch the invention.i's incorporated into the apparatus of. Figures 1 and 2,
Figure 4 shows a transistor switch circuit which may be used in the _
circuitry of Figure ¥igure Ai ghows bhandasishosekn idd e aiatangerentnodfa

pi ezo- electric elenent to that used in Figures -1 and 2, and 'the way 1in
~which it may be npurbda waiﬁdﬁtyappackuug aﬁberapparahasmahnmﬁtrncﬁhgeres
1 and 2 conprises a main frame portion 2 to which is connected by neans of
a 20 hinge 4 (not ofowwhiehfls welhi )1°an LPQMemaHalghalﬂeﬁ? present.
portion 6 which in practlce s often referred to.as_a lid and wll be so

referred to herein. BHFHtﬁPQHEaEOPF?Bﬁ%P%&¥P¢nnHQﬁN}ﬁﬁr8§1&hEUPPEBT%tus

pl astics materi al the I|d 6 i.s_shown. |n t-he open position for 25

_ Ntho
purposes_of5iIIu'stratb'd'r‘?g'g °W? ?@doﬁﬁgnppﬁé éBBaratus _
o _Figure 2 is an elevation of the apparatus of Figure
1 taken in the direction of the arrow A, with the
11d closed. ' ' '
Figure 3 is a séhaﬁatia.cirduit diagram of'circuitrj.g:;
10 by means of which the invention is 1neorporated into
-_the apparatus of Flgures 1 and 2,
‘Figure 4 shows a transistor switch eircuit which may'
be used in the’ ‘eircuitry of F1gure 3, and
Figures.s apd 6 show'an aitepnativé'fonm bf'piezo-
) iS o electric eiemant tp that ﬁsed in Figures 1 and.2,
| and the way in which it may be mounted in the'
apparatus. _
The apparatus shown in Figures 1 and 2 comprises a
main frame portiop 2, to which is connected by means of a
50 hinge 4 (not shown in full detail) a further and smaller
frame'portion 6 which in pbactice.is.pften referred to as
‘a 1id and will be'so referred to herein.. Both frame
portions are ﬁoulded from a Suitable plastics materizl.

Although the 1id 6 is .shown in the opén position for

25 purposes of illﬁstration, it is closéd when the apparatus



-6- is ready for use. On the inside of the lid, a protruding and sl oping
coin track 12 is noul ded, as are two | ocating Iugs 14. A snubber 16 is-
provi'ded at its.respective ends With recesses which fit round the | ugs 14,
and -th 5 snubber is mounted firmy to the lid 6 by neans of both gﬁii),
adhe5|vé (for exanpl e -a cyanoacryl ate adhesive such as Loctite |S422) an ‘
screw. 18 whi ch passes through a hole in the snubber 16 and is screwed into
a pre-drilled bore in the plastic lid 6. The upper surface of snubber 16
is 10 in line with the upper surface of coindgeack 12. The snubber 16 is
preferably made of a ceramc material as, for exanple, is disclosed in
Ger man Patent No. 2455106 The lid 6 is cl osed for normal operation of the
appar at.us, -and t hen isheeadyblfor veeandOnotinetinsidd Df ithel3 idagai protruding
front face 20 of the main frane portion 2, substantially at the position
shown by the broken antheleping FPQBrEPECkA??oi/% neyldadht aso a6t hwer &ﬁgatmg

portions 2 and © Shau L0bat ] Shufogs Pe' Ihou il AP T Yensbeldl Spas
2ﬁzsaz:'-ymﬁ?m“ﬁasom%“ BRI, P, FEERudS, a5 ALZHE
roll wthout SU§Sta@du?dbeqo%'xﬁ%ﬁdéﬁ‘gfimf“&@bﬂﬁeai‘f’dt@eﬂyainQQHstB? both
an adhesive (for example a cyanoacrylate adhesive such as
Loctite ISMZZ) and a screw 18 which passes through a hole
in the snubber 16 and is screwed into a pre-drilled bore
. in the plastic 1id'6. The upper surface of snubber 16 is
10 in line with the upber sufface of coin track 12. The
snubber 16'is.prefenab1y made of a ceramic material aé,
for.example, is disclosed in German Patent No. 2455106 ,
| The 1id'6_1s Qlosedjfor'normal operation of the
apparatus, and_then.the“snubber.16 éﬁd coin_track 12 lie
15 against the front face 20 of the main fraﬁe portion 2,
. substantialiy at_the'position shown by theiﬁroken 1ihe 22
-in Figure 1. -
\_ - Arrows adjacent to both frame portions 2 and 6 show
the path of a,coin'thrbugh the épparatus. A coin 8 ﬁhose
20 validity is to be checked falls into the coin entry 10
| and in a generally dowﬁwérd direction towards the snubber
16. The coin hits the shubber, which absorbs at least
most of the eoin's energy and causes it to roll without
substantial bouncing.alonggthe snubber.and then along the

'25 ¢oin track 12. The coin falls off the end of coin track



25 cofn_track 12. The coin falls off the end of coin track- --7- 12

down dly towards a gate 24 which is automatically retracted by neans of a-
"éole‘i>if the coin has been found valid and acceptabl e
along an accepted coin path, or is left in positionif 5 e
00|n is not found valid and acceptable in which case the coin hits the gate
For tle pur pose of assessing validity
t he

the

and rolls off

It onto a reject path.

of the coin electrically powered inductive sensors are placed al ong 10

passageway which. |lies above the coin track 12. |
fields produced 18 dbEnsendmystoihedsuhpmm&aﬁznhahscmSQESaamom&Qu%adlyO-
vary by this interaction, these. variations representing neasurements of

so as to djrect

The coin interacts with the

charact eri sti cs ngtnagtedi by mednshefe aresslemoddt $f1%heareo nhehkedbagai nst

- reference values; for exanple by using a microprocessor, in. order for
't he valldlty,(NfQWM%rﬂﬁééd %ﬁdtﬁéceﬁg?

gate 24 then bei
20 Two of®
side of theglid
inside of the i

the coin hits the gate and rolls- off it onto a reject
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path. _

For the purpose of assessing va;idity of the coin
electrically powered ihductivelseﬁsors are placed along
the passageway which lies above the coin track 12. The
coin interacts with.ine-fields'prodUOed by the sénsoro.
The outputs of the-sénsors are oauséd'to'vary_by this

interaction, these. 'variations representing measurements

of eharaeteristicéoof-the coin, and these heasuremehts

are checked against reference values, for ekample' by

using a microprocessor, in. order for the validity, or

-otherwise,. of the coin to be detérmined,_the.actuator

gate 24 then being enérgised only if the coin has been
found to be valid. | |

Two.of:the inductive sensors, 26 and 28, are located
on the front side of the 1id 6 and their’positiohs-afe
irdicated in broken lines on the inside of'the lid 6 in
Figure 1. A_third sensor 30 is located on the back .of the
front plate 20 of the main frame portion 2 and its

position also is shown in broken lines in Flgure 1. The

3
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Figure 1.- Athird sensor 30 is |located on the back of the front plate 20
of the main frame portion 2 and its 25 position also.is shown in broken
lines in.-Figure 1. The -8- electronic circuitry required for coin
val i datigp, apart fromthe sensors 26 and 28 and the | eads which run fr&ﬁﬁ)
them together with the gate actuating sol enoid already referred to, is
contained in the rear of main frame 5 portion 2, which has a generally

- box-1ike configuration. The particulars of thegeoin ‘vali dation process do
not formpart of the present invention but it may, for exanple, be carried
out in accordance with the disclosure in published Application GB A

2093620. 10 Rafetridifl ¢S RATdu ity rdquifiedfor2 colife viald datiilon ,2 @pamrd
28 are secured to the outside of the lid 6 within a rectangul ar box 32

which is formed by afrdmpandierpsors |26 iamd zsamddngheuieadslyhicbnrunefrom
pl ane of the drawi ng) noulded integrally with the lid 6. A cover (not
§hown) 15 is f|tteﬁhemﬁﬂtqgﬂthﬁnmwibhptbeesatﬁhé°§éﬁ§éns solpygid already
el ectrical wi res which connect the sensors, 26 at ZEHto the re t of

val i dating circuitryefierned b9r d ¢ fenpained Podt oL in e?‘ggme

Ipm goggeo?ogekgﬁgbgé(r% t%f & Iy k{.lrk}asrr‘rset%génle%raﬁy %ox-like eon%riggg%tlon.

The particulars of the;eoin Validation_process do mnot
" form part of the -preseht invention but it may, for
example, be earried out'in accordance with.the disclosure

k; BEERE in published Application GB A 2093620,

10 Referring specifically to Figure 2, the two coils 26
and 28 are secured to the outside of ‘the 1id 6 within a
rectangular box 32 which is formed by an upstanding wall
(i.e. standing outwardly from the plane of the drawing)
moulded integrally with the 1id 6. A_cover_(not shown)

15 is fitted over this box to protect the sensors. Four
electrieal wires_which cOnneet the sensors 26 and 28 to
the'rest of the'validating circuitry are led out of the
‘box 32 and through an aperture 34 into the box-like back
of the main frame portion 2.

20 For the purpose of sensing arrival of a coin in the
apparatus for checking, a piezoelectric element 36 is
provided at the positibn shown in Figure 2. Element 36_
is in the form of a block of-piezoeleetric material and
is mounted in firm_contact'with the outside of the 1lid 6,

25 i.e. on the opposite side of the lid from the snubber 16.



apparatus for checking, a piezoelectric elenent 36 is provided at ‘the

position shown in Figure 2. Elenment 36 is in the formof a bl ock of

- piezoelectric material and is nounted in firmcontact with the outsi4de of
t he 6, 25 i.e. on the opposite side of the lid fromthe snubber 16.

1N actical enbodi ment, the block is approximately 10 nm ‘long, 5 mm

wides~"and 1 nm thick and is polarised perpendicular to its major surfaces.

It is nounted to the 1id 6 by means oftg.the cyanoacrylate adhesive 5

previously referred to. Al though the pi ezoel ectric element is not in

contact with the snubber 16, and indeed i's separated fromit not only by -

t he- |nterp05|t|oqn0h pradti¢ad ewbodimenlty ZheublbeRkt isl apppexrimgtepar 10of -

t he snubber and- piezo- 10 * electric elenent along the lid 6,

neverthel ess it imm.fdomg,t Hatmmhewide, nagdhilt oam.hd hdekbad 1BStnelpresed

el ectric el ement 36 generates an. output signal which is sufficient for
the purpose of penpendigulay WQKQt%oPﬁjEHeéﬁrﬁQCSP vmlﬁkﬁﬁrﬁP%¢$%®|§¢y

It 1s believed that 1 is.is because. ther ratjon transm ssi on
path from the i ni&& 3&Ffag b¥ « MEaDSuLBEN Fgethﬁyﬁpgiﬁry%?gﬁtr?ﬂh%?éﬁ%nt

36. . The exact nature of .th Ly Qs caused by coin inpact, and the
~ exact manne of1ﬂﬂ?‘JQHP&# %nggg% ré not wel |l understood, but they reach

the - : g Although_the piezoelectrlc element is not in contact
with the snubber 16, and indeed is separated from it not

only by the interposition of the lid 6 but also by a .

'substantial spacing apart of the snubber and piezo—“?
10 electric elemenﬁ-along.the'lid-B, nevertheless it is
fbund thﬁt when coin 8 hits the'snuﬁber 16 the piezo-
electric elemeht 3§ generates an output signal which is
sufficient for tﬁe purpose of turning_ on  the 'coin
checking or vaiidating'circﬁitry. It is believed that
'15. this is because there is a vibration transmission path
from the impaet surface of the snubber to the piezo-
electric elément 36. The exact nature of the vibrations

baused by coin impact, and the exact manner of their_:

- transmission, are not well understood, but théy feaeh-the

20 piezoelectric element 36 from the impact surface via the

snubber 16, its mounting to the 1id 6, the 1id 6 itself,

and thé'junction.of'the 1id 6 with the piezoelectric

element 36. The resulting stress on the element 36 is

sufficient to cause it to‘ggnerate the adequate output

25 signal previously referred to. The transmission path is



20 pi ezoel ectric. element 36 fromthe inpact surface via the snubber 16,
its mpunting to the lid 6, thelid 6 itself, and the junction of the lid 6
with the piezoelectric elenent 36. The resultlng stress on the el enent 36

S suffk%lent to cause it to generate the adegyglLe output 25 si gnal - .
previously referred to. The transmission path is . -10- through '
‘continuous 'solid material owing to the firm contact which i s maintaines '

bet ween the snubber ﬂ&&f@at%dﬂi%u@usangomamﬁﬁtéhﬁpl QAGRIECLbI CLIg e FaRn."
36 and the lid 6. 5 - _ By positioning the piezoelectric elenent 36 as
shown in. Figure 2, idontadpsshbtle s Imadentialinedwbetvdgeri thé esndBbaron§ nd
same path as the wires fromthe coils 26 and 28 out of the box 32 and round
to the back of the nthen Iidnf, podt befiween thiei piezoelegtriensilemeat 36 and
design 10 ~ advantage. Piezogelectric blocks suitable for use as the piezo-

electric el enent 36 @t¢ ] cially'available mﬁth both faces

per pendi cul ar 0 the irecti arlt tr

contact materi gﬂt .- and 'Wit 139 Q"@1 @gﬁ de GF ?’ﬁb‘ﬁa? F?P?égg ds Houn
Suitable elenents : oel ec r teri gl

modified |ead zi rc e ej[zt ;; Ciblc 1',a(>mlearHa el:é 6{:wo -Ep% w(i%es

38 along the same path as the wires from the coils 26 and
28 out of the box 32 and round to the back of the main
| frame portion 2, which is a considerable design
10  advantage. _ -
| Piezoelectric blocks suitable for use as the piezo-
electric element 36 are commercially evailable with both
faces perpendieular .to 'fhe direction " of - polarity-
precoated with. electrical contact _materiel, and with
15 electficai output terminals fiﬁted. |
| Suitable elements made of piezoelectric ceramicl
material PZT-54 (a modified_ lead zirconate titanate
ceramic) are available from Vernitron Ltd. of
‘Southampton, England. '~ By making one of the output
‘\_+ - . 20  terminals a wrap-areund terminal, both the terminals can
be provided on the same face of the block (e.g. the face
of the block which is seen in Figure. 2) so as to
facilitate thelconnection of the wires 38 to the block. |
Referring now to Figure 3, there is shown in block

25 form the electrical circuitry, most of which is contained



ceramic) - are
By making one of the output 20 termnals a wap-around
both the termnals can be provided on the sane face of the,.bl ock

Engl

available from Vernitron Ltd. of Sout hanpt on, .

eface of the block which is seen. in Figure 2) SO as" tad
C tate the connection of the wires 38 to the block. Referring now to

Figure 3, there is shown in block 25 forqqihe electrical circuitry, nost
of which is contained in the rear of the main frame.portion 2. In

response to a coin hlttlng the snubber 16, the piezoelectric el enent 36
produces an outfuf thiegraarwbecthe smanplfirate porBeohnput B r@spensehtsha

I npedance transistor switch circuit 40 5 shown in nore detail in Fi gu_fe. .
4.  The anplitud®isf hiksiogt phe sngbker fromtbecpiezodiecsriesebenertn3foi ns -
of different types and varies between coins of the sane type. It is

typical ly nore tFeFUGEs A5 toutputhj signakiiich ein , appiedipht i title atnpss ‘the

base and emtter of a 10 t transistor, T1 through hi gh- val ue resi stors
Rl and R2, ‘to t fn 3 n%er Vrg’ﬁ@?’s ég

et etors k- adrol ‘LI SRATLE e & L\ Al EE St ihee

tpPesdanas krapshivory eHdtehs e ironuidgldf

a

volt output 15 ogputcdsfgfi 2rhéh! SiundAr( HeIWdy fis VhaLROLE" 1R o%'“e

44 appears on the

10 .

15

20

ransi stor sw tch out put
different types and varies between coins of the same

suffioient, wWhen applied across the base and emitter of a
‘first transistor T1 through h'i'gh-val‘ue- resistors R1 and

' _R2, to turn that. transistor On'_,'- thus ,dropping the base

voltage of a second transistor T2 through the effect of
two further hlgh-value resistors R3 and R4, so that

transistor T2 is switched on and a twelve volt output

derived from a battery 42 (Figure 3) via power supply

line 44 appears on the transistor switch output line 46.
The very high values of resistors Rt to'RlI ensure that

the transistor swit"ch' 40 has the very high input

:unpedance needed. to utilise the output of piezoeleetric |

element 36 and also ensures that the quiescent ourrent '
drawn from the battery 42 when the switch has not been

activated is extremely small, in practice a fraction of a

"mlcroampere, which is negligible.

25

. The output voltage on line 46 is sufficient to

'switch a CMOS latching gate 48 from a reset to a set

- type. It is typically more than one volt. This is . :

Y )



The very .hi gh val ues of resistors Rl to R4 ensure that the transistor
switch 40 has the very high input inpedance needed to utilise the:
out put of piezoel.ectric 20 elenment 36, and al so ensures that the qui esgQl}-
current-idypawn fromthe battery 42 when the switch has not been activat e~
extrenely small, in practice a fraction of a microanpere, which is
negligible. The output voltage on line 46 is sufficient to.25 switch a .
CMOS | atching gate 48 froma reset to a set _¢422- condition in which it
stays after the transient output from piezoelectric elenent 36 has

term nated. The latch 48 i's al so permanently powered from battery 42 and
power supply line é4nditaonliime witiclbuit séggBnaftiers theovitarfsient output
consunption is only a fraction of a mcroanpere and therefore negligible.
Wien set, the.latch f8oprpiedeelantvicpeienanti 86 Baswhérhingkedt esThe latch
sem conductor switch 54.to connect power supply line 44 in circuit with the
Goi n checki ng- ci r.cui #Byigoadsot pepuanenthyt Pevereadt fyompbattery o#2 tamrd cpower

W thin the” br oken- | | ABPBEbcid Hie COllbr taec HoHe: KA B tav RERLAg nEhhs power

by comects 41 HBRbteRbABE, L sbivashctideiihd lar ¥ miBHBanBURE
therefore negligible. When set, the latch 48 provides an
: output.on'liné 52'which opefatés a semiconductor switch
54 to connéct_powgr'supply line 4% in eirecuit with the -
\x: o :, - coin checking circuitry'so as to power that circuitrx’up
| 10 for the coin ehecking opéraﬁion. It will be appreéiated
that fhe compongnts shown within the bfoken-line block 56
constitufé togethé:,a switching means which connects the .
supply.,line. 4y  in circuit ﬁith _the. coin checking
' eircuitry in reéponse td the output signal given by the

'15" piezoelectric element 36. | | |

| __Oné section of the ‘coin 'cheeking circuitry is
 indicated at 58 and includes the coils 26, 28 and 30 and
their assoeiated.circuitry such as osciilators_which may
L be u;éd fo drive the coils, or which the eoilé may form
20 part of. Béttery.power is also'appliéd by switch 54 to a
microproceSSor 60 so as to enable i£ to carry 6ut_in
'  known mannef comparisoh tests on the output signals
derived from the céi;s on line 62 so as to determine
_wheﬁhef “the coin is valid or not. If the coin is

:25_ determined to be vélid, the microprocessor causes the



15 plezoelectrlc el ement 36. One section of the coin. checking.

ry is indicated at 58 and includes the coils 26, 28 and 30 and
ysociated circuitry such as oscillators which may be used to Qllve
s, or which the coils may form 20 part of. Battery power (g al so

applned by switch 54 to a microprocessor 60 so as to enable it to carry out
I n known manner conparison tests on the out put S|gnals derived fromthe
coils on line 62 so as to determ ne mhether the coin is valid or not.

“If the coinis 25
-13- operating. solenoid of gate 24 to be energlsed I n- known -manner,

necd not be descebbegdyrag Haendla o Nedfe SEERETe deddIREP! M IR

valid, the gate a

IS no energ e coln

- I'n known manner, phhge s CﬁHPéHCﬁééérnéhsgedSéEE{f}] &g tgf ﬂ?é‘@”t}ﬁ‘%té&{h di?

each accepted coin and records in its menory

t bt anount of cre

due to a user \AhaccSptéaertIﬂgtlwlmin Nt ddte vanaa',akus. gatdnBctBaLEY of
t he nlcroprocessor is permanently powered with a féw mcro- 10 anperes,

*.which is neglighbteenergisedbandrthentodn D& regessedy information,
as for exanple the prices of products,

machi.ne.’ 5

10

15

20

25

In known manner, the mleroprocessor ‘also determines

- the denomination of each- aceepted coin and records in its

memory the total amount of credit due to a user who is

inserting é61ns”into the apparatus. ' The memory of the

hicroproceSsor iS'permanently powered with a few micro-

determ ned to be valid, 37merncroprocessor causes the
whi ch

such
when the apparatus is in a vending

“

-amperes; which is “negliéible,‘ £6 énable retention of |

necessary information, such as for example the prices of

‘products, when the,apparatué is_in é vénding machine. .

'~ ‘The microprocessor is programmed so that if no
credit has been recorded within a time deiay, for example
five seconds, after the piezoelectric element 36 has

indicated coin arrival, it resets latch 48 over line 64

'so as to.remove the output signal from line 52 and open

the switeh 54, thus - powering down the 'validating

circuitry and avoiding waste of power. _Thus, if the

apparatus is installed in a environment khere it is

subjectedfto'external vibration sufficient to produce an

output from the piezoelectric element 36, the amount of

* power wasted is minimised.

Further, the mlcroprocessor 60 is programmed such

that- if it is still recording a credit value after a

%

¥



~ The microprocessor- is programmed so that if no credit has been recorded
within-a tinme delay, for exanple 15 five seconds,” after the

pi ezoel ectric element 36 has indicated coin arrival, it resets latch’ 48
over |jings/64"so as to renove the output signal fronlllne 52 and open

switch 54, thus powering down the validating circuitry and avoi

wast e of power. Thus, if the 20 apparatus is installed in a

envi ronment where it is subjected to external vibration sufficient to
produce an output fromthe piezoelectric element 36, the anount of power
wasted is mnimsed. Further, the mcroprocesgor 60 is programed such 25
that if it is still recording ‘a credit value after a = -14- delay of
thirty seconds from acceptance of a coin it resets |atch 48 over |line 64
and thus powers dowlelawe ofi rthiaxltiydaseoondsr duriotr yacdnptatcé hefsarecbdime it
maintains: its record of -the: credlé This avoi ds wasting power by 5°

&ppl yi ng the batterr')ﬁﬁﬁiﬁer]-%%ﬂ! h#8varenadiing ¥ candr ¢busr powers; gewnodhes

woul d ot herw se ‘occur, é@# ser, left the apparatus with credit stil
recorded init. If QQﬁ?tY @é%a&& &PrcHF§’8neBPF By Heempny tae madptains

?22{2%23“2?1"&5 R, e R 1E0° I01s 418809 EREPALER b5

' ' " 5 applying the battery power to the va11dat1ng circuitry

for a long period as would otherwise occur if a user left

| the apparatus with credit still recorded in it.

, N ::'. t" | '. If the user takes all his credit by goode. or

services and/or change from the equipment'in which the

10 validating apparatus is'installed, as is usual at the end

of each transaetioh,’then the reduction of the credit to

zero’also causes-the microprocessor to reset latech 48 and

'thus open switeh 54 to bring the apparatus back to its
quiescent condition.

15 " The microprocessor may also be programmed to monitof

the output voltage of'battery_HZ, and if it falls below

-an_ adequate operating '1eve1, to render the apparatus

inoperative by suppressing generation of accept signals

feomt the_ eoin' eheeking_ eireuitry until an adequate

20 battery voltage is restored, thus avoiding unreliable

operation of the apparatus; \ |

The functions of the microprocessor may be ﬁerformed

by other types of ciﬁeuitry such as custom made LSIs, and

~ the requirements for utilising either a microprocessor or

25 other types of eircuitry in coin checking apparatus are

well known.



of each transact i

on, then the reduction of the credit to zero atso causes

the mcroprocessor to reset |latch 48 and thus open switch 54 to bring the
apparT‘ps back to its quiescent condition. 15 The m croprocessor

nay!11\ be progranmed to nonitor the output. voltage of battery 42, wad if
‘ bel ow an adequate operating |evel, to render the,apparatus :

i nopereti ve by suppressing generation of accept signals fromthe coin
checking circuitry until an.adequate_20 -Bttery voltage is restored,
t hus avoi ding unreliable operation of'the apparatus The functions of the

- mcroprocessor may be perfornmed by other, t ‘of C|rCU|try such as custon1-
made LSIs, and the- red& 4%}

-other types of ci
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i s shown in Fi gurg ot @chtadedt HitHOYhRCshiubbaregNt 36 is agal n in the
form of an annular washer, but in this case the washer is placed over the

screw on thg ODDOSIteAﬁdﬁheﬁ ﬁdﬂiﬂﬂditﬁdhrqglkhﬁwn in Figure 6 where the

piezoelectric element 36 is again in the form of an

_annular washer,_but_in_this case. the washer is placed

_over the screw on the opposite side of the 1id 6 from the

~ snubber 16,'and is held in firm contact with'the'lid_ﬁ byi\J

10

means of a nut 66 which is tightened onto the shank of
the sorew, thereby also holding the snubber 16 firmly in
position.

Referring back to Figure 1, reference 36a shows in

broken lines a form and positioning of the piezoelectric

15

element which may be employed instead of the element 36

‘shown in Figure 2. Piezoelectric element 36a is in the

-~ of rectangular cross-section which is adhesively secured

20

form of a relatively_slim bar of piezoelectric material

directly toithe lower surface of the snubber 16.

It is also possible to make the snubber 16 itself

from piezoelectric material so that the same element

25

serves both to dissipate the energy of an inserted coin,

and also generate a_signal indieative.of its arrival in

the apparatus. Such ‘a construction is 'curbently

. relatively expensive and is not preferred.

>

‘



snubber 16, and is:-held in firmcontact with the lid 6 by 10 nmeans of a
nut 66 which is tightened onto the shank of the screw, thereby al so hol di ng
t he snubber 16 fi.crmy in position.. Referring bﬂlmnmuﬂ“njmlﬂmreferen(i
36a showg.in“broken lines a form and positionin ctric 1

el enent which may be enpl oyed instead of the elefrent 36 dhod#n tn Figure 2
Pi ezoel ectric element 36a is in the formof a relatively slimbar of

pi ezoel ectric material of rectangul ar cross-section which is adhesively
secured directly to. the lower surface of the¥wbber 16. 20 . It is
al so possible to make the snubber 16 itself .-from piezoelectric material so
that the sane el enent serves both to dissipate the energy of an inserted
¢oin, and al so generﬁéﬁ g ,signal indicative of its arrival in the

appar at us. Such® onstruction is currently 25 relatively
expensive and is not preferred. = -16- CLAIMS: 1. Apparatus for checking
fhe validity of coins, conprising means defining a coin path,

electrically 5 powereq, CO'KbﬁF‘é’ﬁﬂé‘gf&i'rEHé&I&Ynéd%HEGQatHd‘iQ?C‘%f‘ hé‘oms,
validity of a coin passing:along said coin path a piezo- electrfic elenent

arranged so as to beoabkesting bﬁe§n§0|dbfining a coin path, electrically

5. powered coin checking circuitry adapted to check thg

validity of # coin passing along said coin path, a piezo-
'_electrie'elemeht'arranged 80 as to be affected by a coin

N o passing aldng the coin path' such as to generate an
eieetriéal-signal in responée-to said coin, and switching

10 means”opefable by said eleciriéal signal té_pbwer up
the coin checking ciréuitry ﬁhereby td enable the coin

checking'ciréuitryfto check the Validity of said coin.

2_' Apparatﬁs as'cléimed in claim 1 comprising a coin

15 'impact-surfaee'arranged'to be hit by a coin passing along
the coin path; there bz2ing a vibration trahSmission path

ffom .said coin impaét surface to the piezoelectric

‘element.

20 3.' Apparatus as claimed in claim 2 wherein the

 transmission path comprises continuous'solid material.



passi ng al ong the coi n path such as to generate an el ectriocal signal :

res nse to said coin, and swtching 10 nmeans operabl e by said electrlcal-

Si checki ng circuitry whereby to enable t he.goin
chi WIHIEI“ MEMJ the validity of said coin. 2. Apparatus @8
cla |n ¢ oonprising a coin 15 -inpact surface arranged to be hit

by a c0|n passi ng al ong the coin path,

path fromsaid coin inpact surface to the piezoelectric elenent. 20
3. Apparatus as clainmed in claim2 wherein the * transni'ssion path
conprises continuous solid material . -17- 4. Apparatus as clained in

claim2 or claim3 wherein said piezoel ectric el enent
a frane portion of the apparatus. 5 =17 Apparatus as claimed in
claim4 wherein said pi ezoel ectric el ement

6. Apparatus as clained in any one of clains 2 to 5 wherein said coin

| npact surface is on menper firmy 10 dto a frane portlon of the
7 biedas eiatned

bonded to said fr

appar at us.-

sai d-

10

15

.20

- 25

Appar atus aBPRF3 r%}?'l”%alzd RenBdpips 3

frame portion of thetapparatus.

5. Apparatus as clalmed in elaim u wherein said

p1ezoeleetrle element is bonded to sa1d frame portion.

6. Apparatus as olalmed in any one of claims 2 to 5

wherein said coin 1mpaot surface is on a member f1rmly

mounted to a frame portlon of the apparatus.

7. Apparatus as claimed in claim 6 wherein said

- member is bonded to said frame portion._

8. Apparatus as claimed in ciaim_6 wherein said

member is secured to said frame portion by a screw.

9. 'Apparatus as claimed in claim 6 wherein said

'member is secured to sa1d frame portion by bonding and by'

a screw.

10. Apparatus as claimed in any one of claims 6 to

9 wherein said pieZoeleetric element and said member are

both firmly mounted to the same frame portion of the

‘apparatus.

there being a vibration transm ssi-on

Is firmy nmounted to

i s bonded to said franme portion.

ﬁere r?rstaafg'piBezoéAfeDca{raiteuse1ae§ne(f'1ltalirsregilr£1§lgournt?emere' :
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menber is secured t-o said frame portion by a scrempfgff’ﬁﬁﬁérafagdag

clained in claim6 wherein said nenber is secured to sa t|on by -
bondi ng -and by 20 a screw. 10. Apparatus as cl a \“\g‘ f cl ai-fs;

6 to 9 Wwaerein said piezoelectric el ement and sald re both firmy: egib
mounted to the same frame portion of the 25 apparatus . .-18- 11.

Apparatus as claimed in any one of clains 2 tQ4R0 wherein said

pi.ezoelectric element and said coin inpact surface are | ocated on

opposite .sides of a frane portion of the apparatus. 5 12. Apparatus as

claimed in any one of clains 2 to 11 wherein said piezoelectric element

and said coin inpact sunﬂaceAppaBasubSaﬂnél@ihddSﬂﬂcﬁﬂya@@étoﬁjéIEHﬁb 2 to

fr ame portion of the apparatus. 10 13. - Apparatus as clainmed in claim?2 or
~claim 3 wherein sai d1Qi estosatesiot r isaidl emaeuoe]semmm ecelghndrit madldr esdid coin
contact with said nenber. 15 Apparatus as clainmed in claim13

whereln t he p|ezoeleé@??éteﬁﬁﬁﬁﬂ?el§P§oﬂesatﬁd wmeQ@adamte sides of a frame

portion of the apparatus.

| :12. Apparatus as clalmed in any one of claims 2 to

11 wherein sald p1ezoe1ectric element and said coin

.impact surface are substantially spaced apart along a

.\«‘ | : _ frame.poﬁtion of the'apparaﬁus.
13. Apparatus as claimed in claim 2 or claim 3"

wherein said p1ezoe1ectric element is mounted in firm

direet contaet w;th said member.

15 14. Apparatus as claimed in claim 13 wherein the

piezpelectric element is bopded to the member.

15.' Apparatus. as claimed in claim 3 wherein sa1d
piezoelectrie element is in the form of a washer mounted
20 0p a screw which secures the element to a frame portion

of the apparatus.

16. Apparatus as claimed in claim 15 wherein the

screw passes through said frame portion and the washer is



'15: Apparatus as clained in clain13-mhekein'said pi ezoel ectric-elenent is

Tee form of on a screw which secures the el enent
toCl Jrame por ‘m glw at us 16. Apparatus as clainmed in claim 15
Ngr el n the sc pasised tarorgh said frame portion and the washer is '
--¥/hel d on the opposite side of said frame portion fromsaid el ement by _
nmeand of a nut on the screw. 17. Apparatus as clained in claim15 or claim
16, 5 wherein said screw serves also to secure said nmenber to said frane .
portion. 18. = Apparatus as claimed in claim1 wherein the piezoelectric
el enent is a nenber having a.coin inpact #039- surface arranged to be hit by
a coin passing along the coin path, which nenber is made of or includes
piezo- electric material. 19. Apparatus as clainmed in any one of cldims 2
to 15 18 wherein said nenber is, arr ed _to sgipate th ne,
coin hitting it, h%bdt%ttfm@m#%% alg%o@é‘eaag ?ﬁgmﬁoﬁ’?\rgg? {:ﬁ%%ait%tle
or no bouncing. 20 aratus as_cl ai.ned_in.,any eding claim20 T
wherein sai d swi eEemeRt nﬁ%n@e?gso‘b%r%b?‘ét t%‘p scﬁ{)e'f'ne coi n checki ng
circuitry in response to signals generated -

17. Apparatus as'claimed_in claim 15 or claim 16,
5 wherein said screw serves also to secure said member to

said frame portion.

18. Apparatus as claimed in claim 1 wherein the
piezoelectric element is a.meﬁber having a.coin impact

10 "sufface arranged to bé'hiﬁ by.a coin paséing along'the"
| coin patﬁ; which memﬁer is made of or_includes piezo-

eiecfric material.

'19. Apparatus-as claimed in ahy one of claims 2 to
15 18 wherein said member is arranged to dissipate the
energy of a coin hitting it, so that the coin can proceed'

on the coin path with little or no bouncing. - R

;. 20. Apparatus as'claimed”ih any'precéding claim

20 wherein said switching means is operabie_to power up the
coin checkidg circuitry in respohse to signals genérated

by the-piezoeléctrie élement irrespective of the type of

coin causing generation of the signal.



by the piezoelectric elenent irrespective of the type of coin causing
genetation of the signal. -20- 21. . Apparatus 3mm‘m|IMU!HML _
-precedi pg clai mconprising delay neans for powerin ; Wheck- .
i ng cirgg}tﬁy if the coin checking circuitry does not i‘ndi‘cal e hat a vaj-ghy
coin has been received within a 5 period after it has been powered up.~
22. Apparatus as clained in any one of the preced- ing clains conprising
del ay nmeans for powering down the coin checking circuitry if the coin
checking circuitry 10 i ndicates receipt of ope or nore valid coins, and a
del ay period has el apsed.- sufficient for recéipt of all coins needed for a
transaction. 23. Apparatus as clainmed in any one of the preced- 15 ing
tlains conprising means: for sensing the voltage available froma power
supply for the apparat us23nd dAﬁngvéﬂﬁs a3 APPSRt YA awgerbréélﬁii' NELAim
voltage is inadequate for reliable operation. 20 . 24. Apparatus as

el ainmed in any one gmphésihgcddiaynmeahsi Forcpower $hgodowr ethér §etb! €hotk~
repl aceabl. e power storage neans for powering the coin checking circuitry.

25. Apparatus for cHegkicigaditnsal ifli thheofewin neh@8kingubdiraniitalyl \deess not

her ei nbef ore descri bed with reference ;
' - indicate that a valid coin has been received within a

§  period after it has been powered up.

22. Apparatus as'claimed in any one.df the_preéed-

\*‘ | ing claim; comprising delay means for powering down the
coin checking eircuitry if the'coin checking circuitry

10 indicates receipt of one or more valid coins, and a delay

period has elapsed-sufficient fof'receipt of all coins

needed for a transaction.

23. Apparétus as claimed in any.one of the preced-

15 ing claiﬁs comprising méans er " sensing the voltage 
available from a power. supply for the abparatus and
disabling the .apparatus 'ﬁhen the sensed voltage is

inadequate for reliable operation.

20' 24. Apparatus as claimed in any one of the preced-
ing claims comprising a rechargeable or'réplaceable,power

storage means for powering the coin checking ecircuitry.

25. Apparatus for checking the validity of coins
25 substantially as hereinbefore described with reference

. to the_aceompanying drawings.




~to the acconpanying dr awi ngs. -21- 26. A bbiﬁ Operated equi parent tor

'-Isrﬁi |I ngoﬁepgﬂm‘“ﬁ Imamuﬂml :eun(r:nlsUdl .ng coi n checki ng appar at.l{s as _,CLiI med

26. A coin operated equlpment for selling a product
or serv1ce, ineludlng 001n checklng apparatus as claimed

in any one of the preeedlng,claimg.




