2133601 -1- CO N ROUTING DEVICE This invention relates to coin handling
apparatus and particularly to the devices used in such apparatus for the
routing.ef- coins. 5 Such devices may for exanple take the form .
of nnwi%éﬁ gates. A gate may for exanpl e -be novabl e between a first
positiQaz7in which it diverts coins along a first path, and a second

position in which it either diverts coins along a second path, ogégsggﬁﬁ)io -
noves out of the way so that coins can pass uninpeded to the sec . (*
O her coin routing devices include those which actually transport a coin.

For exanple, a coin dispenser may include_pa_slide which has an aperture 15

for receiving a coin froma stack of coins in a tube, the slide being

novable to deliver the coin to a location at which it is released fromthe
slide and delivered to a dispensing path. The devi ces descri bed above -

conventi onal | Yoe RUTINGD 'DEVErdR ased sol enoids for providing the actuating
force. The solenoid armature or plunger is coupled to the coin routing

menber, such as the gate or dispensing slide. The solenoid is normally
de-energi sed, and the armature and coin routing nenber biased by a spring

to This invention relates to coin handling apparatus

and particularly to the devices used in such apparatus
for the routing of coins.

L 5 Such devices may for example take the form of

movable gatesf A gate may for example be movable

between a first position, in which it diverts coins

along a first path, and a second position in which it

either diverts coins along-é second path, or simply
10 moves out of the way so that coins can pass-unimpeded
to the second path.

Other coin routing devices include those which
actual;y transport a coin. For example, a coin
dispenser may include a slide which-has an aperture
for receiving a coin from a staék of coins in a tube, {
the slidé being movable to deliver the coin to a
location at which it is released from the slide and
delivered to a dispensing path.

The devices described above conventionally use
20 spring-biased solenoids for providing the actuating

force. The solenoid armature or plunger is coupled to
the coin routing member, such as the gate or dispensing
slide. The solenoid is normally de-enefgised, and the

armature and coin routing member biased by a spring to



-2- a desired position. If the nmenber is a gate, it may for exanple be
bi ased to a positi.on in which it causes coins to be diverted to a rgj
path. If .the member is a slide, it may be biased to a position for
receiving 5 a coin froma storage tube. The device is actuated\dy
energi sing the sol enoid, which causes the armature or plunger to retract
agai nst the force of the spring and thus shifts the coin routing menber.
These devices require a great deal of powep~ 10 It is necessary for the
sol enoi d to. produce enough energy to shift the coin routing nember against
the force of the spring, and to hold the nenber in its shifted position for
t he required pardedipédopesiation. bEfotheakkmhengist at gatet r att mapder t he
force of the 15 spring. The solenoid armature is generally made of iron,
whi ch has a hi §brderample Beebiasetduto auposh&ionainewhirheliy rarges
cross-sectional area for the solenoid to produce the necessary force, and
therefore the cedins gasbeofivestadnkouprerpderhi PRENN gRf Fhe Dembery,ge

inertia and frictional -forces thus ipgrease.the required sol enoid.force.
Further, in mah$ éiP&éﬁEvaﬁEeEthnggﬁééﬁ skpPyd poditicn for receiving

5 a coin from a storage tube. The device is actuated by

ct

enefgising the solenoid, which causes the afmature or -
plunger to retract agains£ the force of the spring and

; thus shifts the coin routing member.

Thesé devices.require a great deal of power.

10 It is necessary for the solenoid to produce enough
energy to shift the coin routing member against the
force of the spring, and to hold the member in its
shifted position for the required period of operation,
before allowing it to retract under the force of the

15 spring. The solenoid armature is generally made of
iron, wﬁich has a high density. The armature must
have a relatively large cross-sectional area for the
solenoid to produce the necessary force, and therefore
the totalumass of the érmature is fairly high. The

20 large inertia and frictional forcés thus increase the
required'solenbid force.

Further, in maﬁy circumstances it is necessary
to operate the device very quickly. For example,.if

the coin routing member is a gate in a coin validator,



to operate the -device very quickly. For exanple, if the coin routng nehber
Is a gate in a coin validator, -3 - it is essential that-the gate be
capakle of being. fully shifted in the tine between a coin |eaving a-

teg station and its arrival at the gate. It is desirable for the

di ¢ e travelled by the coin to be 5 small in order to mnimse the
size of the validator, and therefore this tine period is very short. In -~
addition, = a connDnIy occurring fraudul ent operation involves attaching a

coin to a length of thread so that it can be w thdrawn fromthe validator
10 after it has been found acceptabT%T To prevent this, it is desirable
for the gate to shift back . to its normal position very qU|ckIy after the

coin has pftiSPéj é;?erg@:t.a[elnsﬁué@%hé aEé)'Eledé é’é@i’@%@%éfﬁn bei ng

wi t hdr awn creasi ng the spee operation requires the use

of a strongeriyyMuikedhit RUSih ChEESESN tHEcs BRlULdHehmpwer of the
solenoid. In additiaon the initial velocity of the coin routing nenber as

the sol enotestimenstafispd shtbultts berasval git asheogstel e IVAs However, it
is during this initial part of the stroke
desirable for the distance travelled by the coin to be

5 small in order to minimise the size of the validator,

and thérefore this time period is very shért. |
In addition, . a commonly-occurring fraudulent

operation involves attaching a coin to a iength of

thread so that it can be withdrawn frém.the validator

10 after it has been found acceptable. 'Tp'prevent this,
it is desirable for the gate to shift back to its
normal position very quickly after the coin has passed
the gate so that the coin is prévented from being
withdrawn.

15 . Increasing'ﬁhe speed of operatién regquires
the use of a stronger spring, which thus increases the
required power of the solenoid. In addition, the
initial velocity of the coin routing member as the
solenaid is energised should be as high as possible.

20 HoweQer, it is during this initial part of the stroke.
of the solenoid actuator that the force of the solenoid
is weakest. It is therefore necessary for the solenoid
to be even more powerful so as.to ovércome this problem
and achie?e the desired initial velocity.

25 The use of powerful solenoids is a significant

disadvantage when the overall power consumption of the



of the solenoid actuator that the force of the solenoid is weakest. It is

t heref orre necessary for the solenoid to be even nore powerful so as to
avercone, thi s, problem and achieve the desired initial velocity. 25~ .

The use of powerful solenoids is a significant di sadvantage when t@égz -
overal |  power consunption of the 4 cQip bandling apparatus is t
m.ni m sed, such as when the apparatus is to formpart of a pay-tel ephone
which is driven by the tel ephone line current. Al so, powerful solenoids are
heavy and unw el dy. 5 According to the invention there is provided
a coin routing deyhcdat@liingsiapparanisn isutionderemireimided,h sscisehsctively -
novabl e between first and second positions for controlling the path of a
coi'n, an actuawbenfbhe ahpanatberisthe ficrmapartcofipai paygtahepbone

el ectrical conductor nechanically coupled to the_nenber, and a nagnet so
arranged with r#BpeBt igo drigenoRJusher telephone diset pperent. cuhlans

t hr ough t he conducto gg#%gs relative novenent tggrebetmeen and t hus

moves said coi nPPESTFHY 9143, are heawe apd UnwdgildYeor energising the
actuator, the drive cirfglhbr@fAd %S AHE Y frdrt AP thetd 18"brol18eh’ 451
' coih routing device comprising a coin routing member
which is selectively movable between first and second
positions for edntrolling the path of a coin, an
\«3 actuator for . the member, the actuator comprising an
10 electrical conductor mechahically coupled to the
member, and a magnet so arranged with respect to the
'conducﬁor__ that e;ectrical current through the
conductor -causes relative movement therebetween and
thus moves said c¢oin routing member, and a drive
15 eircuit for energising the actuatbr, the drive circuit
being operable to_apply current in a first direction
through said conductor to move said member from the
first to the second position, and'ﬁeing.operable to
apply current in the reverse direction to move the
20 member back to its first position. f |
Thus, there is no longer any need to'use a
spring for retracting the member. This reduces the
power required to move the coin routing member, and
increases the speed'of operation; In addition, it is
25 no longer neceSsaryTto use energy to hold the coin
rouﬁing member against thé-force of a spring at either

of its locations.



t hrough sai d conductor to nove said nenber fromthe first to the second
position, and being operable to apply current in the reverse direction to
nove the 20 nenber back to its first position. Thus, there is na | onger any *

need/Ld use a spring for retracting the nmenber. Thi s reduces the power

req 1 to nove the coin routing menber, and increases the speed of

oper on. In addition, it is 25 no | onger necessary to use energy to =
hol d the coin routing nember against the force of a spring at either of its#
| ocati ons. -5- If desired, however, a small biasing force such as that

provided by a relatively weak spring,_gsQr gravity, could be used to hold the
menber at one of its positions. It may be found desirable also to maintain

a current flow 5__. .through the conductor é gqld_the menber at its other
posi tion agai nst *EnPESEFE8r nGOFEVEE : 31 ERE 3h &P sdBdr £8rFReSEERaRSener gy

consunpt! g0l dyshih phaSRILRILEIY! uelfo 3 LARY | 0! ghgONLLed 1F the

bi asi ng force re or t st rengt urre .r_duce 881 r ed
retracti ogok@q naPgEEAI €8- hdha e RkmBezMBk! ocRkasiENgrkopegibasnihe

advant age . o _ _ _
It may be. found desirable also to maintain a current flow
5 through the conductor to hold the mehber at its other
position against this biasing force, although of coﬁrse
the total energy consumption would still be sﬁbstantially
less than that required if the biasing force were of
the strength required to produce thé desired retraction
10 operation.
| The use of a small biasing force has the advantage
that the gate is less liable to shift due to vibfation.
of the apparatus, and ensures that when the apparatus is
not powered,-the_gate_is biased to a desired position, such
15 as a position wherein inserted coins will be delivered to
a reject chute.
Preferably, the_éonductor,whiCh may be a coil, =
is arranged to intersect substantially the same amount of
flux thfough the path of movement. This means that the
ZC force applied_to move thie coin routing member is substant-
ially constant. This increases the efficiency of the
device, and decfeases the overall power consumptibn, 
.Because thé ipitial force applied is now fairiy substantial,
unlike in the prior art solendid devices, the initial

25 'acceleration is Tairiy nigh, so that the overall time gof



that the gate is less liable to shift due to vibration of the apparatus,
and ensures that when the apparatus is not powered, the gate is biasgd to a
desired position, such 15 as a position wherein inserted coins w g“be
delivered to a reject chute. Preferably, the conductor, which may ‘a’goi t,
is arranged to intersect substantially the sane anount of flux through the
path of nmovenent. This nmeans that the 20 force applied to nove the coin
rowti ng menber is substant- ially constant. This increases the efficiency
of the device, and decreases the overal |-ggower consunption. Because the
initial force applied is now fairly substantial, unlike in the prior art

sol enoi d devices, the initial 25 acceleration is fairly high, so that the
overal | tinecoperatiod, @uner deinee powerhansudPtdioncoagengowen, are | ow
Because the coin routing nenber does not need. to be attached to an iron
armature, the over aBecase dhe foifpyionsing megberndogst petonees reduced,

which results 5 in a_ further reduction_inrpomer consunpti on.
to be attached to an iron armature, the overall mass of

the moving part of the actuator is reduced, which results

5 in a further reduction in power consumption.



3

-7- The coin routing nenber may be a gate, e.g. a blade gate which is noved
linearly in a direction transverse to the paths taken by the coins, of a
flap ich is pivoted into and out of the path of the 5 i ncom ng coins, °*
or gg;gbe a nmenber for transporting coins between |ocations, such as a coin
sl i de”“An arrangenent enbodying the invention will now be described by way
of exanple with reference to the acconpanyi ng drawi ngs, in which:- 10 S
Figure 1 is a side elevation of a coin validator having a coin routing /-
device of the present invention; Figure 2 is a perspective view, partly in
section, of the coin routing device; FIfure 3 is a diagramof a circuit for
driving 15. the device; and Figure 4 is a diagramof waveforns of signals
occurring within the circuit of Figure 3. The coin validator 2 of Figure 1

recei ves coins at hopper 4. ..The coins fall qnto a snubber 5 and are 20
directed along a r?g'ﬁw art fﬁqt&?%ﬂﬂ‘%%@ﬂwg{et%%ﬁ?ﬂ ®dfbwn a ranp 7 and

| ect ' . ' t diff t_properties of .
ach coi n 1o Jads dRGFIRRch he MLCFHGAY S £ Lliel e "to n. Arter
PassiNg { NGrepRRSe td Rihe Yethd éliin By e Wthd, &l Ta 't N9 device

10 | ocated behind a si
- which is pivoted into and out of the path of the

5 incoming coins, or may be a member for transporting
coins between 1oca£ions, such as a coin slide.

An arrangement embodying the invention will now o
be déscribed by way of example with’refefence to the
accompanying draﬁings, in which:-

10 Figure 1 is a side elevation of a coin validator
having a coin routing device of the preseht invention;

‘"Figure 2 is a perspective view, partly in section,
of the coin routing device; '

Figure 3 is a diagfam of a circuit for driving

15 the device; and

Figure 4 is a diagram of waveforms of signals
‘occurring within the circuit of Figure 3.

The coin validatb? 2 of Figure 1 receives coins
at a hopper 4. The coin; fall onto a snubber 5 and are

20 directed along.a_main vaiidation path 6 so that they
roll down a ramp 7 and pass electromagnetic sensors 8.
The sensors 8 test different properties of each coin to
determine whether or not it is a valid, acceptable coin.

After passing the sensors 8, the coins travel

25 toward a coin routing device 10 located behind a side



-

-8- wall 12 of the validator. The device 10, which will be described in
detail subsequently, has a blade gate 14 which normally extends through a
slot 16 in the side wall 12. Thus, coins will be diverted by the gate Jdo
roll down a ranp 18 into a reject chute 20. If, however, the vaLidatogéziz
circuitry coupled to the sensors 8 deens the incomng coin to be val
el-ectrical signal is sent to the device 10 to cause the blade gate 14 to
withdraw t hrough the slot 16. Thus, the valid coin will fall directly into
an accept chute 22. 5 A sensor 24 may be used to indicate that
the coin has correctly passed into the a®cept chute 22. Instead of the :
bl ade gate 14, the device 10 may have a flap gate which can be pivoted from
a position in which it is substantially coplanar with the side wall 10 12

to a position _in which iits u r, edge obstructs the entrance to the accept
gate 22 ther@ﬁ}qt dF&éF%ebggﬁgda%°%'

-

The device 10, which will be described in detail
subsequently, has a blade gate 14 which normally extends
- through a slot 16 in the side.wall 12. Thus, coins
5 will be diverted by the Qate 14 to roll down a raﬁp 18
into a reject chute 20.
\Q; ' 1f, however, the validator circuitry coupled to

the sensors 8 deems the incoming coin to be valid, an



to the reject chute 20. The device 10 is shown in nore detail in‘Figyre 2.
The device 10 has a nagnet 26. This is preferably 15 a pernmanent. nmagnet,
as shown, but may alternatively be an el ectromagnet. The magnet-26 is
cyl%ggggcal and has opposite poles at its upper and | ower ends. The nagnet

*

26 Beated on a mld steel nmenber 20 28 which has a central spigot 30. _
A m ‘'steel disc 32 is located on top of the nagnet 26 and surrounds the;J—
upper end of the spigot 30. The bl ade gate 14 is attached by a pin 34 to a*
shaft 36 which is attached at its |ower, end to a cylindri- cal bobbin

38. The shaft 36 and bobbin 38 are intébrally formed by injection noulding.

If desired, the gate 14 could be part of this integral noulding. A coil 40

i s wound around the bobbin 38 between 5 upper and | ower '

o S ARSI Sl Sl A B RO B o0 10 oo
30. 10 the blE&R Rjaade WpitDd Mithdiald tHrcuyh RADidICIB |y .e
Thus, the valid coin will fall directly into an accept
chute 22.
5 A sensor 24 may be used to indicate that the
coin has correctly passed into the accept chute 22. . _
Instead of the blade gate. 14, the device 10 may _ o
have a flap gate which can be pivotea from a position
in which.it is substantially coplanar with the side wall
10 12 to a position in which its upper edge obstructs the’
entrance to the'accept gate 22 thereby to divert coins
to the reject chute 20.
The de§ice 10 is shown in more-detail in Figure 2.
The device 10 has a magnet 26. This is preferably
15 a permanent magnet, as showﬁ, but may alternatively be
an electromagnet. |
The magnet 26 is cylindrical and has opposite
poles at its.upper and lowef ends.
The magnet 26 is seated on a mild stéel member
20 28 which has a central spigot 30. A mild steel disc
32 is located on top of the magnet 26 and surrounds the
upper end of the spigot 30.
The blade gate 14 is attached by a pin 34 to a

" shaft 36 which is attached at its lower end to a cylindri-



novabl e between the upper position shown, in which the | ower end of the
coil 40 is pasitioned between the disc 32 and spigot 30, and a | ower

posi tion,” where the blade gate 14 is withdrawn fromthe path of the corms.
15 in the validator, and the upper part of the coil 40 is |ocated bégggén
the disc 32 and the spigot 30. The coil 40 is connected to pins 46 at =
upggr end of the bobbin 38. The pins 46 are connected by very flexible

W res 48 to terminals 50 to which external 20 connections (not shown) are
made. The wires 48 extend through holes_.pg_in a dust cover 54 which
surrounds the shaft 36 and bobbin 38. The operation of the device 10 is as
follows. It will be appreciated that with the arrangenent shown, t he

. coil 40 has ac&lrisobbRgn38ic Thé eshaft 036 C0aNg bOBbONITE £Fé Cli ey, and
an opposite nmagnetic pole at its interior. Thus, a magnetic flux flows

radi al |y thr ofigtmedebyoihjectiomgsoubding. If dé¥ibred, dtheegate cuit to be
descri bed subsequently applies a voltage of a first polarity to the :
term nal s 50,14 heceldrkatparbwhgthistintegral tmewkdingn a circunferenti al

direction, and produces a resulting force on_the gate 14, shaft 36 and
bobbin 38 which is ddrgeidgds0 is wound around the bobbin 38 between

5 upper and lower externally-projecting flanges 42 and
44, _
'-The bobbin 38 and surrouhding coil 40 extend
into the annular gap between the disc 32 and the central
spigot 30. B |

10 The blade gate 14,.shaft 36 And bobbin 38 are

movable between the upper position shown, in which the
lower end of the coil 40 is positioned between the disc
32 and spigot 30, and é lower position, where the
blade géte 14 is withdrawn from the path of the coins

15 in.the validator, and the upper part of the coil 40.is
located between the disc 32 and the spigot 30.

O The coil 40 is connected to piné 46 at the upper
end of the bobbin 38. The pins 46 are connected by
very.flexible wires 48'£o términals 50 ﬁo which external

20 connections (not shown) are ﬁade. The wires 48 extehd
through holes 52 inla dust cover 54 which surrounds the
shaft 36 and bobbin 38.

The operation of the device 10 is as follows.

It will be appreciated that with the’arrangemént shown,



10 vertically downwardly, as seen in the drawing. The gate 14 thus noves

out of the path of the coins. During the novenent of the gate, the size of
40 which is located in the flux path between the disc
N\he central spigot 30 remmins constant, and 15 thus the resultant
constant. To nove the gate 14 back to its origina
Ircuit applies a voltage of opposite polarity to the term nals 50.
of the direction of current flowresults in the force applied
gate 14 being directedhertically upwardly as seen in

t hat

The reversa
to nove the 20

rt of the coil

posi tion,

t he

~

<

+

-12- Figure 2. The gate 14 is thus noved back into the path of the incomng -
coins. The bobbin 38 is perforated as indicated at 56 to ensure that air

can pass freely out of the space 5

bet ween t he bobbin 38 and the spi got

30, and t hé&hef ol Wi40 hag 3 it maemtic pake penfmoundinws iiso reduce
the total weight of the noving parts. Referring to Figures 3 and 4, the

drive circ@AteREIFURIRFNGs cAND a0 QRRAFIKR Magngipls RAtee current 10
to the coil_,4Q intugkljormar and reverse m|¥%§£c¥§ 10 produce the

required mitfertdiit IY-ePTyat S4B, @ magnetic

10

15

20

ows radially
through the coil windings. .

When a drive circuit to be déséribéd'subsequently
applies a voltage of a first polarity to the terminals
50, 'the current'fIOWing in the coil t:avéls in a
circumferential directioﬁ, and_producesla fesulting force
on the gate 14, shaft 36 and bobbin 38 which is directed
vertically downwardly;'as seen in the dfawing. The
gate 14 thus'moves-out of the path of the coins; During
the movement of the gate, the siie of that pért bf'the_
coil 40 which is located in the flux éath between the
disc 32 and the cehtral spigot 30 remains conétant, énd
thus fhe resultant force is constant.

To move the'gate 14 back to its original position,
the drive circuit applies a véltage of opposite polarity |
to the terminals 50. The reversal of the direction of
current flow results in the force apélied to'méﬁé the

gate 14 being directed vertically upwardly as seen in



-

The circuit-
of, for exa
pair of .15

40 and between the power supply term nals 102. Wen both transisto

swi tched on, current flows through the coil 40 in a first direction to

cause t he.

has power supply terminals 102 for receiving a suppl& Vo
nple, .5 volts. The main current-carrying el ectrodes of A
transistors 104 and 106 are connected in series with

gate 14 to retract. 20 The main current-carrying

eMectrodes of a second pair of transistors 108 and 110 are connected in

series with

the coil 40 and between the power supply terminals 102,

so t hat

when these transistors are switched on current flows through the coil 40 in

the 25 re
toward its
effect tran
paral | el w
generated b
control | ed

5
Vo
Ly
10
15
20

25 .

verse direction to cause thel@ate 14 to be pushed back
original position. The transistors could for exanple be f
S|stors or blpolar tranS|stors They are all connected

-13-
i el d
n

%(9ﬁ&ﬁot dciist kdwssmovedy backndnteyEhge vol t ages

B8 09 L e il g anoe; The transistors 10¢ o 1

The bobbin 38 is perforated as indicated at
56 to ensure that air can pass fréely out of the space
between the bobbin 38 and thé spigot 30, and therefore
will not.impede movement; the perforations also reduce
the total weight of the moving parts.

Refer:ing to Figures 3 and 4, the drive circuit
100 for the device 10 is arranged to apply drive curreﬁt
to the coil 40 in both fdrwérd and reverse directions
to produce the required movement of the gate 14.

The circuit has power supply terminals 102 for
receiving a supply voltage of, for example, 5 volts.
The main current-cérrying electrodes of a first pair of
transistors 104 and 106 are connected in series with the
coil 40‘and between the power supply termihals 102.
When both transistors are switched on, current flows
through the coil 40 ih a first direction to cause'the;
gate 14 £6 retract.

The main current-carrying electrddes of a
second pair of transistors 108 and 110 are connectéd in
series with the coil 40 and betweenlthe power supply
terminals 102, so that when these transistofs are
swiiched on current flows through the coil 40 in the

reverse direction to cause the gate 14 to be pushed back

10 are
bed



in the follow ng. 10 Wen a valid coin is detected, an accept

pul se A (see Figure 4) is delivered to a termnal 114. The pulse |s

delivered via a resistor 116 to the base termnal of the transistor 106 to °*
turn if39n. The pulse A is also delivered to one input of 15 a NAND gate
118 receives at its other input a 50 KHz square wave pulse C. The

pul se I's thus inverted and nodul ated by the 50 KHz pul se, to produce -
signal D which is applied via a resistor 120 to.the transistor 104. This 3
causes the transistor 104 to be repeatetdy 20 switched on and off for the
duration of the pulse A Thus, the coil 40 is repeatedly energised to

retract the gate 14. It is found that this nmethod of driving the coil 40

usi ng succestowardhits gudginal rpesittieoman driving the 25 coil using a
conti nuous pul se such as pulse A results -14- in nore efficient '
energi sation of theéTR®itrapsiserss ccrrldt fepmexapplenbe piield cffrct

ef fective power SLl{gied tol%?%ﬁfOil can be matched with its inpedance. A
‘prototype deAiRE Lo 7Y RARPLEN FPRPRILFLREDF TASHPre ally g .

resistance OéorZr?’ecqper?’ir? nlgiazaaf_)fé’\f rw{&g_ué{ggrgsn Gy 5 to protect them

5 from the reverse voltages generated by switching the

coil inductance.
The transistors 104 to 110 are controlled by the
remaining parts of the circuitry, which are described
in the following.
10 , When a valid coin is detected, an accept pulse
A (see Figure 4) is delivered to a terminal 114. The
pulse ié deliﬁered via a resistor 116 to the base
terminal of the transistor 106 to turn it on.
The pulse A is also delivered to one input of
15 a NAND_éate 118 which receives at its other input a
50 KHz square wave pulse C. The pulse A is thus inverted
and.modulated by the 50 KHz pulse, to produce signal D g;/
which is applied via a resistor 120 to the transistor
104. This causes the transistor 104 to be.repeatedly
20 switched on and off for the duration of the pulse A. ‘
Thus, the coil 40 is repéatedly.energised to retract the
gate 14.
| It is found that this method of driving the coil
40 using successive short pulses, rathef than driving the

25 coil using a continuous pulsé such as pulse A, results



about 80 mW. Wth a supply voltage of 5 volts, this could be driven
efficiently using. pul ses having a mark- space ratio of 1:1. A capagitor 122
ray be provided to supply the 10 current pulses and thereby negflt in a
.nore regular drain on the power source. To return the gate 14 toits /
original position, a pulse Bis generated by a NAND gate 124. The gate 124
has one of its inputs connected to the positive supply 15 rail, and its
~ot¥er input connected via resistors 126 and 128 and a diode 130 to the
positive supply rail. The pulse Ais subbfTed via a capacitor 132 to the
junction 133 between the resistors 126 and 128. Positive transitions of the

pul se A have po 20 significant effect. on the voltage at the junction 133
d]EJet ':10 t h-le cl i?rp‘f'ﬁg'}e e?#gg‘flﬁ?gt Wlé:’a?bﬁ%ti?%.o_ %?_ecf‘?lﬁl;fé‘%%?%% t{ﬁnsi tion
0 e pulse A w c LV e e ju Lon et ween e
resistors 126°%ﬁﬁe358g$§§5%%§f°§b 6%%?@%%e V%I?ééﬁf%&v?rﬁf%ﬁﬁpnn of the 25
gate 124 w || gt hS€: e ' | | S ; case
about 20 nS, ?jlé %?ﬁ‘rile 6%htéh£6§gl %%é%?%ﬁg&?%gsﬁ%}? ]{1%8 jémrfdaq#ec‘%c'apaci tor
132, the capagippstdeydpe device had a coil with an impedance of 5.1 mH,

5 a d.c. resistance of 73 ohms, and a power requirement of
about 80 mW. With a supply voltage of 5 volts, this
could be driven éfficiently using pulses having a mark-

U space ratio of 1:1.
A capacitor 122 may be provided to supply the

10 current pulses and thereby result in a more regular drain
on the powef source. |

To return the gate 14 to its original position,
a pulse B is generated by a NAND gate 124. The gate 124
has one of its inputs connected to the positive;supply

15 rail, and ité other input connectéd via resistors 116'
and 128 and a diode 130 to the positive supply rail.

. . The pulse A is supplied via a caﬁacitor 132 to the
~ junction 133between the resistors 126 and 128.
Ppsitive transitions of the pulse A have no

20. significant effect on the voltage at the junction 133
due to the,clampingzeffeét pf'the diode 130. However,

a negative transition of the pulse A will cause the
Voltage at the junction 133 between thg resistors 126 and
128 to drop, so that the voltage at the output of the

25 gate 124 will rise. After a predetermined period, in this’



~charges up, so that the voltage at the junction 133 between the resistors

126 ang\ 128 rises. After it 5 reaches a predeterm ned | evel, the voltage
at t Q‘o tput of the gate 124 falls. The pulse B obtained in this manner is *
-appl ifgdWia a resistor 134 to the transistor 110 to turn it on, and is al so
“appli®d’to a NAND gate 136 where it 10 I's inverted and nodul ated by the

50 KHz pul se C before being applied via a resistor 138 to the transistor =~
108 so that the latter is repeatedly_sl\rf,l)\zi_tched on and off. The coil 40 is
thus repeatedly energised in such a marfher as to cause the gate 114 to

return to its original 15 position. It will be noted that a failure of

t he source @%g%l g?&u%gmﬂﬁ(} tg%tloe??i,i aeﬁrb&h\gﬂé mu%a; eoqu:ql%use t he

transi-stors eref ore excessi ve conti nuous

current canpelsieosvitoehhd HHel @A a1 08 320] e cdpaditeeniaedi nent

described, the pulse A has a length such that the coil is energised to rnove
the gate fukhariges up,’ alo atiaad thesividlvagea it ithekepincivmi1ead to hold the

gate in position. The pulse A may therefore 25 be slightly |onger than
the pul se Bbetweedetihecdtesiztonml (126 and 128 rises.  After it
..5 reaches a predetermined level, the voltage at the.
- output of the gate 124 falls.
' The pulée B. obtained in this manner is applied
via a resistor 134 to the transistor 110 to turn it Lj
on, and is 5lso applied to a NAND gate 136 where it
10 is inverted and modulated by the 50 KHz pulse C before
| being applied via a resistor 138 to the transistor 108
so that the latter is repeatedly switched on and off.
The coil 40 is thus repeatedly energised in such a manner
as to cause the gate 114 to return to its original
15 position.
It wili be noted that a failure of the source
of clock pulses C to logic zero will be safe because
the transistors 104 and 108 will be off, and therefore
excessive continuous current cannot be switched through.
20 the coil 40.
In the embodiment described, the pulse A has a
length such that the coil.is enérgised to move the gate
fully to its retracted position, and is kept energised

to hold the gate in position. The pulse A may therefore

25 be slightly longer than the pulse B. If desired, a small
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-16- biasing force may be arranged to hold the gate in its opposite

ile the coin is de-energised, so as to avoid the risk of the

ntally noving due to vibration of the apparatus and to engxel
gate is in the correct position when the apparatus is und'

It will be appreciated that the energy required to hold the
retracted position agai nst-tdx 10 smal | biasing force i's
ly lower than that required to produce the retracti on novenent
I's no | onger necessary to accelerate the gate. According- |y,

r mark-space 15 ratio of the pulses Cis altered during the
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spring, or possibly by gravity.
It will be appreciated that the energy required
to hold the gate in its retracted position against the

small biasing force is substantially lower than that

‘required to produce the retraction movement, because it

is no longer necessary to accelerate the gate. According-
ly, in order further to reduce the power consumption,

in a modified embodiment the frequency or mérk-space
ratio of the'puises C is altered during the time.that

thé gate is held in its retracted position so as to

- produce a smaller force on the coil 40. When the gate

10
15
20

25

is moving back to its original position, it is being

assisted by'the'relatively small biasing force and

therefore one could arrange for the frequency or mark-

space ratio of the pulses C during the time in which the

coil is being returned to its original position to |
differ from that used in the period in which ﬁhe gate is
being retracted. However, as_the biasing force is preferably
very small compared with the force required to produce

the desired movement of the gate, this may not be worthwhile.



t he desired novenent of the gate, this may not be worthwhile. -17- In an
alternative nodification, no power is supplied to the coil 40 while the

gate inits retracted position. In both the above nodifications, the
puIsé?i% “for retracting the gate and returning the gate to its original
posi tT0n are separated by an interval in which either no energy is supplied
to the coil, or a reduced anount of energy is supplied. Such an arrange- -~
ment can conveniently be achieved by geperating a 10 first pulse, during™
which the coil is retracted, using a tinmer which is actuated by the | eading
edge of the accept pulse A and generating a second pul se,during which the
gate is returned to its original position,using a second tiner which is
actuated by the tromlandaPegenffivd nd@ifLe£pion)| 86 power is18 - CLAIME:

1. A coin routing device conprising a coin routing
supplied to the coil 40 while the gate is in its
retracted pdsitioﬁ. |
In both the above modifications, the pulses

5 for retractipg the gate and returning the éate to its:
original éosifion are separated by an interval in
which either no energy is supplied to the coil, or a
reduced amount of energy is supplied. Such an.arrange-
ment can conveniently be achieved by generating a

10 first éulse, during which the coil is retracted, using
a timer which is actuated by the leading edge of the
accept pulse A, and generating a second pulse,during
which the gate is returned to its original position,using

a second timer which is actuated by the trailing edge of

15 the accept pulse A.



nenber which is selectlvely novabl e bet ween f|rsf-aﬁa‘EEEaﬁa_ﬁﬁ§TT|ons for

controll'ing the path of a coin, an 5 act uator mmmﬂ 'I[ t he
dctuator.conprising an electri cal conduct or m EM‘I t
t he nenber, and a magnet so arranged with respect t6 the torfduct or Y
el'ectri cal current through  the copductor causes relative anenent "
t her ebet ween and 10 thus noves said coin routing nenber, and a drive
civtuit for energi sing the actuator, the drive circuit being operable to
apply current in a first direction through sai d conductor to nove said
menber from t h€LAIMSE: to the second position, and being operable to 15
apply current in the reverse direction to nove the nenber back to its
first position. 2. A device as clainmed in claim1, wherein said nenber

conprises a gate for selectively diverting a 20 nopving coin. 3.
device as clainrted in cﬁaFﬁﬁE r%ﬂ%?@ﬁrﬁ%ﬂ%Qf &&F&rﬂ§188r%ﬂ§861F@uﬁénﬁoved
linearly by said ctua

claim2, whereft grd égfg i §P#§ﬁ$éae}3 H@VBPJStgGXH?eQZEH gté& or.

second positions for controlling the path of a coin, an

5 actuator for the member, the actuator comprising an
electrical conductor mechanically coupled to the
member, and a magnet so arranged with respect to the

g\ g conductor that electrical current through the
conductor céhses-relative movement therebetween and

10 thus moves said coin routing member, and a drive
| "eircuit for energising the actuator;_the drive circuit
being operable to apply current in a first direction
through said conductor to move said member from the
first to the second position, and being operable to

15 apply current in the reverse direction to move the

member back to its first position.
2. A deviee as claimed in c¢laim 1, wherein said
member compriées a gate for selectively diverting a

26 moving coin.

3. A device as claimed in eclaim 2, wherein said

gate is arranged-to be moved linearly by said actuator.

25



5. A devite as clarnmed in claiml1, wherein said nenber is operable

to receive

coi

t hrough an area of the coi

conductor conprises
aving a 10 plurality of turns. 7. . A device as clained in
claim6, wherein said nagnet

a

_ ' Nirst 5 location and is. caused by the
act/@ator tomllmg“ﬂ:“lﬂ |||lé[ﬂl in to a second |ocation. 6. A device as
cl in ary preeedtng cl*aim wherein said

Is arfahged to produce a magnetic field
extending radially through the coil. 15 8. A device as clainmed in’
claim7, whe#ein theAndgndeei asarqlaigrat tin peblime2a wWhereinhisaidext ends
of substantially constant size throughout the

-~

movenment of gRbtenifbarranged to be piveieddnsSaidiamtdmat®rolaim 7 or claim.

8, wherein the nagnet has a first pole |ocated inside the coi
pol e surrounding the coil. - 20 - 10. A device as clained in any
for

precedi ng cl
sel ectively

10

15.

20

im includin sem conducj oy witchin devi ce
gpplying a 8?398 75 t ' _oE%_ggfhm ?, Wherein' Sald
member is operable to receive a coin at a first
locatioh and is caused by the actuator td transport the

coin to a second location.

6. A device as claimed in any preceding claim,
wherein said cohdu@tor comprises a 'coil' having a

‘plurality of turns.

7. A device as claimed in claim 6, wherein said
magnet 1is arranged ¢to préducé a magnetic field

extending radially through the coil.

8. A device as claimed in claim 7, wherein the
magnet is arranged to produce a field which extends
through an area of the coil of substantially constant

size throughout the movement of the member.

9. A device as claimed in eclaim 7 or claim 8,
wherein thé magnet has a first pole located inside the

eoil and.a second pole surrounding the coil.

and a second



conduct or

draw ngs.

in either of formard and reverse directions.

as clained in any. preceding claim wherein sa““mnlmﬂl U‘l ;l”“ll S ope
t'o appl y- pul ses of current to said conductor sai d
between the first and second positions. 10 12. A coin routi ng de
substantially as herein descrlbed mnth égference to the acconpanying

g

10

10. A device as claimed in any preceding claim,
indluding semiconductor switching devices for
selectively applying a drive voltage across said

conductor in either of forward and reverse directions.

11. A device as claimed in any preceding claim,

wherein said drive cibcuit is operable to apply pulses

@

of current to said conductor in order to shift said

member between the first and second positions.

12. A coin routing device substantially as herein

described with reference to the accompanying drawings.




