2100009 VENDI NG MACHI NE GONTROL AND DI AGNOSTI C APPARATUS Thi s o nventi on
relates to the control of vendi ng machi nes, and particularly r\ AL QR &
of vendi ng nachlneSJgiflng a Iarge nunbeflof*actuators for vending a | arge
quantity or a wde ety of products. The invention also relates to t he

di agnosi s of operating defects in the vendi ng machi ne, particularly defects -

in the actuators. Mst vendi ng nmachi nes today enploy brute force type
selection circuits and bl ocker circuits to prevent nore t han one act uat or
from being actuated at a tine. A typical blocker ¢ircuit conprises a group
“of single pole, double throw bl ocker switches each associated with one of

the actuators and actuated by a cam whi IS rotated during that actuatof’s
cycle. Wien all of the actuators are a heir "home" or normal start-stop
position, the switches are connected in series and =~ -2- supply a signal

whi ch enabl es a second set of switches, the selection switches. Typically,
each selection swwtch is a single pole double throw switch-associated with
a single actuator. Al of the selection switches are connected in series

until one selection switch is actuated, causing it to interrupt the series

connecti.on of selection switches and apply current to the associ ated
actuator. Once a selection:is nade and the sel ected actuator begins to
move, its cam causes the associated bl ocker switch to nove to its other

VENDING MACHINE CONTROL ANb DIAGNOSTIC APPARATUS

This invention relates to the control of
vending machines, and particularly to the control
of vending machines having a large number of
actuators for vending a large quantity or a wide _
ﬁariety of products. The invention also relates to
the diagnosis of operating defects in the vending
machine, particularly defects in the actuators.

K

Most vending machines today employ brute
force type selection circuits and blocker circuits
to prevent more than one actuator from being
actuated at a time. A typical blocker circuit
comprises a group of single pole, double throw
blocker switches each associated with one of the
actuators and actuated by'a cam which is rotated
during that actuator's cycle. when all of the
actuators are at their "home" or normal start-stop
position, the switches are connected in series and

<



;
pogition closing its hold contacts so that it suppli current to the
selett ed actuator for the remai nder of an actuator e. The interruption
of-. the series connection of blocker.sw tches through the. blocker contacts
dlsaQLes the selection circuit so that no other actuators can be started
unti* the originally selected actuator has conpleted its cycle..-It has been
recoghized for sone time that the type of bkpgker circuit described above
has a major disadvantage: when an actuator is disabled in nid- cycle, the
entire vending nmachine is disabled. An actuator can be disabled as a result
of an actuator defestppdy assagnasuhhioh enablesnat beconddsay eppar at us

eoe! Togn OF Lhe Progietndl | 8neTEROREIR KGREonell | NYRECRINGITLERAV
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in machi nes having a e nu actuators. - present
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selected actuator begins to move, its cam causes
the associated blocker switch to move to its other
position closing its hold contacts so that it
supplies current to the: selected actuator for the
remainder of an actuator cycle. The interruption
of the series-connection of blocker switches
through the blocker contacts disables the selection
circuit so that no other actuators_can be started
until the originally selected actuator has
completed its cycle. '

It has been recognized for some time that

- the type of blocker circuit ‘described above has a
major disadvantgge- when an actuator is disabled in
mid~cycle, the entire vending machine is disabled.

" An actuator can be disabled as a result of an
actuator defect, or as a result of a jam in the-

. vending apparatus itse}f or of the product it is
intended to vend. Although attempts have been made
to circumvent this problem (see, for example, U.S.
‘Patent No. 4,220,235), they have employed |

'rrelatively expensive components associated with
each actuator and, therefore, have not been very
'practical, espec1a11y in machines havxng a large

number of actuators.



i ndi cation of whether the actuator has operated and 10 whether there has

.been a change in the inpedance of the actuator. In the preferred

enbodlnent an i ppedance el enent, 'such as a resistor or. capacitor, is ¥

associated with h of a plurallty of actuators. Each actuator controls a

715 switch which is electrically in series with the inpedance el ement so”

that the inpedance el enent and the actuator are electrically in paraIIeI

when the actuator .is at honme poesition, but the i npedance. el enent is

di sconnected. fromthe actuator when the actuator is away fromits hone 20

position. A neasurenent of the i npedangce of an actuator .and its associ at ed

i npedance el ement, for exanple, by -pasSing a small current through the"

'actuator circuit -3a- where the inpedance elenent is a resistor, |§’hsed
" di agnose the status of the actuator. The actuators. may be connected in

: a natrlx arrangefhet priesent cinwastidmeprevidesdanwending apparatmisenment s

and interconnecting 5 wires is reduced. The present invention is

sui tabl e focompeiatingn afddeasdnt one diredudtr deldyeryormeanser dzgid hat the

i nvention may .be nore cl early understood, sone enbodiments will now be '

descri bed b?l"ﬂéycé'f éi@ﬁqip‘f%f'yvm meganss ereqmRridinge &@corﬁkﬁﬁlﬁfhigc%lbm ngs,

10 I n which: % is a schematjc bl ock diagra first, enbodi nent

of the i nveﬁPIeé'ﬁt g ga°t2141'5°%1 §9Herﬂaqlr’cv%méwf°ﬁg rgd'PF%%’t udt Firewh and

switch §U|table f n_th

f 3 i sia
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' 'such that its impedance is controlled by the operation of
the actuator, and means for detecting the combined
: 1moedance of the circuit and the actuator to provide an
indication of whether tne_ actuator _haa operated and
10 whethen there_hasioeen a change in the-impedance of the
- actuator.

In the preferred embodiment, an impedance element,
such as a resistor or_capacitor,_ia associated.with each
of a plurality of'actuators. Each'actuator controls a. -

" 15 switeh nhich.is:electnically in series-with the impedance
eiementZSO that tne impedance element-and-the actuator
are. electrically in parallel when the actuator is at home
position, but the impedance element is disconnected from
the actuator when the ‘actuator is away from its home

'20 position.: A*measurement of the impedance of an actuator
and its associated impedance element, fon_example; by

passing a small current through the actuator circuit



-4- Fig. 4 is afront view of a control panel suita for the enbodi nent
of Fig. 3. Fig. 5 is a schematic bl ock diagram of pnparator circuit
suitable for the enmbodiment of Fig. 3. Fig. ©6 is a schematic_block diagram
of a~third enbodi ment of the invention. Fig. 7 is a front view of a
control panel suitable for the enbodinent of Fig. 6. Fig. 8 is-a schematic
bl ock di agram of a fourth enbodi ment of the invention. Fig. 9 is a
'schematic bl ock diagram of .a version of the enbodinment of Fig. 8. Fig. 10
‘is a'schematic block diagramof test circuits, actuator selection circuits
and a product delivery apparatus suitable for the enbodi nent of Fig. 9.
Description of the First Enbodinent Fig. 1 is a schematic bl ock di agram of
ra first™enbodi nent including a product del<3aery apparatus 10 and a vendi ng
~and di agnostic .apparatus 50, showing the principles of the invention. The
product delivery apparatus 10 in. this enbodi ment includes two actuators Al
and A2 for use in delivering a selected product. For exanple, the product
del i very appar atWhen® thea dapedanaos elepertedsi @ wheshsteruadsr yged to

rel eases a cup to be filled and actuator A2 controls the flow of the drink
‘into the cup. 19413§0959ctRe caFatust AGsEhekACEEAtOR -t helhf AHHIR ERRM 1 PBKal

aétuatOrs Cani“%e connected in a matrix arrangement, in which case the
Lj | _ required number of drive elements and interconnecting
| 5 wires'is:reduced. The present invention is suitable for
~ operation under eoﬁtfbl of a microprocessér. |
In or'_der thaf. the invention may be more clearly
understood, some embddimentS'will'noﬁ be described by way
of example, with fefetencé'td ﬁhe #§company1ng,draw1ngs,
10 in which:
Fig. 1 is a schematic block diagram of a first
embodiménﬁ of the invention. |
Fig. 2 is a schematic drawing of an actuator,lcam
and switeh suitable for use in the embodiment of Fig. 1.
15 Fig. 3 is a _schemaf.ic- block diégram of a second

embodiment of the 1nvention;



‘.5- enpl oyed w t hout departing fromthe invention. For exanple, six such
ractuators. could be ed for controlling the delivery of cold, canned
beverages from a si/col uim bever age nachi ne, using one actuator. per .
- cel'um. Associated with each of the actuators Al and A2 is a swtch SI, S2. -
which is controlled by an associated cam which in turn is.nmoved by the .
actuator as shown schematically in Fig. Z-In Fig. 2, the actuator A201 is
a rotary motor. It is nmechanically coupled by a.rotating drive shaft D201
to a cam C201. The drive shaft D201 is also nechanically coupled to drive

the product deli very mean¥igot 4shievy .£ron tﬁfewSZﬁl a:Cu‘dﬁdedS to the
‘swi tches S1, S2 Eihg S t| cong act S203 and-a
noveabl-e contac é‘rer:rH @éﬁfa%vﬂ\ehe?agut?tg’:e Q }oadf % i& 'm S204 has “as
prot rusi on- S205 whi ch restFdigon t%é%mfsﬁemﬁtnmd:m @mgram o;ﬁ)ra ng S206
presses the profcrouiiia%t%?coﬁnmﬁstsﬂ%ﬁ@“é&%okheE}fblS her f1as an

i ndentation C202.in its surface When t he actuat or one ‘posi tion,
t he. protru3|on &igs i3 pressed by the spring S206 into the identation C202,

connecting swi tch cont act ¥ig203 6arid R Eeheiid Ik Wptdyrdm dptaat its
honme posi ti on, am Q%# haol dsd‘.t&ﬁ]svm tch.arm S204 in a position such
that it does not 66 g . Wiile the switches S1, S2
and S201 of Figs. 1 and 253493 siovirs an o rebetc vidlesd ofs anaroreidol cl osed when

the associated 2qhHgt gﬁf@'bl&o@m{!ﬁzgnb%rﬂment of Fig. 6. \J
_ Fig. 8 is a schematic block diagram of a
fourth embodiment ofthe invention.
_ Fig. 9 is a schematic block diagram of a
'version of the embodiment of Fig. 8.
Fig. 10 is a schematic block diagram of

'test circuits, actuator selection circuits and a
_product delivery apparatus suitable for the
embodiment of Fig. 9.

Description of the First_Embodiment N

| Fig. 1 is a schematic block diagram of a
first embodiment including a product delivery
" apparatus 10 and a vending and diagnostic apparatus
'50, showing the principles ofthe invention.

The product delivery apparatus 10 in this
embodiment includes two actuators Al and A2 for,use'
in'deliVering.a selected product. For example, the
product delivery apparatus 10 can be a drink
dispenser in which actuator Al releases a cup to be
£illed and actuator A2 controls the flow of the
drink into the cup. It will be clear to those
'skilled in the art how additional actuators can be



-.-

' |n t he honme position and open when away fromthe hone position, it will be
cléar to those skilled in the art that a switch ich is open.when the
actuator is in the honme position and cl osed whemaway from+hone position

can al so be. enployed w thout departing fronthe invention. ° -6- The use -
of such cans and switches in connection with actuators, such as rotary
notors, is well known in.the art. - I n nost such cases, the cam causes a

circuit to open whenever the actuator shaft és away ‘fromits home or
start-stop position, but, unlike the present®T nvention, the cam.actuated
switches in such conventional vending apparatus are aII wired in series

with eagh other, forni

S ope*ﬁéd by any ofe"lmeébce:qn%gé{%"{t (ﬁ%é%negs%ﬁgh %&%ﬂgﬁﬂjsﬂ{cw t
actuation of all othemplsuasior such Batiatprs |¢ould be/eliﬁegnf%t uator is
~jamed or becones i A3 \é'f? ﬂré hde&r : a*l@fl cgﬂf VEARh &G BEVEE adéls

cannot operate until repair h accor ce W th, the present invention,
however, the switcHensia Sl enoiRM heyrrage Machine s W$iB9 9B&hion to the
bl ocker switches Ofa UMY | peR| co/Blthh NY apparatus are connected

" series vith a capaci tive deraiiated o esdl ok the pePUAFRER 45, 7 °

 this enbodi ment) Rlar®,A2 ess)estswﬂqh shes2 hmseui-ss conteeiled by an

.'SVECh resistor’sets are WIE&%dd, Rt Sln iin 1§ AS5E4' BY e€nact uat or
actuator as shown schematically in Fig. 2. 1In Fig.
2, the actuator A201 is a rotary motor. It is
mechanically coupled by a rotating drive shaft D201
to a cam C201. The drive shaft D201 is also
mechanically coupled to drive the product delivery

~ means (not shown). Switch 5201 corresponds to the
switches S1,52 of Fig. 1. Switch 8201 has al
stationary contact 8203 and a moveable contact arm
S204. The outer end of the contact arm S204 has a
protrusion~3205 which rests on the surface of the
cam C201. A spring S206 presses the protrusion

. 5205 against the cam C201. The cam C201 has an
‘indentation C202 in its surface. - When the actuator
Al is at home position, the protrusion §205 is

-_pressed by the spring S206 into the identation
C202, connecting switch contacts 8203 and $204.

| When the actuator is not at its home position, the

- cam C201 holds the switch arm S204 in a position -
‘such- that it does not contact the fixed contact
'$203. While the switches S1, S2 and §201 of Figs.
1 and 2 are shown and described as normally closed
when the associated actuators Al, A2 and A201 are
in the home position and open when away from the
home position, it will be clear to those skilled in
the art.that a switch which is open when the '
.actuatot is in the home position and closed when
away from home position can also be. employed
without departing fromthe invention.



AI A2. The vendlng control and di agnostic apparatus 50.includes an
factuator sel ector-20 including a swtch S3, a test circuit 30, a test
resistor Rerr], power supply 35 and a test-run switch S5. The power g
supply 35 prOV|de two outputs: one the run-term nal R providing sufficient
power to operate one of the actuators Al or A2, when it is connected to the
run termnal by switch S3 and test-run switch 85 and the other the test
terminal T providing a signal ‘insufficieft to run the actuator, connected _
to the test ternmnal T. -7- \When one of the actuators is selected by the

actuator selector 20, current can flow fromthe power supply 35, through
the selector switch S3, thRr®uBRe:nt §BFEcFéﬁsaéﬂﬂaPUFtAPe§rinz and back to.

" the power supplgoRestbohheitksacteatots; BicAndsgreuad mwheﬂlst,hedsw Eh
Sl or S2, assoc tS e act yat or IS close
current also fl%gb ?%?%%ﬁ%"@h%ﬁ gg% ggPéd ?Bswgﬁglsﬁfh FhRQS'Tégﬁ circuit

30 nonitors thecamgranses oai ajrehibutd openswhenEvdrathaaactuandrits
parall el |npedagﬁgftlgsoggﬂyeffbﬁnigg & O?anggkgegkoptg g?;ﬁBCIrCUIt 30

is a sinple voltneter nonitors t age acrosstr
i ndi cating the R4%reciRlikeuthe Presenh iﬂﬁeﬂ§§99bothﬂscamBycnnateér|ng t he

current throughewPechée iﬁssthréﬁhveﬁeﬂthﬂ'Géhdihaeaﬁﬁﬁghthgnﬁrgf the

actuator. Wen gffua{ dﬁin sef?es with each other, forming a

| ' blocker circuit. Whenever the blocker circuit is
opened by any of the cam-operated switches in such
an apparatus, the actuation of all’ other actuators
is blocked,_ In the event an actuator is Jammed or
becomes inoperative in this position, the vending
apparatus cannot operate until repaired. " In |
accordance with the present invention, however, the
switches S1,S2 although cam—actuated in similar
fashion to the blocker switches of conventional
vending apparatus, are connected differently and
perform a different function.

' Each of the switches S1, sz is’ in series _
with a capacitive or resistive impedance element (a :; .
resistor in this embodiment) Rl R2, respectively,
and the’ series connected switch-resistor sets are
wired in parallel with the associated actuator
Al, A2. |

Y

_ The vending control and diagnostic
apparatus 50. 1ncludes ‘an actuator selector 20
including a switch 83, a test circuit 30, a test
resxstor R3, a power supply 35 and a test-run
switch S85. The power supply 35 provides two
outputs- one ‘the run terminal R provxding
sufficient power to operate one of the actuators Al
or A2, when it is connected to the rﬁh terminal by
switch s3 and test-run switch ss, and the other the -
test terminal T providing a signal insufficfént to _
run the actuator, connected to the test terminal T. =~



is*away .fromhone, R or R2 is swtched out@ the circuit and all the
current flowi ng through R3 flows through Al or A2. For a given test
vottage fromthe power supply, there will be a normal. range of current
drawy by an operating actuator, Al or A2, away fromits hone position. At
home ‘position, a'greater amount w |l be drawn because the associated switch
S1 or S2 wll.-be closed and current will be drawn through both thé actuator
and the associ ated i npedance element Rl or R2. If the notor is open
circuited at honme position, only the inpedehee elenment will draw current.
If the notor is open circuited away from hone position, no current. will be
dr awn. g f the notor is short circuited, the maxi num amount of current wl|
be dra Descrihen oonefof h@lesmmaimlwged 3bystheschematic

di agram of a secong.egbas r@@ieém %”gc@rpéﬂéuééndﬁiéweﬁ’oﬁpeﬁéat us 310
and a vendi ng contr ol and d|a t|c sggﬂbatus 350, s ownngﬁthe rinciples

of the invention. B SHRRY 1v¥ﬂ a¥be ([Sekeeton cpyikSh S int v
actuators A101- A814£h:otsgxchtleé: se)léﬁwedmé@mamr s®l eopi A, mdbé@t to

del i veri ng- product n ine:, or.th ur illystration
it-will be assurredé??l ?%Y%res%‘é%&f%?i%hat \i f?\%ga ﬁg ?5 ii 810 are
direct current ( D@rmmdu y Whernor she iswitch c3heoni 82, nmsedciatedhoughht he
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also flows through the assoc1ated res;stor Rl or
R2. _ _ _

Test circuit 30 monitors the signal
flowing through the selected actuator and its
parallel impedance. In one version of this.
embodiment, the test circuit 30 is a simple
voltmeter which monitors the voltage across
resistamce R3, indicating the current flowing
through the resistor R3; By monitoring the current
through R3, the test circuit can indicate the
conditions of the actuator.; When actuator Al or A2
is away from home, Rl or R2 is switched out of the
circuit'and all the current flowing through R3 _
flows through Al or A2. For a given test voltage
from the power supply, there will be a normal range
of current drawn by an operating aotuator,'al or
' A2, away from its home position. At home position,
”a greatet amount will be drawn because the

associated switch Sl or S2 will be closed and
~current will be drawn through both the actuator and

the associated impédance element Rl or R2. If the
motor is open circuited at home position, only the
impedance element will draw current.

If_the motor is open circuited away from home
'position, no current will be drawn. If the motor
1s short. circuited, the maximum amount of current
will be drawn." '



matri x of eight-rows and ten colums. The desired actuator is selected by
" the a ator selector 320 within the vending control and di agnostic _
" . appar s 350. One termnal, the negative termnal, of each of the -
ractuators A101-Al1Oin Row 1 is connected with the c0rrespond|ng t erm nal
of the other actuators A101-Al10-in the same row by a row.drive line 321 to
a row switch 361 within row switching neans 360, which is a part of the
actuator selector 3.20. Simlarly, opg.termnal, the negative termnal, of
each of the actuators A201- A210... A801-A810 in Fbms 2 through 8 is -
connected by the row drive Ilnes 322 through 328 to the switch 361. The row

drive switch 361, wh@gsgpgﬁggéﬁdofoth@nseeénahgmbga&ﬂéhge i nes 321-;8
connects the row dri'Ve TTne Sel ecte y € Tow drrve tch 361 to~=*
resistor R3, the other end of which is connected to ground. The positive
termnals of each of theigctmaisra QdﬂémaﬂieldiagrSE afia Eetond 1 are

-9- connecte Je 371 within the
col um swi tcﬂel“%o%e‘g%yg%g{@&‘# I§§§%Hég 3?? ggﬂ@?# Pg each of
t he actuators3ith anﬂmrmemdims oc@ntsohrandodhesneatbg appacatuam drive

lines 332 thryyy e%{l&{ﬁ% % ?ﬁiﬂci 1 ¥ 66%%7%:1%39%3@0' um drive switch

371, when connecT e co drive |1 nes 340, will connect
the col um drive |ine é%#%mﬁ%ﬁﬁ%@tt%@lt%?ﬂﬁnaﬂPPVEtﬁﬁnPlﬂ 371 to switch S5.

Switch S5 hasmdnxmléigmeylact\hasoegbnﬂoneﬂsm,lauéheaéusoeaﬁytlOn (R)v
the arnqof motors or solenoids, used for delivering products
in a vending machine. For the purpose of
illustration, it will be assumeéd in this o
specification ‘that the actuators_AlOI—A&lO are S
direct-current (DC) rotary motors, unless otherwise
noted, although 't.he'_invent_ion"is'__’no't limited to the
use of such rotary motors_as the actuators. | S
) The actuators A101=A810 are arranged in a
matrix of eight rows and ten columns. The desired
actuator is selected by the actuator selector 320
within the vending control ‘and diagnostic apparatus
350. One terminal, thé negative terminal, of - each : -
of the actuators A101-A110 ifn- Row 1 is connected R &/-
with the corresponding terminal of the other T
actuators AlOl-AllO in the same row by a tow drive
line 321 to a row switch 361 within row switching
means 360, which is a part of the actuator selector -
320. Similarly. one terminal the negative |
terminal, of each of the- actuators ‘A201-a210 ...
A801-A810 in Rows 2 through 8 is connected by the
row drive lineg_ggz through 328 to the switch 361.
-The row drive switch 361, when connected to one of
the row drive lines 321 -328, connects the row drive
line selected by the row drive switch 361 to
resistor R3, the other end of which is connected'to
ground. The positive terminals of each of the
actuators alo01, A201 cee 801 in Column 1 are



the switch S5 is connected to a 24VDC out put of power supply 335 which
provi des sufficient .power to operate an actuator In test position (T),
t he- arm of. the swtch S5 is connected to an output of the power supply 335
providing a signal sufficient for testing the product delivery apparatus
310,: but insuffici-ent in sone respect, such as voltage, duty cycl e or
possessing only an AC conponent, to actuate the actuator to which it is
connected. In this exanple; the test voltage is 5VDC. Wien any conbi nation
of row and colum i's sel ected by the switching neans 360 and 370, and
switch S5 is in the run position (R), the actuator at the intersection of
t he cqrﬁnn and rowcemhected byl b belamhudtéve lineded3dokonh epdnani ng
condit this wy gtsf’a‘“ﬁﬁaw?eggucghaofbiumn%@tbmhgemgaareatmonal
ashion. For exanp are sele act uat or A101
is actuated by curS&nilathmnghPrBﬁﬁ%ﬁévﬁoﬁEFméﬂﬂéFy°§SSaFHrSﬁgﬁ €0l um |

switch 371 via col yagpygdebys ihnéoﬁﬁﬁnshﬂotﬁbohbﬁ CCh!&tebnﬁﬁQtedlbyrow
drive line 321 and row swtc tor

Associ ated with eaéheoF°tH@“a€Fg&?o&%"ﬂgCPB§8f ngggséﬁﬁ gﬁs§f6f1§815 WhICh-

|stco[1trolledh EGhsbitah 3330ci #hedcodmmnwlirdkei switch i331lrowbénby the -
actuat or as shown schena d_de Clyi Wiglal _Risg '
Each of the switch&8? 3?5&e§8ka Pgacggngg gsiﬁhgeaqqng liﬁ@s 33& 5|rrped ance

eufjents (resistoreild tcbhpeckbsbenselymn drive line seleCted by the
.column drive switch 371 to switch S5.

Switch S5 has two positions in this
embodiment. In the run pOSition (R), the arm of
the switch S5 is connected to a 24VDC output of the

. power supply 335 which provides sufficient power to
operate an actuator. In test position (T), the arm
" of the switch S5 is connected to an output of the
-power supply 335 provxding a signal sufficient for
testing the product delivery apparatus 310, but
" insufficient in some respect, such as voltage, duty
'cycle or possessing only an AC component. to
_ - actuate the actuator'to which it is connected. 1In -
A\ o ' this example, the test voltage is SVDC.
: ' - When any combination of row and column is
selected by the’ sw1tching means 360 and 370, and
_'switch §5 is in the run position (R), the actuator
,at the intersection of the column and row selected
_ will be actuated. Under normal operating
'-conditiOns, this will cause a product to be vended
in the conyengional fashion,' For_example, when row
1 and column 1 are selected, actuator Al0l is
actuated by current flowing from the power supply
335 through column’ sw1tch 371 via column drive line
331 through the actuator Al0l v1a row drive line
321 and row switch 361 through resistor R3 to
'ground. _
; Associated thh each of the actuators
AlOl-ASlO is a swztch 5101-8810 which is controlled



““each. wi red arallel with the one of the actuators A101- A810,

respectivel A diode is connected in series with each such actuator,
i\mpedance el ement and switch conbination to assure proper matrix contro

The circuit arrangenent just described pernmits the diagnosis of the statUS
of any of the actuators A101- A810 by observation of the inpedance in the
appropriate drive lines. Any particular actuator. may be sel ected for
testing by selection with the row and col uim swi tches 361 and 371 and
application via switch S5 of the test siggal fromthe power supply 335, |In
the particul ar system 300 shown in Fig. 3, the neasuring circuit 330
“conprises a sinple voltneter across resistor. R3, which gives an |nd|c§?ion

of the current Byoahnestbeﬂuﬁbdtbamvahhu&hOEnptuénChsdnbwearb@gtﬁaparatUS

310. That curreng E dependent u &tlon of, the nd col um
switches 361 anB®€%8%3*°th sr§SP§Pa§85§m8?iEﬁZ gePBétgﬁsgfﬂbgao Nand
correspondi ng |opadeoteonlwnthtrigndzthespohlbEOMhefsmﬁtchesrespondlng
cam act uat ed swg iﬁf-s £b! 995ﬁ8§ﬁ§EQL8 iB”Qb&;QQSwQEha Ecgtator are

-descri bed bel ow together wt e current.s whi Icate the
condition in th;mpeﬂenqenehemenhSthrsSpatprsuﬁartbnsoemhodumenm)mhlch t he

" nomi nal - Operat'ﬁgoﬁﬁkaﬁbwrégﬁeéti%ﬁ ah8 %ﬁehsaQQeehEsnnfegegaeS' stances
Of . the ass0cl ai8f on-raBistor “sets are each wired i %%%a ohms, the o
with the one of the actuators AlOl-ASlO,
respectively. A diode is connected in series with
each such actuator, impedance element and switch

f_combination to assure proper matrix control.

. The circuit arrangement just described
permits the diagnosis of the status of any of the
actuators AlOl-ASlO by observation of the impedance
in the appropriate drive lines. Any particular a
actuator may be selected for testing by selection
with the row and column switches 361 and 37l and
application ‘via swztch S5 of ‘the test signal from
the power supply 335. In the particular system 300 ;)
shown in Fig. 3, the measuring circuit 330 '

R d - R310, §§§§ECtIVE|y and the series connected switch-resistor: sets are

'comprises a simple voltmeter across reszstor R3,
which gives an indication of the current flowing
through the matrix of product delivering apparatus
310._ That current is dependent upon the position
of the row and column switches 361 and 371, the
resistances of the selected actuator and
corresponding impedance element. and the position
of the corresponding cam—-actuated switdh._

Various possible conditions of an
5actuator are described below tggether with the
currents which would indicate the condition in this
'embodiment. .

~In this particular embodiment, in Whlch
the nominal operating actuator resistances are each
200 ohms, the resistances of the associated



o .
resistance of R3 is 20 ohnms and the test signal i SVDC si gnal which is
in{ﬁ?fiC|ent to actuate the actuator being tested the measuring circuit
330 will indicate currents flow ng through R3 as fol | ows: (a) If the notor
is opén-circui-ted and in md-cycle (opening its associated switch), or if

-the dssociated diode is open-circuited, the current will .be 0 nfllianperes.-z

(b) If the notor is . open-circuited and at the honme position, the current

‘Wi | | be approximately 13.8 millianperes. (c3114 the nmotor is in nid-cycle
(opening' its .associated switch), but not open- or short-circuited; the
current will be approximately 20 mllianperes. (d) If the notor is at its

home pggjtion, but impedarere elements -R10LtRELY, axdrceach ri0A ohums, behe
approxi Fately 31 4 ygdid eimes &5e k9)id | 6%:{?@965' neOsde Chigii ek or the
a e

associ at ed reS|stor I S orf-circuited (the Tatter berng less y , the
current will be wel? 5YP%X%’&"53 biwhich }s|inswpEieientofo tagtuatesthe

current limting mﬁmlﬁmlww;%w maaéubeiwveﬁmlys@% or
anot her appropriate a aratus er. to provjde autonatic
detection of any de‘\"gﬁ V@;’a&ﬂk&i%t af:i%%f’b?st%? %‘ Dt at their .
honme position, the folltows: and dlagndstlc apparatus 350 can be provided

=m”th (a) If the motor is open-circuited and
in mid-cycle (opening its associated
switch), or if the associated diode is
open-circuited, the current will be 0
milliamperes.

* (b) If the motor is open-circuited and
at the home. position, the current will be
approximately 13.8 milliamperes. |

(c) If the motor is in mid-cycle
(opening its associated switch), but not
open~ or short-circuited, the current
will be approximately 20 milliamperes.
(d) If the motor is at its home

: . position, but not open- or |

N short-ciréuited, the current will be

' ’ approximately 31.4 milliamperes. _

(e) If the motor is short-circuited or

o

the associated resistor is _

short-circuited (the latter being less

likely), the,current will be well in
. excess of 31.4 milliamperes. qu this
- reason,mcutrent,limiting'méané should be

incorporated in the power supply 335 or .

another apprbpriate'part-of the

apparatus.

In order to providé_automatic detection
of any defective actuators and actuators which are
not at their home position, the control and

~diagnostic aﬁparatus 350 can be provided with



-12- aut omajie, swtching neans such as the sw tching neans 360 and 370, and.
-t he neasuri ircuit 330 can be arranged to indicate when the current flow .
t hrough resks¥or R3 is other than the current which occurs when a normal -«
~actuator is at its home position. The third enbodi ment described, bel ow

provi des- such automatic detection. Fig. 4 shows a test contr.ol panel 400.-
suitable for the enbodinent  of Fig. 3. It includes a meter 410 which

serves as part of the measuring circuit_pgg0. The knobs 461 and 471 are.
connected to operate the noveabl e contacts of row and col umm sw tches 361
and 371, respectively. Switch 405, corresponding to switch S5 of Fig. 1,

whi ch is used At ot i il tei MR fhééﬁtFsﬂbnﬁasﬂtﬂélﬁwﬂﬁﬁka d the tesL N
node, is also | ocate t t copt.r.ol anel 400. ., Wen s ch 405™¥% in
(oo o5t apac. mendis ol And 5’3? AT e, B TR AR o R T %‘%t bassi ng
t hrough resi st @anRbe adnrarged dx inﬂﬁoate;nhun €Mﬁ)cﬂmm!ntrffbg 4, the
neter face: beargI qﬂs 'Pééﬁ]ﬁ:;cﬂ3v ime:c %;a‘% vt:llf'iec erson

Y e con

testing the ven stem1s readily apprise ion o
act uat or . Theg@mﬁ Fhen chnonmak ragtuatem Mér%t okts dloneié condi t | ons

di scussed in CoYHidH Witk Rifird mﬁmeﬁbeﬁ@éﬁfﬁ?%mfnaggybe

\Sglnljlt)F]St ﬁgchpnatl#ﬁ%?gr%ézﬂ@%rﬁ%g%ﬁﬁ% %‘g"ht rol systemsinply starts
the selected actuator. Griee téeslig ad Otedisco®rsl gpanel 400,
suitable for the embodiment of Fig. 3. It includes o
a.meter 410 which serves as part of the meaSuring ’
circuit 330. The knobs 461 and 471 are connected
to operate the moveable contacts of row and column
 "switches 361 and 371, respectively. Switch 405,
corresponding to sﬁitchfss of Fig. 1, which is used
for switching between the run or operate mode and
the test mode, is also located on the test control .
panel 400. When switch 405 is in the test mode,
the needle 411 of the meter indicates the current
passing through resistor - R3. In the test control'
panel 400 shown in Fig. 4, the mnte: face bears
designations for various conditions so that the o o
person testing the vending system is readily
apprised of_the condition of an actuator. These
designations are short form versions of the
conditions discussed in connection with Fig. 3
' above. The metet“face'can also be calibrated in
-milliamperes or some other ‘appropriate values.
o - In many vending machines now being sold,
the vending control system simply starts the
Selected'actuator.' Onde'thé-actustor_has moved a
small distance, a first cam-operated blocker switch
is opened to prevent the actuation of other
actuators and a second'camboperated switcn Connects
the selected actuator directly to the power source
nntilﬁihe actuator returns to its home position.

o



snmal | distance, a first cam operated bl ocker sm&£é§§is opened to prevent
the actuation of other actuators and a second camoperated switch connects
the sel ected actuator directly to the power source until-the actuator .
returfis to its home position.. =~ -13- This type of camoperated switch can
‘be enployed with the apparatus of the invention, but-is not the.preferred -
arrangenent. It is preferred to provide |ogic neans for nonitoring the

act uat or inpedance conditions and controlling the actuator. For exanple, a
logic circuit is provided within the neasurt circuit 330 of Fig. 3 for
moni toring the .current through resistor R3 and neking |ogical decisions in -

responge;t hereto. en .a prodquct is selected, the neasyrin ircujt 330

first }5:[ er ni nes tﬁmst ﬁgppfepgcjtc@&"z?&elfﬁ j&wigch, fan i?q'fér?y .

operable. This is sxdth lthecapparatuse gfotiee inyEritidls but aippinot Hehe est

current. If the ac r.l jtion and operable, the neasuring
PR red A ANy

circuit 330 causes®the power § g “to apply full run current. Under
nor mal conditions, whekF rifh preferred soprawide tlngimamransfan rcuit 330

first detects the hmdq ATHI N fotuair dnpladhcd oRpiuainy Al its

paral |l el resistor. Shortuﬁ after the run current i1s applied, the measuring

circuit 330 shoul dS@RtEOL1inge Fhe AGFUREQAL y r FAT LXAMRIG & ARG S

‘disconnected by it giztudd discprovidude wiltitinm WHe meaduring divaiwix t hat the

-acw@t or has noved 3%Wa¥>ff rﬁg.h%dprqsnit}niﬁ%tivr\!]ge%he current through
o ' resistor R3 and-making logical decisions in
response thereto. When a prbduct is selected, the
measuring circuit 330 first determines that the
selected actuator is at home position.and operable.
This is done by causing the power supply 335 to
apply the test current. If the actuator is at home
position and operable, the measuring circuit 330
causes the poWet supply 335 to apply full run
current. Under normal conditions, when run current
~is applied, the measuting circuit 330 first detects
the large aﬁaunt of current drawn by the acéuato:
and its parallel resistor. Shortly after the run
current is applied, the measuring circuit 330
should detect a reduction of current as the
resistor is discophe;ted'by its associated
‘cam-operated .switch. This indicates that the
actuator has moved away-from home position. When

-:£he'actuator returns-to home position again, the
Vmeasutihg circuit 330 will detect a large increase
in current as the resistor is again connected in
parallel with the actuator. In response, the
measuring circuit 330 will cause the power supply
335 to remove the run current. ‘The measuring
~circuit 330 also includes a timing circuit which

. .causes the powé:'shpply 335 to remove the run

. -current if the actuator does not return to its home
~position within a predetermined normal period of
time from actuation.



.-detect a large

i ase in

rrent as the resistor is again connected in

. the actuator retﬁ to hor@oosition again, the measuring circuit 330 will .

parallel with t

h

ctuator. In response, the neasuring.circuit 330 will

cause the power supply 335 to renmpve the run current. The neasurjng circuit

330 also includes a timng circui't which causes the power supply 335 to
current if the actuator gggg not return to its home position

renove the run
wi thin a predet

erm ned normal period of

i'me from actuation. -14- One

way in which this logical function can be acconplished is shown in Fig. 5.

A group of conparators 423nd2Gag0Rht @hibhe thds 88 ikhdWe

R3 and each conpares .that current -to a different Stan arg current |1-

_from a source (SRR RPoARFoRBLASHEd dfeshoyppap Fig-0h-F

ugh resistor
Action {23
. azoupn@fst andard

currents for cospmpatatord242ard262aohigoketheheuzeenkt Zhowingnge of test
current for an | _ac at Qone.positiaon. |f conparators 421 and 422

i ndi cate that ;ﬁépgﬂ?ﬁegggiggﬁftﬁpnapﬁafaf n§8m3§r§s|ggpgapqxfen rom -
conpar ator 421 tmdaadiffiecent" 6tandemdconpzeatoIl428, fAbD gaseuséd: produces

a signal which
depressed. Thi

monost abl e nul tThe betandardocusrenss £pE eoRPREALassuARdr andcHa2t i ne.
flip-flop 441 '§r§@iettbﬁésﬁge€btabqgl5%59@'3!tQH%taGhEYéh%Sfﬁrrgyay 450,

corresponding t

£ibe Lhodn) ! ach Le"BBUek Bublay! 398 b dll o ToTENtarily

srgna o .triggefs timer as a

0 swich S5 in Flg. 3. en,
normal actuator at home position. If comparators

42]1 and 422 indicate that the current is within
that range by a logical "1" from comparator 421 and
a logical "0" from comparator 422, AND gate 431
produces a signal which sets flip-flop 441 when the
start switch 480. is momenta;ily depressed. This

'_ signal aléo*trigqe:s timer circuit 442 (such as a

monostable multivibrator) to control the maximum
actuator cycle time. When flip-flop 441 is set,
the signal from its Q output activates a relay 450,
corresponding to switch §5.in Fig. 3. When
unactivated, this relay 450 provides test current
(SVDc-hete).Eo'tpe product delivering apparatus 310
via the column switching means 370. When the relay
450 is activated, full run current {24VDC here) is
applied. B : - o

- When the full run current is first

-’apﬁiieﬂ to an actuator, the current drawn is high,
- determined by the resistor in parallel with the

445. Flip-flop 443, howgver; is in the reset staté'_

actuator and R3. Comparators 425 and 426, which
compare the matrix circuit current with standard
currents bracketing the acceptable'currents for
this condition, detect the high current condition,
causing AND gate 435 to send a signél to AND gate

from a prior cycle and is not sending a signal to
AND gate 445; therefore, AND gate 445 does not
produce an output signal at this time.

When

»

v



unactivated, this relay 450 provides test current VDC here) to the
praduct delivering apparatus 310 via the colum s hi ng neans 370. Wen
the relay 450 is activated, full run current (24VDC here) is applied. Wen
the full run current is first applied to an actuator, the current drawn is
“hi gh; determ ned by the resistor in parallel with the actuator -and R3.
Conparators 425 and 426, which conpare the nﬁ%rix circuit current with
standard currents bracketing the acceptable Trents.for this condition,
detect the high current condition, causing AND gate 435 to send a signal to

AND gate 445. Flip-flop 443, \ e I or
cycle U i's not sending a signa ‘?(() A*f)tﬁ&(wﬁl‘gféﬁ e%?%“%ﬂi)aﬂ?
445. does not - produdarallek plas st unetwsrwtrethrouglwkamstheo

actuator swtch di thmcpaé@ueh s esrﬁié’rcoﬁé‘&féﬁ reatad fd Op
Rlerr] drops to.normal running current condition i s detectted by

Conparators 423 anPYSPRRAREAGhAAL angd ﬁif r¥hich comparg  the Jpatgbx ¢
currents bracketi ngidrer ext api €| £t andue A Jowt ¢18ts bﬁi@eetiwgfntn@e current

T oo op aes.  vnebseistifte, MRS <8P BRELERTe N SOME ol Sl BElE, | .
paral | el resistor ithrogegh R‘S)rﬁﬁacired;himetﬂsgeum@ltgamrt&%@mdne:m hi gh
| evel observed wher %; A Wled Se{1BS01GPPAAST. WU Engr the

siignal produced from A
N actuator teturns home and the actuator's. associated

parallel resistor is again connected, the R3
current increases to the high level observed when
full run current is fifst applied. This time, the
signal produced from AND gate 435 is concurrent
with a signal from flip-flop 443, and AND gate 445
sends a signal to reset flip-flop 441. The output
"of flip-flop 441 which then occurs causes_the relay
450 to return to the test current condition. The
‘'signal from AND gate 445 also resete f;ip-floé 443
and tpe timer 442,'p:eparin§ them for another
cycle. . _ - | _ _
U A In the event that the actuator cycle is
A not completed within a predetermined normal period,
it is likely that the selected actuator 1s\3ammed
or defective. In order to avo1d damage to the
.-apparatus, the timer 442 will reset flip-flops 441
_.qnﬂ'443 if the end of that predetermined getiod_is
. reached before the actuator cycle'is'completed,
thus temo#ipg_gpe“ruﬁ_cutrent and ending the cycle.

Description of the Third Embodiment

Fig. 6 shows a third embodiment of a
vending machine control and diagnostic apparatus
-~ . 1050 in.accordance with the invention. The product
‘delivery apparatus 1010 is of the same construction



with a signal fromflip-flop 443, and AND gate 445 sends a signal to reset -
flip-flop 441. The out of flip-flop 441 which then occurs causes the .
relay 450 to return to test-current condition. The signal from AND gate-
.445 also resets flip-flop 443 and the tiner 442, preparing themfor another
cycle. In the event that the actuator cycle is not conpleted within a
predet er m ned nor mal perrod it islikely that the selected actuator is
jamred or defective. In 'order to avoid damage to the apparatus, the tiner
442 will reset flip-flops 441 and 443 if the end of that 'predeterm ned
period-is reached before the actuator fgcle is conpleted, thus renoving the
run current and ending the cycle. DestfPption of the Third Enbodlnent\igg

6 shows a third enbodi ment of a vending machine control and di agnostic
apparatus 1050 in accordance with theinvention.. The product delivery

apparatus 1 0 ﬁ e Op ddUf SRR €99 R U C bBQ atusl1%313S JeNCeRE OULIonfle! 1 very
4 SSH Fenp P PaR2 B

appar at us t He ‘secon soci ated with the apparatus

1100 are ve mea , I én%?gé y neans
1096, and draglgsggﬁr%&gns %%s%%%%te@ﬂttrf}ﬁ:teh control system 1%10 Bl:‘édt _

appar at us 13@Qed®y meansserhgz, phacs 8bsthaeasil rwglﬁywmtﬁfm&y@ second
enbodi nent wi t hout departing ¥rom the invention. The outputs of the

control symeems 1096, nad displayodeansidlgofery apparatus 1010 are row
signal lines 1021-1028, 10 corresponding to row signal |ines 321-328 of o
t he secBnd- The control system 1050 of the apparatu3'1100 may be ,
| used in place of the control system 350 of the second
embodiment - without departing from the inventlon. Ther
outputs of the control system 1050 to the product
delivery apparatné 1010 are row signal lines 1021-1028,

10 correspondiné_to_row signal lines 321-328 of the second
embodiment, and column signal * .lines 1031-1040,
corresponding to column signal lines 331-340 of the
second embodinent. The 'row. and oolumn.'selection
functions are perfonmed by row switch means 1060 and ';J

15 oolumn'Switoh'means 1070,]réspéctivolj. These employ
transistoro T1-T8 and'T11-TZO, respectiﬁeiy, to switech :
the _current through a selected row and column to the .
aofﬁator'at'the row and column inte#section;'as already
ekpiained in connection with the second eﬁbodiment.

20 o Each of the row and column éwitoh means 1060 and
1070'receives'contr01 signais:from'a logic cirouit_means'

1@90, which could be a hardwired logic. circuit or a



¢ ’ .
enbodi nment , and col um si gnal i nes 1031- 1040, corresponding to

col um signal |ines 331-340 of the second embodinent. The row and
. c@lum selection functions are perfornmed b w'sw t.ch means 1060 and 15
col vm switch nmeans 1070., respectively. e enploy transistors T1-T8

and T11-T20, respectively, to switch the currént through a selected row and
colum to the actuator at the row and colum intersection, as already .
expl ai ned in connection with the second enbodi nent. -20 Each of the
row and colum sw tch nmeans 1060 and 1070 receives control signals froma

| ogic circuit means 1090, which could be a hardwired logic circuit or a

- 16a- spr.ogranmmed data processor, such as a m croprocessor, or other |logic
circui t capabl e of performing the required5ﬁunctions as outlined herein. An
Intel (Registered Trade Mark) type 8035 microprocessor is suitable for use
as the 5 |l ogic circuit 1090. The control signals fromthe logic circuit
1090. in this enbodi nent are transnmtted in binﬁggedigital faormon row

control wires 1PEPSTEfELdydftey FORRSYy B ofit Hjilerﬁpr"é)sc,eff?f’ 72,
decoder 1062 anBerro 196k crHORHpoBBERAe &Y | ARHEd0M Rne EHC Fadng,
(D, Doy o1 SRR AP Bt nbl AVAIEEI VAR, SR oLraRL6guaA trage
S%LECted transi $aQic) Bypachoss hberoppeesddrT8s suitable for use as the
5 logie ecirecuit 1090. IThe control signals from the logic

ciréuit 1090 in this eﬁbodiment are ﬁfahsmitﬁed in binary
digital form on row conﬁrol wires 1161, 1162 and 1164,

ﬁnd on column eontroi.wires 1171, 1172, 1174 and 1178.
Eéch of the switching means 1060 and 1070 includes a

.10 decoder 1062 and 1072, respectively, to decodg in conven-

. tional fashion the binary signals:on the row



and-T11-T20.
-out put of the
t he decoder ou

transistor. W

sel ect a given
circuit 1090t
sel ect. actuato
To sel ect actu
and t he col um

exanple, and a
exanpl e.. Wen

ohmresistor i
connects the p

“line 1086 to pHAd—

Each of the transistors T1-T8 and T11-T20 is connected to an

tput will

ply sufficient current to fully turn on the

decoder by.g base resistor, having a val ue sel ected so that

en the |og circuit 1090 transmts a control signal

to .

actuator, such as actuator A101 shown in Fig.- 3, the logicC

ransmts binary row and colum signals.' "In this exanple,

r A10l1l, the row signal is 000 and the col unm signa
ator A810, the row signal-ijp-111 (equival ent to deci

El

to

is 1010..

mal 8) -

signal .is 1001 (equivalent to decimal 10). The decoders .
1062 and 1072 transl ate these binary control signals into |line contrng
signal s, actuatdnd) dolam stantsrdl wiwed 1firom nthélelogise ofrdbbtfirst

t 8 C hee second
glc@atﬂ%:étra ;fésf%fr %nects t é{\geegeﬁév%ss% efof t he :
actuators AlQ aAquted)vmans)i@t%nmtmqmgpﬁathesqmmsRsl-ml chis a 20 -

i rrngl] h dPegnd r%ﬁéi@&:‘@lﬂﬁr@ﬁmt ed,

ositive side of t%e actuators

it

source or a tegl B‘dEé Qrusissw;eﬁ haeing Muéowwwefad@oatmatrol si gnal

: | 1087 t 24V t est t
Suppl i 80 on 1 (RS oSt CREE {ﬁn%w FisbetiiarE abdrestl 70" ° S

fashion, is co

mcecﬁtﬂiyt ctuthl \GiC tinel ttansiseoni nal is connected
o -When the logic circuit 1090 transmits a
control signal to select a given'actuator. such as
actuator Al01 shown in Fig. 3, the logic circuit

1090 transmits binary row and column signals.’ In _

this example, to select actuator Al0l, the row

' signal is 000 and the column signal is 1010. To
- select actuator ‘A810, the row signal is 111

(equivalent to decimal 8) and the column signal is

1001 (equivalent to decimal '10). The decoders 1062"

and 1072 translate these binary control signals
intqfline control signals, actuating transistors T1
and T1ll in the case of the first example, and

actuating transistors T8 and T20 in the case of the

second example.
When actuated, transistor Tl connects the

“negative side of the actuators Al101-A108 of row 1

to ground through'a resistor R3,'which is a 20 ohm
resistor in this embodiment. When transister Tl1l:
is actuated, it connects the positive side of the

actuators A101-A801 in column 1 by way of line 1086

to power supply 1085. Supply 1085 provides either
a +24VDC power source or a test current source.

'Logic means 1090 provide a control signal via line

1087 which determines whether +24VDC or the test
current source is supplied on 1ine_1086. When the
+ terminal of actuator Al0l in this fashion, is

connected to +24VDC and its - terminal is connected

In_colum 1 by way of

pis anected k9 amsBuiRey | bsthe (drFoden BY/DC pover

o/



§ . .
-18- through resistor Rlerr] to ground, it is actuated and proceeds through
a vend cycle in the usual fashion. Simlarly, 't actuator can be
connected in the sane fashion to the test curren ource, such as the 5VDC
output of the.power supply 1085. The measuring circuit 108Q nonitors the
flow of current through the selected actuator and i't's associated parallel
i npedance (if any) and, in this enbodlnent provi des a digital indication
of the status- of the sel ected actuator. 3#ﬁmaneasur|ng circuit 1080 of
Fig. -6, a conparator 1081 typically a Natiomal . Senmi conductor type LM90O,
conpares the current through a 10 kilohmresistor R err] at its +-input .

wth siandard si 088k8uaRPleddetor (W td Mduna I iGN de Of the
e curre

current: at the + i nput “exceeds that of t e -.1nput, then the
“out put of the corrﬁaﬂaPGPCEGQG Shrgusk poyends carql@gui@althel'uw@lherw se, the

output of the comgashien. 10%ngusw1w% e dctuatotdical b confldcteql083 and
1084 fromthe Ioglc c§6CU|t 1 are enpl ed as a d| I tal -t 0o-anal og

converter circuit? pEPme, Fashion: ot et BOMECe i o the -
i nput of the corrpsuehonaslaah 15\ DEe loaxtipiute lof a;mn eltgstdpplryesmfatsars R5 and

R6 to either a logical "1" \/ I | ' resul t,
the output on wire 1082 of % Bgr?p?% ah%é %%'(fé:%i’tng ca%gg{lﬁg%?sa% § of .
actuator current £3e¥i pfocurrent (throughhthe s lephed: astaaterd andrent to
hi;gher than the hNEeiks%Eﬁ@ﬁ%d Q) i F%@d%n'cebf( i(EW Wfantdyp'iqﬁ'

currents for various actuataor |t|ons an four
this embod1ment, provides a digital 1ndxcat10n of

the status of the selected actuator. In the
measuring circuit 1080 of Fig. 6, a comparator 1081
typically a National Semiconductor type LM39(Q0,
compares the current thiough a 10 kilohm resistor
- R7 at its + input with standard signals applied at
its - input. When the magnitude of the current at
the + input exceeds that of the current at ‘the -
input, then the output of the comparator 1080 on
wire 1082 is a logical "1". Otherwise, the output
of the comparator 1080 on wire 1082 is aflogical
‘"Q0", Wires 1083 and 1084 from the loéic_qircuit
;\_fﬂ' o 1090 are employed as a digital-to-analog converter
o - ¥ circuit to apply four different standards or
currents to the - ihput of the comparator 1081 by
.selectively connecting the resistors R5 and R6 to
either a logical L (+5VDC) or a logical "0O"
(OVDC). As a result, the output on wire 1082 of
the'comparator 1081 indicates the range of actuator
current conditions from lower than the lowest
standard current to hzgher than the hxghest
standard current.'
Table I below shows typxcal currents for
various actuator conditions and the four standard
~ current conditions obtained when R7 is 10 kilohms,
" R4 -is 120 kilohms (passing 37 uA), R5 is 52 kilohms
(passing 85 u A) and R6 is 22 kilohms (passing 200



. current conditions_obtained when R7 is 10. kilohms, R4 is 120 kil ohns
4 passing 37 uA), R5 is 52 kilohnms (passing 85 u A and R6 is 22 kil ohns-

" (passing 200 uAd. 4.4 é;} s is used instead of 5 volts in conputing -

the current because of the \“volt drop across the enitter-base diode’in-
series with each conparator-input. A run voltage of 24VDC i s enpl oyed.

TABLE | 1083 1084 Condition . Current (uA) Level Leve

Di ode or Wre Open or Mdtor Cpen in Md=gycle _ 0 First Standard

37 0 ' 0 Open Act.uator ~ 90 Second Standard
122 1. Q0 Actuator in Md-Cycle = . . 158 Third
St andar d u AP37 4.4 volts is uBed 1nstéaécbﬁa5090¢hsrable and kqgg
283 Fourth Stan r

- u Sho
322 I n order t&gﬁég?t%ﬂgag¥ %é?tePﬁebﬁchgecP%cﬁp? 1893 %rg%ggelects_th
actuator, as acp@ssptheiemitypedebasebddodendnt Benigsi with pachuces
comparator ‘input. . A run voltage of 24VDC is

employed.
TABLE I |
R . 5 1083 1084
. Condition .  Current (ud) . Level Level
Diode or Wire. .
Open or Motor : _
- Open in Mid-Cycle _ 0.
~ First Standard. o 37 : o 0
Open Actuatof o 90
Second Standard - 122 1 o0 -
Actuator in _ .
Mid-Cycle =~ 158
Third Standard 237 0 1
'.AqtuatQ:-Operabie“ .
and Home 283
%outth Standard 322 S l
Actuatoerhorﬁga - 322

| In order to test an .actuator, the logic
circuit 1090 first selects the actuator, as

e



each of the four conbinations of logic levels on wires 1083 and 1084, while
nznjtoring the logic level on wre 1082. This praocedure applies each of the
standard currents to the - input of the conpara } 1081. If the test is
condyct éd when the ‘actuator being tested shoul d™be at the hone position,
~the'output of the conparator 1081 on wire 1082 shoul d be a |ogical "1" when’
the first, second and third standards are applied, and a | ogical "O' when
“the fourth standard is applied. Alternatively, the lLogic |evels producing
~the third and fourth standards (which brackéﬁ‘the current of a normal
actuator at home position) can be applied first. If a logical "1" is

RormarSor: 1081 ari 6 ORFLk SebRk 18ed, 2aHAL Eng RETRALP BPBRLERS a0 o

- applied, the test eachcafethehfiourhcombinationssofiolegicaidvalshone

position. As a resyiteg ggst958 nghggﬁ§??eiﬁoﬂ?%akﬁga’th&.hég@@%hé

necessary to test.1or ot POSSI Ions O actuat o

possibility of a jhayel PRdViEecdORRen Thés:pspcrdureaabRlirg: eark @bt or s
normal, but in nideg¥cheanBapdi bugberkd @6 @hehongnpati bEokhe Before

ot g o e ParbEoLbBT,C B Bl cREEOTR ESRahEsREERER, BRE 119
actuator to. conpl eaetoatorybeingt ypstedl ghohldebecatntihe hbfet he _
Rt Sone! B4bTkTont PEneCRILLY B HIE aghligtotndobieobrites o
" control panel 700 bﬂsa,sbnuiﬁgbﬁaahﬂneipngofiﬂrubﬁngtbﬂefﬁﬁﬁtd-Second
i "and third standards are applied, and a logical "0"
when the fourth standard is applied. _
Altefnatively.'the Iogic levels producing
the third and fourth standards (which bracket the
current of a normal actuator at home position) can
be applied first. If a logical "1" is obtained on
wire 1082 when the third standard current is _
applied to the COmpétator 1081 and .a logical "0" is
obtained when the fourth standard is applied, the
. test indicates that the actuator is normal and at
" home position. As a result, when this indication
is obtained, it is not necessary to test for other
_ possible conditions of the actuator. :
The possibility of a jam is.indicated .
when the test indicates that the motor is normal,
. but in mid-cycle when it should be at home
position. Before indicating a malfunction, the
) logic circuit automatically applies operating
current to the actuator in question for a
sufficient period'of time for the actuator to
.complete its cycle--tYpicallylthree seconds. 1If
" the malfunction still exists, the identity of the
. actuator and the nature of the malfunctions are
indicated on the display. - _
' Fig. 7 shows thé front control panel 700
of a vending machine incorporating the third '



enbodi ment of thepresent invention. The control panel

700 of this

enbodi nent includes a three git display 791, such as a Ilght emtting

"~ di ode display, for displayi up to $9.95 of credit to the, custoner and fof s

disspl aying test information to system nai ntenance personnel
The -control panel 700-
793, which preferably

is operated by a system of the general gge disclosed in ny U S Patent No.

791 is a part of the display means ‘1098 of Fig. 6.
al so includes an illum nated exact change I ndi cat or

4,188,961, in which exact change i's not

-Thi,s di spl ay

gi ve correct chande for the user's credit and product selection. The front
control panel SO _1I " Vake_ Anot her
- indicator 795 t%ogﬁéf"ggn E&? pﬁﬁgﬁnghénggf‘éét’@d prBBUEPNEL oot avaﬁ*ﬁbl e
or the actuatorpémelt®@ao pfodh&s emboddpentblinclidesphi threeodihdr 799 for
of Fig. 6 1is

B 20 provided ShePHhnrLenPrch al g Iyge, i ke THA 91088°

se

Sel ecti on™

| ecti on neans

quested unl ess the machi ne cannot

- conprising an A8playy §Pfe¢gﬁPééH1pﬁsﬁPbGPt§ﬁ 8%i o€hesedikeso are part of
the vend sel ectep@aggsiSnepl ahBU€ob- dIQﬁlSY&BEh@ésha@ﬂksgmét}

sel ect the rows OfB%@OdUCt corresponding.to actuat

The switches 1 $¥HF

or I ows

h H
BEﬁj?’%ugh 8) .

the actuator codupmsy.oftthe gisptayerleansuso9BVOLSERG.ABE graeps of

swi tches, such 8§n€r$ft§§£ef”?08“§?go Q?uHéé &n illuminated
exact change indicator 793, which preferably is
operated by a system of the general type disclosed
in my U. S.fPatenf No. 4,188,961, in which exact'
change is not requested unless the. machine cannot
give correct change for the user's credit and

-product selection.

The front control panel 700 also includes
an illuminated "Make Another Selection" 1ndicator
795 to advise the user when the selected product is
not available or the actuator for that product is
inoperable. An optical coupler 799 for reading .

. information stored in the accountability means 1096

of Fig. 6 is also provided.

The front control panel 700 also includes

a selection means comprising an array 797 of

eighteen push button switches. These are'patt of

the vend select means 1092 of Fig. 6.

The sthches

labeled A through H select the rows of products
(corresponding to actuator rows 1 through 8).

switches 1 through 10 select the columns of
products (cOtresponding to the actuator columns).

It is preferred to use two separate groups of

switches, such as a letter and number combination
as shown in Fig. 7, to identify the row and column

- of the selected actuator; instead of depending upon
sequential entry of two 1dent1£y1ng signals with

- the same group of switches as in shared switch

The

hmibngéﬁéﬁFetﬁ ‘EBPB ¢ ofhigsdispldaycdPledfonding to



as shown in Fig. 7, to identify the row and colum of the sel ected
actuator; instead of depending upon sequent entry of two identifying

- Skgnals with the sane group_ of switches as shared switch -22-

- systems.” This nakes it easier for a customer to change his mnd without

"~ receiving the wrong product. -For exanple, in a shared swtch-system if the
custoner enters a "2" to select a product in_row 2 and then decides to
purchase a product in row 4; he nust soneh6%3§|gnal ‘the systemthat he

wi shes to start over. If he, S|nply enters a "4", having already entered a

"2" he wll receive the rod col he one he
i nt ended. When sep%?%f%m gﬁég Ioﬁé&gPEr%85lﬁn§ugﬁ§mggw el ecti on,
~the se™éct i on neanehangelhgscmtndcwithoab becanvénge&heowaoospt only a

combi nati on of a s.gnglct OMpee3gholl,Sth! GNBhatkaAPEWILA-KYstUA) H here)
np2e of g%t

in sequence with a“signal-"fromt smntc { .t hrough
10 here.) As a reéﬁlthea¢UHaﬂger|RﬂGRGFcé F?onﬁphéeééSGne P6°@H6tféﬁrth

row woul d cause thgg GU?tﬁﬂarth@nfubéKdE%e%% bBEcﬁBéetBe@:BI%%% id' roWhe
systemw || automatica gnore e fi,rst _signal fron1&£$& ttered switch

("B" in this case)47fhg @PQ aF°PFBRFaRGBHéF the, sysLems e Wishes s
case) is received godseakt averl axrohurmmpugchmarsl @nau"frmwuhg

e R, 52" MR, a2 peabiet TR, Bty oo

N - at row 2, column 4, whzch is not the one he

~ intended. When separate sw1tches_are employed for
column and row selection.'the selection means and
logié circuit can be arranged to accept only a
combination of a signal from one set of switches
(labeled A through H here) in sequence with a
signal from the other set of switches (labeled 1
through 10 here.)  As a_reSult, a change in choice
from the second to the fourth row would cause the
customer to first press "B" and then press "D".
The system will automatically ignore the first
signal from the lettered switch ("B" in this case)
if a signal from another. lettered switch ("D" in
this case) is received and will await a column
selection signal‘from the switches labelled 1
through lo'before Eompleting the transaction.

Description of the_Fourth Embodiment

Pig. 8 is a generic schematic block
diagram of a fourth embodlment of a vending system -
'800 incorporating a vending machine control and

: dxagnostic apparatus 850 in accordance with the
invention. The product delivery apparatus 810 is
of similar construction to the product dellvery _
.apparatus 310 and 1010 of - the ‘second and third
emboéimants._ The differences will be explained



di.agram of a fourth enbodi ment of a vending system 800 incorporating a
-vendi ng machi ne control and ﬁlagnostlc apparatus 850 in accordance withthe
" invention. The product deli y apparatus 810 is of simlar construction to
t he. product delivery appar s 310 and 1010 of the*second and third

enbodi ments. The differences will be expl ai ned -23- .bel ow i n connecti en
with Figs. 8 & 9. Only one.of the actuators AS and its associ ated
conmponents.is shown in Fig. 8 however,.33-will be clear to those skilled :
in the art how additional actuators can be enployed in connection with this _.
enmbodi ment. Controlling the product delivery apparatus 810 is the vending
control and di &gimlmaq:mmentlsoﬁw:thlnnjslded &i 9 hi mﬁmtoﬁepﬁfat us

850
t uat t 835 Whd
Mg o orrourt g FERR e 80 ad ARE 160 TEHbAe Ed0en e BRKSReSHRPLY O00) TP 2
naned conponemﬁbQﬂntina?ﬁQV|%Ush9we&QCI|bbdwehboUeneheor tahthagear at us
850 al so incl uccgaé[“ d NERICERg &&Iﬁﬁ@'é&&w{oﬂ%@ s€euatots Pap bt n®

previ ously des ed enbodlnents . roduct -del 1 very apparatus 810 '
i ncor por at es arfMRAQ (ﬁ"/EP"W?FE&RQNV%&hVWQ$§t?ﬁb%@%%ﬁk ¥ ASis a series

connected switch S8 and |¢6nkamzﬁﬁgeﬂm@t r SRWSE | aéuiéér The switch S8 is
L o™ o oA Ao 2 e iﬁgﬂﬁﬂreg ad, aﬂéﬁﬁbé‘riihyel with
t he actuat or A&p;sataath-oﬁﬂ)z vincluded pab\vhiiedthmtreplpaeétsmst&ﬂﬂng noi se. U
are an actuator selector_szo, a test circuit 830, a
"power supply 835, and a logic circuit 890 whose
‘functions generally correspond to the similarly
' named components of the previously described
embodiments. The apparatus 850 also includes an
inductor L3 in place of the resistor R3 of the
"previously described embodiments. The product
f'delxvery apparatus 810 incorporates an'aCtnator as.
In parallel with'the actuator A8 is a series
Connected switch S8 and impedance element, |
capacitor cl. The switch S8 is operated by the
actuator A8 in a similar fashion to that prevzously_ .
described in connect:on with the other embodiments. _;_J
Also in parallel with the actuator A8 is a diode D2 '
which is provided to reduce switching noise.
" The pr1ncipa1 difference of this
_ embodlment from those previously described is that
it employs an AC test s1gna1, whereas the -
prev1ously descrlbed embod1ments employ a DC test
-slgnal. S .
‘The 1ogic circuit 890 sends selection
sxgnals via wire 891 to. the actuator selector 820, .
caus1ng 1t to connect one terminal of the’ deslred
actuator to the power supply 835 and the o;her
termxnal to_inductor L3 and the test circuit 830. .
The iogic circuit 890 also controls the output of
'the power supply 835 via signals on wire 892,



- The principal difference of this enbodi nent fromthose previously described
| srthat it enploys an AC test signal, whereas-.the evi ousl y descri bed
= ubodlnents enploy a DC test signal.- The | ogi c c@@%bit 890 sends sel ection
signaks‘via wire 891 to the actuator selector 820, Causing it to connect
one termnal of the desired actuator to the power supply 835 and the other .
“terminal to inductor L3 and the test circuit 830. The logic circuit'890
al sb controls the output of the power supply 835 via S|gnals on wire 892.
-24- The power supply 835 produces an AC te@4-si gnal and a running or- power
current which is either DC or a different frequency (usually |ower) AC than
t he te;% signal. The test circuit 830 is arranged to distingui sh between
the teSt and runni ng curreént $he Poweresuppliyc $i35 F®AvTEsudTs AC rtﬁstm gnal

detector 831 i ncoghgnal dhee of LEMINGY drl oers Fardth e witibip @

detection circuit a test I ncorporating a
frequency filter sedthed BC oft asiddfiiereate fregvency (iuswddy Aeveranner of

operation of the egpodnhamnichdi Itleste sighadi.nedHen t@etaldT AFRII30 s
connection wth one versiqn of- thls enho nt sho in Fi and 10.
Fig. 9is a schenaPFEaBEG% 6&% \ghet éﬂﬁth enbodi nent
of Fig. 8 which i Sr&hhdlnge@ufr(rren(t@lt r @heoftestpreddwati tdd 30/ cimelades af us
2910 having a natr|§n021%%tua%% %ctor 831, incorporating a frequency
N4 filter 832 and a run signal detection clrcuit 833,
and a test signal detector 834 incorporating a
frequency filter 835 and a test signal detection
_circuit 836. The manner of operation of the
embodiment will be explained in greater detail in
connection with one version of this embodiment
shown in Figs. 9 and 10.
Fig. 9 is a schematic block dxagram of
one version of the fourth_embodlment_of Fig. 8
which is arranged for control of a product delivery
apparatus 2010-hayin§.a matrix of actuators.
Associated with the apparatus 2100 are vend.select
means 2092, coin test_neans_2694, accountability
means 2096, and display means 2098, each
~corresponding to the szmilarly named elements
_adescribed in connection with the third embodiment.
:The control system 2050 of the apparatus 2100
_ corresponds to the control system 350 of the second
" embodiment’ of the 1nvention descr_ib_ed above. The
| vending control and diagnostic appatatus 2050
controls the product delxvery apparatus 2010.
-Like the second and third embodxments,
. the outputs of the control system 2050. are
d connected to the product delivery apparatus 2010 by
yrow and column signal lines 2020 and 2030. The row
and column select1on functions are perfotmed by row
switch means 2060 and column sthch,means 2070,
respectively. Each of the row and column switch



* Associated with the apparatus 2100 are vend sel ect neans 2092, coin test

means 2094, accountability ns- 2096, and di spl ay neans 2098, each _
corresponding to the.-sinmla naned el enents described in connection with <
the third enbodi.ment. The control system 2050 of the apparatus 2100
corresponds to the control system 350 of the second enbodi nent of the

i nvention descri bed above. The vending control- and di agnostic appar af us

2050 controls the product delivery appargéus 2010. Like the second and .
third enbodi nents, the outputs of the control system 2050 are connected to -
t he product dellvery appar at us 2010 by row and col urm signal |ines 2020 and

2030. The row amhn!2080 sﬁo‘sczom imﬂw%&s&&rr@éﬁsﬂs byr &\ SWi t:Cly
means 2060 and colunn smn ‘h neans %@# r.es ectlve%% ??Eﬁch of the rdhfand
n

col urm switch 1° Retepghets froma
logic circuit rmar&mﬂaﬂﬁ) tM|ms;apré)e1m1Ly rdiseussed anyEa¢ht b ways '

previously dis (Hegggafwgd 4% nf gP@Q % % 2070 includes a

decoder- 2062 an res ctiv eco I n conve nal fashion the
bi nary S|gnalsd@¢QQﬁ$rQﬁ6 rand Qi vies&#@@iXBkmeQn7®e¢o®e1iMe | ogi c

circuit 2090 i t G tch and
" Col unm swi tch E@eﬁ*ﬁ%ﬂzﬁp‘;ﬁ%‘i%ﬁg%& iy PRoselFRERg ey Lol AT

test circuits 20so eHpmmanires, 14 7 & fEom ns°PHB0 and 2070,

power . supply ZQ&icdﬂﬁiznanXhﬁd a form appropriate tb drive the , .x‘J
selected row switch and column switch circuits 2260
and 2270

Fig. 10 shows details of DC and AC test
circuits 2180 and 2280, row and column switch means
2060 and 207OL_p_yer supply 2085, and a product
delivery apparatus 2010 suitable for this fourth
embodiment.

The product delivery apparatus 2010
includes at least one product delivery DC actuator
A2110, such as a rotary motor. Like the actuators
of the prev1ous embodiments, the actuator A2110 is
in parallel with a series connected switch 82110 _
and impedance element, but in ‘this case the .
impedance element is a 0. lufd capacitor Cl., Also
in parallel with the actuator A2110 is a diode D2.

fAlthough only ‘one actuator A2110 1s shown in Fig.

‘10, it will be clear to those skilled in the art
"that a plurality_of actuators can be connected in a
matrix arrangemeht'like that of Fig;'3 in which
actuator A2110 would be ‘the actﬁator in the first

row and the tenth column, the p031tion

corresponding to that of actuator Al110 in Fig. 3.

In cases of matrix arrays, a diode D1 corresponding
pto the series»diodes of Fig. 3, would be conhected
in ‘series with each motor as shown in Fig. lO.

: " The . selection of the actuator is
accomplished in the same way disclosed with respect '



delivery apparatus 2010 suitable for this fourth embodi nent. The' product -
dekivery apparatus 2010 includes at |east on oduct delivery DC act uat or.

+ AR110, such as a rotary notor. Like the act rs of the previous '
enbodi ménts, the actuator A2110 is in parallel with a series connected =
switch S2110 and inpedance el enent, but in this case the inpedance el enent
is a Olufd capacitor . Also in parallel with the actuator A2110 is a

di ode D2. Although only one actuator A2110 is shown:in Fig. 10, it witl be -
clear to those skilled in the art that a pt26-ality of actuators can be
connected in a matri x arrangenent |like that of Fig. 3 in which actuator
A2110=woul d be the actuator in the first row and the tenth colum, the
posi ti®N corresporkt rkhe cthird embodimentr Ahe logie circuit 20905 of

matrix arrays, a gi&@?sﬂw&% PPN §10t £ ShdiEL S SF e Sanl CslsPumt Fig. 3,
woul d be connected 1h series wth each tor ' sho 1g. 10. The
sel ection of the aﬁﬂk%ﬁ%r”%“%lio?&ﬂ'?%h’gﬁ‘?% ffﬁe&sﬁ'ﬁ Wd&%é 8etPWi t h
TUBTGL 10 1o e e e i Eonsie o
2170 tgo the .row artr ¥R IAmAES T é@reg'gsg%%’glﬁg %%ggﬁ#ﬁgg%g;?gngrg are
coq;aghi gi ?C_\S/?%/Sngtdmcbpcgmtmi oo f dtheci(:jovtom?jotobﬁmn h%wib‘?ha.nd col'um
SULEN £t ZEBEauihgifsotiny srofcendpaiV abcodescdy!endoez end
: - decoders 2062 and 2072. Only one of each of the
individual row'and column switches 2261-2268 and -
2271-2280 is shown in detail in Fig. 10, row switch
2261 controlling row 1 and column switch 2280 '
conttoiling column 10. The row and column swi;ches'
1 2262-2268 and 2271-2279 are of similar
constructions. Each of these switches 2261-2268
and 2271-2280 is a conventidnal type of transistor
switch circuit, the operation of which will be
clear ‘from Fig. 10 to those_éﬁ}lled in the art.
_ . The power supply 2085 in this version
~ includes the 5 and 24VDC sources of the previous
embodiments and a source of alternating current
(AC). Suitable AC for this embodiment is 100 to
200 kilohertz at 5 volts RMS. Unlike the previous
~ embodiments in which 5VDC i;;nsed'as the test
signal, in this embodimené—the SVDC is used spléiy
‘as a power_soukce for some of the circuits. The
test signal is the AC signal. -f;; AC signal and
~ the 24VDC signal are combined on a single wire. '
.Appropriate blocking means are provided comprising
‘a 20 millihenry inductor in- the 2¥DC line and a
series connected 470 ohm resistor and .0lufd
capacitor in the AC line. The combined AGA4VDC
signal is then supplied-via'line 2086 to each of
' _the column switches 2271£2280. As shown in the
case of column switch 2280, when thad\ switch
_receives a signal from the logic means 2090 via the



i ndi vi dual row and col unm swit ches 2261-2268 and 2271-2280-is shown in

~detail in Fig.

controlling co
are of simlar

10, row swit 2261 controlling row 1 and colum swi tch 2280

| um 10. The w and col umm swi tches 2262-2268 and 2271- 2279 =

constructions. Each of these sw tches 2261-2268 and

'2271-2280 is a conventional type of transistor switch circuit, the

operation of which will.

»

be cl ear- froanlg 10 to those skllled in the art.

The power supply 2085 in this version i ncl udes the 5 and 24VDC sources of .
Sui t abl e
AC for this embodiment is 100 to 200 kilohertz at 5 volts RVMS. Unlike_the

the previous e

previ ous enbodi

nbodi nents and a source ef2mlternating current (AC).

iments in which 5VDC is used as the test signal, in thl§~f

enbodi ment, t he cOYDAn decoded 20Xy &rsaram B20RQC el g oswistni&d)f t he
e and t he 24VDC

e { ﬁyyg IS, T C th
Si gnal are conbl n%d on a sFin eéa\;(nﬁr%e Kg o rlpa @[q‘b ng rreans are
provi ded conpr M/@VQCZ@WQQ tf@nr!&#ﬁqwdﬁci drine) 2040 Xp/khe ine and a series

connect ed 470 QREFaEIrs On @ul ui-Wel FERAME BFodutt e Yivdiype. The
conmbi ned AC/ 24VDC SI%Pa| I's then supplied via |ine 2086 to €ach of

circuits. The

col um swi t che®eans

that switch retteaievea:hersmwad of ahe %dwam XKW o0 Tunide

col umm decoder

tagiors :
her aby por m t EVAGSRE AGATVREY oathen & Fool Wiribcho S o Trg

switch 2261, is activated by a‘glgnal_fron the

‘logic means 209Q as-decoded by EZE*aeeaaE:'zosz,

‘comprises a DC test circuit 2180
circuit 2280. The DC test cit

the . ACAQ}VDC 'signal flows through the actuator via
line 2021 and the\\’ItE‘Eng transistor T2001. The
3 millihenry inductance permits most of the DC
current to flow to ground, completing ‘the DC power
circuit for the actuator, but it blocks the AC
signal which passes (along with a small portion of
the DC signal) to the test ecircuit 2080.

~ The test circuit 2080 in,this embodiment
d an AC test
it sgmply compares

the DC current at one input of its comparator 2181

with a reference current from a divider circuit. A

10 kilohm series resistor and a .0lufd capacitor at

- signal.

the input of the DC test circuit 2180 blofk the AC

“The£AC test circuit first blocks the DC

 component of the signal with a 220pfd series

capacitor, then amplifies the AC portion of the

- signal with a transistor amplifier, detects the

signal with a diode D3, filters the resulting
direct current with an RC filter and applxes 1t to

‘the comparator 2281 for comparison with the

reference current from the divider circuit.
" When the AC/24VDC signal is first applied

~ to an actuator at homefposition, such as actuator
'A2110, the corresponding motor switch 52110 is

the
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actuators in colum 10 of the product delivery neans 2010. The row

sw tches 2261-2268 connect to the other sideﬁ%@§the actuators fromthe
~cotum switches 2271-2280. \Wen a row switchy~such as switch 2261, is
“activated by a signal fromthe |ogic.means 2090 as decoded by row decoder

2062, the,AC/-24VDC signal flows through the actuator via line 2021 and the

swtching transistor T2001. The 3 mllihenry inductance permts nost of
the DC current to flow to ground, conpletir@8-he DC power circuit for the
actuator, but it blocks the AC signal which passes-(along with a 'smnal
portion of the DC signal) to the test circuit 2080. The test circuit 2080
i n thiss .embodi ment openpr i $he 4indactasceciofc the mog@r MdogksatheedC circuit

2280. “The DC teStcShbSHEBtSBQPEEeCQHB%EQSahh% Q§é¥8ﬁ6¥@3_%519n% ipgout o
its conmparator 2181 wth-a reference Current froma divider circuit. A 10

ki | ohm seri es resi SPBPORRAL, 3PBRAFE ORpAdNEorRISE At theydnRYE thRe tHE t est
~circuit 2180 bl ocktebe &freudnal208fhe A€ factlesultqUithel ioutiput! @fkthehe DC

conmponent of the signal wth a 220 serjes cgpaci tor,. then agmlifies the -
AC portion of the éggﬁgfth?ﬁcglgrgkgpsfgr a qi Heﬁ?gaéFgct t R8s gnal

with a diode D3, fthecoutpot ofsthei A§ diesdcicicwuwidntisniS lvodreskCafilter and
applies it.tp t he ggggéggtarugzsl-for conparison mﬁph the referepce current
.fromthe divider circCuit. en the AC/ 24VDC signal is first applied to an
agtyator -at home position, s!ﬂé’ﬁﬂaé‘rh&cﬁﬁéﬂeﬂoﬂ%ﬁd,mt thegdasr &9H@edieng not or.
swtch S2110 is- gwitch $2110 is closed. As a result, the AC signal
can pass éhrough Cl the 0.lufd capacitor which is
in series with switch S2110 and both AC and DC
components will appear on line 2088 at the input to
- the test circuit 2080. As a result, a logical "O"
will appear at the output of both the DC and AC
test circuits 2180 and 2280.
' When the actuator A2110 returns to home
-position, the switch S2110 opens and the AC test
circuit output returns to "1". This signals the
logic means 2090 to transmit a signal to the power
supply 2085 to cut off the power. When this is
'\*/ done, the outputs of both test circuits 2180 and
2280 revert to "1°. ) -
, ' It will be clear from the forgoing
: ,1' discussion that the outputs of the two test
" circuits 2180 and 2280 are indicative of the status
of the selected actuator. The indications are
summarized 'in the folloﬁing table II.

TABLE II
2180 2280
- {DC) (AC) CONDITION
1 1 Power off or open circuit

~ in motor at home



-28- open. The inductance of e notor bl ocks the AC conponent of the

-signal and, therefore, only .conponent appears on |ine 2088 at the R
input to the test circuit 20B@ As a result, the output of the DC test %
cicuit 2280 is 0 volts, logical "0" and the output of -the AC test circuit

is 5 volts, a logical "1". Wen the actuator A2110 begins to nove, sw tch-
S2110 is closed. As a result, the AC si-@9a can pass through ClL the 0.lufd
capacitor which is in series with switch.S2110 and both AC and DC )
conponents wi Il appear on line 2088 at the input to the test circuit 2080. .
As a result, a logical "0" will appear at the output of both the DC and AC
test circuits 2180 and 2280. Wien the aMo+Bromoive 14hd etoidéct Dndgiome [ o
position, the switch S2110 opens and the AC test circuit output returnsTto
"1". This signals the logic neans 2090 to transmt a signal to the power
supply 2085 to cut off th® powsr. \Wen tMotor sawmynefrdmchome pawmd of both

test circuits 2180 and 2280 revert to'WW'nd4c€q+{sbe.clear'fron1the.

- forgoing di scussion that the outputs of‘?%e WO st circuits 2180 and 2280
are indicative of the status of the selected actuator. The indications are
sumyarized in the followiRg talfe Il. TARld, Idid$Pe 2880mé 52 404y '

CONDI TION 1 1 Power off or open'circuit 1n notor at hone
. _ from home

. ‘u.



-29- 0 1 Mot or home and conducting O § 0 Mot or away from
home -and conducting 1 0 : Open C|rcq§Eb|ﬁ not or away from hone
-30- CLAI'MS: 1. A vending apparatus conprising at |east one product

delivery nmeans, said product delivery neans conprising =anm efrectrically

opétated, actuator for delivery of products, a circuit c
paral lel 5 with said actuator and arranged such that nn] lwull H“I
controlled by the operation of the actuator, and neans for =detec

conbi ned i npedance of the circuit and thewﬁy fuator to provide an |nd|cat|on
et

of whether the actuator has operated and her there has been a change 10
int 1npedance of the actuator. 2. Vending apparatus as clainmed in claim
1, whe&fein the circuit conprises an inpedance el ement and a circuit opening
switch connect edL&EMStrically in series with each 15 other, the opening
and closing of the switch being controlled by the operation of t he
actuator. 3. Vending apparatus as clained in claim2, wherein the inpedance
element is a resistor and the resistance of 20 each such resistor is of
the sane order  of madni tuae wqm gPraratys: m@rnims A% pheastelongi th,

but of a detectablx glf resi stance om t (g ai d
produc very means, sa pro uct elivery means

- ecomprising an electrically operated actuator for
delivery of products, a circuit conneéted in parallel

5 with said actuator and arranged such that its impedance'
is controlled by the operation of the actuator, and means
for detecting the combined impedancé of the circuit and
the actuator to'provide an indicétion of whether the
. actuator has operated and whether there has been a change

10 . in the impedance of the actuator.

2. Vending'apparétﬁs as claimed in claim 1, wherein

o : the;circuiﬁ comprises an-iﬁpedance element and,a.circuit
| openihg switch connected electrieally in series with each
15 - ,otheb, the opening and closing of -the switch being

.- controlled by the opération of the actuator.

) 3. Veﬁdinglapparatus.as claimed in claim 2, wherein

the impedance_element is a resistor ;nd the resistance of

20 . -~each such resistdr_is of the same.order of magnitude as
 that-of the actuatér it is in parallel with, but of a

- detectably 'diffefent ,resistanee__from that of said

actuator.



actuator. -31- 4. Vendin pparatus as clainmed in claim3, further
conprising nmeans for applyi to the parallel circuit a DC test current

JMﬂJﬂl_Lé_LﬂgﬁgfgLséof operating the actuator, for the purpose of inpedance *

detection ndi ng apparatus as claimed in claim-4, further :

gm,llﬂu ct current power source wherein the actuator is operated’
'"m &w fromsaid power source. 10 6. Vendi ng apparatus as

ci'ai fredt i m 2, further conprising neans for applying to the paralle

circuit an AC test current which is |ng§pable of operating the actuator,

for the.purpose of inpedance change detection, 15 and wherein the ~

‘i npedance el ement is-a capacitor. 7. Vending apparatus as claimed in cg;pln
6, wherein the nmeans for detecting changes in inpedance conprises filter

nmeans for separatifg t{esidOag r£fdard O tde 1 imed 20 dlade 3 fpethaee the
actuator. 8. Vending apparatus as clainmed in claim6 or claim7, further

conprising a ¢omeerising reeanpofer ag@aganmh&mmthermazalhelocirsubpeaated
by direct current from 25 said power source. -32- 9. Vendi ng appar at us
as clained i nDC| dieats eurcieaitm whichrth@r ineapabtliengofl smenatisig the
al ternating current of

actuator, for the purpose of impedance detection.

5. Vending apparatus as claimed in claim u,_further
comprising a direct current power 'so'u,r'ce wherein the
actuator fé operated by direct current from said power
source. . |

10
6. Vending apparatus as claimed in claim 2, further
comprising means for applying to the parallel circuit an
AC test current which is _1ncapable of overating the-'
actuator, for the purposé of imbedance change detection,

1 and wheréin the impedance element is a capacitor. ' o’

7. Vending'apparatus as claimed in claim 6, wherein
tb§ means for detectihg changés in impedance'comprises
 filter means for separating test current from the current

20 used to operate the actuator.

8. Vending appératus as claimed in claim' 6 or claim
7, furthér comprising a direct current power source
wherein the actuator is operated by direct current from

25 said power source,



substantlally different frequency fromthat t he tes;rggiigﬂg_dﬂbﬁigliL,_

thre actuator is operated by alternating 5 ent fro € power source

¥0. Venpdi ng apparatus as clainmed in any of clains 2 to 9 “ ﬂl“““o

_actuator out-put has a ‘hone position which is its nornal ‘ ““ﬂ“““

and the switch is 10 open-circuited except when the actuator i & ih the .

. honme position. 11. Vendi ng apparatus as.glained in any-of clains 2 to 9,
wherein the actuator output has a hone 825|t|on 15 which is its normal

start-stop position.and the switch is short- circuited except when the
actuator is in the home position. 12. Vending apparatus as clainmed in any

precedy ng 20 cl alsm V\f@fd&'d’g %pﬁdﬂaaddé )ésOfcl%qlt&@qth%tlﬁri%x & gragfapged in
an el&ctrical matrix with one electrical-termnal of each act uat or

connected i 17 cfurthemiddmmeding 4 hsowese esPoaltepnating nehsrentt be
actuators in the sane row and another.- electrical ternmnal of each

~actuator 25 substantihlly1dtiﬂmmmntmfrbqueacy fofom tthmt cof relseobestg
terminals of the actuators in the same col um. -33- 13. Vending
appar at us as qurfents ivheneimtire agluatortihe openatedsbrralpepnatingy

-arranged ina mtrix of rows and colums “corresponding to the electrical
matri x. 14. cur"\%}fdlﬁ'ﬁ'f PHRe RIMLRSRUBEPed in claim 13, further

conpri5|ng a diode in series with each actuator. 15. Vendi ng apparat us as
| ai med in any preceding 10 claim conprising neans for automatically

activating 10. Vending apparatus as claimed in.any of claims 2

to 9, wherein the actuator output has a home position
which is its normal start-stop position and the switch is
10 open-~circuited except when' the actuator is in the home

position.

11. Vending apparatus as clained in any of claims 2

to 9, wherein the actuator output has a home position

15 -which-is its normal start-stop position and the snitch is

_ ~ - - short-circuited except when the actuator is in the home

position.

12, Vending apoaratus as claimed in any preceding

20' claim, wherein a plurality of said actuators are arranged
. in an electrical matrix with one electrical terminal of
each actuator connected 'in common w1th each of the
corresponding terminals of the actuators in the same row

and another electrical terminai of' each actuator
25_-connected in common. with eaoh of "the corresoonding

terminals of the actuators in ‘the samelcolumn.



* ..

_;i%;ﬂr%ELEELLDQ_ﬂEanS prior to each vending operation to check whether or  .°

_ e 1 npedance is indicativ f the actuator being in its nornal ' T

mﬁm‘“}m“:\m and in an o bl e condition. 15,16. ‘Vendi ng apparat us ’

i m 15, conprising neans for preventlng a vendi ng operation

enCthe impédafice i s not indicative of such position and condition.-20 17.

Vendi ng apparatus substantially as herein- before described with reference
to Fig."1, Figs. 3 and 5, Fig. 6,.or Figs. 8, .9 and 10 of the

acconpanyi ng draw ngs.

-33- | Kt

13. Vending apparatus as claimed in claim 12,
wherein the actuators are physically arranged in a matrix

'of rows and columns corresponding to the electrical

matrix.

14, Vending apparatus as claimed in claim 13,

further comprising a diode in series with each actuator.

15.' Vending'apparatns'as claimed.in_any precedingw
10 claim, comprising means for automatically activating.
said detecting means prior to each vending operation to
check whether df'ndt the impedance.is indicative of the
actuator being in 1ts normal starting position and in an
operable condition. |
15 _
16. Vending apparatus- as clained in claim _155
comprising means for preventing a vending operation when
“.the impedance is not indicative -ofl'such 'position and
_condition. | | o
20
'17. Vending aoparatus substantially as here*n-
before described with reference to Fig. 1, Figs. 3 and 5,
Fig. '6, or Figs. 8, 9 and 10 of the _accompanying _

drawings. )




