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REC!I RCUWATI ON SYSTEM AND NETHOD FCR;AUTCNATED'
| NVENTI N The present invention generally rel _
dosi ng apparatus. Mre specifically, the presgpi.invention relates to 10 :
‘recirculation systens and nethods useful in a E%Prﬁstc 0f 5 £A9RS 'appaFPd’f“E%dl """" '
whi ch di spense highly precise quantities (dos¢E)Clemis) onanted .corjomagas..1.q. |
be nixed. 15 - BACKGROUND AND SUMVARY OF THECHaMwE{ST : GBeliul.0mb ipdged ....... |
refinishers typically maintain a relatively siig Apsygent of paj l-ors
whi ch can be m xed selectively according to p esetsr?ée{ci-bgééletdd"e'a'(':'ﬁ%’g%%é&; """"
preci se color match for virtually any nake and nodel 20 year of autonobrTe -

Thus, the autonotivegeiRBLANCTIS 83EN A B WEYSiAR goAventory cost
savi ngs by mai ntai niNg a ﬂ .EL__ _ r}%/)‘ge Uﬁ pal nt col ors which
can be m-xed, when needeé‘, 'd beatcH- a ' |E der to match a

particular original paint color. I'ndeed, it would essentially be
cost-prohibitive for autonotive rfefinishers to maintain 25 an entire

i nventory »f prem xed paint colors matching the original paint for al |
aut onobi | e manuf acturers since fQr ' ~of autonotive paint colors
can, and often do, change froﬁiaﬁwggm%gﬁ?égpt he next. The conventi onal
practice, however, in the autonotive refinishing 5 business is for the

i ndi vidual paint colors to be adm xed manually. That is, when a specific
pai nt col or for aThalpkésent dvemidrogerterdlty ralftes & chenfield! of\amomaredneeded to be

mat ched, the autonotive refinisher, will manually .
dosing apparatus. More specifically, the present invention relates to

10 recirculation systems and methods useful in automated dosing apparatus
which dispense highly precise quantities (doses) of flowable components to

be mixed.

15 BACKGROUND AND SUMMARY OF THE INVENTION
'

Automotive refinishers typically maintain a relatively small
inventory of paint colors which can be mixed sélecfively according to preset
recipes to achieve a precise color match for virtually any make and model

20 year of automobile. Thus, the automotive refinisher can realize
" considerable inventory cost savings by maintaining a relatively small
~' inventory- of paint colors which can be mixed. when needed, on a batch-
wise basis in order to &1atch a particular original paint color. Indeed, it
would essentially be cost-prohibi"cive for automotive refinishers to maintain

an entire inventory of premixed paint colors matching the original paint for

(3]
LY )




di spense_each individual paint color conponent fromthe refinisher's L
inventory until the desired dosage wei ght (whi.ch is determned by a color- -
10 matching reci pe) i.s achieved. Therefore, by conbining these manually

di spensed dosage wei ghts for each individual paint color conponent, a batch
of the desired autonotive paint color to be matched may be obtai ned.
However, manual |y di spensing indivrd8ual paint color conponents 15 cannot

al ways accurately duplicate the paint fornulation recipes. For exanpl e,
there exists the practical Iimt of scale accuracy when-the individual
doses of paint conponents are weighed. Furthernore,. the we_i_qghed doses of

i ndi vi dual 6& %H“’E’Gﬁgsrﬁ’é%ﬂuéa%\*réf% JpFEHIa meﬂgaéaﬁ%é’a WIREMTBHY into a

si ngl e m xi t 5 S eI Ag i j t hat m ght

ot herw se acrég}(ﬁg%gg' %fdsg%%{s)fiﬁ‘gc%ﬁgg}f{ry I &?‘&‘2&%%@%‘2@ frPl‘t%or?e.éQégr'egat ed

wei ghi ng receptacles and thereafter conbining the individual doses. Thus,
there exists the real possibility that human error could cause a single

pai nt col or to belk/ernvgnypesiqractioes bowenes ém th apeHyE P dli8Sensed pai nt
col or conmpo SH i -0t h t L (it -
At ot ea dounst i P DRk of i B afficumBRldly, Phérts, e
appl i cat i onsyhéiea Spédifib IpkidR 'R rSr AU tdlhesutoHRSHS ndke AniModent s are
desired to be adm xed according to preset recipes. For exanple, sone )
commerci al xeanis neededdo desmatebedirtbe lantomotivg ratinigher piillymamllyi th a 5 scal e
and a conpu cti.on function.

ter- i st.ed A j h k
syst ens. V\he‘ﬁgpﬁ%ssgi?g?hemg‘cel‘% BAIRLEIPE FPTRPOR B%E}tlengeé‘gﬁ?%, gt hengmer

conponent (S)ia¥edtbrP nddifietie Re&gséézeqyaﬁ_h{ hEhUS deferARiEBU LR cOmILr 0l SO as -

to conpensate for "the over-dosed conpon&nt. However, the

: 1o matching recipe) is achieved. Therefore, by combining these manually
dispensed dosage weights for each individual paint color component, a

batch of the desired automotive paint color to be matched may be obtained.

However, manually dispensing individual paint color components

15 cannot always accurately duplicate the paint formulation recipes. For
example. there exists the practical limit of scale accuracy when the
individual doses of paint components are weighed. Furthermore, the
weighed doses of individual paint components are typically dispensed
sequentially into a single mixing receptacle so as to minimize inaccuracies

20 that might otherwise accrue by dispensing the individual doses into
segregated weighing receptacles and thereafter coﬁlbining the individual
doses. Thus. there exists the real possibility that human error could cause a
single paint color to be over-dispensed into a batch of previously dispensed

paint color components resulting in the waste of the entire paint batch.




addi tion_of additional quantities of conponefits to conpensate for the over-
10 dosed’ conponent could itself |€ad to new dosing errors and is therefore
not d@n entirely satisfactory solution. An autamated dosing apparatus is

at so known from publi shed European Patent Application No. 0353197
(hereinafter "EP.'197") whereby 15 individual flowable conponents may be
added together and m xed in precise quantities. Specifically, Figure 2 in
EP 197 di scl oses a system which includes a nultiple outlet (e.g., 3-way)
di verting val ve whereby an individual conponent flowi ng froma pressurized

suppl y contai ner ! sith® eQhibRhe 2n ARG i=Rh1HERMI 08 nLBMer @l ated to
Its supply canister. H%Bé{g%v‘eﬁeuélﬁ%ce% %ﬁb‘suppl yﬂgjan‘l ster is pressurized,
a downst r earngup appliosicrssaliate ihighly deecisoquaenizsdosdskoprempanentsn t he
supply cani ster, during recirculation and thereby cayse the indi vi dual

conponent t @r¢ desiFad toobe pdmeegAcFOdRg & aresethiesiRGR (108 SX¥BTPIT FPHS on | ine.

25 Whi | . l SLO i 8 'oggi nt of the
variety di sgpglég%}%fﬁrl%ébﬂ'rﬁ%ﬁié}ra%ﬂg%M%“gﬁgﬁ%ﬁng e?lg }tgr%ccur ate
doses of isndeaedind a abhpiRTavdsBdicbireeidofifnctiond Adwordiny tosnder obsol ete

the conventional manual dosing techniques used by autonotive refinishers),
there woul d keown syseemps.oxken am over-doseradza partiular CPTIPQRERtRIFHI% &R probl ens.

For exanple, since automtive,.refinish _paint is.Lypi ] Xt ure of
solid 5 pigifé ‘_sc‘?_‘ﬁi_’%f‘?%f sff pecaddet dn 5%@!‘@‘_{“‘?‘3%?%“@%&%&‘0@%%” . there
exi sts the RAREbPishiakto QbmpediRE ForSthe JRAUBIOOMAPEHRE. Huwever, theot ati on
(hereinafter nore sinply terned "paint separation”) in the dosing

equi pnent , peakditdeubfadditionalt duantities of wbinphnérse do pampensate forethgiasigensi ng
head from a ) . . .
, 10 dosed component could itself lead to new dosing errors and is therefore not

an entirely satisfactory-solution.

An automated dosing apparatus is also known from published

European Patent Application No. 0353197 (hereinafter "EP '197") whereby

15 individual flowable components may be added together and mixed in
precise quan‘tities. Specifically, Figure 2 in EP '197 discloses a system
which includes a multiple outlet (e.g., 3-way) diverting valve whereby an
individual component flowing from a pressurized supply container may
either be directed to a dosing head or recirculated to its supply canister.

20 However, since the supply canister is pressurized, a downstream pump is
necessary in order to overcome the pressure in the supply canister during
recirculation and thereby cause the individual component to return to the

supply canister through the recirculation line.

25 While one could envision using automated dosing equipment of the

variety disclosed in EP '197 for purposes of dispensing highly accurate




pai nt supply container, during those tinme periods that the equipnment is
idle’ 10 Pai ht separation could therefore result in gross inaccuracies
during the automated dosing procedure |eading to color variations; and
hence col or m smatches. The recircul ation of the paint through the

aut omat ed dosi ng 15 equipnentqasapafiwof t he equi pnent start-up procedures
and/or prior to each dosing operation could remedy paint separation

probl ens. However, as noted briefly above, in the pressurized paint supply
system di sclosed in EP '197, the paint would only recirculate through the

di verting valjyessandindntidid rﬂ%@ﬂoﬁ&h@?ﬂg§;&j&gr{:gﬁﬁéﬁ%ﬁy’ =P oBsS18R feverting

val ve is positioned 20 upstream of oSl a hus, ~any pai nt whi ch

| i es dor mant comveénmnil manbaluddimoroksiguegusddebairebiotive refihigkers)) t he dosing
head woul d still be ;ub' enitcé to paint separation, It wuld therefore be -

hi ghly desi r e wopld siiliRs present sevarplsreab nonrtrivial tehnieal iprefiemsss Epr
recirculatio | u | ted dosi ng
appar at us wh Pé%xghe glmrg gldaH ﬁ%uea%%ﬁgsﬁnégggﬁp%h%\é{lg eatd%xizﬁ{exrea&f_t éryef% rcul at ed

t hrough the gigheshigadsuit@blehcasriécfeld Crekiat-ddiNsdlV&itE theRxikts BHes ensure t hat

no pigment sedinentation exists-in the individual paint component dose and -
t her eby i ncr 8asebilie of pigmentysedimentationandior namwef&mtmme@emmfte@h m xt ure
of paint conponents. rovenents that the

It is,t,owards providing such 5 i
present inve qr.gr;lrpglydﬁrgggeagméﬁwgqtmn ?Hb QTR eﬂ‘ﬁggﬁf‘f’on i s enbodi ed
in a recircubaficiarby &t &i@lﬁ&%%hi@hffggd"?iiﬁt ?J‘tt?é“&i?ﬁ&{sﬁ% K3 fRémappar at us
whi ch enpl oys pressurized supply canisters for the individual flowable
conponent s t @aise suppkydcantainer, during those time periods that the equipment is idle.
| 10 Paint separation could therefore result in gross inaccuracies during the
automated dosing procedure leading to color variations, and hence color

mismatches.

The recirculation of the paint through the automated dosing

15 equipment as part of the equipment start-up procedures and/or prior to each
dosing oper‘ation could remedy paint separation problems. However, as
noted briefly above, in the pressurized paint supply System disclosed in EP
'197, the paint would only recirculate through the diverting valve and not
through the dosing head (i.e., since the diverting valve is pcsitioned

20 upstream of the dosing head). Thus, any paint which lies dormant in the
line fluid-connecting the diverting valve to the dosing head would still be

subject to paint separation.

It would therefore be highly desirable in automotive refinish paint
25 applications if a recirculation system and technique could be provided for

automated dosing apparatus which allows individual paint components to be




10 recirculation | oop which pernits the flowable conponents to -be

recirtcul ated through the dosing head and returned to their respective
pressurized supply canisters. The recirculation systemaccording to this

i nvention nore specifically includes buffer reservoirs which are

flui d-connected to both the dosing-fead and ‘a respective pressurized supply
canister. During a 15 recircul ation node, therefore, a flowabl e conponent.
supplied to the dosing head will be' caused to recirculate through channels.
defined in the dosing head and thereafter be directed to a respgective '
buf f er reser“?FdYCrU.latY‘lil%‘fPé%fP trufesiegl npad nBugh BITCHERUAHANIYES™ PR buf f er

reservoir unyi : irculation node has :been. ¢ . -that tinme, a
transfer nog)gdévmeﬁﬁ?ezg‘ SO RIFTFRY ée&‘_r%ntégo?gx’c’-gh{sr_‘e&gﬁlég‘%&&deﬁsﬁetservoir to
be pressuri zethpdneat @setdddnthbfiBy RhESSIL Be Ak Srat N gsdoBiatdibwithathle cani ster.
This greater pressure within the buffer reservoir will thereby serve to
forcibly trantdmated hatchcouruteaefoppintecimpoeneatse ditjaitowands oreyifingsudhe suppl y
cani ster. such recir gt i on/flow | oops nay be
é{ntion i n dependence upon

25 . Any ,nunber of ) é;ul
provi ded i°n 'TIRECEMEIH A, thg BLeSeRt BV TS IifSiR
t he nunber of i ndi vi dual conponents of flowable material that may need
to be adm xed in nmetered anmbunts. As a result of this invention, therefore,
the flowabl e conBradlys thd pteséntirvemivnl istembodied Tua atcrtutationusyistarhe dosing’

head so as to purge the flow lin t.o the di spepsjn ozzl e in.the dosing
head and enﬁ?%‘ﬁF‘gﬁYFQ‘ &%éﬁ@ﬂ%‘?‘gag?‘ﬁg .aPWPE"Sa‘HS‘éhteg‘&g°¥ﬁ‘ PR €sent |
[venLion, SaoHE) LufSe PR R PR hoghens o bhostaaRl
pr ef er r ediexecipédayore (6optiviiRht permits the flowable components to be recirculated
. tﬁrough the dosing head and returned to their respective pressurized supply
“ canisters. The recirculation system according to this invention more
specifically includes buffer reservoirs which are fluid-connected to both the
dosing head and a.respective pressurized supply canister. During a
- 15 recirculation mdde. therefore, a flowable component supplied to the dosing
head will be' caused to recirculate through channels defined in the dosing
head and thereafter be directed to a respective buffer reservoir. The
recirculated paint will accumulate in the buffer reservoir until the |
recirculation mode has been completed. At that time, a transfer mode will
20 be initiated so as to cause the buffer reservoir to be pressurized greater than
the pressure existing in the stock canister. This greater pressure within the

buffer reservoir will thereby serve to forcibly transfer the accumulated

recirculated paint therein to the supply canister.

25 | Any number of such recirculation/flow loops may be provided in the

automated apparatus of this invention in dependence upon the number of




. shown in FI

10 BRI EF DESCRI PTI ON OF THE DRAW NGS Reference will hereinafter he made to

- the -acconpanyi ng drawi ngs 15 wherein |ike reference nuneral s throughout the
vari ous FlI GURES denote |ike structural elenments; and wherein; FIGURE 1 is a
schematic representation of an automated paint dosing apparatus which
includes-the recircul ation systematcording to the 20 present invention;
FIGURE 2 is a partial cross-sectional view representative of the flow path-
wi thin-the dosing head for an individual paint conponent; FIGURE 3 is a -

front el evational view of an aytonpted paint, dosi ng appay atys.whj ch
 nol udes. t NRHEEHAL ERTRFRRATS 95 fIERPRECTREF Y 1) THe B LaRt 2Ry S fon:
FI GURE 4 i S@[&ﬁggrﬂﬁ yational view of the automated paint dosing apparatus

_ ES 5a and 5b are each.cross-sectional elevational
views of a representative buffer reservoir utilized in the recircul ation

systemin 10 accordance with the present invention respectively show ng
filled and unfil Fed2 cesbiafi tbrﬁleﬁ@tﬂ@bftPerafmeH*ﬁifsesa‘ga camwesnér‘@ﬂp

ti |y | . : ti i - i ti I
eobrly§i b SOpiAERl, BEARER thateR e BRGhL Heall HB58- B Huru Y ABKE/SL) N
syst em accolide§go tie B3B3l a5 Riz1é Ny eHY dé¥ing RE\d-Bn SUrSERYHEY |acblu@ke THE

PREFERRED EXEMPLARY EI\EODI NENTS . . )
dosing. This advantage of the present invention, as well as others, will
become more clear after careful consideration is given to the following
detailed description of the preferred exemplary embodiment.

10
BRIEF DESCRIPTION OF THE DRAWINGS

Reference will hereinafter be made to the accompanying drawings
- 15 wherein like reference numeérals throughout the various FIGURES denote

like structurdl elements. and wherein;

FIGURE 1 is a schematic representation of an automated paint
dosing apparatus which includes the recirculation system according to the

20 present invention,

FIGURE 2 is a partial cross-sectional view representative of the flow

- path within the dosing head for an individual paint component;




20 The present i nventi on may be enpl oyed usefully with vi rtu_al-ll'y any
material which is itself in a flowable state (e.g., liquids, pastes, -
slurries or the like) or which can be induced to assume a flowable state .

K (e.g., thixotropic materials). Therefore, as used herein and in the

acconpanying 25 clains, the terns "fl.owabl e conponent”, "fl owabl e
material", and like terns are neant to refer to any material which is
fl owabl e during the recirculation and transfer nodes of the equipnent. A
schematic representati on of automated dosing equi pnment 10 5 according to
- the present i-nvenfiGdARES3 depiohediel it anpanyiancautdrahlsl phintl dosidd s. regard,
t he aut omated dosi ng. equj prent. 10 i s depicted having-two paint flow | oops
10A, 10B f or2Pparases B&ich ingjusles thy waircylgtien system aqcerding be thmBessertood t hat
t he aut omat qg,‘gﬂ%nng equi pnent .10 may be provided with virtually any nunber
of flow loops To stit particular end-use applications in 10 dependence upon
the particul ar nunber of conponents that nay need-to be dosed. For exanple.
the particul ar enbodi nent of the dosing equi pnment 10 shown in FI GURES 3-4
j ust - happéns to hBMEUREe! tapatsc el evptiofialdvispyerfsihagutdmateg psint dosifiayi dual
conponents, but_ qreater or k@ﬁﬁ di spensing capabilities are within the
scope of t hi2PPRIR/BHETOH “ELE & Edsi ng equi pnent 10 includes a dosing head
12 which serves to di spense individual paint conponents fed thereto via
feed lines 14A, | 4B associated with the flow | oops 10A, 10B, respectively.
The di spensed pai RIGURESoend Sbare eadceiosedectionhl elewationaé niavepofaxi ng
contai ner 16 which . RPT . . .
representative buffer reservoir utilized in the recirculation svstem in
10 accordance with the present invention respectively showing filled and

unfilled con&itiods thereof’ and

FIGURES 6a and 6b are respectively exploded perspective and

partial cross-sectional elevational assembly views of a double check valve

—
n

employed in the recirculation system according to the present invention.
§

DETAILED DESCRIPTION OF THE
PREFERRED EXEMPLARY EMBODIMENTS

The present invention may be employed usefully with virtually any
materidl which is itself in a flowable state (e.g.. liquids, pastes, slurries or
the like) or which can be induced to assume a flowable state (e.g.,
thixotropic materials). Therefore, as used herein and in the accompanying

25 claims, the terms "flowable component”, "flowable material", and like terms




20 rests _on a wei ghi ng platform 18" associatéd with a-precision gravinetric
scale -18. ‘As pai nt conmponents are di spensed into the container 16.
theréfore, the gravimetric scale 18 will issue a signal indicative of the -
- curul ative weight of the paint in the container 16 to a PC based controller
20. 25 A suitable supply of each ingividual paint conponent is maintained
in stock canisters 22A, 22B, each of "which is provided wi'th internal
rotatabl e agitartors 22A°. 22B' . respectively. The agitators 22A", 22B are
operatively coupled to a drive chain 23 (see FIGURES 3 and 4) housed Wi t hin
a cl osed pr [ i QR . ¥ ¥ abl e
22A" .. 228", g'fdz}shpéé $5 yng;gﬁ& etz i) °‘8m£t%l%iﬂ'?‘ﬁépjﬁrﬁﬁ'%@%{%ﬁ 5 s

drlven by naa@sraggfeelne@degld; tH® kg agfent. Theref ore, operation of notor 26
serves to drive the drive chain gvvi-thin the manifold 24 so as to, in

turn. rotate the flexible torque cabl es 22A", 22B" and hence turn the

agitators 22A', 22B. respective les a
presSuri zation fI Ehe("éatbcpr pé‘”ﬁ%‘? gﬂ&%aggorﬂ?‘t#\cgﬁg%geeq ?pﬁrnoé*e{p@r ef erably,

air) to the aQEcﬁ'%ﬁ'Hzr\!0291%'ﬁ?&éﬁ@m\fdﬂh@n@f&pn@te’d' 1ﬁeac2&%|paﬂ'\|‘1ﬁo [FIGASREi zation
fluid from header 28 will thus pass a pressure regul ator 28b which sets the

pressure of Ia hhlafrlegard al'te axtemlaecltdm;mqump(nenglo ls_Ld@lgr@dﬁasmgmo The

pressurizati on fl ui fro[&_{ nifold i s en 15 roduceﬂ t he
i ndi vi dual PEAP MRS ‘2’2@"‘?9%‘*5& §‘EHSF’?3‘[| PVEON 'lsrsEO A.  30B.

respectivel ym, d%%iqd?f GREHe FRbIATLC8 bcuipfient 36546 pRtvidewinpUNd the

torque cabl es SO0 as to est
virtually any number of flow loops to suit particular end-use applications in

10 dependence upon the particular number of components that may need to be
dosed. For example. the particular embodiment of the dosing equipment 10
showﬁ in FIGURES 3-4 just happens to have the capability of dispensing
thirty-six individual components, but greater or lesser dispensing

capabilities are within the scope of this invention.

—
(¥ /]

4
The dosing equipment 10 includes a dosing head 12 which serves to

dispense individual paint components fed thereto via feed lines 144, 14B
associated with the flow loops 10A, 10B, respectively. The dispensed paint
components are received within an open-top mixing container 16 which

20 rests on a weighing platform 18' associated with a precision gravimetric
scale 18. _As paint components are dispensed into the container 16,
therefore, the gravimetric scale 18 will issue a signal indicative of the
cumulativé'weight of‘ the paint in the container 16 to a PC-based controller
20.

A suitable supply of each individual paint component is maintained

in stock canisters 22A, 22B, each of which is provided with internal




annul- ar space t hrough which the pressurization fluid nmay pass on to the
stock canisters 22A. 22B, respectively. As a result, the paint supply

withiftn 20 the stock canisters 22A, 22B is nmintai ned under pressure greater

t han at mospheric pressure. Each of -the-stock tanks 22A, 22B is provided _
with a pressure relief valve 31 A .31 B. respectively, so as to allow the
stock tanks to be depressurized when needed. 25 Al though it is
presently preferred to enpl oy coaxial -torque cabl es 22A", 22B" and .
- pressurization conduits 30A, 30B, respectively, it is of course possible t
provi de suclrosataliietagiwsors ddapeiidntebgecaf. clgneTanmagivaors 22A'; 228" areThat is it .
is possibie to proyide, as-an alternatiye arrant ng, whereb he driving
means for tr&peégﬁ‘t i(?Pé‘Plng",a DEP chain «p (89g 5?@8?&3 ﬁ@éﬁe"ﬁ&’é’ngc{)f conduits
used to presgihiZ : Sk r2adniiaidB 4 By Rediblel ired to
di spense a dose O?C})%?ﬁfp?&fﬁ(teg%g)n réﬁ"ltélr%l '240§W eianlsgg}gﬁ% lcc‘)errrrét signal to
one of the nabi@RRn"cEPBEdefieetil ellyOMTKEOSROLS cvalh\B3switRik thdXRaniféld 2osage

val ves 32A, 32B wi || thus open in response_to receiving a respective:
command siynialdrivesndy ﬁeeaes)n{”) lscirey mppor 26, nEherefasepepesetiafphmpten £in t he
cani sters 22A..22B s ppessurized as described | ve, operation of one
of the dosag’eeq/}gisl R?e%n'?‘gkl,e ‘%ﬁ‘ﬁ 3t ‘8;1\?1@3“6&\3ﬁ?ar{lgo@ggvﬁ%t?d@aﬁw@bm one of
the stock caiiftbahé flexible @Bu¥ icablles 224" 337" ABheh@ PR theagibRoM0Si ng head
12 via lines 14A, 14B, respectively. One-way check val ves 36A, 36B are
provi ded in 234&%e22B4xespestively5 respectively, so as to prevent back-fl ow of

paint. Furthernore, when a relatively viscous liquid (e.g.. autonotive
refinish paint) is enployed as the

10 A header 28 supplies a pressurization tluid (e.g., a gas such as
nitrogen or, 'more preferably-. air) to the pressurization manifold 24 via line
28a. The pressurization fluid from header 28 will thus pass a pressure
regulator 28b which sets the pressure of the fluid at a selected level (e.g.,
1.5 to 2.5 bar). The pressurization fluid from the manifold is then

- 15 introduced into the individual stock canisters 22A, 22B via pressurization
conduits 30A. 30B. respectively. The pressurization conduits 30A, 30B
ccaxially surro'und the torque cables 22A", 22B" so as to establish an
annular space through which the pressurization fluid may pass on to the
stock canisters Z2A. 22B, respectively. As a result, the paint supply within

20 the stock canisters 22A, 22B is maintained under pressure greater than
atmospheric pressure. Each of the stock tanks 22A, 22B is provided with a
pressu;e 1:elief valve 31A, 31B. respectively, so as to allow the stock tanks

to be depressurized when needed.

[
[V

Although it is presently preferred to employ coaxial torque cables
22A", 22B" and pressurization conduits 30A, 30B, respectively, it is of

course possible to provide such structures independently of one another.




f 1 owabl e conponent; the check val ves 36A, 36B serve t.o prevent uncontrolled
dri ppi ng of the flowabfe conponent fromthe discharge head 12. That is, by
posi ti oning the check valves 36A, 36B closely adjacent 20 (and preferably
directly connected) to the discharge head. 12, the discharge of the flowable
conponent at the end of the dispensijpg node will reliably be term nated.
Therefore, separate closing valves for the individual nozzles in the

di scharge head 12 will not necessarily need to be provided due to the
presence of the one-way check val ves: 36A, 36B so as to -avoid nozzle 25

cl oggi ng W t fha iseet iFBfossib R toWitb CllleC B4/hal aRbRREIVE Seran@sembdr, wherdtg! tHef val ves -
38A. 38B are provided-in branch lines 39A, 39B (which are fluid-connected
at the junct dneing meansefor Ianagmosn2 A4 B2ZBAB) stesturslly angapendent athe escape
of any ai-r or_gas th.aE,1 rraé% have hecone enf%ﬁ{ @%or di ssol ved under
pressure in FAEPE MY 'RLELBREK METHHBFS At osage val ves 32A, 32B on
the basis of the weight of paint dispensed into the container 16 is '
provi ded by the electronic gravinmetric scale 18. That is, controller 20

wi || be pré-progr dvherditvis diesickeisior didperse iapdaserafopaint, nige céraralbedi20i will of

precise quantities of pajnt 10 conpopents. For exanple,. upon sensing t hat’
the correct Ho4¥® W%?‘PA sigpal Werf @?gﬁéfﬁgﬂflﬁ’r‘gﬁ?@h@egﬂ?@kgﬁéﬁ? ster 22A by
the wei ght sj n0\ihee & e AL AV i ler 20
w11 T eaponst aory SRS U2BETHY db e LR A ous SALShEP opt A RRBLAR 2" (e
val ve 34A t otmseieiving arespeetieé comntdnd $ignd fdorhhthe ebyitrbHem2MaSendehthe
di spensi ng operation of. ﬁ@i nt 15 from stoock canister 22A. Thereafter,
accor di ng_t oPelié SpPRIyreghianme Fanistarpé2A; RBBosmrerriaed angesdgdi ssue a
C.om“rand Sllgngizso;{'eq c}pgreat%%ho?on%ograt%g dosage valves 32A. 32B will cause paint to

be withdrawn from one of the stock canisters 224, 22B via lines 344, 34B

then on to the dosing head 12 via lines 14A, 14B, respectively.

One-way check valves 36A, 36B are provided in lines 144, 14B,

15 respectively, so as to prevent back-flow of paint. Furthermore, when a
relatively viscous liquid (e.g.. automotive refinish paint) ts employed as the
flowable componerit. the check valves 36A, 36B serve to prevent
uncontrolled dripping of the tlowable component from the discharge head
12. That is, by positioning the check valves 36A, 36B closely adjacent

20 (and preferably directly connected) to the discharge head 12, the discharge
of the ﬂo_wable component at the end of the dispensing mode will reliably
be terr-ninated. Therefore, separate closing valves iior the individual nozzles
in the discharge head 12 will not necessarily need to be provided due to the
presence of the one—Way check valves 364, 36B so as to avoid nozzle

25 clogging with dried material which could otherwise result.




val ve 32B so as to cause it to assume its.opened condition and théreby
responsively pernmit paint to be dispensed into the container 16 fromthe
stock cani ster 22B. . Again, when the correct dose of paint fromstock 20
cani ster 22B has been sensed by the contraller 20 according to the
“preprogranmed recipe by virtue of the cunulative weight signal provided by
gravinetric scale 18, a command signal -will be issued to val ve 32B, cl osing
it and thereby termnating the flow of paint fromstock canister 22B. This
procedure is repeated for each individual conponent that may be 25 needed
'n order to sall SRilidiai QA L esRglp, ploddia BAhhadlifts pagpsogrammed -
reci pe. At this point tn tlne,~t_e‘565|ngs of "each conponent is

essenti al | y (svhiclppreofl inidatdrmacted. 2y (RS ;13%Wre @f lidee 1toY/A A quantiBA4B) mat eri al
that i's needed to satisfy the recipe. Thus, in order to achieve the final
quantity of ¥RedSeioi RfMHEHWe PRl aghalrAr| 386 thy may. dave §eePme GRURITCHOM t he

el ectroni c sgalies ?daﬂﬁ!%é pg'ggsﬁi'g ﬂ%&ﬁ%\};aﬁlﬁ m ssing quantity of each
nt. e a

i ndi vi dual - conpone 0osing v €S 32A,  32B nmay then be operated
sequentialdy (or sinultaneously) so as to deliver precalibrated volunetric
strokes of material ‘to achieve the precise total quantitg of materi al

9

according to the Feas-pask comiteol ofvhe dosagenabies 33pk.03dBrandhgbavs wétthe ¢
di spensing fol.l by vol unetric strokes. to,therefore, of fers, seyveral
advant ages eieBt BE paie EmeBred inkp B FoiBankn Lt R BRHAEL P W BeREVRs
accuracy. Algrh{ign&Rd sehle! I THAH is; EOHIRANE 20 WAE b8 Pre-phyrhfhild witRUNt Of
material is Thecked again by the electronic scale 18 providing the
control | er 2desiwed recipeoteguinveg thet akiigombf pigsise quantilies oppafingérred netering
val ves 32A, 32B which 1eg,re enpl oyed in the L
: lU components. For example; upon sensing that the correct dose of paint has
been dispensed from the stock canister 22A by the weight signal provided
by the gravimetric scale 18, the controller 20 will responsively issue a
command signal to dosage valve 34A to cause the valve 34A to assume its
closed condition and thereby terminate the dispensing operation of paint
15 from stock canister 22A. Thereafter, according to the preprogrammed
§ .
recipe. the controller may then issue a command signal to the other dosage
valve 32B =0 as to cause it to assume its opened condition and thereby
responsively permit paint to be dispensed into the container 16 from the
stock canister 22B. Again, when the correct dose of paint from stock
20 canister 22B has been sensed by the controller 20 according to the
preprogrammed recipe by virtue of the cumulative weight signal provided
by gravimetric scale 18, a command signal will be issued to valve 32B,

closing it and thereby terminating the flow of paint from stock canister 22B.

This procedure is repeated for each individual component that may be

[ ]
th

needed in order to satisfy the requirements of the particular preprogrammed

recipe.




practice-of this invention are, in and of thenselves,  conventional. In this
regard, the preferred netering valves 32A, 32B are commercial ly avail abl e
fromCydec S.A and are described nore fully in U S. Patent No. 5,108, 074.
the entire content of which is expressly incorporated hereinto by _
reference. 20 It will be noted, howeyer,. that the preferred nmetering val ves

- . have only a single inlet port and a single discharge port. That is the’

metering val ves do not have any flow bypass functions and, as a result,
when opened only allow paint-to flow to the dosing head 12. 25 When
It is desired to Keedi§ GBIMRLR R Nhe UBLAUYT JabE cHRPoAGNNS AdsehtiafPhPack to
its respective stock canister, a.rigid plate 12a Is inserted info the

hol der 12b (appecéithi@uiRh (3)z.. TBI’3) pif ateratRaquanack of hiaeeridl ahatofs reetdad from
t he di scharge nazzl es, each _of which is dedicated_to a partigcul ar, paint '
col or. Acco?fﬁasﬁyﬁrﬁ'gt I TERIRE Zﬁ'é‘ﬁo\ns‘”ée? EpreueYH Hei fquéwliﬁa?tﬁ“\ﬁ?f n 5 the
dosi ng head r ' y < ' | i d 44A,
respectivel yn,]eggé&s)'otc}:l%gt% relgélﬂvlvlg‘% %@%bfé f%g%g‘iag% &ﬁ#h?tﬁ!eg&?}é{gcg% glelfﬁgﬁ ?I ow of
pai nt t hr qugial@ilgpb Yhd misidgd fuaitlt) ofrasRinditidublbtdmpédnt.adderddsiidhe force
of its spring 36A" wthin the one-way flow valve 36A. Paint will then be

al | oned to.efless 12A, 3P M3y pentbesmerated sequappinlly dof simdanpauslyLisel- 10

connected to_its,dedicated, di scharge nozzl.e 4 Vi a Ly _channel 50A.
Fovever s redodagr prsab el Pttty Sontes i s BeL B B Cheq by
nmeans of pl girecitddotal Smﬁﬁ'%?ﬁﬁkﬁﬂsa&aﬁiﬁg% E@f&lﬂe‘?”l‘ﬁi?%ﬂﬂiip% by
unseating the ball 52A'" against the force of spring 52A" associated with
t he i nt er nal ofcapproviyndté grawwmeuve dizgensitigefodlaived bw volurstiastreles o be

di schar ged - . . . . ..
. g 10 therefore offers sevaral advantages in terms of lesser dispensing time and

better dispensing accuracy. At the end of the multi-component dosing, the
total amount of material is checked again by the electronic scale 18

providing the controller 20 with a total weight signal.

15 The preferred metering valves 32A. 32B which are employed in the
practice of t‘his invention are, in and of themselves, conventional. In this
regard, the préfen'ed metering valves 32A. 32B are commercially available
from Cydec S.A, and are described more fully in U.S. Patent No. 5,108,074,
the entire content of which is expressly incorporated hereinto by reference.

20 It will be noted, however, that the preferred metering valves have only a

single inlet port and a single discharge port. That is. the metering valves

do not have any flow bypass functions and. as a result. when opened only

allow paint to flow to the dosing head 12.

25 When it is desired to recirculate paint through the dosing head 12

and back to its respective stock canister, a rigid plate 12a is inserted into.
the holder 12b (see FIGURE 3). Thus, plate 12a blocks the flow of paint




15 into recirculation line- 44A t hrough recircul at i on. port 56A. The paint
corrponent whi ch flows through the recircul ati on line 44A will be introduced
intoa closed buffer reservoir 60A associated with the flow | oop 10A.
During the recircul ation node, the buffer reservoir will be 20 naintained
at a pressuré substantially -bel ow the.pressure within the stock canister
22A. A one-way fl-ow val ve 62A thus serves to isolate the greater pressure
condition existing within stock canister 22A fromthe | esser pressure '
condition which exists within the buffer reservoir 60A during the

reci rcul ati oftomothe. diRrtefer addz)es, theh bfvherh isedeefanodd 1069 parisuingipainti ned at
25 ambi ent at nospheric pressure by virtue-of three-way sol enoi d val ve 64A.

That is. durttf-the recirculation node, the sol enoid valve 64A wll be

14 positioned so as to vent the interior space of the buffer reservoir 60A
to anbi ent at nosphere. - The buffer reservoir 60A is of a sufficient
size so to accom‘rp,dabmp&}txhe HIGU@QC&I—;IQQ}% @fapaesah&ﬁeee‘raw peth withime of
recircul ated paint (for exanple. approxi mately m ). during the

reci rcul atf oWerdrsng lread 13 for thietaqintHupply and @KCP'@FIPS} l@ﬁéﬂéd #Aing the

recircul atio a _commnd nal, from¢h 0 € .a known
quantity of g%gﬁ?"*sga Lf:l?i tasfc?c%teg\mxfh ggw lzfﬁgel? '\t ?‘F ﬁ'(‘)\‘?\/r%ggarr{j)u%ﬁ%?% l'ine 14a"
and hence regf psint m@daﬂguoﬁAmt quﬁhnix Qﬁll%eat-rdﬂ@f‘tﬁilofﬂ dgamst Heeforeé vol une
of the buffer reservoir fmust be at least sufficiently Iarge to all ow

the entire |ohis spAng 6B \pmhxyetbewnehww flotv walde S6A rB@inpwllrhtt &n badr awn

from stock cani st 22A. At th st ar he re i rcul i .0 t herefore,
Tt eroa lentd ke 26ter she.stinply pot 46K Tha Subply port 48 8h1E®

10 connected to its dedicated discharge nozzle 48A via supply channel 50A.
However, since the outlet end of the discharge nozzle 48A is blocked by
means of plate 12a, the paint enters the recirculation channel 54A by
unseating the ball 527’ against the force of spring 52A" associated with the
internal one-way flow valve 52A. The paint is thus caused to be discharged

15 into recirculation line 44A through recirculation port 56A.

{

The paint component which nﬂows through the recirculation line 44A
will be introduced into a closed buffer reservoir 60A associated with the
flow loop 10A. During the recirculation mode, the buffer reservoir will be

20 maintained at a pressure substantially below the pressure within the stock
canister 22A. ‘A one-way flow valve 62A thus serves to isolate the greater
pressu;e 'condition existing within stock canister 22A from the lesser
pressure condition which exists within the buffer réservoir 60A during the

recirculation mode. Preferably, the buffer reservoir 60A is maintained at

tJ
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ambient atmospheric pressure by virtue of three-way solenoid valve 64A.

That is, during the recirculation mode. the solenoid valve 64A will be




with the controller 20 will be initiated. After sufficient time has el apsed
15 corresponding to the total volune of paint needed to- ensure conplete
purging of line 14A, the internal clock associated with the controller 20

- w |l time out thereby stopping the recirculation node. by issuing a command
signal to the valve 34A to cause it,{0 assume its closed condition. The
filling of the buffer reservoir can be achieved by operating the dosing
val.ve 20 32A'in a fully opened condition and/or by calibrated volunetric
strokes. The buffer reservoir 60A is connected through the sol enoid val ve
64A 10 the NeagesnedBso/hdrd VAR (R6 iRLridS sl RETAL bulfBe&eAleNESAWLL hin the
buffer reservoir 60A to be pressurized by the pressurization fluid. Thus,
25 upon conpdrebieananfiospherer eci rcul ati on node as descri bed above, the
controller 20 then irssues a signal to the sol enoid val ve 64A so as to cause
t he sol enoi d val ve 64A to assunme a condition whereby, instead of being '
vented to anbi ent 8-k N fer raseryoir, 6 i Id=connect ed
to the pressuri Za‘{ﬁ%ﬁﬂff? B?‘éggﬁgﬂﬁggg Sgah%gﬁd(g%mzﬁéf 3(?'rtalb taﬁf(;srhwgggfréd, a
pressure reghkdhtrbdodio 609 pestietdimirdevSlameSosetirsvlatd pansippl y the
pressurization fluid at a pressure which i's about | bar greater than the 5
pressure seteypmplreapprguimately P¥bmhduring Heereetieulanpy én Thet 8- connect s

t he buffer reservoir, 60 he pressurization. fl.ui. it hi [ ne 66, the
recircul at ed“\lfgltéﬁé'a'gfe 'a-lt‘ 3?&?’/\/@"1"%??1“5?'%“%9}% ‘éef‘rf%lg{elg?/\gglég%gﬁéélr} under the
i nfluence of ciinRi2A8 SWirfl FRMithd Eontydlies [20] 8 IG09A QlarktiRy @f paltit pepinit | bar)
than the pressure condition existing within the stock” canister 22A. As a
resul t of syt;tmef\_h'dl tie causedctoi fhorv shtongb the Ih_eeti&fafaend hmewmrwlmsﬂx and the
pressuri Z?tt) ' ?ov.llglhnﬁng E-St-l-\t h’ﬂ:leerfe(t)orrg.’ thtehxgterrr?a Yo lejrlngto?c%hé/ %lu er re()s];n'oir

60A must be at least sufficiently large to allow the entire line 14A to be

purged with fresh and stirred paint withdrawn from stock canister 22A. At

the start of the recirculation mode, therefore, an internal clock associated

with the controller 20 will be initiated. After sufficient time has elapsed

—
n

corresponding to the total volume of paint needed to ensure complete
purging of li‘ne 14A, the internal clock associated with the controller 20 will
time out thereby stopping the recirculation mode by issuing a command
signal to the valve 34A to cause it to assume its closed condition. The
filling of the buffer reservoir can be achieved by operating the dosing valve
20 32Aina ﬁilly opened condition and/or by calibrated volumetric strokes.
The buffer reservoir 60A is connected through the solenoid valve
64A to the header 28 via line 66 so as to permit the contents within the

buffer reservoir 60A to be pressurized by the pressurization fluid. Thus,

[V ]
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upon completion of the recirculation mode as described above, the
controller 20 then issues a signal to the solenoid valve 64A so as to cause

the solenoid valve 64A to assume a condition whereby, instead of being " -




paint within the buffer reservoir 60A is transferred via |line 70A through-
one-way val ve 62A to stock tank 22A.- It will be realized that such fl.uid-
15 connection between the buffer reservoir 60A and the pressurization |ine
"66 need only be nonentarily established for a-tinme sufficient to allow
substantial transfer of the paint cqptents within the buffer reservoir 60A
" to the stock tank 22A. Thus, in response.to the internal clock associated
with controller 20 timng out during the transfer node, a signhal will be

i ssued to 20 the sol enoid valve 64A so as.to cause it to reestablish
communi cat i oreried Weambi e KR5Sl thS0TaNELsarR i s A at IRERBSHRcte Such
time. therefore, the one-way valve 62A will -again seat to maintain the now
greater pres®uthe pieiskrigatdretlsidbalppliadibyarade@B8g. In thisTegardezircul ati on and
transfer nodes descri tfed eviously with respect to flow |oop 10A are

- simlarly acHeRHEg P4 AOF ggpﬁ’é?ﬁmf’ 3 \{\"IB\‘7\/°I60‘6|o‘f3t 598 faSWPRlR %t her nunber of

fl ow | oops ' 2 : atasl ffer
reservoir. 68%@9%5%323}\%% \?Ee %ﬁ%ogﬁﬁé@dé%ggt '}ktl;egpt’ erageg--t&/%f/tﬁswol enoi d val ve
64B (whi chs npreesurarset by theursgubanem28it sThie' ones ehe oalve@IB. flaid-bennects ,
pressurization lipe 66 in response to a _command, signal .issued by controller
20) functi onierPYTardRSREYOIT §8nk Toctke Rressufizationedrid WEAILlia®80ethgi t h respect

to simlar SLEUELUIRP. ARRACHAEME Wiihlh Felie Wsctble PRI IidH LAl | Y

preferred | ayout and arrange various structural conponents '
descri bed abmflience ofarpressaraemliideavhich Bharestet (e.8¢ b9rabany i arHhahRES 3

and 4. In this regard, the structures associated 10 with flow ] oop 10A and
t he support / &e@Esary cendition gristing ovithinghe staskegasistefod}hg apparatus 10 are
shown in %JI id line in acconpanyi ng Fl GURES 2-3
As a result of such fluid-connection between the buffer reservo_‘ir
60A and the pressurization line G6, therefore, the recirculated volume of
paint within the byffer reservoir 60A is transferred via line 70A through

one-way valve 62A to stock tank 22A. It will be realized that such fluid-

—
h

connection between the buffer reservoir 60A and the pressurization line 66
need only b'e mome.r'xtarily established for a time sufficient to allow
substantial transfer of the paint contents within the buffer reservoir 60A to
the stock tank 22A. Thus, in response to the internal clock associated with
controller 20 timing out during the transfer mode, a signal will be issued to
20 the solenoid valve 64A 50 as to cause it to reestablish communication
betwee:n the reservoir 60A and ambient atmosphere. At such time.
therefore. the one-way valve 62A will again seat to maintain the now

greater pressure within the stock tank 22A.

25 - The recirculation and transfer modes described previously with
.respect to flow loop 10A are similarly achieved with respect to flow loop.

10B (and any other number of flow loops associated with the apparatus 10).




" for clarity of present ation, Those structures associated with other flow

| oops ar e shown princi paIIy I n phantom line and, although they are not be
di scussed in specific detail, it will be understoo_d that they have simlar -
15 functions to those structures of flow | oop '10A that are discussed.. The
aut omat ed dosing apparatus 10 will _ifnclude a suitable frame 100 having
several horizontally disposed support racks 100a which serve to support a .
desi red nunber of the stock containers. The stock container 22A 20 is shown
as being in the | owernost row of support racks 100a and ‘is. of a |arger
capacity as Tidtnar @d Yudfasi-8ek-adir S0BCKnL QAL alaMeY 82BORAE 70BEGhd theupper
suppart rack rows. Thus, those paint coloifs which are used nost frequently
can be sit uatheet-ay tshiensidoeddve 6Baiwhicks rrm‘mtmenhoﬂleudﬁmmeﬂé\ﬁk%) to provide

a ready source of.p up wit hout. uent_ refilli 25, The support
frame 100 ol EserSaisa b Mieetunedsn s hoeteinnas & Fomasd Sl RES)
for housing { c el C 44268bad equi pment .
The dosi ng htsagedn% £8 lge(; é’ﬁﬁ%@?@é‘d&ﬁg@ﬂgw%ﬁ%“l]‘z tgtar a central l|ocation
above a peslesdmile WY rasvécu toSsiatike giratackspdsaddiared) itk &l oenlosipi AL he

gravimetric scale 18 and di spensing container 16 are placed. The sol enoid
val ves, buffer reservoirs and dosing val ves are supported by the frane 100

L0 1 8e0 2 o, K08 A0 a0 ) sk ERPOES e T, e
with flow | ogpuctrl abpenédts desdribe@ 2®dvevaidpéthaps more clearly shown in
accompanving FIGURES 3 and 4. In this regard, the structures associated.
v with flow loop 10A and the support/auxiliary structures for the automated
- dosing appa;'atus 10 are shown in solid line in accompanying FIGURES 2-3
for clarity of presentation. Those structures associated with other flow
loops are shown principally in phantom line and, although they are not be

discussed in specific detail, it will be understood that they have similar

—
i

functions to those structures of flow loop 10A that are discussed.
{

The automated dosing apparatus 10 will include a suitable frame 100
having several horizontally disposed support racks 100a which serve to
support a desired number of the stock containers. The stock container 22\
20 is shown as being in the lowermost row of support racks 100a andisof a
larger capacity as compared to similar stock containers positioned in upper
support rack rows. Thus, those paint colors which are used most frequently
can be situated in the stock containers of the lowermost row(s) to provide a

ready source of paint supply without frequent refilling,

(%]
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The support frame 100 also supports electronics/equipment cabinets

102 (see FIGURE 3) for housing the necessary electronics and other




10 their respective organi zed banks 106, 108 and 110 with simlar
structures associated with the other flow | oops. A cable chase 112 is
preferably provided to establish a space in which the necessary

el ectrical/signal cabling and the |ike can be routed to 15 the associ ated
structures. Al though not show specifically in FIGURES 3 and 4, ‘the .
pressurization line 28a is connected’to the fluid-tight closed manifold 24
in which drive chain 23 is disposéd and to line 66 which, in the preferred
enbodi nent shown, is simlarly a closed, fluid-tight manifold structure. :
Thus, connection of the sol engid,val ve 64A to the manifold 66.20 via nipple
e’ 179A SretRacia) qURmeTEonkis {ORS hea dndt @10 pROBIALT ohf rame! 2

pressuri zati { [ ' i a. . ; laedFIGdRES 3-4. but
refer again {U(? I%%@%ﬁ&%ﬁ&axﬁs%rﬁhfg?&%%ﬁgg%{dhgbgég?gﬁ%lddﬂ) val ve 64B
associ at ed wig4a éd okitloee dRBiMard schie I8 hed dispersing dontaineed 6iarebank 106)

is fluid-connected to the manifold line 66 via its respective nipple line
25 114B. ‘placed. The recirculation line 44A is joined to the transfer line
70A at a T; junction 116A. The T-junction 116 thus serves to fluid-connect
each of lines 44A and 70A one to the other, as well as to the buffer
reservoi r 60A vi aTRé BBleBold V@ivdsl BAiTeBirdehaitsyanddddsing/valiveoarel 16B and ni ppl e
line 118B 5 serve to connect the lines 44B. 70B and buffer reservoir 60B -
associ at ed wiuppofted byl thefraros.1091e coganized horwzansalkanksl06pEe§ anda) | y

descri bed ar | ui d- connected in a like mann Ih . ' e port
di sposed at F HL TERRECHMER Ctﬁ‘t‘,sn dB%F‘?-‘@W’ﬁe&YQ/g‘:i’r\' Pgﬁ%ﬂeggglng{r?OS—iégﬁ,'Ht bot h
the in-flow ghghg valve 32 associated with flow loop 10A are each positioned within

1o their respective organized banks 106. 108 and 110 with similar structures

associated with the other flow loops.

A cable chase 112 is preferably provided to establish a spacein

which the necessarv electrical/signal cabling and the like can be routed to

—
L

the associat‘ed structures. Although not show specifically in FIGURES 3
and 4. the pressurization line 28a is connected to the fluid-tight closed
manifold 24 in which drive chain 23 is disposed and to line 66 which. in
the preferred embodiment shown, is similarly a closed, fluid-tight manifold
structure. Thus, connection of the solenoid valve 64A to the manifold 66
20 via nipple line 114A serves to fluid-connect the solenoid valve 64A to the
ﬁressu:ization fluid provided via header 28 (not shown in FIGURES 3-4.
but refer again to FIGURE 1). In a similar manner. the solenoid valve 64B
associated with flow loop 10B (and the other solenoid valves in bank 106)
is fluid-connected to the manifold line 66 via its respective nipple line

114B.

i
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out - fl ow of pai.nt during the recirculation and transfer nodes discussed 10
- previously thereby sinplifying the buffer reservoirs' structure. |In order

. to prevent back-fl-ow of paint fromthe buffer reservoirs into their

associ ated sol enoid val ves during the recirculation node, and to prevent
the out-flow of pressurizing fluird fromthe buffer reservoirs during 15 the
transfer node, each buffer reservorr i's provided with an internal float
~val ve as shown in acconpanyi ng FI'GURES 5a and 5b. In this.regard, FlIGURES
5a and 5b depict buffer reservoir 60A associated with flow | oop 10A as
representative of I DU fen ke YOI LS 4 nel Hged; v that ppar at us
10. 20 As is,.shomﬁ’?%@f%@ gégéﬁ'éqggémf%éébu{ﬁer T elsﬁ({a!r V?)’i\rﬁgdog i ncl udes
a general |y funktioarileal. Phe-fo&ied 116 Wwhaserasen flyideionaed dash o€al i ngly

cl osed by neans of a threaded cap structure 60A[err]._The nipple |line 114A
i s t her ef or eliresuFHA EaEnt:Y ede o thhethentasrwell as pathe bufferyesartied 692h wi t hi n

t he body 60A err. L@ an ped. rt 6 err. etined i. wtructure
60A[err]. As 1§urgh?f/et lﬁrée M%‘gsﬁlf‘g l?’oﬁ %cﬁl)ﬂgfl}% _eanl n%"?ggfﬁgnee(cjflﬁl 0 the
interior 3 seb¥% t§RBRMeRthd RePUIB ETOR ARG bUblef r&RA ILE0B Gisédetated ansfer node
-as described previously. A spherical float valve 120A is disposed within

the i.nterior withallewdbop 10Be Bhé teher flosetonps mosopecifiealiihiescribghpee the float

val ve 120A i§ selected so as,to be bugyant in and,chemcally,resistant to
Lhe f1 owabl eliFepnnactes i Hke FANGET { AHu% oLy 7RSI8 GRT disrostd AL, when

aut oot i ve pghiibmi &t SR ¥RA reservoir is needed to permit both the in-flow and

out-flow of paint during the recirculation and transfer modes discussed .

1o previously thereby simplifying the buffer reservoirs' structure.

In order to prevent back-flow of paint trom the buffer reservoirs into
their associated solenoid valves during the recirculation mode, and to
prevent the out-flow of pressurizing fluid from the buffer reservoirs during

15 the transfer ‘mode, each buffer reservoir is provided with an internal float
valve as shown in accompanying FIGURES 3aand 5b. In this regard.
FIGURES 5a and 5b depict buffer reservoir 60A associated with flow loop
10A as representative of the other buffer reservoirs included with the

apparatus 10.

_As is shown in FIGURES 5a and 5b. the buffer reservoir 60A
includes a generally cylindrical body 60A, whose open upper end is
sealingly closed by means of a threaded cap structure 60A,. The nipple
line 114A is therefore fluid-connected to the internal space established

25 within the body 60A, via an upper port 60A, defined in the cap structure

60A,. As such, the pressurization fluid may be introduced into the interior




in the apparatus 10 according to this invention, it is preferred that the.
float valve be formed of . n-butyl rubber. The preferred n-butyl rubber float -
| o val ves may be obtained commercially from Harper Leather Goods, Chicago.
[1-1inois, Mddel CT335. FIGURE 5a depicts the state whereby substantially
the entire volunetric capacity of the buffer reservoir 60A has been filled
with 15 recircul ated paint RP duringethe recirculation node. Since the

fl oat valve 120A is buoyant in the récirculated paint RP. it will rise with
the paint level. Normally, the paint level in the buffer reservoir 60A does
not rise to the |lower end of port 60A[err]. However, in the event that the
pai nt | evel ipact o€ thubfffer rasemwouodtA B0Angoks tiansfer medarasalsseitrd | evel ; the
float valve 20 120A will then be caused to seat in a segnented spherical
(or conical )PEEIREVIty 60A[err] formed at the lower end of port 60A[err]
(see FIGURE 5b). ‘It will be renenbered that, during the recircul ation node,
the sol enoid valve 64A is vented to the anbient atnosphere. Therefore, upon
bei ng seated in cansphericyl AOA[wilvd 1200és Hisposal withoi theulnggred spa¢not RP i nt o
the buffer reservoir 25 60A will cease since the pressure. exi stécpg in the
reci rcul at § ofrel puiter4aserviptr 190pe  Hothay eagiaed- the dloat KalVErleduPe=sH < Ffhig wi t hi n
t he stock capj st r gsul- t he ) @S as a
safety val vegdf?r ?%Sagﬁ%“‘% a-%dz%l%%%ael%i {lgla{ég? %ﬁyﬁqégag’%qgﬁ%g g‘r:l%dlggl?:k-f | ow
of paint int el BiFFGTesstObid AL Fanexdinsie] when Atorpswaspainy it émployede 66 in
the event of controller malfunction or the like. The float v Ivg 120A al so
serves as a vafhetappardtue 19actorgingnte thisimyeation. it is preferred that the float

valve be formed of n-butyl rubber. The preferred n-butyl rubber float
1o valves may be obtained commercially from Harper Leather Goods. Chicago.
[llinois, Model CT335.

FIGURE 5a depicts the state whereby substantially the entire

volumetric capacity of the buffer reservoir 60A has been filled with

15 recirculated paint RP during the recirculation mode. Since the float valve
120A is buovant in the recirculated paint RP. it will rise with the paint -
level. Normally, the paint level in the buffer reservoir 60A does not rise to
the lower end of port 60A;. However, in the event that the paint level in
the buffer reservoir 60A does rise to an abnormal level, the float valve

20 120A will then be caused to seat in a segmented spherica.l (or conical)'
concavity 60A, formed 5t the lower end of port 60A, (see FIGURE 5b). It
will be remembered that. during the recirculation mode. the solenoid valve
64A is ven._ted to the ambient atmosphere. Therefore, upon being seated in

concavity 60A,, the flow of recirculated paint RP into the buffer reservoir

I~
LV [}

60A will cease since the pressure existing in the recirculation line 44A will
be no greater than the pressure existing within the stock canister 22A. Asa

result, the float valve 120A functions as a safety valve during the .




‘nmode as shown in acconpanyi ng FI GURE 5b. That is, during the transfer node,
the solenoid valve 64A will be fluid-connected to the pressurization fluid
so as to pressurize the interior space of buffer reservoir. 60A and thereby
~transfer substantially all of the recirculated paint RP to the stock 10
cani ster 22Avia line 70A. However, it is desirable to prevent both

entrai nment. of the pressurization f3uid (e.g., air) in the recircul ated
paint as well as to prevent transfer of the pressurization fluid to the
stock canister 22A. Since the dianeter of the spherical float valve 120A is
just slightly.less.than the internal dianmeter. of the baody .60 rr], of

buf f.er resef%%‘i'q“?%tﬁ&‘, TOHE BT ?‘1“-85%33. kéﬂﬁ?& QRN TP tg‘éf?/'é A é‘gé?rh er

agai nst ent gk ) L iczat | Lk dei r agirh pai nt

%D when { he oraog e TR e GHE 6871 B et B Dk 8 hg e
transfer- node likert hernore, since the |lower end of the body 60A[err] of '
buffer reservoir 60A is hem spherically shaped, it wll be forcibly seated"
by the pressurization fluid 20 agai nst .the | ower port. 60Al err] when
substanti @l ly al lyf Gechscul at e i nt. has. begn t sferred £0 the
stock canister Zﬂ:% tlégg‘ar”ges:lj ?H at%?l?egeﬁf%s%u? fgriaépi g%’%ld&lﬁ ’itgééﬁg\?%gt ed from
entering thenddengs HYAn andehRsRvilEFRYURE S®NTHaets, ddAng the ubhsfer val ve
120A thus isolates the greater pressure of the pressurization fluid in line
66 from t he mades she peleseidrealvd 64 Aevitbbe flasdapnnestedip theprassupzamen st ock .

| st 22A |( | ied via. | fold. 24 d _Li 34A) . F , d t
the retat i vard iPa B IaICOER i RSHidh apae el PRGC Ry ol e Al o1 mode
within the bhdEby 1fa8SRE 4@bstadtiiily 18f tHORLIr¥@IaVA paint RP 1BI1HE séspkves 1o

avoid any atom zation effect of “air-fluid mxture into the line 70A and the
consequerit eaniswpA2X, vof lime 70AN Hbwewert érisalesirable to prevent both

entrainment of the pressurization fluid (e.g.. air) in the recirculated paint as
well as to prevent transfer of the pressurization fluid to the stock canister
22A. Since the diameter of the spherical float valve 120A is just slightly
less than the internal diameter of the body 60A, of buffer reservoir 60A, the

15 float valve 120A will serve as a barrier against entrainment of the
pressurization fluid in the recirculated paint RP when the pressurization
fluid enters the buffer reservoir 60A during the transfer mode. Furthermore,
since the lower end of the body 60A, of buffer reservoir 60A is
hemispherically shaped, it will be forcibly seated by the pressurization fluid

20 against the lower port 60A, when substantially all of the recirculated paint
has been transferred to the stock canister 22A. As a result. the
pressurization fluid is prevented from entering the line 70A, and hence the

- stock canister 22A. The float valve 120A thus isolates the greater pressure

of the pressurization fluid in line 66 from the lesser pressure of the

25 pressurization fluid in the stock canister 22A (supplied via manifold 24 and
line 34A). Furthermore. due to the relatively high fluid velocity that occurs

during the transfer mode within the buffer reservoir 60A, the float valve




Acconpanyi ng Fl GURES 6a arid 6b show a particularly preferred 5 formof the
vent- val ves that may bé ‘enpl oyed according to this invention. In this
regard, the vent valve 38A associated with flow | oop 10A is shown in

Fl GURES 6a and 6b as representative of the. vent.valve 38B associated with
flow | oop 10B as well aS'the'other;¥.gt val ves that may be enployed in the
apparatus 10 according to this invention. In essence, the vent valve 38A-is
conprised of a pair of sequentially coupled vent valves 38A[err] and '
38Alerr], which are, in and of thensel ves essentially conventional. That

I's, the vent|yRlyessetdd] @ &loi@afly I8phBhlibn JFR DS LirATEd Si’RIrY iRl thecheck
val ves commerci ally avail abl e from Chudnow Val ve ‘15 Conpany as Part No.

S470. The valive30A8a{derthe] connelu8Abmragmanitl df dihirsthenmbwedel.r espective valve
bodi es 38A[err], 38A[err] ball retainers/seats 38Alerr], 38Alerr] and
el astoneric Orings 38A[err], 38A[err]. The valves 38Alerr]. and 38A[err]

are nodified. ho ' : 1A~ IS 41 AV . | yde a
series of balls \Qg\kféerrnp %ﬁggéﬁjelg?]%fsghﬁgrgeb %‘%&/g téﬁ?%lﬁ%kll)pe(aﬁéafigﬁtwsuppl i ed
from cani st efor@2é{ tHer tent halveBithat2fay &6 anthloeat AccokdinBao bialsliavention.

38A[err]-38A[err] is nost preferably fornmed of gol ypropyl ene and is '
obt ai ned coninethds segayd.fthe vemnralvaid8g aesopiatadoyithglow Aeop &P-ARS#BPRN hio. A

ni ppl e connect ' r ipl es t he branch .line L body
Sonorr] 25 FIGCRES g SHfasiRoteRmu il Gt s 1t AT 2
portion of tRGKSAGR!1b6F 10B & welllds tRE other 8ehedalvBs thde nadiche inployddA (see
FIGURE 1). The paint in branch line 39A will thereby serve to buoyantly
force the sem e afparatus |Qaccordald ® A nvenfioB8A[ err] to seat against the
ball ret ai“Qer seat 38[err], and thereby '
In essence, the vent valve 38A is compriséd of a pair of sequentially

coupled vent valves 384, and 38A, which are, in and of themselves

essentially conventional. That is, the vent valves 38A, and 384, are most

preferably ball check valves commercially available from Chudnow Valve
15 Company as Part No. S470. The valves 38A, and 38A, will thus include

§

respective valve bodies 38, 38A,. ball retainers/seats 38A,, 38,. and

elastomeric O-rings 38A,, 38A,. The valves 384, and 3847, are modified.

however, according to this invention so as to include a series of balls 38A,-

38A,; which are buoyant in the paint supplied from canister 22A. In this
20 regard, each of the balls 38A,-38A; is most preferably formed of

polypropylene and is obtained commercially from Machining Technologies.

Inc. of Elmore. Ohio. A nipple connector 38A,, couples the branch line

39A to the valve body 38A,.

hE As paint flows through valve 32A and into line 14A, a portion of the
supplied paint will be directed into branch line 39A (see FIGURE 1). The

paint in branch line 39A will thereby serve to buoyantly force the series of




prevent: the flow of paint through check val ve body 38A[err]. However, in. ..
the-event that air (or any other gas enpl oyed as the pressurization fluid)
reaches the valve 33Alerr] it will collect within the valve body 38Al err]
AS a 5 result, the balls 38[err]-33A[err] will no |onger be buoyantly
seat ed. against the ball retainer 532 ~38Alerr] and will thereby allow the
trapped air.to escape on to the do fream val ve body 33A[err] of check
valve 38Alerr]. In the event that no paint  is contained within the check
val ve 38Alerr], the air may then be directed to any suitable venting

locating. Thygie %‘?P@g‘!ﬁ;\@ﬁ?’ﬁ%\%ﬁ% t %xr[efetél er‘?‘iépsé.. dunglrepack-up to.

the functions provide chec err n such a nanner, the
relief val vepr@8éntalhkediwy biigajm ebugh zhktlonaikk iodyv I3, rdgweesrent the ned in”
the paint supplied tQ the dosing head to be vented fromthe.gystem 15
The appar at uevend that ain{or any\ther &35 smployedas thy eresyurizayen ddl v any kind of

aut oriot | ve PAaies HAYCL 8641950 BT 840 plk LAGL 48, SBUTT kgr,and) or i ca

. particles whic enand car e o0 prevent pdrticle damage.

Al conponendespiarihe tallstIzey ,aBRAN aWilf ndUoRBet Heebumdatly sedted agsiast thie and
sol vent resistant materials so that the apparatus can 20 operate with both
sol vent - bor nealhretainat: ezat 38 aandai it therdhyr allmoy Mg trappddeais 19 gscape @n tof

apparatus 10 ,haye been desi gneqd sg,.as .t e_explQsi on- pr oof: re thereby
in conpl i anc‘é‘evﬁi/"t‘?‘f‘%% X/a_ﬁbg&@g? dgé\sé}ftq 8? ha@?f’%@\l' 1&8%? Ieéﬁg%ﬁgnf’rat erial
handli ng eqUbRREN conthibd kSithih e EReckUPIY 38RS] the Wirtinapihdd e Tideand been
. provi ded physically outside of all electrical and el ectronic conponents
whi ch are howsad suitabie veaymokicaring. ThRs, check valve 384, serves as a
10 redundant back-up to the functions provided by check valve 38A;. In such
a manner, the relief valve 38A allows-the pressurization fluid that may be
entrained in the paint supplied to the dosing head to be vented from the

svstem.

i3 The apparatus 10 of this invention is compatible with virtually any
kind of autc;mdtive paint, including those paints which include aluminum
and/or mica particles’ which demand careful handling so as to prevent
particle damage. All component parts of the apparatus 10 may be made
from corrosion and solvent resistant materials so that the apparatus can

20 operate with both solvent-bome and water-borme paints.

Furthermore. the structures of apparatus 10 have been designed so as
to be explosion-proof and are thereby in compliance with safety codes
presently in effect for flammable ‘material handling equipment. That is, the

25 supply/recirculation lines have been provided physically outside of all

' electrical and electronic components which are housed within explosion




_proof or air-pressurized cabinets with appropriate shut-off devices in the .
event of low air pressure. Although the-apparatus 10 according to this

i nvention has been 5 described in connection with a presently preferred
enbodi ment whereby autonotive paint nay be accurately and automatically be
dosed, those in this art will realize that other flowable |iquid, pastes
and/or slurry materials may |ikew s& suitably benefit fromthe )
structures/functions described previously. 10 Therefere, while the present
invention has been described in connection with what is presently
considered to be the nost practical and preferred enf éji ment., [t is to be
under st ood tHaeT PHATATPEHTZeh CRRINAS Witk APRIOPTIARS Y HD HeediBdbsed

enbodi nent, but on the.contrary, is i-ntended to 15 .cover .various _
nodi ficati ons “3h{ é%‘ﬁia\‘/%wé’ﬂiurﬁrrangerrent s included wthin the spirit and
scope of the appended cl ai ns. - 24 - WHAT IS CLAIMED IS: 1. In an

aut omat ed dosi ng apparatus having a dosing head for dispensing a dose of
f1 owabl e mat eri al Althoggipphe/appanitus ¢P acovrdme 1ot hininygnuor BahbPgemf t he

flowable material under a pressure Plerr] a supply.lin I.. ui d-
-connect s the‘fisﬁﬁb?‘g"b&?\?%etce@“t"b‘% ﬁé’r%??&l!‘lé’r?'égg,g eé}PgdérgFMbvﬁgrgWe di sposed
in 5 the sup |k pgﬁ,gl ; | C aotiiicane Rtdzeddhbsons Whi ch
respectivel ymgeggl\?gn'? an [g% g\%vat ﬁga#epowaﬁl e mat lerg'?gl to flowto the dosing’
head, .t he i mhiue et reatize thas ioterafloveatile tighat, ipastes pad/emsivnrycmatestdls cul at es
t he fl owabl e . ) . ) . .
may likewise suitably benefit from the structures/functions described
previously.
to
Therefore. while the present invention has been described in
connection with what is presently considered to be the most practical and
preferred embodiment, it is to be understood that the invention is not to be

limited to the disclosed embodiment, but on the contrary, is intended to

—
(v ]}

cover varioys modifications and equivalent arrangements included within

~ the spirit and scope of the appended claims.




material during a recircul ation node to the supply canister, said

recitcul ation systemconprising: 1 0 : - -a buffer reservoir; a
“recircul ation channel within the dosing .head which is fluird-—tenrneeted-to ..

the supply line; a recirculation |line which fluid-connect

‘recircul ation channel to the buffer shpeservoir:. 15 ¢ ﬂm mﬁul H ,H ,
| ine which fluid-connects the buffer reservoir and the supplyc Cq .

source of pressurizing fluid at a pressure P[err] greater than the"pressure
~Plerr] of the supply canister; a control valve operatively interconnecting

the buffer rpggeaYoig C‘LQAI&@ eh,?_:s.ource .of pressurization fluid and having a
vent condition wherein the buffer reservoir is vented and a pressurization

condi tion wherein the buffer reservoir is fluid-connected to the source of
pressurization fluid; -and an autonmated controller operatively connected to"
the flow and cont ol @a13ymated desing ppparatay heijng 2rdosingisradPon node by

I ssuing a fiJ; ] = ) k ] 1 s opened
condi tion ancg%ek?girn gE&;a %ﬁtelcbévzﬁxhaeﬁ€#’§%%r!ga g;%g? !é\"r %I%\"s\{%ogo? Ingav?_v&'? ﬁrﬁaodu;gh the -
recircul ati cwppliyef the fidveablie trfaeariat esdsr\aopressure Pytacsupbly nevwhicheflad-

recircul ated flowable material is accunul ated wiithin the buffer reservoir,
and t her eaf t R0 tye ?"mp{?i' SANIHE R ‘SF Qﬁ%‘f‘%sei‘ﬂd} dt?yh?‘é'svlﬁf"ﬁgé{%?“é%b"hd si gnal

to cause TshethEQﬂ%ﬁl_@'lin\ééﬂa‘éﬁ:é £ 1858 lé[g;e{% &ﬁd B @n%a%haﬁbhmhﬁ%gigﬁécaoewt he

bufferreservoir being pressurized e pressurization I n résponse
to 5 the corprevént\aathadlonstheflaveabldimareriel suflowabithe doonglheadythe o t her eby
cause the . . . . . .
improvement comprising a recirculation system which recirculates the flowable
material during a recirculation mode to the supply canister, said recirculation
system comprising: |
10 a buffer reservoir,
a recirculation channel within the dosing head which is fluid-
connected to the su'pply line,
- a recirculation line which fluid-connects the recirculation channel
- to the bufferireservoir;
15 a transfer line which fluid-connects the buffer reservoir and the
supply canister:
a source of pressurizing fluid at a pressure P, greater than the
pressure P, of the supply canister;
a control valve operatively interconnecting the buffer reservoir to
20 the source of pressurization fluid and having a vent condition wherein the
buffer reservoir is vented and a pressurization condition wherein the buffer
reservoir is fluid-connected to the source of pressurization fluid; and
an automated controller operatively connected to the flow and
control valves for (i) initiating a recirculation mode by issuing a first signal to
25 cause the flow valve to assume its opened condition and thereby allow the

flowable material to flow through the recirculation line to the buffer reservoir.




vol une of recirculated flowable materi al within the buffer reservoir to be
transferred to the supply canister. 2. In an automated dosing apparatus.as
in claim1, the inprovenent wherein the buffer reservoit ncludes a port

which is fluid-connected to both 1 0 the recircul ation mlmnlllmnﬁs
and whi ch thereby allows the vol une gf ‘recircul ated fl 4“’ I‘ - .
flow into and be di scharged fromthé buf fer reservoir. 2 In &n %utdbmat ed

dosi ng apparatus as in claiml1, the inprovenent wherei n the controller
issues a third signal during the transfer node to'cause 1 5 the fl ow val ve

to assune i t-§’_h€11é-9§%dvd?ﬁ’rﬂgilc\:}'lirgﬂrcuﬁt%d ﬂo@ﬁbl@gﬂgﬂg@"fﬁg aFQR Igke@RAS i ALIS as in

. claim1, the inprovenent wherein the contr ve 1S vented to anbi ent

at nospher e wbnfffieri neserieirvandt thereaftert (ininitfatinkra aanséert mode byl idomigray appar at us
as inclaiml th jn}ﬁ)rovem_ant 20 fu tger« conprising a branch |ine

f1uid- connec?eéanfé‘gf‘_ EOsTAY3R they ‘i°ﬁ8'°r[;1?‘i Ve, 1AM PrEpsuERael (4@ osed in

the branch | iR&fer3bdePWidB8ink %r&%frg%é%gﬁ?thqbﬁéﬁﬁﬁ%n fluid Gn Gespbhsedid

aut omat ed - dosi ng apparatus as~in e I nprovenent wherein the
one-way rd itk opatrobvilne lassesng theapnessafizagon ecdddjtiamioethetshrcgusedtheheck

I o t t ed ' t | l,aiyn 1 2, the 5
!t overent e 1 erecittet AbRBBIRaIA FRninlae e Feblee Woar valve
which is bUO&&Enger}éa e sappiReaffsiereci rcul ated fl owabl e rrat erial. .

2. In an automated dosing apparatus' as in claim 1, the irhpro_veme_pt

wherein the buffer reservoir includes a port which is fluid-connected to both

10 the recirculation and transfer lines and which thereby allows the volume of
recirculated flowable material to flow into and be discharged from the buffer

reservoir.

- 3. In an automated dosing apparatus as in claim 1, the improvement
wherein the controiler issues a third signal during the transfer mode to cause

15 the flow valve to assume its ciosed condition.

4. In an automated dosing apparatus as in claim 1, the improvement
wherein the control valve is vented to ambient atmosphere when in the vent
condition.

5. In an automated dosing apparatus as in claim 1..the improvement

20 further comprising a branch line fluid-connected to the supbly line and a one-
way relief valve disposed in the branch line to allow gas to be purged

therefrom.




S. In an automat ed dosing apparatus as in claim?7, the inprovenent wherein

the .buffer reservoir has a cylindrical body, and wherein the internal float. -

valve is spherical and has a di ameter closely. corresponding to a diameter .1

O of the cylindrical body of the buffer reservoir. ;9. In an aufomated- :
dosing apparatus as in claim1, the inprovenent wher, eUm m Ive
is a three-way sol enoid valve. 10.-k®-an automated do m m& m;’mﬁ
claiim 1, the inprovenent wherein pressure P2 is about 1 bar greatér #han
pressure Plerr]. 15 - 11. In an automated dosing apparatus as in

claim1, the inprovement wherein t he dosi ng head- i ncl.udes a di spensi ng port
f1ui d-connect ed t® fhanrastimaed d@:‘lmg]anﬂmmsehs irapldimy Ipthgtigpigliesrendbst ructs

he d d I bl
materi 8l SupBHEn P8 PR EhEnr ”CE%%“ PHnG: Seis JRERREd, 0l ect o

into the rec¢1-{e@kll\,aweg)n I i ne. ' -27- I n an automat ed dosi ng appar at us
as in claim 1. the inprovenent corrprl SI ng a one-way valve in the suppl y
l'ine and positioned closely adj acent the dosing head for preventing
uncontrol l ed dri ppl A e.npt er | afte 056 reof has been
di spensed. 5 1 2‘%3}“ Klﬁi)ﬁ‘%sdn ?pﬂaé%ﬁéhf%glfl%qa&ﬂ tcgﬁ]\/\gbl e materi al
wi t hdr awns f rigfprovémhef sutieréiadhs bffery/resabis itdluddsrantigterdal dloapesise ng head so
t hat recircul at ed fl owabl e material discharged from t he ’I'?il spensing head is -
returned to VhiEhdasppyant amihs erlumpof resifrytatedb Hpvalle matetal steps of @ (a)
fluid-connecting a buffer reservoir to the dlspen5|ng head by a 1 0
recirculation line and to the supply canister by a transfer |ine:

8. In an automated dosing apparatus as in claim 7, the improvement

wherein the buffer reservoir has a cylindrical body, and wherein the internal
float valve is spherical and has a diameter closely corresponding to a diameter

io of the cylindrical body of the buffer reservoir.

9. In an automated dosing apparatus as in claim 1, the improvement
- wherein the control valve is a three-way solenoid valve.
$
10. In an automated dosing apparatus as in claim 1, the improvement

wherein pressure P, is about 1 bar greater than pressure P;.

15 11. In an automated dosing apparatus as in claim 1, the improvement
wherein the dosing head includes a dispensing port fluid-connected to the
recirculation channel. and a plate which obstructs the dispensing port during
the recirculation mode to cause the flowable material supplied to the

dispensing head by the supply line to be directed into the recirculation line.




(b) establ I shing.a pressure condition within the buffer reservoir during a
““recirculation node which is less than a pressure condition within the

supply- canister to allow recircul ated fl owabl e mat erfiadischarged—+fremthe

di spensing head to accunulate within the buffer reser albter

5 _ "(c) establishing a pressure conditi on. f! im,@mﬁmt

reservoir during a transfer node wh#ch is greater t Han *t he pL €Sk *

condition within the supply canister to cause the accunul ated f] owabl e

material within the buffer reservoir to be transferred to the supply .

cani ster through H;e transfer lipe. 14. A nmethod as jn claim13. where

step (c) is practizell By *0M3GAGINNRPRASBIH BN FHaiHy Ls‘%fTE‘é’f‘F’Bﬁmﬂ ui d

havi ng a Pr &%, ot i Nadikamuppl vy
cani ster. and ar%g%?%ﬁ@\ﬁ/\a \f}gﬂe lhghpﬁ‘gp?gnﬁg%g? P%lgg&r%\éslfﬁt}? O?la'l\l\hlnzh

f1 ui d- conneche dbhecsmaldcca'ﬁrﬁxmmgsmcmmmliedrdrﬂppmgdottﬁowarbée material afteser voi r,
and t hen opergtl n {e ntrol. valye-so that is assunes the operative

posi tion théet &OF ered bes 0eepdispRISEdi hod as in claim 14. wherein step (b) is
practiced by venting the control valve to atnosphere when not in the
operative position thereof. 16. A nethod as in claim 13, further conprisi ng
venting ascunul at by g\ameﬁlpdmttrh@rwlappgp flowable 5—1ater1al \Vlthd&mn framnet hod as in

claim 13, further. r ' na e, wWthin the -
buf f er reserRISIH ‘ﬁ?ﬁ)g‘ﬁ’ ?" Y ‘“:r O‘ﬁgh Wépﬁné'élrgﬁuL Pé‘aﬁqﬁéﬁ‘ aaerd accunul at ed
t herew thin. ﬂd&ablé\niu%ém‘a@ﬁm&x €lodi theldispehsing Meid GORRIh& RXhBIBYEIRL | NY

uncontrol I ed dripping of the flowable materl al fromthe d| spensi ng head
after a canister. the method comprising the steps of:

(a) fluid-connecting a buffer reservoir to the dispensing head bv a
10 recirculation line and to the supply canister by a transfer line:
| (b) establishing a pressure condition within the buffer reservoir
during a recirculation mode which is less than a pressure condition within the
supply canister to allow recirculated flowable material discharged from the
- dispensing head to accumulate within the buffer reservoir; and thereafter
15 ' ‘(c) establishing a pressure condition within the buffer reservoir
during a transfer mode which is greater than the pressure condition within the
supply canister to cause the accumulated flowable material within the buffer

reservoir to be transferred to the supply canister through the transfer line.

14. A method as in claim 13. wherein step (c) is practiced by
20 providifig a source of pressurization fluid having a pressure greater than the
pressure condition within the supply canister. and a cdntrol valve which has an
operative position which fluid-connects the source of pressurization fluid to the
buffer reservoir, and then operating the control valve so that is assumes the

operative position thereof.




1 0 dose thereof has been di spensed. 19. A nmethod as in claim18, wherein
the -step of preventing uncontrolled dripping of the flowable nmaterial

i ncl udes positioning a one-way flow valve in a flomab ﬁBPeLLaL_SUQQ*Y
line closely adjacent to ‘the di spensing head.

I 0 Ay Wi

15, A methed as in claim 14, wherein step (b) is practiced by venting

the control valve to atmosphere when not in the operative position thereof.

16. A method as in claim 13, further comprising venting accumulated

gas from the supply line.

5 ~17. A method as in claim 13, further comprising providing an internal
float valve within the buffer reservoir which is buoyant in the recirculated

material accumulated therewithin.

18. A method as in claim 13, further comprising preventing
" uncontrolled dripping of the flowable material from the dispensing head after a

10 dose thereof has been dispensed.

19. A method as in claim 18, wherein the step of preventing
uncontrolled‘dripping of the flowable material includes positioning a one-way
flow valve in a flowable material supply line closely adjacent to the dispensing
head.



