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i FLU D SUPPLY METHOD AND APPARATUS The present
invention relates to fluid supply systens for dropl et
deposition apparatus and particularly ink supply
systens for drop-on-demand inkjet print heads 5
operating on the through-flagw principle. In known

t hrough-fl ow arrangenents, ink is renoved froma print

e eth 8PS YIETHOBOMED APPARATYSAI 1 bubbl es that m ght
bl ock the print head nozzles and heat fromthe ink

ej ecting mechani snms that m ght change the viscosity of

the i ffe 3;5}@39?1‘9 lﬁ\frefn%ﬁ Bk Of)%t tcﬂ%@:'d' él)bpl Iﬁ‘ﬁerﬁgafgr Idfoplet deposition

repl eni shed wt tere appropri a
t2Rpatust et pam'ﬁwaﬁlse iﬁkvap%aysl@m éﬁb’l @ﬁp@n@mand inkjet print heads

to\é)@}a@lﬁ#b)ftﬁé\hﬁ)uﬁh@iﬁﬁcﬁ? nglgnuousl y, With renoved ink

I ng [tered and before being fed back to
t he ph Krowetsughilodugraroetrnteankbe rereeved frare@ print hped so as to

ﬁéllne@e @.ﬁ%d%%%g tt?&ft nﬂ@’yt BRRR $hd PR HERd R&SALSRIH éirﬂeat from the ink

ad ejecting chanber where it can_renove an
&igcting Hmca@lﬁm%thah@ggfﬁ ghangde dor)wacasily phige j affech m’mt quality.
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¥t heachmapifid Pheay pasmihedlioheiash Pripyheastaiscing shamger where it can
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its nozzles directed for downward ectio
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art, channe
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upper reservoi T “in"such a manner as to maintain the
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pﬂmqblm'el wmtheneh\eauqopmstant height Hy above the plane P of the nozzles. In the
IoWer reservoir 2050, the fiuid level 3000 is maintained at a constant height H below the
nozzie plane P by a sensor 3010 which controls a pump 3030 connected to an ink
storage tank (not shown) . Filter 3020 serves the same purpose as in the upper
reservoir. Lower reservoir 2050 is connected fo the outiet manifolds 2035 of the print
head by conduit 3050.

The positive pressure applied by. the upper reservoir to the print head iniet
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reservoir. Lower reservoir 2050 is connected to the
outl et manifolds 2035 of the print head by conduit
3050. 35 The positive pressure applied by the upper
reservoir to the print head inlet 2 manifold together
with the negative pressure applied by the | ower
reservoir to the print head outlet manifold generates
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ssure C communi cat ] on

B z’F%e'V'%%HH’d iR GEonl fisosiing apbarlsd ncbiet peseRure controler
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reservoir and maintain the pressure of fluid at said outlet at a second predetermined
value; the difference between said first and second values driving a flow of fluid through
said at least one pressure chamber.

By controlling the pressure directly at the inlet and outlet of the droplet deposition
device, the pressure at the nozzle is accurately maintained, independent of any
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adapted to receive fluid fromsaid reservoir and

mai ntain the pressure of fluid at said inlet 30 at a
first predeterm ned value; an outlet pressure
controller adapted to return fluid to said reservoir
and maintain the pressure of fluid at said outlet at a
second predeterm ned value; the difference between
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affecting.the gress res at rint head inlet and
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cm%J Itrs nngd ? bg ra{cgltjralge?y mamtatged The pressure regulator ensures that any
variations in pressure resulting from the movement of the flexible conduit do not affect
the print head. In addition, the scanning mass Is minimised.

It is known that the temperature of the fluld entering the printhead should be
controlled, and should be insulated from fluid exiting the printhead, which has been
heated by the printhead. When the inlet and outlet pressure controllers are integrated, it
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25 scanned relative to a substrate. The inlet and
outl et pressure controllers are preferably nounted on
t he deposition device and can usefully be integrated
as a single unit. This provides a single unit which
can easily be nounted on a garriage, fed by flexible
fIOM/and return conduits (and optionally an unbilica
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inlet and ou ssur e
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Srineoti 00 TS SRR 55 AP e
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predetermined pressure independent of said first pressure: and returning, from the outlet
of said droplet deposition device, a flow of fluid to said remote supply; wherein the
difference between said first and second predetermined pressures drives a flow of fluid
through said at least one pressure chamber.

A third aspect of the present invention consists in a droplet deposition system
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said plurality of deposition devices at the desired

values. This may be appropriate where nultiple print

heads are arranged side by side in order to increase

the print resolution and/or the print swath width. A
nunmber of printheads can degirably be integrated with

an inlet and outlet pressure controller in a single
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Figoty i ahleuhmcetﬂum ugﬁgwalzdncamdah@mdbMe pressure

hambey . third as t of |
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FRyURe §5 MBSRléSa BicagiR Borbol ARt SoTRRGHINIE PleitheB. | NK| et
pri nting systemaccording 15 to the present

invention; Figure 7 is a schematic diagramof an
e”bOdFléﬁFét 20Eh@wPrad HosBEAthdTRAW enaiadelle redicuRhg-through-ejection

chamber fluid supply with sub-atmospheric pressure at the nozzle. It has the advantage
of being fully enclosed from the atmosphere {(other than at the nozzle) so that there is no
:ssue with gas absorbtion. The system is also simple and so low cost. It is also compact
and is flexible as regards component location, particularly the height thereof. The pump
generates a positive pressure upstream and a negative pressure downstream with the
pump speed being chosen such that a flow exceeding the maximum printhead(s)
ejection flow is maintained. Flow is typically ten times the maximum ejection rate and
may be up to 30 times the maximum ejection rate.

The pumping circuit, including fiow paths internal to the printhead, between the
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Figure 8 is a cut-away view of a preferred enbodi nent

of the print head nodule; Figure 9 is a schematic

di agram of the first, reservoir nodul e of the system
Figure 10 is a cut-away view of a preferred enbodi nent

of a reservoir nodule; 20 Figure 11 is a schematic
diagramof.a third, controller nodule of the system
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_pfegwgre reqU| red at the nozzle, the side of the

ci rc provi din et to the printhead has a :
o1 | ohttis e retiet dBnt 8 1 fekeRdoeiter faRon 8a manufecture of
syrap@&iehtscald fuady m&mmelfﬁj(d@Sﬁpe@@m&@a@ﬁhuéﬁbﬂ%ntrblled Smce

 BRRL a2, AR U BB e et

cenéggtheddmperaturé bthe dintiLedrefuin@gdaneeatecomgtherasiedntrol. It may

BB G e i B RGP fpmass, s
\%crt that epebadiop temperstioois aahisved in a/]stmtttpetnoe aﬁ?mirt-ed.

r S cl ose .
o et T 8RB G b, 8RR164 el st s e to drupt the
gezzid mgnae@us](@rasalkre(aﬁnoimy @darqnmnpsl dre a8 eaaivipietcd gesnitable type.
Tt hﬁd\}a%a eﬁlﬁéﬁ? nstoaéu%% Eéaterafr%egﬁfnavgsthlg lﬁEuogcﬁ leﬁ)élmp type, the 7

reservolr "hat " ai not
peaepioitgvilk Betasia bufler (dl& tbélas bk @nt cotnplience tof thef fasd witiin rand more

g@é%ﬁ gﬂgé‘egélﬂ@g%é GH e ggnﬁgn&fﬁaaql%iﬂp%gttﬁerr%% BSHecPLinit (heater
and/or cooler and/or heat exchanger) exhibits similar properties. Finally, it could be the
conduit (or regions thereof) that provide adequate compliance. It may be desirable that
compliance/buffering is applied to both the pump flow and return lines.

Advantageously, this system can be configured to have no ink vuinerable to
atmospheric gassing (other than at the nozzles themselves, which are less problematic),

In summary, this first embodiment comprises a printhead, a pump, a conduit, a
reservoir and a thermal control connected in a circuit. In practice, it can be difficult to
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Qobservation of the ejection performance (drop
formation) can be used to informthe <condition of the
i nk system and corrective adjustnment nmade to the
pressure applied to 15 the reservoir, for exanple.

Addi tionally, should the system conponents need to be
| ocated at particular heights then the reservoir

RI=RfSH"&qRA ta@ra%@éds.héb ﬁ@hﬁ@&hnﬁ%@rmee ra@:%%éh%oné_rﬁt'ﬁear
systemrequires that care is taken in the design and

REMAT 2nd variatieft in fedshiyepsdrntehes vl lepdiiohaggrsintshsiem prassure.
flui dygyd ﬁaﬁg@%wssa@%%@b@ lsyst&ﬁr’% Px%'pb@éh wi%r%@a fe%@back loop

uniformty of fluid viscosity also affects the fluid
isnred 4a eentrql fhengrpspsesie he Bﬂ!ﬂ‘@“ﬁ BiraviinA GESSEHIE sensor(s) | lS Iocated at
bﬁ gB&E ﬁ‘)t He %nﬁfhe&ﬁ‘ %n& lvié' éjc&ﬁiro?é)}ékérﬁ{ isSdd t@)hdﬁ%@@ %y&ém%:ressures

ermal contr ol al so desirabl e to have

Vo theremiprdiment i\ithsmah?éi tae flgwrate (;mp sRaede of Her prassuiggpplied to the
$£§%Hmr ardl SﬁoM‘é&. b&RE E&tidNEa.t Eﬁmg dhaHdes 'téth%“é%x%vrﬁiﬁmdeeance (e.g.

a short period after start-u e punp shoul
sapditianetar ‘f'ﬁatfeﬁf@glﬁl@@‘édy?@laﬁéléﬁdare unabl e to d| srupt

t he Révd?‘@a?g%loﬁstveﬁ‘lle%ﬁéﬁslérpbﬁ§%’%oi%a& sﬁ@é‘ﬁlc?ah bedBd to save cost.

nps are an exanp of a suit
A’@véﬁw&&ém&l@ caitfl HE|remioMer ang rCé’ﬁ\PéPeﬁtﬁ €6 deh piecisipa employed.

%e@@r e iR&FoR Mﬂﬁerrﬁeh @oﬁtﬁ)‘f’ PérrYé?r'u{ chddtlb%%ntrﬁtﬁts%mbodlment
buf f (due to the bul k and conpliance of fluid

Wi t hi ﬁh%na‘p%@r@esm}wwn &h EPYEAF Haw dahing arH%té Eﬁ\d thqeenozzte and

HRRtINNASs nbRgde bh €, (at Tﬁ@oﬁﬂé@)réf@'kmg\ﬂﬂtah@ |wéﬂrl:'ohtrolied (thls is easy
(heater and/or cool er and/ heat exchan

YR, &grpr?ﬁl%@lawf@gturnpg H’é"lthc&?s qsgd dpprigihead fah, ? c%t@n) ThlS allows the

GREKEU at (R nd 2@ BN delf@m%fd)bytdhatddgé@\tioﬁﬁoz@@wmb%edback loop.
nce. It ma be desirable th

I
gg%l :Tgﬁ PEFISHEEr dFPIRICT SElSENI Fevi 209 %@kﬁ Heteraings e fewgte through

an&fm.aﬂnué@ wHidre shoudé \LaN$iggReAgY Yoredtdi fhaﬁymbezﬁhﬁ@jbdﬂ@n rate. This
cont i

t
R Ehietant M rete g 55 ERlerad i PVARRS ora fre nozzles.
ar e | %Splm béihg mabjected to Imsmullmagatwe t;ineﬁaufe rilitd in the reserv0|r will

SRR DB B AT P B, R hcsprn

cpresswrd mubtrbqasagmtlmam!y lowter ciaat theesub-atfiosphérid predsure (500 — 2000 Pa)
r%ﬂlgi‘t;e » te %gﬁ%zrze tgelnﬁhasgg\gz?ts ncrgesgra\/gﬁ;% Ef;]hg gScalecte«:i s0 as io
vaveratrieothe iimpédanicd of yipestura pipecsomitid plirdbebd wttehavi@ca‘simpedance
a2, Ve -

L3 SR SR g0 60 B0, B A0 USRS Fior «
ciocdrparites hasidiiioasls impesiance phwidednipi adluid reﬂmcttor where the conduit is
P

p%h?)ﬁf(ﬁea g%%%&érﬁ}saéléso rfﬁ%&;?éie@torn? ¥ cﬂo@ﬁﬁsélmh%g eit is long or of
syradledinmetes $1g e, applications ewmmpmmada ara qackeddlosdly together or in

féc%%lﬂégpgglf&gfﬁh peed) or the pressure applied to the

reserv are s jown as being controlled. Equally
changesivantagémishy stheminknpestavaie dge. gow bendubjected to larger sub-

détﬁﬁ@bt%ricvdr@ss%ré Bk rpyé}]eﬂfs) ga&%ﬂs@r&ﬁ%n aa[?ﬂl cj;a%dactively cause the fluid to
degas, while the pressures close to the printhead remains as per the previous
embodiment. The reservoir should now be of the open type with air (or gas) at sub-
atmospheric pressure applied to a free surface such that gas dissolved in the fluid is free
to escape. The reservoir is desirably arranged such that fluid entering the reservoir

remains close to the surface for a period of time eg. by having a tangential inlet to a
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“at. the reéﬂgrvol

Advant ageousl y, the inclusion of a feedback system can
be used to save cost. 10 The thermal control could be
renoved and conponents of |ess precision enployed.
However, the inclusion of thermal control remains
conpatible with this enbodigrent. The inpedances

bet ween the sensor PIN (at the inlet) and the nozzle

Elnﬂlncél%\é@:%wtbﬁemgzﬂh[@ @Wﬁllrﬁ% {rat szlrha%eow fd?t‘h)er abifantage of

nown and |1 controlled (this is eas he
eﬁ?%i*f?@séwﬁdﬂdhﬁ&uawﬁa HOPedle RIsee s r{man;aweous) fluid may

| uﬁa«Q’gb ¢ehinflficatidh or dﬂhr‘xg)\!”%r &Lﬁh@l fllzﬁispwgt%? Vagdupls rbl‘h%ved through the

nozzle to be determned y cl osel Yy contr ol VI a

VBFEITM BEIBRERViqing e neﬁﬁ%vepm@%%m & hgse pErcasRes qgettweséﬁeierated by

cBldhi Maeigh@f theRiEdW F@cﬁs iriaRiel df oW RkErvbiRr QUSTore! termal control is
pri nt head whi ch shou be significantly greater than

Gpﬁ@ah%lw&hémwﬁﬁmé%nomﬁ\own flowate is constant in

the reeld GukRdia Wﬁéﬁmﬁmmh%nn%ffthéﬂﬁvénﬁo@nﬁ%ﬁéh buffer and
fromthe nozz|es, Despjte belaﬁ% subjected to a small

AresHte fpeuigtiersieppiions fareu'inaor Paratadnioss @9uies Gonigining a sir. Fluid from

tlﬁ‘é)ﬁtlimﬂ WBtidt Pods FEOE RirakdTRSINEE & TUREIBS:! thﬁ eR&@ééled i@Afg over
absor ption, sub-atnospheric pressure nust

(G5 BRI ARG 5P PeSPROR Hb PRV BRI Pdnp ces yalbme sbove

thS Pkt weﬁ%@lo?@hernétﬁz@w d ﬁdtl@ﬁeddhﬂenglﬁ Z3h Be c&hr@umoesmnm( volume
be sel ected so as to overco

resiein STl be iRt i i BT B e R GHEiNGR0 outet

r@mtrtsﬁtb .a ¥dtioRd Weim;ﬂm Gfon deRe @E’é‘asmr s«tﬁtianeaBm Q}Qﬂied The
e

on of Fi
W 4l I Bt tetpissesR &f @ s sAntes! Brarsieelion T The Gassing of
fluidiistnihiafiéed Sthey thbhﬂtr wlirhe witbindbé tweirds veiyGhiall((¥bRpRed with that

e TR e e FRMob PR S P itapelupRon, and dhe g
aie@el expabedsthehes aemlsaﬁrﬁmads are packed cl osely
t oget,her.

ndva ety Jro BRE"PRRAMEIRRFOT SBHRY 8 b rkigBsregl s to
draw|flaidgenm aubhll réferatinesyybten tevgirssessmrrused Inmbornrobu egftllssalve. The

rg@lglgggﬁ% IB{ar'é BE I;I)gar&gd gg&ea&t BeY%v theS ﬁlg?ei%ﬁ Sr hst'“{kcg%h&oof further note

ressures OSG

thaet'fresls flai 1|sedeetllh@d9edatu tmsnk egreodimsurh . thathie isr stitebly ebnditioned

@%@é&sg@ﬁ@é&%ﬂs@é hbE4/RPGBd E\M@ﬁltéé‘%&)[b&%b(ofs(f@élygﬁ% djgfgthead.

eri ¢ pressurée a

- such Higuae Ggasreapwgltoétae embotﬂimeﬁt of Kigurs § beteincludes control valves

%ﬁi‘:alﬁ'giﬁfet g\;@flé\f?ﬁ%pé‘ﬁirﬁs {othd %ﬁf!e&@@iry lr@éJn?rﬂQ@d:t éé"ﬁan E Alprinthead,

enterin € reservoir remai ns clos
@ pyhpcrecqngiit aﬂtb @tghomp@t!aﬂcan@ resgrvols Nk uessgreeregulation.
éﬁ?gﬁfﬁélﬂh? 'th:@L II%( @tcﬁf'nhﬁkﬂ ésiﬁrh fag;gé'@(nﬁ% the . present invention
mﬁﬁ&gélr@f resgwpumqﬁgleﬂwwneﬁteﬁm igebpng ovidst aondults 12,14 to a
i A/
S SRS A LSO BMO S i i o o o
DRRCEZ theb GRPOSTS e Ap Rdicatel B GHOWRSS.visc adiiodrhy dashed fines in
ﬁg;&% (E: S‘QF geru‘;&% c%ﬁ%ﬁéﬁi@ iRy SR hRolieHRRE aREARE 85R1EARodule 100.
Printhead head %/0 is moveable relative to the reservoir module 10, e.g. on a

. printer carriage indicated at 21, and to this end conduits 12,14 may be flexible tubing.

Pressure regulator 16, in contrast, is not allowed to move relative to the print head and
may also be attached to printer carriage 21. Per the invention, pressure regulator 16

ensures that pressure fluctuations resulting e.g. from the movement of the flexible tubes
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5 careful design of the fluid flow paths inside of the
reservoir. As before, thermal control is conpatible
with this system (but not shown) Figure 5 shows a
further enbodi ment of the invention in which buffer
and pressure regulation fupctions are incorporated
into a device containing a weir. Fluid from the punp
r
‘i’ﬁ‘tlh %é )Eli:éess PF&H g s??%dnaré g%;&ﬁ%hﬂ{eﬁ t8 ﬁwe%nkm%a% kY fked spatial
fmtunnahlln @emwh:eesweeeregolator ahdries beadefuitberagsiureethat ao pressure

/ .
10 SR SA0L5 o Sgt BaE P e shown i
Flgare &kn&dulmﬁcommws aipnisthdagd 20Hevivgiam |rﬂ$eeh'-k824 rm array of nozzles

2 el 1 A 20 SRR L I o e
peas;iswa rceblari’dl bk is tieduilatechtmolighstha pphti fedd a§hm:hcamﬁ by arrows 28, 30
?ﬁéésgﬁ)eg f‘ta' E Elgbﬁ)ée%ggri(g i %gt g;at g#}teg ther ea‘frﬁel?ere with the
npenahws@‘dhspmmaearhe ink volune within the vvel ris very

[ f
o hang A EaBARSeillebRe) Ao ol IS IERTOME bredlih bihin the prin
heatl ambthel essurendifiersnexpatwedn intsttand ogﬂm barcen'ablm To this end, ink

gé@.lﬂph d;ﬁ?)dth{a 1&&%4' f¥?né agqnlgta{agﬁﬁz rh%gﬁb ita\éf?eegibg%ﬁﬁéc% %4 exposed to
ﬁmﬁpaemcemelssuree@pp’mnaj fikers§& aadnnanaeined by sor ovsfowing weir 36
%955]1'e@|w1 c§ogrﬁhibrluedv ﬁ’lb\ﬁ%m H% coﬁ&f(s{ ?ﬁ 'l‘!f!échraﬁl%gl %(tﬁb&rtm%ﬂpmeans {not

ove or reser
\ﬁb@WW“@W the heigbl H e the ink strfage 3% abovel tne domea 2 &l by adjusted, a

vhide! 9-1' f gaS%gPﬁOWhecqulF id t?%ﬁusr‘ﬁﬁ tbsb %&%‘b&‘; w(lj'lere it is

pressuri se eate
npresspdy lm% f-het »ring lnspel \20t s9meh d'Stﬂﬂptﬁ bhl@afopresstirg uegulsor 186, the

%&m&a%a&l of hR nrap%xséﬂmé g?&tatlﬁ’é e%QHé %ﬁg&&t thk ﬁﬁhﬁg&%ﬁ intet 24.

control val ves and an i nl over retur .
U ACwpsigases, an gir @tﬁ?ﬁawowertth% ﬁ@biegte@aﬁbp epplieddadhe free ink

&BrfacaPlidter 880 @Q% Eorvdct therbrg;*.bu\'é@tedi‘ﬁ[‘ﬁ@ad iAlef 88Er VoI r
and pressure regu ation. Ref errlng Fi gure 7,

an
i nkj eF he,prieseyra gt aytist éﬁd%%ﬁﬁﬁmn%bx ﬁére@ pudaget40 in outlet tank 42,
la[béﬂrgxp@ébd t@oamrat@egfp@rfsldréésuré QpREM -?Orﬁ@ﬁ%ﬁzgéowa vacuum line

te nl et and out| et condui 12,1
§§c§Hr3@ pﬂrﬁeésrﬂﬁ@amsa Y AVEBIPWRSIETE 4i@ue@ﬁﬁémwwmt head outlet
281 Ohafiow 60 doi sutiekanb 42 %eﬂsﬂfablﬂto the ﬁﬂ(d'egé}véihgﬁ outlet cond uit 14
rr ows | NAl.ca

deposit g .i nk i ndicated b

by da?ﬁ'ﬂ%? 'ﬁgé higg %8“’?? &%ﬂ?’% d‘i"lﬁ‘?*’%’f“u éfs *é‘ec‘%%éﬁetﬂt@amta'" a

WRykiRg ieveindfrikd aﬁbvfertammetfturddmemg lcm rahﬂlqiréwnt BR GtedRing the system
vea e re tive

Pri e head, hea
,aggéf@ ?fﬁ% SEQWFC! éablev%] rop, aﬁrrpqytléq,t g £P58 yggn r]‘ua print head is
iopeiatiag a’dmamnﬁﬂn ejactibntratet The fiostdsab@rBiis saidtdinéd imBolienid range

el b9 DR Falr oL it i e P iaefyoR 7. The foa

vajre dl4stherbeorrolsatbi éidwiout fy imatedrthe avéraigéw i to BaKk 4RMhis being the
PP A3 S e ey e vo o
ohort e leks, axsectivalubes 9

Overflow 48 from inlet fank 32 into outlet fank 42 is controlled by a valve, e.g. a
needle valve 57, which requires only initial manual adjustment. Thereafter, flow through
the valve is maintained substantially constant by control of the head of ink above the
valve which in turn is determined by the amount of ink supplied to the tank from pump 72
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12,14 as the print head is scanned are not transmtted
to the print head. The fixed spatial relationship

bet ween pressure regulator and print head further
ensure that no pressure fluctuations arise in the
tubes 64,66 connecting the |atter two conponents. As
shown in Figure 8, nodule 16 conprises a print head

Qla inRY i |1B9 Spécifidalfy,i ffﬂa?EZ 34 coﬁiﬁlnéﬁdr\awlti?geﬁ%? 2336&05@3% a signal 56
ection and an ink 26. Electri

n
indlcaliva o nE feyen v el SonaLds v 8 Aol d00i 182 axfiareconirol
thé. spdeld dethé'Ml«CéUpﬁiﬁgurhﬁ”TQ%hdléaﬁséH innﬁ'norbeaggﬁl%elow This avoids

i ndi.cated by arrows as to renove
BRI PlAiR EngraimBew 48 gt tonst srdiemiesand fasindepfewelr t3ﬁ (and thus

inefeas@REthB Lk SoLiRAEd HiNlE hBad)Rk HagRkkr, AS 1s known,
satisfactory operation requires that both the pressure

wi t hi f SITREr sensar mayobe, w@qa% an e oytted Y faek dRfaseshomeat 55, the
B&risaRLon béth @énk@%@wﬂi&é Rlindl8até WALA Qlflb%alv-g%rtﬂﬂhtszs %G%ldg Jts range

i nk |ssugg|! d tothe inlet 24 froman inlet
RAY AE the ppeiatar ok a &iluregiwation. exposed to  at rmspherl c

F\H@lﬁéirhm QaNEs - @Bééﬂﬂg%bleﬁblhto%éra@&x apdy ¥Rl a@aébe% @:ﬁ)ea\ﬂith extreme

supplied wth con tlone

;) {ﬁ owi ng weir 3
NeRpS: T SRR andshulEewani cal  adj ust nment neans

- (not T&fl@m)ar@lllﬂ!i%étﬁ@r defhé B‘préds@nfe rbé\ﬁatbf‘&) %fcﬂ%tﬁé} with print

2 to be adjusted, I ca

I
Do, 20 SSHeP i P SeathiodReT & Ab nalod alara. diie dsdeble to thermally

irsBes (c@o!&]}nle&\hﬁffﬁ)m twdr) oBRE F5S i e bRaNRHRR obEGibRA | t%ass flow
ance EEI ow ressure regul ator 16, th

PR3P RESE DI o BRynE SRS Pieenas epiableiy owever s noted

}ﬂ’mms S2ramage £ Qépdclﬁﬂy Whieh intéRadd 28 2dingld unit LshddRIe provided
currst nces 1' %Rressure | ower than anbi ent may

gﬁtﬁf’l grepdjffl}%mp YR surface via filter 58 sous
t o cofe edhimiseerapiatsisun thaaprepsurd difleamdes Bb@lecRdhe PYUIBRS and the

AN NN ITA MO MO R
disterae rahspeh éhe printriess B0 advymagsalbly oc&@;im a gl fostAnt to the

40 is i_nt ai
é\@é&rjf uﬁﬁ otﬁgr oigﬁtaiagn are, mossiple; g.8- [)br élaﬁngaaf differently bent
@qmnestionszesxrrmaéy ftb ammﬁﬂsef theneftagt beflow aalatibPs foreitls ilaCand outlet

L B CEERRIR 6o PRI B KRN sk b Pl o

riﬁgfmd@nwt%t typ®aliyodrkimnippre dv te afangbmiedt ddiaiieel dbvwei Thietesults in a

(l:cﬁag m@gﬁer}% gtg)?m@ ﬁgg l‘?ﬂ{'\tp%'r ?ﬂﬁygﬁd d&)r}egs%li&fri%S%nﬁ@ gressures
©ehe fiction Pméwetdﬁ@%tbﬁ arount®d and 1 wpar raspec@vdy ﬁhax cammary by + /-

%P/oe9§ lﬁérl ﬁ&\ﬁ vaﬂ_é% j L&, ?ﬁ?ldggcélﬁéd LBoviR! I—E::'ia%\r%e % n%ﬁ] variation of +/-

bout m manua usti ng
ri’érﬁ"ﬁ@bawa%u iote tnmemmariaon @stbe @@mnbaT@rtaSFhEe driop detween the inlet

Pl %ﬁtl?%éﬁ\%f&is%@mer Hr hE%% %&%‘H Q%nétfbnﬁtu%h%tﬂ%bar 8. +- 7% of

over al lowin to bei n
tea priepsure grepstetyern plmtéleati amet awleotnlebw h@bevw td b possiple without
Phvihy SArf9d :91%?1&5# &Y% SRl nfifS
r es!pbectr{)]'vee ﬁ" owo4gﬁ? e(?r(# e}t'ﬁﬁoéf h% % ﬁeac{ n the limi, the
cs@auisé@r/nr@hmem OPQHQ,QtjﬁW 6ah dg: wyp%nseél\mm alloggther by integrating the
pressure regulator into the manifold of the print head itself.

The pressure regulator 60 in the print head module, 16 allows the inlet and outlet
conduits 12,14 to be chosen without regard to the pressure requirements of the print

head 20. Small bore flexible pipes permit easy movement of the print head and can be
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.below. T

needl e val ve 57, which requires only initial manual
adj ustnent. Thereafter, flow through the valve is
mai nt ai ned substantially constant by control of the
head of ink above the 35 valve which in turnis
determ ned by the anount of;;ink supplied to the tank
frompunp 72 10 via inlet i2 Specifically, float 52
l:nﬁorlﬁ%cnvlgfdofan%tcemﬁw%ﬂwvajléghteé&ﬁé%ﬁw il 483nd print head
inButzsignsh cablp| 27y antfrtherdeadsi fon ﬂ@airnosmbs datah ea!w) e:entrcdfs&gna!s and
e k 2 1. SGU [
IhEF ke ERCRBhY PhRod bETus G Sfiddi THEE, 450 konygienty be
ingorgeragaskinisthe rint head nfaduledi ng of weir 36 (and thus 5
i ncr ' ; s A
i | ereidt, Sen s Bl Bty iy e by i dferRiplE gpdhorease
the theymah eoRirohrespanset tivee betwasmsensons diothh priathkesd sdetandghe heater
Jlrétt];lé’ Hr‘aﬂg%w ﬁgﬂf\;}grr}l@hlL 9@&9 }(agnlt[e(\; Sorﬁgol an? 3 dcﬁte%'a $itf%n average
wglegitsitn 8¢ conddit of bretre waf mmte Vpbs@esbglyeam Ioe Bqnlai to appraximately
d [
PO PR g B P R SRR of ek Wiy B suitea 10
sGraning apémlﬁ@ﬁr define a pressure regulator 60 which
t OgetFEI&ure\@ rEhd cﬁﬁ 'a gy viBRas a%f?e%ﬁ%@%ﬂlﬁﬂdl e{n%f DA% head module 16
nodul e : above esira
Wﬁ@P%’ﬂﬂﬂg thei MB @le@we(rta;ahy nognire flpw kate rt!mnugrwmergnnt head is 200m)|
Bé’rtrhlﬁhte' (@K. S%r!:l Fgﬁdlﬁd bR M Unt gﬁﬁﬁ E]eta%gj thmg r¥clzgl\éls) typical
48 passes onl rominlet to out
H%%‘esafobﬁ@kﬂf%’%ﬁur%@}ﬁ%’@éﬁe petwpen pdntdead Hletrrad Cttlélﬁﬂ@re $pthe range 50

RBhrddar: nGRRGH) ?érhblarv‘@ﬁﬂe t'h@tr%%ﬁél &b %ﬁP@sp‘ﬁbﬁcg 'sféﬂé‘ Bdssiire at the

should be grOV| sone degree
PAZAE ISt MigHS 1§ anbar ﬁ??ﬁes(cﬂ\mba'at altmggh N RresRdrep eg dew pe -30mbar have

dééﬁ@um}@ﬁom@gmgun¢e regul ator and the respective
print %gfa Ié’E and outlets, %ulator 60 is .
pr ef dPEhIARK LS FRPied with ﬂ;‘&r% canduitdi2swhielt extamdskelow the ink
ﬁmcanem 3 ead{e%@)mnad‘b?fﬂtﬁs’i@&ﬁ B8 Xt 196 GHRMS! thikh, e EdHdUR s provided
rint to the 20 h al t ot her orientations

4R 5.8 e ATy Hhahe o MG FIRERG Y Wi slow any pressure
mmmmmhs dnsthe cﬁlnmut aaw,cams@drre@;l fosﬁhet bamgf T@Qﬁscgésed below) to
f. Qw var | Cﬁt' onfs é g het an é gressu
HiPatEeE (B ROre Ao, AlfeRoE 4R (@ LR neinb iedst Apeitures 33 can
heditibratle be refle rshbit yn thé dirketiop f tHka et She ldrlgﬂleIﬁé!'aXisﬁﬂme conduit

- So'Byb ISR O 5 biaec T e Pube EBRMERIon detaec

alpaveg that drdpie r&*pn?ddlprtamgir iIp thes spacesabidive an@l irfkr duefab® l34 Moreover,
r.oun . ar respecti,v

BhFanet Byl B0 Rsou W16 VB RBE e Pl e iraane Sipertures 33

B the vebirgmol mmw‘eammfwelmawer such variation of +/-

gl | . h .
ey SIORRR oSl o SRR bagE G Cdeaassing or

- leasli frevehdionof paealparptionhthatitakbn gied in thevabinats@mwoioT0 b2 lost. As

: . S
B@céSHH%{ detail %eloﬂ, ink756’e%s about 60% of its time in the reservoir at a typical

pressure of minus 400mbar and around 35% of its time sealed under pressure in the

- heater or pipes. The only exposure to air at atmospheric pressure takes place in the inlet

tank where a typical quantity of around 10ml is exposed over an area of around 10
square centimetres for about ten seconds before being fed back to the main reservoir via
line 48, outlet tank 42 and outlet conduit 14.
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the pressure drop between print head inlet and outlet,
is believed to be possible w thout 30 having any

del eterious effect on the operation of the print head.
Inthe limt, the regulator/print head connections
can be dispensed with altoggther by integrating the
pressure regulator into the manifold of the print head

| tsel fin th%amp%w:%ré@me&*e@ﬁla@)@ id ﬁbsﬁtﬁﬁecpéu tthQﬁ%duprr weir is

e inlet and outl et con

t 8° %ﬁﬂ%@@#f@ﬁﬁﬁ%ﬂ B head NRezigsansisthe éotal pipe losses between

rregmlatbe aBM pEnteddnse I%bba%&lma'ié RadEr. 2the \%!i%' ércra Ité‘rPlétoerHad% narrow in

h Xj. bl e ?] ermt _easy m)verrent of
i (Jérgﬁ“o&'g r{)t"’ ’Cﬁn@ﬁrﬁf&t aﬁeéﬂ Magdde ds 4o gl écaf'@ﬁmtv as to minimise
Lrbéleiatiah eﬁ@cﬂ@td?ﬂrélr Width of @Bé’d%"QSHrﬁ‘?o gg@?%r l%?%iglté ttttbe@éjmre of the

abl e 27 and further

ngﬁrY?'BW@a‘i %‘?a"\?alf'\‘/ yalerbio aﬂpg:ﬁaweiaﬁeﬁ mb#ré undec@n acceleration

- Hfegtgroni c interface boards and connectors may al so

conve |e t%{% 8 nco orated into the print head
modul é 8 ?/‘@dest i for ibe evglispelsthenprigpaure lragulator to operate

welrectyt ;heQafmdaule ot |h!$ b@rln ed frélighhthé PRSE@S ‘?eg%LﬂJiGr %D&rtﬁ% gxcess of

c[ﬁntrol / E%S;ﬁ%P et ween sensors at rnt
T 8OURL %’éﬂ I%VOUthih? RENG hﬁ@dﬂﬁmrve%mxeat lggtsit 26%. Higher
aatxcmst mtﬁsﬁpmmy‘ @Jen%?@@ecﬁ&@ﬁﬁ%’?@e‘éﬁeﬁ r;@rﬂt&@\ﬁﬁ{ f49fe print head to

JS‘f‘C c h?lc&r e‘&roé’gfag’lng dFmesyaure foujsgistar wetlek yayteke 20 seconds to
mmeleﬁomemermnmaueeof @Al d2 tcn DRAY o QONAUINLSAG) rHeE RN above,

ég)o iLit b%gter syit g 10 scanni ng
app PROL ‘ngry{%a | g‘{?llogléb F 6 5“%8? PgEpUiA: é\ﬁ/aoﬁes%it the time period for
Iﬂh@feﬁm’eﬂiumrﬂmﬂloirﬂewsbt@fﬁ rrﬁaylfbbl Q&eﬁemmu@%déﬂde(hiéﬁ%alrm up time (from a
1 abov e nom na ow
Dl BRBRH 9B SRR ErERE) Sioumd Rerbst hottnut e (+ /-
5% deﬁhndmangl-mntameeaameueduaeﬁ bmmge@hﬁﬁt&ﬁbp?&h -thBut 60kJ in
erence

'?I‘?@ s‘t"éﬁl ’of F’?fﬂ?"e% ng nI é{e.nsc’:glp{dn%dg ¥st%{p @%‘ﬁﬁrtrqpesor ahigewarm up all
51@9 1®rmal maamf thmsystmlwnyxomomgard toanhieterarmm cnfakshoots The'

%H&Iéﬁr%qﬁﬁ%%d &isr?ér@és tﬁ? Fﬁ%ﬁﬁgﬁ %ngcitz {}{?2%% h&?ci §s“u‘?s§st° dts operating
ﬁ@np%{gtur%Gh@gantmh‘wsterbsmscrﬁbnﬂnabdve caarbe swtohes shu Bbyclflcally. the

IGQH'%Qet ﬁi%éﬁd—?ltgé?mé F’ﬁ ts“ntx':tgé&ir ?%gm %gc{;%tet gqpeagné thereafter
&@'ﬁ“@?"ﬁfj i !ﬁmﬁ%@UWefEledBGCk Kot the  sri®2t fone taitgbe temperature that

t
gﬁ%h\‘}!g'sl tRé Sospgl;éfﬁ\g% g@:ﬁ ﬁJrWJfQHé’gﬁpgbvegﬁ; K eg lro FSor Reat losses
Preetingaeons he ?qf@u@o%@mne{@an@l tbadwedmdges b;n titee arrangement
REsdRIbéd sHo%E U%ﬁ@@arﬁ@l‘ %pérﬁtur@'tﬁéaﬂﬁé%aé@%o ?:g)inagéjrmt head

not affect the sup

ORFratiag) (FreRsAtre Hy @@éwﬁﬁéﬂestﬂmeratnret Hé‘eu'hncediet\memme print head
lop&ratih@ViempéBturé O LRbidA sﬁy’"&%"@f hE%\?r Ctgrﬂgé'r'ﬁg:r%éﬁg a nominal

so as to mnimse the amount of
Herlaﬂ@g éﬁ'ﬁf’?"ﬁw‘&tqﬁoﬁo ‘detand| ed amblent temperature of 24°C. Once the

temperature of the system has stabllized and the print head is close to its operating
temperature, control is switched to temperature feedback from the print head sensor 94
which rapidly brings the print head the few remaining degrees to its final operating
temperature, allowing printing to start. As discussed below, this regime may be
implemented by a separate controlier module. Moreover, the controller may be seli-

teaching, recording the various temperature differences between ambient, heater and
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25 above) that ink is exposed to the air in the space
above the ink surface 34. Moreover, any outer |ayers
of ink flowinto which air might diffuse are shed
through the apertures 33 into the weir pool

~ downstream of weir 34. The jgbove neasures ensure that

none of the benefits of the ink degassing (or at

ba@Shedd¥ &V eftlel QRatok rGight a&mrtﬁé |a<E:B90pﬁ£l€t hda@éﬁeautpl@@@ on future
In the in reservoir 70 are | gst. 0 discussed i

n
Aegasians HEHRPCTRG EpWRERUEHATOf %W&%Pela{déusﬁdr@eﬁ%dpﬁém the ink

BRees. gOtbfacﬁbv@tﬁeyrmcéé%anpfnﬁSf%HéﬁtyQNh&*eﬁh@ mﬂ%)arbaépeﬂéren agitators
around  35% of its tinme sealed under pressure in

FRaPepddRd Bithpmaintigeenvoll g YBURREIYQYS &S ljown ber e

at rmsnb@rth@c ik RSEAIIE oba;ié@es Bhpee at fedub&y sgdeBtuntif ABKnk viscosity -
where a pi cal quantit .around 10m i's exposed
i '%ﬂe#'@sntcﬂﬂ Bk BAmRE" re o ugarétS&@ﬁfqt'ﬁ%valeg If Wil be appreciated

ﬂ’%@ dlicH £ Feci@BENERIUBAS Bk Qata it ABichafabRr Crclibtet h&oﬂ?ﬁd’ht the system
aervmr Vi %23135 line 48, outlet tank 42 and ou

dhats by, accelgpating the wg;r%gggﬁﬁprg( tsMPefaiiipethg 2boMg control regime will

uaﬁﬂgﬂf@rwgfd tre polat bi wn@ﬂ Hede Baih hat cmch@téﬂoatemuwebdltﬁroughout the
| ocat eg"%‘SOmﬂ dj re g/(%tabove the print head nozzles

KIS h BTGt quu&nget gq ‘B%W/\E%Hmer Ajanativaly ghin aididan, a time

R@Ach = BPRESK tdTBlE the HYBRM edfiEsyv@hdiSt RES uﬁé’rrﬁ@d BASY the time
arrowln the direction in which the print head
ROGHIREIS € teks BlececARae8 hESUa s oiie somsar on the print head or

@mh@rragumr ﬁmfami iaﬂueaacwgwwmm;a@fonaaﬁw of&ﬁémystem

| ower cent e resey vol
| ese. FRrFoRATRE ELiaratn fhe oSG ok dieeiep o006 Fiule 10, which i
meferrab@zrpa@eagédemad small bﬁ:fckOSlﬁ@blel for wlacking @r vaskemstia@d. Tank 70

s, owolhe, Sy St ink Crebialit 20pnriaets ittt Vecyugnvie vaouum

tchenqutiers S6r e acEiglmlnab airawing inkoeutiof thex prérst heall mdtﬂllé he, this vacuum
t he

ga %rﬁegwts ggs a%ls.gr\lﬁﬁtgrg F‘F“iggﬁﬂﬁt‘é’ﬁlérd%tgﬁg% gqgeeﬁl"agt § a result of the ink

Bpssdity yroemk BO%Ocﬁf%s tiredindbe tdnd A0 aten Wmlsalrten‘;merqtdre and Ipregsur_e of

D635 B o BRI RO BEET Wor bt o2 an

Jienbriido e drawmwplintbrtpentarireviarsddheid vhlvermst wiligh bpemsr whenever the

?&%@o?@a@?e} esefnlsgavbp @_E-[xgscbr%bvf%ﬂs 9918%% cerf:a‘?rjlr [ei@?‘f‘%l ¥ also has a
oaf Ity nute. a

ow Vel oc netres per m

meanyiat drainhialveiSedo pdew the inloin the enhre swetnmetpéxemngeﬂnt rol
S SYS{fTR {Eﬁbﬁp@@ f;%ﬁ}’ngl%%nl{”f@ %@ﬁll&%ﬂ&a€1 ZWPE tdé%%ump, e.g. a

(froma start-up
a:hamrrﬁgnh@umpa?r? theuing fwutaeemmommnetd h)éacfdiﬁr b%gr @@mmon capsule

tﬁftgp?ﬁ t5h89n %M\@a‘ﬁhgkﬁolﬂﬁ dﬂﬁ@tz Th PﬁHFmQ}QEJlHE&e & Qfélnless steel coll

tem of Figures 8%
pmnbedsledonaan ebimiaikm b'pCIaI artdwémmmdm twmggrtr@ﬁget h%ﬂters (not

%&ﬁgﬂ%& t odte0akif géoaisefe?ﬁbéd%@%% n%ﬁrrﬁf}gév $e used for

The 20 circulating ink soon di sperses t eat an
cwelng wrielf fdefirefead is close to its operatl ng

Unit 92 may be controlled in dependence on a signal from sensor 94 on inlet tank
32 or supply pipe 64 of the print head module. However, for the typical arrangement of a
print head module connected to a reservoir module by an unsheathed inlet conduit 12 of
4m length and 4 mm bore,

Controllers for the various valves, pumps, heaters and indeed the print head itself
may advantageously be located in a further module, separate from the reservoir module
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tenperature, the control system descri bed above can be
switched on. Specifically, the <cartridge heaters in
unit 92 are initially switched on for a preset tine

and thereafter controlled with tenperature feedback
fromthe unit 92 to a targg} tenperature that exceeds
the operating tenperature of the print head so as to

b e EALLASHPR Ay 8GOUEIRS fnbaud Tob HE: S28EH 02 tat

con arr an
plesesseb dde élbeivsgna!dn i56 frcam died ptlminhimda‘nodléet‘iﬁpiocwtltye appropriate

BSE5 R AR A0 RS SRR RTBSEA S conrol

the debaten Perbyt supglying rapdatae poweraite aottiofiat mayg a;soétﬁ»@trol valves in the

R (e

ﬁd'n:etiqrhencselarrermepmaar B mﬂy bave sy:sm:mmtlmm facky lairzagply 112 to

BRI S S o880 4. B 85t RS A4S, o manly o

éleetddmtakiy-fsebmcuhm rpgwlatnrshwm 1§em§nlpcr:9apresmrecmdlpatpnrdbysupplymg

‘Bﬁ;h N Jlgg flg%%lgtmiggﬁgﬁ E{EJ ﬂBBthQ 'ré%r@o‘?ﬁt{aﬁﬁ Otaﬂd 15\5‘ vacuum

Fhal
ﬁy[acally Aisusli76 culbareghupe) tw\zhetnmnt; hea;igmmduinragﬁ e a result of pressure
r .
PAED SERPUBH, BRSO 2L LA LRI A ol 8P RS conoter
wediles san eﬁp&chtomeen@h sefverab prird Hebds Mersovenrbne nentrolier may control

?ﬁ%‘r&ﬁe%nﬂwﬁomﬂ% '%Ep;ﬂﬁ@%tt{e& éllr\}?iﬁ{ thE g?rtne thvo BvBRLof I4QRIM.

appropri at e heat
occasfdrBowlire Figoes 48, thg ayétﬁplemav @D@Pﬂ&ﬁh aomur@bﬁyr@eorbé heads 20

@ﬂﬂé&f i2h §dnt BRGRHS '?&e%irt RABahig Ko Eﬁépeeby r%d?mﬂé %@ﬁ&hﬁé{reof reservoir

necessary 1nk viscosity. Wer
sesiglen gPawireda fuftagraiose., a:awgh@epram r@qsﬂqtﬁrewfamv regulate the fluid

'eb §ﬁr‘é§'f6r SRR riftbsdde SR, e ishewA F%uké‘@w e rma?jebe appropriate
hat it 1s usual to operate at reduce

g\ﬁ@@j rruﬁtpi!q Pfipteheadds @fﬁsﬁ‘!ﬁ?ﬁ‘ﬂ?? SJdewEv @niei §1 a@ﬁéﬁfaémﬂreaﬁe the print

'ré%ldt@méﬂ&h%? Ertﬁe PriftSsviRidth 8s RPRIGH Pt sealauRrthér extdrislon of this
reciated _that such a reduction reduces the rate

&P“%ﬁf@‘lsn’f’é‘ﬁt n; @Q%’Fr@ul"hi"@ﬁht%r‘alﬁ’b ﬁfﬁ?ﬁ”rleh@"g%‘?" eth2 %l'f’ijdan outlet
tofesurebYormed GO@tdr@gaabHQ:mﬁis‘dt@@S@ d Ebrignbrehﬁﬁf’éeﬂi@ WO@ Pressure -

oot baiipeord pelitaiver 108 Ba T isgecivel, aha optiona
tahips! graupretdige Lﬁe§¥t‘&i’c Qslﬂibwﬁ}J ntrhanesaﬁelcuuegsﬁobﬂ ﬁa&&t@ﬂmge cross
war m u i

SRRy st & 18h i Fnburdl BBl oS PresButs’ Viigtion along its
gfndﬂasﬂ\ ma*:wgacbﬂmmmeatm ?é t? Ial‘ﬁetheg rcbnmetdt%i alggg gt:d gnalr?gthhof the bus via
B Condig 2. Bt HrinBrras s, erail E Shnittral firgoty to the
toue. Viels mwrmeserdompmnmmt afoduleehavingtdirect ;ﬁegsmemﬂtﬁni atthe head for
11 il us La tge conpponents of the reservoir nodul e

F e ohfopleteq

€BP&%r abl y packaged in a small bl ock,

sui t aktl ﬁoﬁldrbeﬂ]rafelﬁtditgi that maqixesrmumtlenﬁ@n rTarﬂee?lQiescnbed by way of
st or ef?na WOr

AP %¥ agg J%%J% um?cfﬂt %aréycaﬁjmogm(@at}()%s can e ma e \)nthout departing

from the scope of the invention. In particular, the invention is not resiricted to the
particular pressure regulator described above but can utilize any suitable means for

maintaining fluid pressure within . predetermined operating  ranges.



connection 86. In addition to drawi ng ink out of the

print head nodule 16, this vacuum also prevents gas
absorption and may actively degass the ink (as a

result of the ink spending around 80%of its tinme in

the tank 70 at a typical teggperature and pressure of

20 34C and m nus 450nbar gauge respectively). It also

atlows fresh ink (frombottle 82 and filter 54) to be

drawn up into the tank via solenoid valve 78 which

opens whenever the |I|evel of float 76, as sensed by

sengor, , I Ny b I : :
hasii'a Fhﬁgns&g@b dar?) g?ﬁdtl\%gfcseéi@gfy?’l 8 gl%lﬁggvat ﬁ@% kd%igﬁa{"ﬂg device, the
ent i r dlrepjeit daposiom devinamgeiag amiclat.sarp guiled aridr iopluding at least one
t ank ' ' ogth 12 by S iR :

a ZSBg?éasB e?ggér}nﬁg%n@ , Hgl\%i% 'r?g Mﬁ?%{ﬁ %nge;t}?% cgn It i%ﬁ%g pparatus
by a foPMpEPINGe. g. a 5 mcron capsule filter 74, and

an ink heating/cooling unit 92. The latter may

conprise a stainless steel coil 90 enbedded in an

al um ni uanfvidotacegir dad sepMyiag Mdidnty and receiving dyid from the droplet
heat er, ' .. A second outer coil 93, also
enbedé%8&$ﬁ£}ﬂgﬁa uri nium may be used for cooling

water if desired. 30 Unit 92 may be controlled in
dependenges ' i t af :

32 or supo oy SR IREEaRRERTo RASRR R bm' R reservolr and
Howev draintgisythe peespyigiof Byid gt saie fietahe Tt peedetarmined Nelys;

nodul e connected to a reservoir nodul e by an

~unsheathed inlet conduit 12 of 4mlength and 4 mm )

bor e, Cofft YIPICPIESTGR CoRORArACRRied i (RN ke said reservoir and

heat ensaiaRfh thd SRAGuRE fRE s ail atktid 8 @bEondIRedBYmined value;
advant ageously be located in a further nodul e,

separate fromthe reservoir nodule 14 10, as depicted

schemat i gl differeAcd betWetn ledid G0N dRbndRELE dliOiQ% hafiow of fluid
a sectthon 102 tﬂgtga“ﬁ%ocesses the float signals 5

fr om ttHQUBR SHE a PIPSUEECRENEEt t he appropriate
speed of the punp 72 and a section 104 which uses the

tenperature signal. 94 to control. the heater 92 Db L

onn VRS g 5, R SR ie BRHleLpenteudh. fuid circulates
cont r adonti@louely fram tshidd Gutlet iprdssb@achrtdiier, ehrbogrledil reédrioir and to
hi gh or floats and extra swtch

.4.oi/é/tl evel of tt'(ﬁe

out putssal ‘8_ PIERETE SPT'EN®and al arm purposes. |t may

have a connection to factory air supply 112 to drive

a vacuum ejl.ect or . I Nsbui Lt vacuum pu and

o S5 sordiig e S ar Bt e WiREH LR preBPle controter
108, 110aimtairs thecrressaresd il shdaidainled independemiyl ofi avy variation in
hi gh v i call i nus. 450 nbar gauge) to the '
reser \}%g%%éiﬂ(’%&%ﬁhgq {oyﬁayd;gﬂég'm 10 (typically m nus

70 nbar gauge) to the print head nodule 16. As a

resylt S . bej contralled_ individual |y i
eac % p‘?ﬁa{ﬁkga%%@g@l gd r‘l%lyngfbge?'hgeg@' i'r YERG sail oliet pressure
cont r ofdnéller modintairs thenpilessursedf fidid sar said eutletvimdapendently of any

Print Jugalsh RFSRUR of 1RGP R 2B Bt Ot T O

5. Apparatus according to any preceding claim, wherein said inlet pressure
- controller is spatially fixed relative to said dropiet deposition device.



several reservoir nodul es, supplying themall with the

sane two |l evels of vacuum As shown in Figure 13, the

system may conprise a plurality of print heads 20 15

supplied froma single reservoir nodul e 10, thereby

reduci ng the nunmber of resggvoir nodules required.

Furthernore, a single pressure regulator 16 may

regulate the fl uid ressures for several print heads

D08 o8, rctifg Beinl e s e ApET b SR PRTeL pressure

wher eontibiter [l spatidilytiked@tdiive 8 Sai@bifoplyachdsitidn devicsi de

in order to increase the print resolution and/or 5

the print swath width as is known per se. A further

%Vehl’)'&@'pemmﬁ eitcbti:r&ingotocQnﬁwfcédﬂgsbmwgzimergirg@éiﬂ Ehfetténa outlet
ich an inle ressure controller and an Q et

pr es ST B RTEHFE A (ppaleroaatoR el daE Samecheloht shlgtive to the

pr es shsgletulepodifiéh agpaeassire control lers are fed by

inlet and outlet pipes 103 and 105 respectively, and

optional control and pressure lines (not shown). The

pr 8sAppardius asbording Wadey pré@ididR elbss wheRdi iseid (d10al outlet
dashed at 10%%{ ﬁo ens.utre@rsqu st anti al I,g no pressure

vari af PONRrBHges aredalepeigt 9 @ SqiRHMEr of print heads

110 are then connected along the I ength of the bus via

shart, conduits 112  al though. the. printheads coul d

o Sl AR iheibic Bay Retpo iR erolt 8510 prRRSUTS controlers are
pr ovirdemnted focmftbdrbplp dapbsitoeldéeediavi ng direct pressure
control at the head for a nunber of replaceable

heads. It should be understood that the present

i nv@rpparatha scdreding dthe oy ipbemdding olgisn, ethered seidaprpéstire controllers

e
invention. In particular, the invention is not

regtri 0 . particul S l.at Qr, .
Geadinieitug kBB i eooBHERSHI, MBI 2l i pressure
mai nteenitblieg comprisbspr fikst tank atnnédted pr sald irdetarired surface of fluid in
oper algidgsf 13 - Gy, | Wi g pl y appar at us

for ?{ﬁépl 35/{ nglg@ﬁm 5atsc} a dé\%p%glyﬁdéggg'g?@?‘gn devi ce,

the droplet deposition device having an inlet, an
OukbEApRsud BEIRFNGS Bfairh 43S vn&Rfh thRM R bF sGAFLBurb&E in said
communi cation with an ejection nozzle, said apparatus
conpriirst tagf is defermingd py 88 oyeifpwingwediuppl ying fluid to

and receiving fluid fromthe droplet deposition

apparatus; an inlet pressure controller adapted to ] ]
r eddi RPN GoFFHRY xRt elepr/itim dRdWhaiginsaid freptsurface in said

pr esshts@afi isfsbibjbst tebinfdipHedidih@bsipé. @ first
predet erm ned val ue; an outlet pressure controller
adapted to return fluid to said reservoir and

14. Apparatus according to any preceding claim, wherein sald outiet pressure
controller comprises a second tank connected to said outlet, a free su_rface of fluid

in said second tank defining a static head of fluid at said outlet.

15. Apparatus according to Claim 14, wherein the height of said free surface in said
second tank is determined by an overflowing weir

*.16. Apparatus according to Claim 14 or Claim 15, wherein said free surface is subject
to a negative pressure. | |



mai ntain the pressure of fluid at said outlet at a
second predeterm ned val ue; the difference between
said first and second values driving a flow of fluid
through said at | east one pressure chanber. 2. |
Apparatus according to Claijn 1, wherein during droplet
deposition, fluid circulates continuously fromsaid
outl et pressure controller, through said reservoir and
to said inlet pressure control | er Appar at us

acdd r/é@nﬁgatv@ acgasding 1o efail B on Q‘amhﬁ%r\@"ﬁﬁe'@ &algl prgpere controllers
PreSShif rccfa)ﬂr;rn.eég%s e RioSnib ich o Aq Aliafdadbed.
at sar Inlet 1n ently-of any variation in
pressure of fluid suppl ied to said inlet. 4. Apparatus

accgr fgat,o a@&if? ﬁg &S BHiMY 7ChR:En MO RS LPRER 'ﬂ?w%’t@) |s§fd first tank

pressure contro mai ntains the pressure o

at saBocoptreliast in derandaaeantipgn dte kgl of/Byid 4m iseid fingt tank overfiow
press*gq? pof fluid returned fromsaid outlet. 5.

Apparatus according to any preceding claim wherein

said inlet pressure controller is spatially fixed

r el g A ﬁaréﬂs Sa%b%d%%' @Ear@ql?%'élglﬁp 1§e?ﬁjzlﬁ€ﬁng \:b?byrﬁss passage for

ara us accor to an rece
sal d e flew ffﬁff‘e%%% rgt f@@'ﬁpr ipwatrongh f@@éﬂ.ﬁ@pmd tepl eyerflow trough.
relative to said droplet deposition device. 7.
Apparatus accordihg to any preceding claim where
sai - fppaFatug RgcerdinDde anyppag §DP!@'%ﬂ1%r®l Prets “@P@*n the level of fluid

| ocat pdsad sestit @Ak IRLHBWItRRIgR ARrAS 118 Fatk &f AolwViorh Raid second
the droplet deposition apparatus. 8. Apparatus

accor Eﬂ"ﬁ@"?’@o‘ﬁr‘wuﬁ'ﬁ K- i§eePhi m wherein said inlet
and out | et pressure controllers are integrated in a

n le unit. aratus according to pr ecedr n
hMP%’FBFna%CQ Bt S8 r e Bh{(HENe ells *%%8 (fHt &

t o Sabd’rtﬂiﬂ@rﬂh@hd@@@@ﬂ(ﬁxit@Bnrﬁ’éi‘;ﬁh@@ard bk té\eﬁarraétus

according to any preceding claim wherein said

pressure controllers and said droplet deposition

devez; gppsratsicegtimpad Clavn@ 1awhéend il idieorduit ilsubstantially rigid

Appar at us according to any preceding claim wherein

said inlet pressure controller conprises a first tank
conr®eppsaratus seodingiceClaina 2firareClaior P2.ceharbinfdaid donduit is less that
said fmiSt .t k deflnl ng a static head of fluid at

sai d ey Appar atus according to Claim 11,

wherein the he| ght of said free surface in said first

ks BPpSELE IR B0 QYEELLR S 1515 b g pessure aop
sai d facwes saidl eweluitris degsdthan 5% of the pressure drop across said droplet

id pressure

deposition device.

25. Apparatus according to any one of Claims 21 to 24 wherein the pressure drop
across said conduit is less than Smbar.

26. Apparatus accbrding to any one of Claims 21 to 25, wherein said conduit has a
bore of greater than Smm.



first tank is subject to atnospheric pressure. 14.
Appar atus according to any preceding claim wherein
said outlet pressure controller conprises a second
tank connected to said outlet, a free surface of fluid
in said second tank defining a static head of fluid at
said outlet. 15. Apparatus according to Caim 14,
0 a [
seagraprtafs Eefnglle ), Rrccelifo WA A 8 faouy source for
Apparmeintaiziog saidi rﬁgloteoreoemlmam miessgieamerel Begative itedmeither said
sai d a negative pressure.
17 169%{9 égéifﬁgdgg%@@ Erﬁésuréso Caim12 or daim 15,
wher ei n sard pressure controllers further conprise a
re e
52% & %a\rrgttu% g@%&%@rg? EB Qra}"égﬂec% @l¥ﬁ‘fsli7fo"‘1 Vﬂ; an“d'd%%d% Eﬁﬁg?& pumping
of fl ﬂuldj betwean isaidgeseiivalr fnd said drmlet ders)saiontdeoice,etbe iflpid pressure

dependeass |HBAAS SebR(Bba 8 Sl bilnd By el st sl between

or O sdidhpugip anecthadilelg and wpeesis sodsryafg@mwe contellegr monitors the
flow fiuu?gﬂﬁr@%lﬁe tr Shigt i‘ﬂfélf \6%%%1% R g:pb@o té%g{ taln said first

second k overfl ow troug accor
t o anpredelerroinedvalies 17, 18 or 109, vvher ein the IeveI
of fluid in said second tank overflow trough controls

the rate of flow fromsaid second tank overflow _ .
t r ciyArparakisi arcpingr trolClaim 127, Agisssiatios fudcprieasurg atsald outlet is

~any oﬂﬁeﬁ'ﬁrn@ %y”ﬁelﬂreééﬁvggnreé@ﬁ% &t %aﬁiaréin&él‘a?t anf< and the fluid

contro I ncl'udes a conduit connectin
sai d inmpesiencebetngpm pait m@ﬂaf@dorwwgan%th@r%ﬂ% and wherem said outlet

wher ebRs8ireCedn@Blly] thordirs HRSH@M rédslide &t 8Hid otdet and controls said
Apparatus according to Caim?2l or Oaim?22, wherein

sai d Y@t souree fogsainipigaid firgigrradster m"ﬁr’grar'vem
Appar at us according to any one of C al ms 21 to 23,

wherein the pressure drop .across.said condurt I's.less
t hatP-BpP@RtUSHCCHIdS Iy Elap 75 gl Bag i eifB Rl fluicic impedance

deposbbiviRndempmentdSs A NRdbadalteadiChiedinig dofd@N¥ofieting those
of Clains 21 . to 24 wherein the pressure drop across

sai d CBMBYMISs | ess than 5Snbar. 26. Appar at us
according to any one of C ains 21 to 25, wherein said

congly ! tp|::r€t1]raa saacc%f')c!}rzeg ?of Cgarirﬁ 8€5r ialm Mherem said fiuidic impedance
between components includes the impedance of one or more flow restrictors
between those components.

32. Apparatus according to any préceding claim wherein the droplet deposition device
is moveable relative to the fluid reservoir. '

33. Apparatus according o any preceding claim wherein more than one droplet
deposition device is associated with each inlet and outlet pressure controller.

34. Apparatus according to Claim 33, wherein said more than one devices are
connected in parallel, the pressure at the inlet and outlet of each device being

maintained by said inlet and outlet pressure controllers respectively.



27. Apparatus according to any preceding claim

i ncl udi ng a vacuum source for nmaintaining said renote
reservoir at a pressure nore negative than either said

first or second predeterm ned pressures. 28. Apparatus
according to any one of Cajgms 1 to 10, including a

punp for punping fluid between said reservoir and

sai c e essur . at .
ai dOT TR Sl ARERTG APLIRT Japfinelehsdit st g’ i and s
|npeddﬂ@bam%QMbénBSSaeGOMUﬁpmﬂﬂduﬂammemkﬁiasmgﬁLmﬁ

wherein said inlet pressure controller nonitors the

fluid pressure at said inlet and controls said punp to

mai @ﬁag medhtiddor $upplyingdfiuidi tet 2 drvipet depusitioe de@iBe, the droplet deposition

Appar 8 j erein t fluid .
pr essﬁéég&:g?%ggpggn e ? C‘%’@fef%é‘t?g\;mﬂwgoa%%ﬁsp RBS RERFSYTe shamber in
pr essioEnalEnieaiipa \Mftb raDtGgadiers sozztd, theamethbdh eorfipiisinh

i npedance between said renote reservoir and the

outlet, and wherein said outlet pressure controller

moni tdﬁéelvlh@ #t| e dnipt b saidedraplet degbsition | daivicand flow of fluid from a
cont r ghso plyyacuum sour ce to maintain said first

pr edeterm ned val ue. 30. Apparatus according to daim

28 or Claim?29, wherein said fluidic inpedance

b he fluid
condur PrARIRR el el 3 AP RERNER IR dSaer ot s

according to Cla|m28 or Claim 29, vvherern said

flui d'r%cérﬂ‘ﬁ?‘?ﬁ@cﬁombﬁ{ev‘@& t%%?&%m gﬂ@? viggﬁ:e at a second

i npedance of one or nore flow restri c

t hose REBIIAMRdPresre mﬂpmmeusofaﬁ@wmtr pmgssma angt

precedi ng claimwherein the droplet deposition device

is noveable relative to the fluid reservoir. 33.

Appar dEtENE doryiheeutist efsait denpadidapgositicai davidee rdlow of fiuid to said
nor e terBteOéfi@ groplet deposition device is associated

wi th each inl et and outlet pressure controller. 34.

Apparatus according to Caim 33, wherein said nore

t han Qﬂﬁaréiﬁ\théaﬁfe?érfée tS‘e‘tWé@FEQQ firdl é?@r@cbﬁali prédif rmmed pressures
pressé{re at _t he I:nl et and oqut] et of each device % ng

mai nt SA8%2 JYw Sh iy d ipugh saidiaanstone pressuigrehamber.

control lers respectlvel y. 19 35. Apparatus according
%al%nke?ﬁ wher re than one devices and

sal i'hl %8006’ %tto %@gba@-ewﬁ?fﬁﬂ Hifl dlow gf Buid from said remote

i nt egrsapplgl isntreceiverii gl saiininlet 36.a ApreBd@ddifBFent from said first

suppl yi e%éfl uid to a droplet deposition device, the

dr opl i ?)rggriretdlrgﬁs Yf&vi ce havi ng an inlet, an outlet
and including at |east one pressure chanber in

38. A method according to Claim 36 or Claim 37, wherein said flow of fluid to said

remote supply. is returned from said outlet at a pressure different from said
second predetermined pressure.

39. A method according to any one of Claims 36 to 38, further comprising circulating
ink continuously through said remote supply during droplet deposition. .

40. A methed according to any one of Claims 36 to 39, further comprising maintaining

said remote supply at a pressure substantially more negative than either said first
pressure or said second pressure.



comuni cation with an ejection nozzle, the nethod
conprising receiving, at the inlet to said droplet
deposition device, a flowof fluid froma renote
supply; applying fluid to said inlet at a first
predeterm ned pressure; recgiving fluid fromthe
outlet of said droplet deposition device at a second
predeternined pressure i ndependent of said first
sure;  and returnln%t fromthe outlet of sa

ir ob- -&Meibpd ereardiRg deateee o ¢laigiy BriorOuraeren %%Wg fluid at said

r ent gujétepMpyisesVBinRiiing AStatk héRy A NGIA S ekiwpas. sai d
first and second predeterm ned pressures drives a

flow of fluid through said at | east one pressure

chagh e mefhdd abcdfaingas aA¢ oAk &F Cthihs 361taiam \?aﬁerewmeamﬂg fluid from
said flow qf fluid fromsaid renote

recei vl oufletoomprises @einigining a slalic head qlfﬂfdéfléﬁ\d gl

said first predeterm ned pressure. 38. A nethod
acc rdin or. Claim37, wherein said flow

34 B f&dsa?@rdfn%ﬁet@a@uﬁm or. Claim 142, ywheseing §aignfiestj @ second

OUt | etpretfetetmiticdlS BriebSurekd fa?@ﬁ:i@f&mﬁé@fﬁgsﬁlﬁi StARCREM and a pressure
predet er m ned A accor d| ng to any

essure. (
oo offPpkes g fies %fa%offﬂmﬂqf@méa [hstatisinegdci rcul at i ng
i nk continuously through said renote supply during
dropl et deposition, 40: A nethod, according to any
oneg’ﬂ)'fp‘ @‘%fﬁ?fi 3EEONGd0 3Ny PABYO'c gr'ﬂb"f'? sé%g‘onﬁﬁ)rnt“‘ﬁﬁem'%gsa'd first
sai d rpﬁéﬁé‘téﬁnﬁiﬂd@rﬁs@?e B &E&ﬁ%%y@@ﬁh@ﬁhﬂn@in@ﬂuﬁﬁf@n said remote
negative ther saj
SeSond precl i maane t:vren St BuaeAg S8 Ry one
of Clalms 36 to 40, wherein applying fluid at said
i nl ri,ses i n atic head of
oa 354 PgfHod ;5o eton R 340 At borapiiatys Bisaleptho thé oressure of
Cl ai ndluRi6att said Inletwiretr adjosting cssid/ pmgpftb unalntamosaid Jiedt predetermined
out | et %:%Uferl ses maintaining a static head of fluid at
said SUt 43. A nmet hod according to Caim4l or
G aim42, wherein said first or second predeterm ned

Preagy %‘?et%oe a@&?ﬁ g] %eg )Zyonaabfd C?ativﬁg FOS ?13), Szg'gelrﬁln nsgaid second

pressure e surface of
said suraiatermﬂwtjpreamwmmaheatm dumg pu.lmpérmyﬂmm&omfsaid remote

d ai ng t qﬁ'ﬁcﬁ{

pressur éngé}‘gga?f‘%i’mﬁﬁs%ﬁﬂéggg%fﬁﬁﬁg%ﬂﬁgﬁﬁ r om

said remote supply, and a fluidic inpedance betmeen

sal _‘179&‘ %tlﬂ_ﬂjda&%&‘nd ] Blaim 46, further comprising monitoring the pressure of
fluid at said outlet and adjusting said pump to maintain said second

predetermined pressure.

48. A method according to any one of Claims 36 to 40, wherein the remote supply is
maintained at a negative pressure, and wherein said second predetermined
pressure is established by said negative pressure at said remote supply, and a
fluidic impedance between said remote supply and said outlet.

49. A method according to Claim 48, further comprising monitoring the pressure of
fluid at said outlet and adjusting said negative pressure to maintaln said first
predetermined pressure.



45. A nethod according to C aim44, further conprising
monitoring the pressure of fluid at said inlet and
adjusting said punp to nmaintain said first

predeterm ned pressure. 46. A nmethod according to any.

one of Clains 36 to 40, whepein said second

predeterm ned pressure is established by a punp

punping fluid fromsaid renote supply, and a fluidic

| npedance between said punp and said outlet. 47. A

me bAdYdreleb depasiion SYLPRMIGRMPESINg ur t her conpri si ng

moni t or §; REpddifonPddiieU haviRd a fiblduhidt, aliukPb@iedhd @t 1ed8one nozzle
adj usting sald punp to maintain said second

pr eddoedreplabeiegiotssure. 48. A nethod according to any

one of Clains 36 to 40, wherein the renote supply is

mai ntai ned at a negative pressure, and wherein said L
second Priisesupplyi arsemblyrewyisiagias!iuid ressrvol g ajiuid Sugply circuit
negagﬂoyﬁir&ﬂﬁﬁgwﬁd gbmsééitﬁj réRARAre (RSN Yaid @BPodkion device via said
fluidic 1 npeddnce between said renote supply and said ‘
out | einlet awn said pelishandfesk fusaidreserveiai m 48, furt her
conprising nonitoring the pressure of fluid at said

outl et and adjusting said negative pressure to

mai nt ai theswsent avangedsuelythebingiane@op pessueoveptie tefgl free

dr opl &IrLa@@BPﬁﬁi& iRl SYStERATR 6QFN irtidhdpRsd@posi tion

device having a fluid inlet, a fluid outlet and at

| east one nozzle for droplet ejection; a fluid supply
assenbly conprising a fluid reservoir and a fluid

supply circuit for circulating fluid from said

reservoir, through said deposition device via said

inlet and said outlet, and back to said reservoir; the
system arranged such that the average pressure over

the total free surface of fluid in the systemis

bel ow anbi ent pressure.



