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Printers and plotters for applying ink and other printing fluids are well

15

known. Such devices typically include a supply of printing fluid and a printing

mechanism. In a typical printer or plotter, printing fluid is routed to the printing

mechanism using tubing to supply the required printing fluid to the printing

mechanism.

In one particular type of printer, i.e, an inkjét printer, an ink supply is

20

connected to a print head to supply ink to the print head. It is breferred that the ink

supply be under slightly negative pressure at the print head to avoid weeping and

leakage of ink which can reduce the quality of printing and, potentially, also cause

clogging of the print head..

One of the problems associated with inkjet ink supphes is the limited ink

25

capacity of such systems. This problem is particularly acute in larger printers and

plotters which use ink at 2 much faster rate than office or letter size inkjet printers.

Various approaches have been proposed to address the problem of limited

ink supply. One solution is to supply ink in a sealed bag containing a fixed .supply

of ink. The bag collapses as ink is removed from it, which avoids creating a

30.

to the print heads.

relatively high negative pressure in the system that could prevent ink from flowing



VO b7/ 10106

PCT/ US96/ 01158 - One problem wth this approach' Is that the.
bags are not refill able because " they nmust be sealed to function
properly. As a result, the systemis nore expensive to operate and

results in larger amobunts of waste. In addition, the pressure head

between the i nREUHBI% and the print head is not constant becBGEUSIMIBeye|
of the 5 ink in the bag relative to the print head varies as the ink is
renoved fromthe bag. One problemi, with thisapproach ésthatttbe bags atecnog esfillable bévausel ow

of ink to the printiing head. . Anqt her roach js to provide
a rlafi | | abl e rgslarvI °g"E‘P‘al?°rﬁEalﬁﬁ°cﬁf"?t§’“ properly. %ﬁl’?ﬂ@ﬁ%@’%@'%ﬂ@"? e?ﬁ\'/vlc?\/vs-

to the print head TReodefdte hid feSitls Bafdef SmbidritI6F Wasi TR addition, theftessare! HRYE!
sensing systemto control the punping action in response to changes in 10
the level of ink i nbetween teinksupply and the print head is not constanthesause the level of the

h include th | | ex] . . i di
i ng and 1 evel o i g i R beta e s the Pl el ot g
systens typically afThawakftidnatsultsin éhangel én the Rowef ik tshel printihg hiead. | evel

cycles between a |l ow | evel which turnps the punp opn and a .high | evel
whi ch turns the punp of f Angther apgroach j§to Pqué\féﬁlah@\fmgmmﬂb‘ée

| evel s, the pressur Eﬁg&fd RORad ink 3 n
cause variations in e o%/lvt% ﬁr%&%g&'ﬁgﬁgﬁp“ nt Elé%lak\l/\%%@&ﬁg}egtﬁﬂggimﬁﬁ
turn, can alter theamptalevel gensingtsystém to ¢antrobsheppinping ection in gesparise to ehaingesiimg
t hr ough - _ rigti onf é{.gjfprt'hnt density. Furthernore, adding such -
equi prent provi tes (hwte 9 N the reseVlGur ces of probl ems requiring

mai nt enance during oper apiobikn@fwiththis Rpprohelinéhide tROexpei¥e@hdl €dmplexity of
A variation of the |last approach is to refill a prinmary reservoir connected
to t he pri nt Provising bothpuraping, and dgNel sansigg equipment s Higadmpmy efithese

secondary reservoir ggems t{l‘ﬁ‘é‘mg afl A3 VarYiSh€ M thémk 1evE s %hefglg.\?(f)‘gl)& g%éel% t%qe'f\?%eﬁ i Nt

head, the fluid level In rimary reservoir | e
val ve and al | owi ng lowklevel arhichiturns ehecpuogran and adighdevel which turpsthe puip offt iAsar y

reservoir. As t i Rk .fr t he on r ryol I
eer YOl 20 LFE i R R S R MW b B g
the ink | ev®hose changes can cause varidtivars én the Gowlnfiinkauo shepprinb headowhith, fin t hi s
approach i ncl udi ng mai nt ai pi n ) . prqper operati.on qf e float, val ve.
Typically, ink coll Byp.cag tfrﬁg" Wg}t\ﬁé?l"ﬁghggrr@aﬁ"&e' %‘Bs‘?%c‘?%"réi%"ﬁ)‘ﬁé‘?ﬂghm a
result, the primary 4 8ighyRipkini SAGey. FRAheARrs adkiNg Silchleqiibmbnt! phvides additional
fromthe secondary reservoir. That ‘causes the pressure head in the system
to vary sources of problems requiring maintenance during operation of the printer or
" 20 plotter.
A variation of the last approach is to refill a primary reservoir connected to
the print head using a one-way float valve suspended below a secondary reservoir. -
In that system, as ink is supplied to the print head, the fluid level in the primary
- reservoir falls, opening the valve and allowing ink from the secondary reservoir into
25  the primary reservoir. As the ink from the secondary reservoir flows into the
primary reservoir, the fluid level rises, closing the valve and maintaining the ink
level.
There are numerous problems with this approach including niaintaining
proper operation of the float valve. Typically, ink collects on the valve, causing it

30, toremain open. As a result, the pﬁmary reservoir tends to completely fill with ink

" from the secondary reservoir. That causes the pressure head in the system to vary
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WO 97/ 10106 _ _ :
PCT/US967 UTI58 as tne revel or TNK 1Tn tne secondary reservorr—fatts

in response to consunption of ink or increases in response to
refilling of the secondary reservoir.

Summary of the Invention 5 The present invention provides

met hods and apP4$1906f or mai nt ai ni ng substantial |y co®&Tal$e6/01158
vertical distance between the free surface of a printing fluid in a

fluid supply and prigthé REelBEHkIRA thizSetonddry RéseRloirTallsSY Fdsfdlise to consumption of ink | N
one aspect, t he pr esent | nvention conpri ses a resi i ent nmenber SuppOI’tI ng

a container that i serdpereasesingpponsetto pfilling ofthesgeondaty reseEvoifor ce of gravity
such that 10 t he di stance between the free surface of ink in the

container and the printing mechanismin a printer remains
substantially constant -as ink is cons§ummkagyiof the Invention printing. The basic
principle underlying operation of thHe present inyention is . - .Hooke's

| aw. 9 e e prpsenigavestion N@VHF%%WPX% g apparaiys for maiptpining

provi des a sinple, galusta Lonstanf!HiE aiblafile et AUPRONuMEcd & o SHANAE R i
mai nt ai n. Ahot her advantage of the present Invention is that
it can be easily ach fhideupply and printing mechanisman 2 pintingsysterg. di f f er ent
densities or to resilie nbers..havi ng.varj.able . .spring,constants.
Ao result. the systemSTEAPeR: e PSR HEMGT soiparises areafl member Sibbaing
vertical distance begoseaieritht isf dpef teanbien Presbure Bgaimt thetforeg of grdiity sudhay and
the 20 printing nmechanismfor a vari e% of different printing fl uids.

Anot her advant ae i the distance betweenthefrecsurface ofjakyinithe gantaines and the psinting whi ch
also allows for refjilling el RRkid RaT-Yer ' te .
-concerned with hééh?@%ﬁ?"n? h}gﬁﬁa sea eﬁﬁ{gtont a?lﬁg’%‘%?%p%ﬁ%ﬁoh%'%uqugrg
Yet anot her advant agyintiog. Thebasicgsindipleiundehingoperagiot hfithe pteseminvention ide 25
danpi ng of any noveﬁe‘gl%,qf the ink container due to | oading the system
novenent of the printer,® 8Fc. The danping further assists in maintaining’

‘the pressur e headDndudvirRage)ofitie presthit inveitivn kehqidy drovidesay diniples@bust i n
systens subject to , . vibration, such as inkjet printers in which the
print heads ar é3accdesign shat is ingxgensive to implerpent apdymaitaima i dl y during printing,

which can vibrate the prigifd adiifhagl ¥r Mk pAEERGvftion i tHal # catBPlakily adjusted

to adapt to inks having different densities or to resilient members having variable
spring constants. As a result, the system can maintain a substantially constant
vertical distance between the free surface of the printing fluid supply and the

20  printing mechanism for a variety of different printing fluids.

Another advantage is that the container is open to ambient pressure which
also allows for refilling of the container because the user is not concerned with
retaining a sealed container of printing fluid. -

Yet another advantage of the present invention is that it cén provide
25 - damping of any movement of the ink container due to loading the system,

movement of the printer, etc. The damping further assists in maintaining the
pressure head in the system. This may Be particularly useful in systems subject to
vibration, such as inkjet printers in which the print heads are accelerated and
decelerated rapidly dﬁring printing, which can vibrate the printer and any attached

30 fluid supply.



WO 97/ 10106

PCT/ US96/ 01158 These and other features and advant ages of
the present invention will be '~ apparent upon reading of the follow ng
det ai | ed description. Brief Description of
'the Draw ng FIGURE 1 is a schematic di agram of bdditdsng
system i ncl udi Wé)%?’mqg printing fluid supply system accordi %??% tﬂﬂe
present invention. FIGURE 2 is a schematic di agram of_one

i | lustrative enbodi ment Theseand other feapiresandiagvantagesi of e peasens inventinsoill bey st em

according to the present, i nventdion. . . 3 is a schematic
di agram of anot her -met('r‘%?ﬁ'?éﬁ%&ﬁ f%(mrm%petgﬂeddé printing fluid

contai ner support system accor di ng BrfefDt€critiicolithe Dygwingon. 10
.FIGURE 4 is a schematic diagram of another i1llustratjve enbodiqe t of a
‘printing fluid contai nerF 1 s asphenaatic diagmmy o RpepsntipgsysteaaRrding 3 et i on.

FIGURE 5 15 a SEhening Aty st Qlchfling tb khipredihnt Mberighod! ment of a -
‘printing fluid contai hep supp system according to the present invention.
FI GURE 5A i s a schenat i cFKGURE 2w askhematig|diagram ofonspilystrativecantbedimant ofis

i ncluding a cam nenber, for.use with the fﬁ?ntai ney. Otng'G 5. . "

FIGURE 6 is a crossP@EWiiwmsaH‘ﬁ’éWP?ﬁs S PSEHURE 19,18° PPl Pyeliode

erbodi ment of a printi ngFIGUREE3 §s YcRéritic didgfans bPdotHer HMSEAiVe embadifend a0

FIG 2. . FIGURE 7 is a side view of a housing for use with a
printing fluid supppyating fluid coptainersunpert SYRHI®A4CoEdag torthe BEsmbinNeptios: FI G 6.

20 FIRRE 8 1 SERUREIS jodd Hbcic frdeh b Rt N GrARRQAb IR REn @ ad
support plate for use wth a printing tluid supply contal ner support

syst em accor di ng t opdiiting fitid container support systeni-a@ofdingotoi the presempinvemgionof t he
plate of FIG 8. .FIGJRE 10,is a gcross-sectional . vi.ew of. the
plate of FIGS. 8 & 9, taKKiPRE Jjisashematic diggram of apgther listrative mpedimentiofs; o o
side view of one il tsindhid/@nbiRPslippBAlsystém acodrdiiiOfolthé bregent inventionf OF Use
with a printing fl u*’d sug% gont‘ai r?gg tsth_,Jp )or t S}(stem according to, FIG 6.
FIGURE 12 is a top view BY 58ippwhempticagsrmp ggalmate spring miechanism
'IL:;SeJrITEallgnlgsl ?ngg gsﬁbﬁ:ﬂﬁh'amlméﬁkb%y‘fo?hsé@ﬁhﬁié%ﬁfainefbmwg. FIGS. 11 & 12,
-4- . - FIGURE 6 is a cross-sectional schematic diagram of one illustrative

embodiment of a printing fluid container and support system according to FIG. 2.
| . FIGURE 7 is a side view of a housing for use with a printing ﬂuid. supply
container support system according to FIG. 6.
20 FIGURE 8 is a side view of one illustrative embodiment of a support plate
fc;r use with a printing fluid supply container support system according to FIG. 6.
FIGURE 9 is a top view of the plate of FIG. 8.
FIGURE 10 is a cross-sectional view of the plate of FIGS. 8 & 9, tal;en
- along line A-A.
25  FIGURE 11 is a side view of one illustrative embodiment of a support ring
foruse Qith a printing fluid supply container support system according to FIG. 6.
FIGURE 12 is a top view of the support ring of FIG. 11.
FIGURE 13 is a cross-sectional view of the support ring of FIGS. 11 & 12,
taken along line B-B.
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WO 97/10106 -

PCT/ US96/ 01158 Detai |l ed Description of

Il lustrative Enbodi nents The present invention provides

met hods and apparatus for naintaining " substantially constant
vertical dista en a printing fluid supply and an outle or
the printing flrlg&a%?&lmgl cally, the outlet will conprise sone pé%?gﬁg?usg
mechani sm such as an |nkJ et pr| nt head spray jet print head, toner
drum etc. The Detailed:Bes ioh ©f riative i et

printing systens, but it .sho I.d_be nd [e

I nvention.is applicable t’lg’ &N 6??"5???1'&’?‘)’/@ ﬁftﬁé}&%ﬂ%ﬁﬁﬁmupﬁ)r%}ﬁw nting
i s acconplished usi ngbsardtialliicchstani vekticabdistaicebetheeh B printing Auid Biiphy dnd Gn loatiéthe
printing mechanismas a fluid for printin tg‘éonto a medium By pmajntaining a

10 constant verti cfﬁTthﬁipg'f‘tH?&:%“‘Be Yoicslly..theoytlet wilkGamprise sqme prging mee

the printing r|nt|ngfIU|d
fromthe fluid suppIsﬂa“fﬁa}‘?r@{Tét ﬂrﬁ?héﬁﬁ’rgﬁﬂjﬁg’dﬁgg%hhwgﬁ{d ue ?‘g changes in
static suction |ift betwTha distassionbelowrwilidocus on inkjet printinpcsystéms, but it should be
variations in print ality can be decreased

ot hough k- 5 descieratgod B the Presemtienton iapaicabip o Any REinting Slegy B pEHD
below, it will be Uﬂﬁ'@?ﬂﬁgﬁk scba.h IRRS heirfgh lihuﬂfpdiixhﬁ'ﬂmaf&iiﬂhkﬁh Fbﬁe&e the

used in conjunction with the present |nvention. l'es of |iquid
printing materials printing mwmww@s a Buid far printisg optorf m@d;rmova@t@mg Bi qui d

t oners. t r ght
‘negative pressure bgnstiﬂ?v@)%gh d'is?{)aﬁcf:%?)e&?heh@g éﬁ@ﬁgﬁ:gﬁh%’mﬁﬁ ké
prevent weepi ng and nezhitisye thd variatierindloleof2he pnnmngenﬂtfmndthehhwpply td thet
the present invention could be used in an rinti tem et her
positive or negativé" ping mechanism dB? &/&H@gﬁlﬁ‘g C‘?‘H’e“f} MWB"%‘BBB‘Y?/“"

and the printing Meeéfikd s a result, variations in pnmﬁ@dlﬂgcaﬂ@é/dﬁ&e&@@ specific
application of the present invention, inkje printing systens

typically rely on the v aEurihermeve: nlighough inkds é@cmbﬁé forrysp withahgiinkjet prigtings i s
‘Consured durt g 50| ke, TG4 0 b i et
‘the ink and the i nkjiretonjunction with thietprésentdnvenfion. Estamplasof liqlid gristingmateridianges
dur g P NG, e el B e BESEE SAR, praBiaEs SrL  t
changes with the change ifad#itidndipRalifitjReggemd el drbdighte@bR préssiird Betwién aNd
the 30 print head. the fluid supply and the print head to prevent weeping and leakage. It should be
20  understood, however, that the present invention could be used in any printing
system, whether positive or negative pressure is provided between the fluid supply
and the printing mechanism. ' '
Turning now to one specific application of the present invention, inkjet
printing systems typically rely on the vacuum developed inside the print head as ink
25  is consumed during printing. The vacuum required to pull ink from the fluid supply
depends on the vertical distance between the free surface of the ink and the inkjet
print head. If that vertical distance changes during printing, the printing process can
be adversely affected because the pressure difference between the print head and ink
also changes with the change in distance between the free surface of the ink and the

30  print head.



Vo $7/ 10106 -
PCT/ US96/ 01158 Referring nowto Figure 1, an illustrative

enhodi mrent of one schematic i nkj et supply system 10 according to
the present invention is depicted including an i nkjet printer or

plotter 11 and corresponding print head 12, fluid line 14 and ink
suppl y cont ai nO %00104| so depicted in Figure 1 is a fixed dat BRI/HF%alss

h[err], which 5 serves as a reference point for describing operation of
the system 10. Referring Gowita Fipare L Qnillusastive embpdimentsf ona kchdatiavi ng
a free surface 24 located a di stance hi abgve the datu The
bottom of the cont ainkiet S‘MIY%“F’B(’,‘QFS‘EP“Z!“S'M e presgfit MVERLQR if,ge Q/‘écl‘ﬂégﬂ%t um

ho. The contal ner 2iijet mtsi&f&&evymc&ﬁsﬁdmt@%mhm 12, AR FRSH i UGN

an openi ng such as plcte Igure 1. i'ng 26
preferably allows fspplysbntairen20.0Also k!qnc;ednmﬁtgmc lm&mdudamnmancs hg.ovhichred

.during printi id 1in ed to supply
ink 22 from conti EW%GSP(SefFrﬁ@ce;ﬂ”f%forhd@ﬁ'%mg OPaa%mlgfth?y%E W

preferred that fl u. d || ngortdinsrAUHAEES sﬁgﬁl?bﬁihk?ﬁ'hﬁwﬁglﬁﬁ'be ﬁ:raaenerocateda
tubing to reduce the amunt of ink in the fluid [ine 14. In one

illustrative 15 distatcech; above the dasumhgi dhe bottom of the sontaingr29jisilocatediaet er of

bout 3.175 Th t
SDout 3,170 O ane gy S o St t) o Bfen ke
printing systens usjmgukenmughﬁhbpdmg suchasz6 depicted in Figse 5 hOpening26rispure 1,

it ferred to d 22 t t
Lo all ow for  pr bbor Psgerely Miws o el e Roriatgt 2% e o perepmp GG of

20 ink 22 in the cgmfygner 20. Hi gher pl acenent of the outlet |s possi bl e,

but may require nore frequent refilling of container

Furt her nor e, aI t hough t hEluistine d# iy provided to supply Bkr?2fE0m epmiainer ZQﬁOEh'FEP"%lF Beadof
t he contai ner t

provi ded as a st andtl|zo:/mr§FL ﬂ%gé%&%ﬁﬂ% dﬁ?&%&aep gcfo mgnse e%“%%lf%ng%?%i etgle

t he container 20 (smbmgaogeduce ﬁfemnmeofnnkmbehe ﬂiﬂ.&lmenMFlIglonelll6$trativ25

Fae PN oo | biesn s F ) b iiad el RaPouT AcRe Thow

hori zontal directi Ogkilled in the arPRIlORGweves bEable & selett/fubing withpe sppropriatd ifdidd\s a
result, although the print head 12 noves to acconpllsh a printing

operation, its di st 8W@etenpribrinerintng systemssing known met bodsmai ns -fi xed. The

pri [‘Leh.eﬁﬁ 12 T's | ocat edag st i Hgare T, it pPARHER tb Bfev] i 92 SU dtHotainerSh at 24

WO 97/ 10106 low point to allow for proper operation of the system down to the lowest le_vels of
PCT/ US96/ 01158

20  ink 22 in the container 20. Higher placement of the outlet is possible, but may
require more frequent refilling of container 20. Furthermore, although the outlet is
shown as located on the side of the container 20, it will be understood that the
outlet could be provided as a stand pipe with its opening located near the bottom of
the container 20 (see, e.g., reference number 518 in Figure 6).

25 The print head 12 is located a fixed distance of hy, above the datum hg and is
typically mounted in a printer or piotter for movement in a horizontal direction
across a substrate such as paper or film. As a result, although the print head 12
moves to accomplish a printing operation, its distance hp above the datum hy
remains fixed. The print head 12 is located a distance of hy_ above the free surface

30, 24 oftheink 22.
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One inportant feature of the present invention is that it provides the

abi ITTy To nmaintarn tne arsrance bDetween tne print head I2—andfree
sur face 24 of the ink 22 in container 20, i.e., hL, substantially
constant by supporting the container 20°in a manner such that as ink

22 is renoved fromcontainer 20, the container 20 itself is 5 noved
with respect t&O8UWI¥he print head 12 and the datum ho. As a HFR6N11E4e
static pressure head between the ink 22 and the print head 12(determ ned by
t he di stance hL) Oagbhpitaftfestufrdfithe preseavinedntioh id thitdtigroeides the ability
printing process, both | when jnk 22 is,being _consuned an en ink 22
i's being added to tH:maigHinthe distapep between t.hTB‘Pmﬁ‘F“gufm%I e Hifage f4,01 she ink 22
replaces a nearly egplopRbolitehy); subliintially constant by RifpBHing TREGRRIRAT0 fA) De
used to naintain a su stantiaﬂllyh%bsrlustan%-'?/g‘r’rtlsi cal}y ppo 83F§t ance between
the ink 22 and the pranmer shehettiatia® inkQ2ds remayed frami cpatained2Q|ithecantainer 20 itself is

depicted schematjcally in.Figure 2 sho t.here. .t he contai,ner 120.i S
suppor t ed _ gon"?ﬁ’xﬁé gftg _E%“\'/%?@ﬁ%les?"&\fl)\g‘?a pﬁf@#?e’a&f‘%ﬁédﬁs@r ofhe
spring 130. Coil spafi@ipresiird Fead between (KR ik 2Xhnd ihepritd hedd 2 (Hérminddby the
Housing 132 is nounted at a fixed height with respect to a_print head (not

shown) . Al t er nat i veHistangmhdiramainssubstantially genstant threughayt the\printisgiprepesszbot

ttached t _ d ' - DG : '
pring 130 are mai nfin k22 bl coBbHIIRE hioR RO Oeifld ool B MEEBEh 20
head. (okdf 4 full coHRRines2tdgiacks armearynemptyl containery.ont ai ner 120, the

force on spring, 130 20 changes, resulting i,n noyvenent .of L cont ai ney
120. As ink 122195 renmov¥anoys hamsmscaebﬁﬂmgmwmhs*am?@cawmae@ﬁﬂ,
conversely, as ink d@@antshendebn léi{ﬂﬁzﬁ‘iﬁﬁ HePpiht hea%l lé. Pﬁgﬂlu%itive%ESdimem is

.downwar d. _ . The ability to maintain the free surface 124 of the
ink 122 within the depicted schematicaliein Figoe 2t Aa skaymsthenet thelcpitainemi204s suppesred

The cor et spri no SOACRIHTZS. AT coflady kel 54300 S8 8P ol g L

ink 122 in the cont monnted #i2Dhausing Bt antial ly equal to the rise in

.hei ght of the container 120 re] ative to, the,print, head, where the nbvenent
of Lhe cUt ai ner TOUSHE| B BRHMEY At et BB i FoRRATL I AR heA(oe
g gvg { _ngg 20 subgicrl. Altkdatiely RAISHg 32 3%ld B kfdinkRd w&;lﬂiﬁgnh@%&m& Qe
cequat i on: =kx

Lo 7- WO 97/ anyistrgcture, provided the points of attachment to spring 130 are maintained at a
PCT/ _ US96/ 01158 constant height relative to the print head. '
: As ink 122 is added or removed from container 120, the force on spring 130
20 éhanges, resulting in movement of the container 120. As ink 122 is removed, the
container 120 will move upward and, conversely, as ink 122 is added the container
120 will move downward. '
The ability to maintain the free surface 124 of ihe ink 122 within the
container 120 at a substantially constant level with respect to fixed datum is
25  provided by choosing a spring 130 with the correct spring constant such that the
decrease in depth of the ink 122 in the container 120 is sﬁbstantially equal to the
rise in height of the container 120 relative to the print head, where the movement of
 the container 120 is caused by the resilient member 130 and is governed
substantially by Hooke’s law, which is represented by the equation:
30, |
F=kx
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V\/ne'F"e Fis the force exerted on the spring, k is the spring constant of the
spring, and x is the displacenent caused by the force F. In _
connection with the present i nvention the force F will typically be
a function of gravity operating on the 5 container 120 and ink-122.
Actual choice of the spring 130 with the correct spring constant k wl| be.
gover ned by t hWOX@8Wésectjonal area of the container 120 andpcfllg{gs%@ﬁlépty
of the ink in the container 120 which, together, determne the

wei ght of ink per unit of depth in the container 120. The spring
constant k shoul d be_chgse o match,that val ue. 10 cl.ose as .
possible. \.:vhere 'N%Fh?fﬁﬁﬁef‘ﬁ‘éf’ﬂﬂ?éﬂggg’ gﬁgﬁ'ﬁéﬁ’@gcc i ﬁ_ otﬁ'nets%n%gréd of
coi | or torsion sprjngfe displacement causelbl the¥Brce!F G Sbrifeetidn Wt thé pres@ithods and
-apparatus according to the present . - invention could be Inplenmented
with any resilient imeerition therforeedowill sypically be a finctjen of gravity opgrating,ensthecoul d

I ncl ude | eaf" sprd ngs,__, el ' terials or any material/structure 15
that acts accor |ng°%m?%§égg§{#'g\}vﬁ - Although only one
spring 130 is depicted iActhilghoiee af the spritigl 130 Indthuheieorstiospdng constant & wilbbe a
plurality of springs could be attached to plate 128 t u rt containe
120. I'n suc&""%ﬁﬁ‘e@gﬁé‘!ﬁ m‘“"ﬂ'}é‘ "éiﬂ"?fr?ihf %M%ﬂ%@“@g%é%ﬁﬁ%ﬁﬁhﬁ
shoul d be added tO i tne contaifks!196 Whith, fopéthér, SQErRIIMASe Sefght\GF iROPE urit of @épth he
entire system 20 Furt her nore, al though the spring 130 is shown
‘as operating in teniitbagoritainer 120. The sgiring coustanh{l shosidhehpsenito matchghatyalue as
alternatively o h N cog&@essi on as wel |. Figure 3

rat.e
depi cts anot herﬁfl IE}g? L35 RA f'/st emused to maintain a substantially
constant vertical di stangkhdugh'ediscubsions here centerf arcthe 2@4febil onord@Psprings it

cont ai ner 220 and a print head in an jnkje rinter ot shown). The

contai ner 220 is supfibheundessio %the‘ﬁet%b?‘gt"@aﬁ . W@ﬁérﬂglga%&eg%s%q y

attached to a coil {REMRG c%ﬁgﬁggﬂblgmég%dzﬂﬁh gfCredifient member or/iRdbeRd Alitrative
usi n

-housing 232. - 2 is rounted at a fixed heqi‘vght with
respect to a print keapleseonld include leaf springs elasiomeds materipls oy anypaterialstrociyre

could be elimngted i dto any structure,
provi ded t he poﬁltsthgpgcé??%g%?q?%%%%g.230 are maintained at a 30

const ant hei ght rel ati veAlthoughenly dneispimgalB0 is depicted in Figure 2, it will be understood

|_:>8C-|-; US96/ 01 158V\D 97/th]é(t)g.' (;))l%rality of springs could be attached to plate 128 to support container 120.

—

In such an embodiment, the spring constants of each spring should be added to
deiermine their combined spring constant of the entire system.
20 Furthermore, although the spring 130 is shown as operating in tension, it
will be understood that it could alternatively operate in compression as well.
Figure 3 depicts another illustrative system used to maintain a substantially
constant vertical distance between the free surface 224 of ink 222 in a container 220
- and a print head in an inkjet pﬁnter (not shown). The container 220 is supported on
2.;5 a plate 228 which is operatively attached to a coil spring 230, Coil spring 230 is
mounted in a housing 232. |
Housing 232 is mounted at a fixed height with respect to a print head (not
shown). Alternatively, housing 232 could be eliminated and spring 230 attached to
any structure, provided the points of attachment to spring 230 are maintained at a

30, constant height relative to the print head.



As W|th the system dep| ct ed |n Fi gure 2 and descrl bed above t he movement
of corT ' 3 -

from cont ai ner 220, the force on sprl ng 230 changes resulting in
novenent of the contai ner 220. As ink is renoved, the container 220
wi || nove upward and, 5 conversely, as ink is added the container 220 -
wi Il nove downWQ¥/10Réoper choice of spring 230 with tRETASP¢/QIAES
spring constant k will result in a substantially constant vertical
di stance between the fregswihiRCGsietepicte AEFigite 24 deoribadalbvE Sthe Md0eridifl
the print head (not shown). Furthernore, although only one

spring 230 is depi cpéqpnmnqmgmsesosmedbwﬁwkebéawwhenu#de?@teéeamw&om

plurality of sprlngs 0 e

container 220. In sﬁ% gﬂﬁgﬁbtggi‘%&&phgé%?#aﬁé tonspnagtﬂ eac tls'e|or| ng
shoul d - be adgelaihér 220! mmmemwmwmnamomlmmtmdaﬁdthe
system I n addltlon aIthough t he sp I ng 30 | S.shown as

operating in tendi ofonverselyj gsiink is ad Ws’@%d’d mR%e downwasd,| Broper choice
al ternatively oper abP?nHﬁEQWtﬁ%?é ?re&%gi‘tﬁ% LonstatPk wilf result in a sﬁ!?b%ﬂ?ﬁy constant

alternate illustrativ odi nent em according to

present invention i gerdeqhdlstmde betwinghe ﬁeetmmezﬂﬂ of ¢heiaik 322 incop@iiner 22Gand
cont ai ner 320. b cgra ay er 320 is supported by a pair of parall el
arnms 334 which pivot eaPB‘Bh}lm not shoWn)y ed poi nts 336 on support nember 340

and about points 335 on m&hﬁ&\:ﬁﬁ&wﬁm}yowspnhgaﬁllsﬂaﬁct%tﬁﬁguﬁfmﬁvﬁﬁﬂe| S
connected to a coil E ng 330 ich 1s supported from nenber 332

Mermber 332 is nifabhedegiteqd thatanlurelity of springs| cowld he sttashedtorplage 32%5to support

R R e

It will be under st obeladdedto damhiﬁhemmbnaﬁ@nngmmmEOﬁhowm as a single
armif container 320 wer d h that,. jts,center of.qr.
remai ned bel ow 25  rot ﬁ‘i%ﬁﬁé aﬁf?‘ ‘fé‘éﬁ%fprﬁ‘ﬁtn{’?wg ﬂ§°%°ﬁ§tﬂ%‘9\}lef'ﬂxﬁa{t‘§lnl el

arms 334, however, pe understécdthatiit @uldaiernativély Bﬁmé th é(ﬂttﬁéssxéh agtvellt i nes,

I rrespective of the | ocation of its center gravity

As with the syst®ens dep|6{‘%‘&3’1*@P’g@i‘@gmﬂ%ﬂﬂ@@‘m%h%farﬂ%@rémgé‘bmea| ner
320 is_governed by dift Fighte AUARH ibludbEARYSSid d ARARREI0.NCT
30,. 320, the forceﬁgn sforl tﬁ’Wé»SO C ar{geséll resu{étllnu I n rmvehent of the"
cont ai ner 320. The gontaineic 32@ isrsgppored by tahiairoﬁmrdhh amms334 whi¢h pivasaboutpwar d
?gfj converse{/\}l/), g%sfi ﬁggﬁs 336 on support member 340 and about points 335 on housing 328. At

PCT/ US96/ 01158 least o€l 6 fe hints 33d1i¢ ednfedted3idCh obillsprifgp330 velsivinisaashoried GloaT
choice of spri n?o 33member 332. Member 332 is movable with respect to fixed rotation pomts 336,
using fasteners 338 mounted in slots 339 to allow for adjustment of the height of
free surface 324 of fluid 322 in container 320
It will be understood that parallel arms 334 could be provided as a single
arm if container 320 were supported such that its center of gravity remained below
25  rotation point 335 at all times. As shown with parallel arms 334, however,
container 320 will remain level at all times, irrespective of the location of its center
of gravity.
. As with the systems depicted in Figures 2 and 3, the movement of container
320 is governed by Hooke's law. When ink is added or removed from container
30-. 320, the force on spring 330 changes, resulting in movement of the container 320.

As ink is removed, the container 320 will move upward and, conversely, as ink is
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the” correct spring constant k will result in a substantiall y const ant

vertical difference between the free surface 324 of ink 322 and the
pri.nt head. Furt hernore, although only one spring 330 is
"depicted in Figure 4, it will be 5 understood that a plurality of
springs could be attached to arm 334 to support cont ai ner 320,

I n
such an enbodiW@f¥1919%e spring constants of each spring shoulf§TUS96/01158 o
added to determ ne the conbined spring constant of the system
I n addition, althoygdedtheconiing32034ll mbvedmwwad. Properdhoitg of spring 330 evith i t

w | be understood that it copuld alternatively operate | ]
conpr essi on as wel [the cofgget spring consagt g@'ﬁ“ ’&ﬂﬁ‘t'ﬁérs‘a"?séaﬂ'ﬁalyec Bfta'ﬂw&n@?r]thMt

depi cted in Fi gure pdpyeefd the free surfaceS2¥ 8FRRB22kndikeipAat B3@ horizontal Iy,
i.e., towards or away from pivot points 336 can also result in an

ef fective change. in foFughesworsalthough baly onesnring 38¢) isdepictedrin Figured, it will be
support container 320Q0. Th | s:so.because arm.,334 ts. as ver

providing a - g un E‘Hﬁﬁ‘@hﬂé&‘é‘gfn@w@&?‘ﬂ 3138&%33 8(%8333 8?"%“8?‘1 ng 330
as its distance frQphiainer 3205 In sith\eflenBodifientd R spfifd snstafits ofe4PR Spvett shogldf or

such variations will be wel|l within the, ] skill of those in the art
and wi || not be exbeaddrddongiermige thecpmbiged spring constant of the system.t he sane

reasons, it should be u@ﬁa@rﬁ?gﬂgﬁt&r}gﬁwsgomio &aﬁﬁgintension, it will

contai ner 320 i s sonewhat oret ange I n angles bet ween t he
spring 330 bemddarstood hat it aould glteaamativély operatean dompresseomcas well- t he f orce

exerted on spring 330. .20 I cases, .hquever. .th rii di st ance
travel ed by coﬂpai ner 32’@)?’%@?&5&%{%’3 of the @hoﬁmep@ﬁﬁléed?ﬂéfgu@ 'ﬁgbe t he
variation will not Rgemeht STRHMEI30 horizontally, i.e., towardSlor hivaypfiérh pivot poihe3Bat €
Il lustrative enbodi ment of a system according to the

] ] ! present
invention is depi ctcenaksresulyinan effective changgin forgeevhichhmust be exerted by thespring to
attached to rotate | PPhd? Ef%'mﬁ‘&mqilmp Adif2h !
spring 430 is 25 s a%‘ﬁ‘é%‘eygé?'he cgsnst%%féﬁ%l%g 0 to support TP{O ar{gg%he I nk
422 inside the contmechanical advantage to the fartecgxettérbbiheprini 83®4s itsdistince fommht ace
424 of the ink 422 with r ct to a.print he ... [ enmains o
substantial |y (,lélnstpé'fﬁ‘ P&@?sﬂf‘“ﬁ?"f-scg@mﬁ‘g ‘f’ro'r'r‘ﬁ“:lf)‘r'a"aaa‘c’l"esci‘{'rli1 §e s athin the
420. It is rel ati wRiinofitkaaeid a8 hrtlafd KilEnot Be bXpMinddTarthathémine area of the

free surface of fluid 422 renain substantiall.y cqnstant _as the_ink
is renmoved from or addedof the %emfﬁi'h%“%%?é@%¥wSFH%“ﬂeiqu’é’it‘oﬂﬁfure

of Hooke's | aw and QfsasidF 53t0is sSSP fiMited before the change in angles between the spring
- 10- WO 97/ 10106

PCT/ US96/ 01158 330 and am FFheausgds.an Eective differenpin the forqecexpyited oy spEing B3&t
‘the free surfacg 424 npa%y %&Qsc’, th%@/“é?’,' tlht\.( vertical distanEétfVeleli By LBRailkr 920 v HEL 436.
 sufficiently small that the variation will not be noticeable.
Still another alternate illustrative embodiment of a system according to the
present invention is depicted in Figure 5. As shown, the container 420 itself is
- attached to rotate about a pivot point 436. In this embodiment, a coil spring 430 is

25  attached to the container 420 to support it and the ink 422 inside the container such
that the height of the free surface 424 of the ink 422 with respect to a print head
remains substantially constant as ink 422 is removed from or added to container
420. It is relatively important to ensure that the surface area of the free surface of
fluid 422 remain substantially constant as the ink is removed from or added to

30., container 420 because of the linear nature of Hooke's law and of spring constants
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The use of container 420 in housing 432 al so provides an additi onal

advantage 1 n that novenent of the contalner 420 1s danped by the volume of
air 4n 5 .space 450 in housing 432. To provide the danping benefits, the
fit between cont ai ner 420 and housi ng 432 should be relatively
tight tolimt air flowinto and . out of volune 450.

A further opti oWO%MWW6consi der and adj ust for the changing toPgHESTAILE
as the container 420 rotates froma horizontal to a verti cal
ori'entation. One sucingehéral. Teeissistcthaf it dsjrefetredithaf the fied surfaoe AZrbbe substeqtially ed
in Figure 5A in which séﬁrigg 430 is .. shown as attached to a cam 476
whi ch rotates about - fighto th&pivopoitd3fy 4 cam 476, an adjustnment can
be made for the change | NThQk@f cbitiie 420t RIARGAS2 ko pRRides an addintBNt Of
ink 422 in container 420. A container 420 with a

subst antial |y pi e- shajvautage ingbatswavement of thewontainet 420 is §amped tyitbeiwdhume ofmiyinbe

dvant t i d 0SS Sect | L] -
T 11 od pi - shapk| TPAah S0 B eRR0E 4120 o Arpue Bt ipiog obeEl: B A betwemn, e
| ower radi al EbrbdiR 20 afd Astising A32 duldBe rRfafivély fight pe it AlrloRaaRhndN

t he wei ght distribution of the contai ner 420 1tself.
Turning now to Fi gur eut®f valymei45Qst r at i ve enbodi ment of one contai ner 20

support systemsimlar to t’@%@ | ] | '
‘depicted in gr eat ejrJl e 35?3?‘?%5?ﬁ%“#&gﬁgﬁfﬁé?gg%gﬁ‘r&ﬁ%@%é‘.“ﬁﬁd 70
havi ng a free surf acthesardtainer 420 rotaldsdronomhaerizoetal to20vertical oribpsation. Gpemichg 526

-and a cap 527. 527.1 ncludes. a snal .l er I n 25 L ch.al |.aus
the pressure abgﬁ]g tW@‘hPﬁng‘g'ﬁ"Pﬁf%d{ﬁ%ﬁ% Wd?mmegg‘%gur?ﬁg "éﬁ#%ﬁ?"'}%‘b@éﬁre-
outside of contai nershadf asdfatthehed & a Edie 4 FRich rdtites dHoRY Folht 438, Busing a cam
excessi ve evaporation of the ink 522. Wder opening 526 provides tﬁe .
ability to r e#76; pn adjusteentcap hey madmfos theshangean torque caused by changesygsheyer
use for small er openj oy 0 ' a port useful for primng

a printing system bybg%e"gég'rnlkz"?%gnﬁoﬁ{eﬁ%tn ainer 520 to force ink to the
print head. Such pAicontainer 420weitH a substantiallp piekshapedicrassdeatioh s helpfulpe
‘descri bed furthe 5 he&%n. .. 30 Al so i nc(ll:dé%?% I n _cont.ainer 520 js a
‘tube 518 whi ch phef eFthgPsh i may by adyagtageous to pipy % CIPST P EHP s fe, Suchasa

S 0 /nt gi ggr 520. This inbifified pieaRalie thhich theqsppec@ilialdistirte if\eater than the I0Mr radial
197/ 101

'PCT/ US96/ 01158 distanqey,Qther yspiatipns arealse pogsible based gn theweight disuibutionyof the
.system 10 depicted i i Sk g y extending the tube to near the
‘bottom of the contai %g?&%sogoitﬂ%ﬁcont ai ner can be nearly enpty

bef ore repl acenent or refTurhinggowso Figyts 6, @d illustrative embodiment of Dhe corsaiteri ner
(520 1 SumpOr S ot o W o o B A B3 A
its posi ti on peiter detsiligelidia®a tirtaifier 926 holdinglisk SI¥ avigg adreeBarface 524.
“mai ntai ned substantially . . ; .
= The container 520 includes an opening 526 and a cap 527. Cap 527 includes a
'smaller opening 525 which allows the pressure above the ink 522 to equalize with
the ambient pressure outside of container 520 while, at the same time, preventing
25  excessive évaporation of.the ink 522. Wider opening 526 provides the ability to
refill and/or clean container 520.
Another use for smaller opening 525, is to provide a port useful for priming
. a printing system by pressurizing the container 520 to force ink to the print head.
Such priming is well known in the art and will not be described further herein.
30 _' Also included in container 520 is a tube 518 which preferably extends to

near the bottom of the container 520. This tube is adapted for connection to the
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constant. One illustrative enbodiment of a pl ate 528 wi.ll be described in
nor e detail below with respect to Figures 8-10. _ The
upper end of spring 530 is fixedly attached to the housing 532 using a 10
support ring 560. Ring 560 supports spring 530 by capturing the uppernost

coil . = and retaining is within a channel formed about the
ci rcunf erence. WOS&19106 ust rat i ve embodi ment - of a ring SEEFURIL15R
further described below with respect to Figures 1 1-13.

Turning briefly to fi@sipplylinetlQistissél Wwitidrespect W sysreincld dep.ctuau:sﬁggremawsu ng
a 15 plurality of connectors 542 | ocated in helical 8175 540 forrred in

housi ng 532. By extending the-t mg'eﬁtt#gbswpsﬂﬁﬁaeﬁawgf%@z SopgingLgan bg
sl ots 540, the hei g 530 can be adjusted
by | ooseni ng conneg'%&rgglggtg afbg&&gtagﬂer?boﬁl?ﬁfgngiswdea 60 and attached

spring 530 relative to IEhesiongingr§R0 is\fupportepwithig aB@Osmg;ﬂ%whmbdsca@ontams a

t he desired hei ht t.he LSe 540 .be ret]. ned, tQ mai nt

upper end 20 of W@gégﬁF’?@ﬁ 6§%tﬁfﬁ§agéss‘ﬁfe§€e4‘fa{6@fﬁ coqsre?mg Bl fhat i°
iIlustrative enbodi g@iifon R¥ithirespRét th Bhe coils of thE kytHigar be BinBfined!sGistantidly ar e
provided, with their mdpoints |ocated at 120 intervals about the

circunference of hotesstant. 3y illustrative embodiment ofigrlate §28 wall brdeseribed in mpge upper
end of spring 530 'éaﬂﬁ%i%vﬁtﬂrég%ﬁﬁ s 8-10 hei ght of free surface

524 of the ink 522 Th con ner conpensate for 25 variations in
t he wei ght of the cont al'l’tmrup!;':a(bndtoseprfngSsﬂltsﬁ:&ﬂl?ahammgodieﬂn’oesimﬁzttsinga

densities, or springs 530 w aryi spring. c ant s er the hei

of the ﬁ’ppe’f“l’éﬁa rigg > é‘g i‘ﬂ %gggxqu g?‘ﬂgﬁgﬁb?o&@‘“‘?% @ﬁtﬁm‘-&mﬂ%ﬁm eed
adj ustment until a ﬂﬂ"i‘etammg is w:tﬁlﬁ'ltcﬁhﬂﬁffoﬁg& ddourthel cirdupiferiehed. Unedlsbtrative
used. plrate 528 used to support container 520 in housing

532 al so provides aemwmm&ﬁ% ring Se0uyvill beifirghes dencribad brelogy with respect to Figyges

spring constant actipg on t he contai ner _ 520. By rotating the pl at e k
528, which is threaded into the coils of spring 530, the
-12 - WO 97/ 101'Dﬁmng briefly to thure'l the ring 560 is connected to housing 532 using a

i usted, ther oby vRIRPeRmestors 4z Gssfil i PRUHCN G PP el Fnsinds T2y ®

characteristic of aédnns&inh rin 'Sb@ﬁﬁhoukm 532 tidifg Flitdl BWts 540, the heighsdfans upper
inversely related to the nu of coils acting to prOV|de thg force, a

result, if a snal | eendfsprgg §,3t9rF§t1 Hﬁt‘dw%edo@slp?%ﬂ'“gtcﬂ%“eﬁpést W "?,ta‘r‘PSJ‘e“g
threaded 5 domg@éﬂldta?taéﬂlﬁr ﬁ@ﬁﬁbb@ ﬁﬁwm(ﬁ?us‘?ﬁ% $A0l | el Spriva930Gs tediled at

acting on the plate versely arger spring constant is
desired, the plate S2desized height, tlhrcealcbemrs 540 can bg petight¢nedotormajufaia theieppauerser

| of : C_Oi 's of Spridt 9 §f3 tge gp(v:rgnlgr}aqo p the de |t%d %elght.S%n the illustrative embodiment pictured in

Figure 7, three slots 540 are provided, with their midpoints located at 120 intervals
about the circumference of housing 532. |
Moving the height of the upper end of spring 530 is usefil to adjust the
" height of free surface 524 of the ink 522 in container 520 to compensate for
" 25  variations in the weight of the container 520 itself , inks 522 having different
d:ensities, or springs 530 with varying 'sprihg constants. After the height of the
upper end of spring 530 is set, however, it should not need adjustment until a new
container 520 or a different ink 522 is used.
~ The plate 528 used to support container 520 in housing 532 also provides a
30., means of adjusting another feature, i.e., the spring constant acting on the container

' 520, By rotating the plate 528, which is threaded into the coils of spring 530, the
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In the enbodi nent depicted in Figure 6, it is preferred that the housing

532 armd—Tontarmer—520—be—comstrocted—of—a—tramspat-ent—or
sem-transparent materials to 10 allow for visual nonitoring of the ink
l evel in the container 520. Visual nonitoring of the ink level is
also helpful in setting the initial height of the free surface 524 of

the ink 522. WO 97/10166 Anot her feature of the housing 532petrds9s/o11ss
cont ai ner 520 conbi nati on depi cted : in Figure 6 is that novenent of

e o 728 ol C OB 6Y colle Seing Lkl bfd S8 dih bB heushel, bV e

danped to further e sys to mal ta| A con
vertical distance bepmwﬂshﬁt f’l’iﬁeaurefma;ehanicteri:ac ofiall eoil dptitkgs, ipe.,ithe springd.

I'n one ~version, the danping, can be ac. hed, b rovidin
relatively tight fi {copgantdtifver nPelyrelat H@ﬂffeﬂ"*\ ?&00315 a‘f"l’fg){‘bg g%‘g’éﬁ?d Asife
inner *surface of thgedh@tUihalies :ﬁ{g%asxmttmdemd the ,ﬂﬁ@kwemtdz%&madom of

the housing 532. As a result, the volune of air in the space 20
bet ween the platé 5 Zigwaerd todndsese themumberaf cmimfsngngsi@ agting oraﬁlepme 5,128

g?g&eaed arounf:lot Eg\teo; W Eﬁﬂf%ﬂ% oﬁ,@% fA&t‘{ Eﬂe E‘gézf%ﬁ%?op o#d?hge
housi ng 532. WWere Itipwhﬁlmbdmémtnumbbréﬁtmlsofspnng&mactlhgobdietpm&MSthe
housi ng, seals could be prOV|ded aro pd t he contal ner op

0 at the t
of the housing 532 and al®thésmb ictpddn Figugrg, |‘H§P’5%%ﬁ§!af%lf5?“¥‘f‘&§%? 25
volume of air surroyngifgai tor,é’l'ls'&ﬁf:tet'i_’39& Bhrent G $Sthi¥andparent materials to

:I'n sone instances, it may Be suf icient to rely on friction between
‘cont ai ner - 1052 @llow dorhasus] monisEiag aﬁt!llbmk levab jnthe coritaines 5528Vmalttmm®n
532. Ot her neans forof

o R A B e

‘needed for the cont gheiak 539 520 to cone to rest after a new cont ai ner
-placed in the housing 532 or if the inter is.noved in _nmanner mhlch

‘al so noves the contai ner AS‘?E*“‘-&??G‘“&%‘E@B%“%WB@Z and container 520 combination depicted

- 13 - WO 9 FiklrkQfis that ent of the plate 528 and container 520 relative to th t
“PCT/ US96/ 01158 &g tso cf)nr%?‘ess or gxt%n Al'so, the cll'azrarf)‘l'ena cea%nn

~prevent changes ¥n ﬂlh&ﬂ%rbmdwpedtoﬁlrthergtdmmthesmm_emhwmmmn sanstaat e
524 of the | nk 522 3afichiWislict BlrolSRAle BUE slifuce of the ink'dafl Y A nid! 16 oRL ! N €
C and dece Sduring pFi Nt hg.

.as the print head is 4 era Srace
S Tur ni ng vesion| the Bmuhgearﬂ)dﬁcmlsheMroﬁdinge rélttivalyttr@t fistestween

Bllate 538 i nol udes AR oF he PRt Sk 4t dhe o6 STRERE o E MRVE R LA AOGREr
- sur face to receive Qafing e B ofthtHou ﬁ?j@‘ﬂ@ﬁ As a result, the FolkRS b diin the space
(Ol ATONSNI P F N0 o8 between the piate 528 and the bortom of the housing 33 will act 28 & damper
to movement of the plate 528. Alternatively, a seal could be provided around the
outside of the bottle itself at the top of the housing 532. Where it is not practical to
seal the bottom of the housing, seals could be provided around the container 520 at .
the top of the housing 532 and around the plate 528 to define a relatively fixed
25  volume of air surrounding the container 520 within housing 532.
In some instances, it may be sufficient to rely on friction between container
520 and housing 532 and/or support plate 528 and housing 532. Other means for
damping will also be known to those skilled in the art.
In any embodiment, damping can reduce the time needed for the container

30. 520 to come to rest after a new container is placed in the housing 532 or if the

printer is moved in manner which also moves the container 520 and causes spring

-13-



porfji on 580 and is preferably helical to allow for easy threading of plate
528 into a 10 spring (not shown). It should be understood that the

support plate 528 is illustrative in nature only, and nany ot her
rmechani sns/ desi gns coul d be used to support a container in a coil
spring. Figures 11 -13 depict one illustrative enbodi ment of
a support ri ngwgé’@’?}%d to retain the upper end of sprPGigU§oH0118

position, such as spring 530 in Figure 6. The 15 support ring 560
i ncl udes a portion 53020bbmm5d*ondxten& Alsoothe damping emprb‘@nt changesanithe vertical

unber of bor e op R veBBRthe fee s gL ol U8 T s s BB Ak KL Lch o

540 - di scussagbratior éiithe!predtérQ thd print héadus eccaeﬁbav.ﬁd dedelerdted ddringst r at ed
enbodi nment, the . openings 560 are |ocated at 120 intervals about ring
560. 20 pEngag.r of |ower flanges 564 and 565 extend from portion

TPange 568 and Pouer - T haW1d BRles BOIAGRRRI: SAPBRARE: BESUERDY UPPTL

upper end of a coi |théguppog plat€528 in greater detgillr '@hﬁsuppan IplileaSZS indiudes a perarab
relative to a housin Il lustrated enb ment | ower, fl anges 564
‘and 565 are heli calpqgﬁé‘?'h{ho\}ga bd’ﬁﬁ?f@?ﬁ‘?%ﬂ”%ﬁ%‘%’ﬁ“é‘?s‘?@@?‘ﬁ““ (pet Shown)
‘capturing an upper ifQinkstidfy r&a?&isﬁxpsprahgtgsszléneibpwtdaJﬁmdﬂrp%ﬁ% M@hnmhe

‘support ring 560 is 1llustrative in nature only, and many ot her

‘mechani sms/ desi gns RosuRRIS89cand is preferablychelicab tosaljopiofr easy dhreaging of plate 38 imom i ng
in a housing. (not § shovm ﬁ%ﬂ&ﬁlh Bgﬁllxdet-s‘?é‘éd%ft | m&}@ﬁ?&gﬁzé@zsﬁ%ov' ded in

any of the systems sggxé% resen
"keyi ng" of the connm:ﬁﬁv&naxaﬁhréhﬂy rand emppoﬁnen/mech&ﬁsms’dmgos touldbdumed sors. By

keying, it is nmeant that the container and its respective support
system are provi dedURPeTha COMHPETIRACH SPT08apes to prevent the use of, for

- 14- WO 97/ 101GBgures 11-13 depict one illustrative embodxment of a support ring 560 used
PCT/ US96/ 01158 exanple, ink with the vvr(gw_g' densi %/3{)' n_the system

The keying coul d t ARactaindhs upper end of spring injpagition. iskh asispr dnﬁﬂxretﬁneThe

contai ner and WﬁV'sﬂPﬁ& ﬁgg%q)incou a;onn(F{ %Zrtﬂﬁh%pwhlch cont@il éaﬁle

supporting the conta I'nc I ng t e con alner self
to fit within a conjséeFigure).yAsiopper dlahge f58regtends from Panioeﬁégmdamclcdnstaal ner

coml ementary - kg OLTa afvoiy dsCuRiRA T sy iy Rapnpdic 8™

densities to be usedlsobsdel irt Ejupkiiot With Figure 7 abdve. linQhé illustrated embodiment, the
Furt hernore, although the springs and resilient rrenbers descri bed above

exhi bi t general |y (PRERBAYGPHATS fcated at LA0s inggryads abopt 7p4 $6%e under st ood t hat
wi th-proper 20 ~ A'pair of lower flanges 564 and 565 extend from portion 562 and are

~ located below uppér flange 568. The space between upper flange 568 and lower
flanges 564 and 565 is adapted to received the upper end of a coil spring (see
Figure 6) to retain it in place relative to a housing. In the illustrated embodiment,
- lower flanges 564 and 565 are helical relative to upper flange 568 to assist in

25  capturing an upper coil of a coil spring. It should be understood that the support
ring 560 is illustrative in nature only, and many other mechanisms/designs could be
used to support and retain a coil spring in a housing. |

An additional feature which can be provided in any of the systems according

to the present invention is the “keying” of the containers and their respective

30. support mechanisms. By keying, it is meant that the container and its respective

" support system are provided with complementary shapes to prevent the use of, for

-14-.
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10 contai ner shapes, the use of cams, etc., the present invention could

al so_be used Wt h springs exhibiting varl abl e and/ or non-TiTnéear
spri-rng constants. The present invention has ‘been descrlbed
above with respect to illustrative enbodi ments to whi ch

nmodi.ficati ons may be nmade wit hout departing fromthe C_Pe of the

i nvention as d¥Pi%a108y t he appended clains. 15 0 MUSI6/O1IAR o t
is clained is: A system for delivering printing fluid
froma contai ner tczmnplejmklmgthéwrongdenmyuh&alsmm pThekeying cblilditakel the fona
‘cont ai ner havi ng a sur&} ge def ni ng % hori zont al
cross-section of t & 0“?’1\8 ngp oﬁ?ﬁﬁ%"' Rg a complementary protrusion

(a) aresilient m@bla&bﬂ&B?d lhg‘ﬂeE&&mﬁ%er d¥ald 1ﬁﬂ§dd”§hhp|ﬁ§1ﬁnefo€ﬁtﬁﬁeﬂiself
grawty, wherein the resilient menber has a spring constant such that the

verti'cal 10 diodit avithin dcomplementaneshapesichavsing, e, bhemaMQntmnmg:afl ui d

ori nting f1ui d Ps. (SRR opgn st BaeRs St BFhoungy ardWhpiiently

neans for adj usti ngonkihefsdoulibeqRvided Tor @ieh bhhe @ik densiti€saBH3 usI with the printer
2. A systemfor delivering printing fluid froma container to a

printing 15 rAfMA®F.sm printing fluid in the container having a free
surface defining a genen edt '
contai ner, the system cgr?r‘%){rhlxmomg althoughmépﬁﬂﬁkta?:h r&ﬁ]f}?ﬁ)n&ﬁﬁ&é ?ée%gﬁél eaﬁ§ve
menber supportl ng texbibit gnnaallyemchmmgspnmrwnswm;et will be understood thatiwith proper
wherein the resilient rrerrt}?a ﬁ'sf a spring.constant such. that‘dﬁge vert cal
di stance bet wedfl t FONfAMEEShapes theyse,pf qams. oic.; the PrRgent MY ERtion pu

nmechani sm 20 I e $pPings) ivatidbie VST nBANingks sphirigion&ignté | Ui d Is
removed fromthe container, further wherein the container is
shaped such that the ar cRheypresentinyantien Basrtegn desembed ipboys with respect to illustrative
fluid remains substanfis Unsh fromthe
cont ai ner, and hﬂ*elnié tﬁer m@deﬁuﬁeﬁ% brQ ?‘hafngJdtﬂg']ftZdrfP ﬁ-ﬂﬁé’ ?ﬁm the
resilient rrenber |$cepd1ﬁ‘tthmhvahbyasadpﬁaéd lby)thblawendedcla.lms wei ght of the
printing fl ui d E[lljnlt of depth in the container, and 25

(b) means for adj sting the spring constant act i ng on the container.

. A printing system conpri sing: a) a printer
havi.ng a printing nmechani sm

-15-



a container for holding printing fluid; 30 c) a

fI ui d pﬂnmﬁnmmmmr nting mechanism and the cont ai ner;
supporting. the container against the force of

;grawty, Whéretn Prithtihg fluid in the container has a free surface
defining a generally hori zontal cross-section of the container,
and further wheoewmtohe resilient nenber has a Spri CToEsYs/HaBE
such ‘that the vertical distance between the free surface of the printing
fluid and the printypgid@akediss™ remai ns substantially constant as the
contai ner noves 5 - rel at ive to the printing rrechanl sm when printing
fluid is renoved fromthe contal ner; and - (e)
means for adjusting the,spri ng nst ant .a..tlﬁllﬂgg_n t he cont ?I net .

4. A net hod of- pr ot ¥FHE W?’W&W 274 GIOARIEIRBs m  t he
~nmethod 10 CONP inje2hdhisni, %ﬁnﬁl{geﬂiﬁd infthe container having a free surfacé?defining R/gakérdiyny a
container for printing fluid, wherein when printing fluid s in
the container, $§hehprizontal ﬁgm-m-an pEthe gontainer, the Sysiena coraarisig Agresliont member v

“hori zont al b)
pl aci ng the cont ai nel!ri [ n@fﬁﬁglﬁs t &%ﬂf‘%?ﬁgﬁ%?ﬁ%g hﬁ?"f“n‘t"e remhfgl member
mechani sm hasa sprmg constxm) suchzthe pleer vertivgl diktence detween tie f&gaunfsde offie

force of gravity such,t ertical . di stance between the free
surface of the pri prﬁq'ﬁﬁﬁﬁan?t%'?ﬁch%&mmw smﬁh’cﬂ?&ﬂ?"éﬁ?i’@mgns

substantial ly Conshﬁﬁxs?én&fe&%m& éddtu“{érl s renoved fromthe

container; and 20 adj usting the spring constant
acting on the &9ntainer. 5 A system according to claiml,
further conprising n'ean e . | i.ng
on the contai ner. 2 %gyg{eg'aaq’w&% de‘ { er nqeéeénctgfaiéﬁé'hggs %ﬁgfgm&gh ﬂ%ﬁéﬂreei n
the resilient nenbareaaﬁmﬁ-easarfa:emﬁthe pnntmg fluid reyminsrsgbstamially contthstraswher ei n

the neans for adjustin .sprin con tant conprises - means for
varying the nunber PEpt ‘demP e§Bﬁ“P‘H§" acting to support the
cont ai ner. 30 :

15 3. A system according to claim 1, wherein the spring constant of the resilient

member is substantially equal to the weight of the printing fluid per unit of depth in

the container.

4, A system according to claim 1, wherein the resilient member comprises a

20  coil spring.

S. A system according to claim 1, further comprising means for adjusting the

spring constant acting on the container.

25 6. A system according to claim 5, wherein the resilient member comprises a
coil spring, and further wherein the means for adjusting the spring constant
comprises means for varying the number of coils of the coil spring acting to support

the container.

is Sheet Has Been Re; pllaced
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REPLACEIVENJMM” A system according to claim®6, wherein the
means Tor VAl ,"‘”’,’”H'i} ~orT COTTS CONprises threadimg—a support
pl ate supportifig the®contal ner into the coils.of the coil spring.

o 8. A system according to claim1l1l, wherein the resilient nenber
conprises a ~single coil spring, and further wherein the container
fits substanti WOPARO&I n t he I nner di aneter of the coi | PCXA$%E1158

9. A systemaccording to claim1, wherein the resilient nmenber conprises
a 10 torsion spring Asys:emléécordingzémﬁﬁmﬂ%aﬁmenﬂeahpf&bmlhemeﬁ £
t he container is operativel connected to the resilient menber suc
that the container regilseamprisesthreading a supposteplate suppopsing the ¢ogtaine ingo the coiisiofy ed

fromthe container. oemes 11, A system according to claim1l1, further

conpri sing neans fortﬂeg%o%spﬂngg' novenent of the container. 12.

A system according to claim1l, wherein the container is refillable. 20

13. A system according to claim1, wherein the caontainer is replaceable.

14. A system fér el i verPSEmAcraramado Flaim 4 whesia thesestlient member SompRsesat i ng
mechani sm printing 4L llsﬁh‘iég .\ﬂf'e? ; i : . i ng a
general ly 25 hor i zng 'fyaclg' cro -Eé&e@??%n 0 el{?%\écggtﬁ?l g{%tﬁﬁb%%ﬁéﬁ%ﬁgﬁ@ﬁh@
conprising a resil i émter diampter of the coil spmogorti ng t he cont ai ner agai nst the
force of gravity, wherein the resilient nenber has a spring constant
such that the vertical distance between the free surface of the

printing fluid and the piA systefithcBRtang o Sl BNWerdin the PEAIRAL méthbef compiidesdt as

printing fluid is removed fromthe container, further wherein the
contai ner is shdPed!esiOR SPNG. t hat the area of the free surface of the
printing fluid remains substantially constant as printing fluidis

renmoved fromthe container, and further wherein the spring
10. A system according to claim 1, wherein the container is operatively

connected to the resilient member such that the container rotates about an axis as

printing fluid is removed from the container.

15 _
11. A system according to claim 1, further comprising means for damping
movement of the container. |
12, A system according to claim 1, wherein the container-is refiliable.

20

13. A system according to claim 1, wherein the container is replaceable.

14. A system for delivering printing fluid from a container to a printing
mechanism, printing fluid in the container having a free surface defining a generally
25 . horizontal cross-section of the container, the system comprising a resilient member
supporting the container against the force of gravity, wherein the resilient member
has a spring constant such that the vertical dfstance between the free surface of the
printing fluid and the pn'nting mechanism remains substantially constant as pﬁnting
fluid is removed from the container, further wherein the container is shaped such
30 that the area of the free surface of the printing fluid remains substantially constant

as printing fluid is removed from the container, and further wherein the spring

This Sheet Has Been R -17 -
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con éta resi I | ent menber is substantially equal to the weight of

t he prlﬂ"iﬂgwm per. unit of depth in the container. 15.

A syste al m 14, wherein the resilient nmenber conprises a 5
,coi | spring. A system according to claim14, wherein the
resilient menber conprlses a single coil sprlng, and further wherein
t he contai ner WPPY¥18@bstantially within the i nner di anefEVUPS01 15
coil spring. 10 17. A system according to claim 14, further

conpri sing neans f%nadimstﬂertesniehe:nember is Substaitiallg equaal Bthe feighnef thepiiing

cont ai ner. ¥st em according to claim17, wherein the
resilient nenber C(ﬂﬂﬂrl?%@@t QQPﬂbtﬁl‘be%%"f"ng and further wherein the means
for adjusting the spring constant . conprises neans for varying the
“nunber of coils of the coil spring acting to support t he contai ner.
19. A syst em accasdi ng\ systeal exconding to viaim &4, whcrein the aestichtomember gomprises @
nunber gm S co'gtprl ses threading a support plate supporting the
cont ai ner [ nto he %8 of the coil spring. 20. A system
according to claim 14, further conprising neans for danpi ng novenent
of the container caused by the resilient menber. 25 - A printing

system conpri sing: 16. A system according to clgioy 14, whereimthe iresijicat rpﬁmbﬁflcn@pnses a

O e T ui d par n el o FRBEAATER M colos) S Rl el

d) a resilient rinepdianfetep pOtheicoilspring. cont ai ner agai nst the force of
gravity, wherein printing fluid in the container has a free surface
defining a genépal |y

17. A system according to claim 14, further comprising means for adjusting the

spring constant acting on the container.

_ 18. A system according to claim 17, wherein the resilient member comprises a
15 ° coil spring, and further wherein the means for adjusting the spring constant
comprises means for varying the number of coils of the coil spring acting to support

the container.

19. A system according to claim 18, wherein the means for varying the number
20  of coils comprises threading a support plate supporting the container into the coils

of the coil spring.

200 A syétem according to claim 14, further comprising means for damping

movement of the container caused by the resilient member.

25
21. A printing system comprising:
" a) a printer having a printing mechanism;

b) a cbntainer for holding printing fluid;
c) a fluid path between the printing mechanism and the container;

30 ., d) a resilient member supporting the container against the force of

. grayity, wherein printing fluid in-the container has a free surface defining a generally
This Sheet Hag _ -18-
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hori zont al nilmﬂ"ﬂ t he container, and further wherein the
resiTTent ﬁ ,mm;gm Spring constant such tnat tne verticar

di stance betVeeh the ¥ree surface of the printing fluid and the
printing nechani smremains substantially constant as the cont ai ner
noves relative to the printing nmechani smwhen printing fluid is renoved 5
from the cont ai W&97/10106 22. A printing system accordi ng PEI/E$%/04581
wherein the container is shaped such that the area of the free
surface of the pri nthdgorthltrékssediiah B thebataimet, ad filrther whereifi eHeSbsiint ARmber
printing fluid is renoved fromthe container. 10 - 23. Aprinting

syst em accor di ng t o has aispsnEcongipm ﬁé‘iﬁih@»(l’f@ westica) gistapprshenmeendhe ﬁ'gg;surface of the

st et TS | UGS Balul AL b B Ao il S A O P

according to clai m Zhbntameemves rblhmerte shd priting meoliaaism when priatagfluid 8semovel |

spring. l{%rl nt | ng system according to claim 21, further
conpri si ng nmeans forﬁ'°mt ting the spring constant acting on the
contai ner. 20 26. A printing systemaccording to claim25, wherein
the resilient menber conprises a coil spring, and further wherein the

means for adjusting 2Zhe Sppiimipg system a@ordm&mdam@rwb@gnmtaim isshapedng

container. 25 - Sinhafugé s of e o8 ok OBt priping Rig KBRS skl o

t he means for varyi ngnitixtt as printing/fluidie Fenifved Gonsthe edtipdine@es t hreadi ng a

support plate SUBpOI’tI ng the container into the coils of the coil
spring. 28. A pri nting systemaccording to claim 21,
wherein the resiliens mengp '%eé ﬁlzq%&rgg H

further wherein the cont a| e s¥s§eng%%8 éﬁ' kesﬁﬂﬁéﬁ&'ﬂaﬁp&tﬁe

di ameter of the coi Iresiffent mgmber is substantially equal to the weight of printing fluid per unit of

depth in the container.

15 24, A printing system according to claim 21, wherein the resilient member

comprises a coil spring.

25. A printing system according to claim 21, further comprising means for

adjusting the spring constant acting on the container.

20
26. A printing system according to claim 25, wherein the resilient member
comprises a coil spring, and further wherein the means for adjusting the spring
constant comprises means for varymg the number of coils of the coil spring acting

) to support the container.

25

27. A printing system according to claim 26, wherein the means for varying the
number of coils comprises threading a support plate supporting the container into

the coils of the coil spring.

Sheet Has Been R laced .
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5 29 tem according to claim21, further conprising neans
for "ﬁﬂ m f the container caused by the resilient nenber.

30., A rret pri nting fluid to a printing nechanism the. .
met hod ' corrprl sing the steps of: 10 a) providing a :
container for printing fluid, wherein when printing fluid s in the
cont ai ner, thevEO?MIPeg | ui d has a free surface defini ng a g¥AYPe011s8
hori zontal cross-section of the cont ai ner, b) pl aci ng the
container in fluid2gomMmaniprinting eystem adeoidiey 1prclaith 2N gwherein theTesiRaniniberl 5

c) supporting the cantainer ainst the force of gravity such that the
vertical ‘distance [SempEEes atsmefqogéprgm !%@“B?”‘(}Wé‘"bm% e‘fﬁtﬁlﬁ‘@s@ﬁﬂﬂb’he
printing nmec H;ﬁ @% constant as printing fluid
is renoved fromthre%amm:g& 1§ﬁ%tg h lls%é% A nmet hod according to
claim 30, wherein the step of supporting the cont ai ner further _
conpri ses supportl the container with nber .havin a
spring const ant Sof r&g valALRtige ﬁﬁﬂ%ﬁcﬂ“’t'%° g’é‘f‘?’i&"&ﬂ%%ﬁ’@@“%ﬂ%@r{o‘i he
free surface danpi F;Inmvbm&ufdfmeftoaﬁﬂ:ei Sfuséd by'the RGilieMmGhanbesm 25 32.
A nmet hod according to cllaim 31, further conprising a step of providing a

resilient nmenber having a spring constant substantiall y equal to the weight

et hod accor i ng t A% af b0l ot pBuchERkRud M £ iR Bchaniyn, et

contai ner with a resprising thestgbeof: conpri ses supporting the cont ainer with a
coi | - spring. . 34, . A methpd ordi n 0 cl.aimg33,
further conpridOng a st @ of Prvidingf,cqniainer for pring &‘ﬂ& %]?er?gﬂ'&‘ﬂé?ﬁ’ftﬁ‘ﬁlf@'%

within the mer di 30R4RE cohtaitdd AhE PhintingMluid Yas a free Surfacd defining'a f&HeRAY
according to claim3l, further conprising a step of adjusting the
horizontal cross-section of the container;

b}  placing the container in fluid communication with the printing
mechanism; .
15 c) supporting the container against the force of gravity such that the

vertical distance between the free surface of the printing fluid and the printing
mechanism remains substantially constant as printing fluid is removed from the

container.

20 31. A method according to claim 30, wherein the step of supporting the
container further comprises supporting the container with a resilient member having
a spring constant of a value to maintain the desired distance between the free

surface of printing fluid and the printing mechanism.

25 32. A method according to claim 31, further comprising a step of providing a
resilient member having a spring constant substantially equal to the weight of

printing fluid per unit of depth in the container.

33. A method according to claim 31, wherein the step of supporting the

30., container with a resilient member comprises supporting the container with a coil

' spring.

This Sheet Has Been Reilaced -20-
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sprl ng _con he contai ner. 36. A net hod accordi ng
to claim 35!'1‘1{%“ lﬁl %ep of adjusting the spring const ant
conprlses t he nunber of coils of the coil spring acting

. to support the container. 37. A et hod according to claim 36,
\/\herel n the ste of @g usting the spring constant conprigses thre ggl ng
a support pl ate 36’[5 {il ng the container into the coils FI/URS/OL
spring, wherein the plate is rotated to vary the nunber of coils acting to
15 support the container. A nmet hod according to claim 30,

further conprising a;gtep, | L ﬁ&rpﬁr : t face
of printing fluid su it ant ?Jeﬁm cons?g&?dgls printi ngérﬁﬁu%alsg&&rﬁngﬁgémved
fromthe container. élﬂltmnersubs%tnallyuﬁt}meﬂhMeadmetdi‘o@ht coildpeingn 38, wherein

the step of maintaining the area of the free surface of printing
fluid conprises shaping the container wth a uniform hori zont al

cross-sectional ayeags Ameidd accodiflf to@inPeE Birther Corkytishlpd sflpidag diby 1]

conprising a step of danping 25 novenent of the containér cause
resilient menber. spring coustant actihg e theogbntainer.suppl yi ng printing fluid from
a container to a printing mechani sm conpri sing the steps of:

a)  supporting the container against the force of gravity with a
resilient 30 nenbe3s. A method according to clainh3S, wherelinttié step afddjus'tiﬂgtlfelsplﬂiﬁg

fromthe container durin r|r1t| such that th ase,in_deth of
the printing fluid i5PPf ﬁ%m%@fymam%yo*?aﬂ scm spring gehng; <o

i n hei ght of thqgco%%hﬁﬁa'nﬁ,glcgﬁthm@r to the printing mechanism the novenent
of the container caused by the resilient nenber being governed

substantially by 5 Hooke' s | aw.
37. A method according to claim 36, wherein the step of édjusting the spring
constant comprises threading a support plate supporting the container into the coils
of the coil spring, wherein the plate is rotated to vary the number of coils acting to
15 support the container. |

38. A method according to claim 30, further comprising a step of maintaim'ng
the area of the free surface of printing fluid substantially constant as printing fluid is
removed from the container.

20 _
39. A method accordixtg to claim 38, wherein the step of maintaining the area of
the free surface of printing fluid comprises shaping the container with a uniform
horizontal cross-sectional area. | |

- 40, A method according to claim 30, further comprising a step of damping

25  movement of the container caused by the resilient member.

- 41. A method for supplying printing fluid from a container to a printing
mechanism comprising the steps of: _ |
a)  supporting the container against the force of gravity with a resilient

30 member;

———
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b) removing printing fluid from the container during printing, such that
the decrease in depth of the printing fluid in the container is substantially equal to
the rise in height of the container relative to the printing mechanism, the movement
of the container caused by the resilient member being governed substantially by

5 Hooke’s law.
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