WD 03/011744 PCT/ US02/ 13039 1 TITLE | NK CARTRI DGE PLUNGER 5 BACKGROUND
Field O The Invention This patent relates to ink dispensing cartridges for
aut omat edwoiosjperigd ng systens, such as those used for 10 | iPChagozapieBe
printing presses. Mre specifically, this patent relates to an inproved

pl unger for an ink-dispensing cartridde. Description O The Related Art

Li thography is a printmaking process in which ink is 15 applied to a plate
havi ng bot h i nage and non-i nmage ar eg, TLEThe i mge areas are ink-receptive
and water-repellent. The non-inmage areas are water-receptive and

ink-repellent. In rotary typg R&sReScEs@E 1s nounted on a cylinder
thats rotates during printing. In one typical configuration, the 20 plate

cylinder picks up the ink at the inage areas and transfers the inage to a
bl anket cylinder, which in turn BAGHERER® the image to the paper. In
mul ti-col or sheet-fed presses, up to ten inking stations can be placed in
series. Field Of The Invention
This patent relates to ink dispensing cartridges for
automated dispensing systems, such as those used for
10 lithographic printing presses. More specifically, this
patent relates to an improved plunger for an ink-dispensing
cartridge.
Description Of The Related Art
Lithography is a printmaking process in which ink is
15 applied to a plate having both image and non-image areas.
The image areas are ink-receptive and water-repellent. The
non-image areag are water-receptive and ink-repellent. 1In
rotary type presses the plate is mounted on a cylinder that
rotates during printing. In one typical configuration, the
20 plate cylinder picks up the ink at the image areas and
transfers the image to a blanket cylinder, which in turn
transfers the image to the paper. In multi-color sheet-fed
presses, up to ten inking stations can be placed in series.
Each station has its own ink feeding system and handles a
25 gseparate color. As the paper sheet moves from station to
station, a new color is put down at each station.
Because lithographic ink is thixotropic and very
viscous, conventional lithographic ink feeding systems

require a complex system of drums, vibrators and fountain

30 rollers. 1In a typical lithographic ink feeding system,



Each station has its own ink feeding systemand handl es a 25 separate
color. As the paper sheet noves fromstation to station, a new color is
put down WO od@acti4st ati on. Because |ithographic ink is thi®orruspt/c3oand very
vi scous, conventional lithographic ink feeding systens require a conplex
system of druns, vibrators and fountain230 rollers. In a typica

| ithographic ink feeding system WD 03/011744 PCT/ US02/13039 2 workers
renove lithographic ink froma drum (Or,-.in so cases,.smaller tins) with
special |y T éﬂg%éFh_gg ;ﬁ 3 é&& éﬂ% Fﬂ?né%ggggl Ft ay™ (THE i nk
fountain) . X&) %a'l'l%?ﬂogiﬁé’)h'mﬁthmépb&gi e A%, £20 iﬁéult S In vasted
ink if the entire drumor tin is not used because tHe ink 1's prone to

oxi dat i on @prkspaiHeagek AbBHSss iah tragCeébhe YRH Towmakihpr cartridge-type ink
di spensers have been devel oped for use in automated ink di spensing
systems. These St&@Wingk lébhegrapids dak i speanse dmkiby caw whfflérent 10

nmet hods. The first. (autonated) nethod is with the ink cartridge nounted
over>the i+ﬂ<wqﬁﬁﬂﬁa§ﬁﬂbF t?ﬁ?fﬁﬂEﬁFﬁiarumoﬁ¥e§¥n'FﬁenPEku%%ﬁtQQQﬁ$§eanes back

and o7 S o, Uheprb Ul s S abnsh At o gy Leuptaln o
recent years, smaller cartridge-type ink dispensersg have
been developed for use in automated ink dispensing systems.

These new ink cartridges can dispense ink by two different
10 methods. The first (automated) method is with the ink
cartridge mounted over the ink fountain or the fountain
roller. The ink cartridge moves back and forth across the
fountain, dispensing ink into the fountain or directly onto
an ink form roller to provide an even consistent layer of
15 ink. The second (manual) method ig by the use of a
‘‘handgun.’’ The ink cartridge is placed inside the
handgun. The dispensing end of the cartridge is placed over
the rollers and ink is dispensed when the trigger is
depressed. Ink is directed into the fountain manually.
20 With either method, because the ink is dispensed directly
from the cartridge, oxidation and spoilage are reduced.
Typical lithographic ink cartridges, such as that
disclosed in U.S. Patent No. 6,192,797, incorporated herein
25 by reference, comprise a hollow cylindrical body, a plunger
and a dispensing fitment. The cylindrical body holds a
supply of extrudable, highly viscous ink and has a
dispensing end and a plunger end. The plunger end is

sealed by the plunger which moves within the cylindrical



15 ink. The second (manual) nmethod is by the use of a "handgun." The ink
cartridge is placed inside the handgun. The dispensing end of the

cartri dgewpDa3plgeed over the rollers and ink is di spensedCrusn2/1389 tri gger
is depressed. Ink is directed into the fountain manually. 20 Wth either
met hod, because the ink is dispensed diPectly fromthe cartridge,

oxi dation and spoil age .are reduced. Typical l|ithographi¢ ink cartridges,
such as th]%?gydf%cﬁ’%gfé@ei ﬁhﬁl.g} Iﬂg]teé‘n{:%%o?f%?%&l%'ﬁ,ogfzﬁ oFPEER ed herein
25 by refe ce, I | 1 i i er and a
dispensingE$$f%§ﬁt. i%§s§§?i§g?f§%%%%%Qgg%bﬁggaa qéﬁp Fgéo ext rudabl e,

hi ghly vi sgiesisqidendigghasdai s diesnensivigh ek atidRnRliHgge teidk, The plunger
end is sealed by the plunger which noves withinthe cylindrical WO

03/ 011744 RCIGHUSHZit3039 ifcbaihs onextledeort ki denk inhenhe hELget wifger i s
forced toward the dispensing end by, for exanple, pneumatic pressure. The

dispénsinguﬁhdhﬂ% sealed with the dispensing fitnment, which typically
the.flow of .5 the ink raphi c ink

cartri dges typEaHPAPRIE: 1PRG Y FL8EF EPATHE DarER Bybletirth | he
di spensi ngsdd {4t he cartridge, with the dispensing fitment
attached, underneath an ink flow. The cartridges typically
are filled to a predetermined weight, and then the plunger
10 is inserted into the plunger end of the cartridge.

A disadvantage of conventional ink cartridges is that,
during the ink filling process, air can get trapped between
the plunger and the ink when the plunger is inserted into
the cartridge and pressed against the ink. Air entrapment

15 can cause the ink to ‘‘skin over’’, creating a skin of
partly oxidized ink on top of the ink. This skin can plug
the nozzle in the dispensing fitment, or cause printing
“‘hickies’’, i.e., areas on a sheet without ink coverage.

Thus the primary object of the present invention is to

20 provide a plunger that prevents air entrapment between the
plunger and the surface of the ink.

Another object of the present invention is to provide
a plunger and dispensing fitment that nest together to
minimize unused ink.

25 Further and additional objects will appear from the

description, accompanying drawings, and appended claims.



attached, underneath an ink flow. The cartridges typically are filled to a
predeterm ned wei ght, and then the plunger 10 is inserted into the plunger
end of thwowmantrsdge. A di sadvantage of conventional ink eartusode®3? i s
that, during the ink filling process, air can get trapped between the

pl unger and the ink when the plunger is4inserted into the cartridge and
pressed against the ink. Air entrapnent 15 can cause the.ink to "skin

over", creating a skin of r idized i on top of the ink. This skin
can plug the nozzle in thegﬁqmﬁ%énﬁénghﬁi WIW cause printing " hickies
", 1.e., areas @ a,8heet W thout Jnk cqv e-primry object of
the present invent i%on isto p?row%dg a%pq ungee%w@?%%rg%nﬁ air

ent r apnent ifpetowairidie spbungertiye tibeaswiflacitdmatleg 1 nk. Anot her obj ect
of the present invention is to provide a plunger and dispensing fitnent

t hat nest ibgerdwsphtic pminkihgeonenseed | Ake Phurfgert hes andotaduh ti onal
objects will appear fromthe _description, accon];_panyi ng draw ngs, and
appeRded cPFiC™ B80S/ §1494al PCHEEBI2RI 30IRrY ISOMVERY PR IRMETIYNVENTI ON

The presen&fiéyﬁg%kk%%mi%o%@i&gprQ¥prgtggg§go£é¥6na%as a positive
radius. That is, when inserted into an ink-filled
cartridge, the side of the bottom portion facing the ink is
convex. The bottom portion also has a textured surface to

10 define channels through which air can flow when the plunger
comes into contact with the ink. The plunger’s positive
radius and textured surface facilitate the movement of air
from the center of the plunger toward the cartridge body,
thus minimizing air entrapment between the plunger and the

15 ink.



ink cartridge such as those used with automated |ithographic printing
presses. The plunger has a bottom5 portion and a sidewal |l extending upward
fromthe woerpheny of the bottom portion. The bottom por PCEUShAS3039
positive radius. That is, when inserted into an ink-filled cartridge, the
side of the bottomportion facing the imk is convex. The bottom portion

al so has a textured surface to 10 define channels through which air can

fl ow when the plunger cones int ogk&g% c\f{g%th the ink. The plunger's
positive radius and textured surfac Y3 tate the novement of air from
the center of tde pLUAGEE Lovantdhe g@fé}gé@lﬂ%eb%%w Ehys fpyni m zing air
entrapnent betweeén the plunger "and th 15 1 nk. VWO 03?011744 CT/ US02/ 13039
5 THE DRAVNGES-ifdgguhevingsa atorexpltadadl pelepeat.i ve view of an ink

cartridge having a conventional plunger. Figure 2 is a side plan view of

t he conventi ondllgwepRunhger dideipdarneview stfovahs woavertiomlb the cartri dge
body. Figure 3 is an_expl oded perspective view of an ink , cartridge having

a planger Q&Rﬁﬁqﬁlﬂf FoI9HRe bréggﬁp.lnserted into the cartridge
body .

Figure 3 is an exploded perspective view of an ink
cartridge having a plunger according to the present
invention.

10 Figure 4 is a side plan view of the plunger of Figure
3, shown inserted into the cartridge body and nested

against the dispensing fitment.



invention. 10 Figure 4 is a side plan view of the plunger of Figure 3,
shown inserted into the cartridge body and nested against the dispensing
fitment. WO0881044744 PCT/ US02/ 13039 6 DETAI LED DESCRI PTIPON/USH2/ 13489

| NVENTI ON Turning to the drawi ngs, there is shown in Figure 1 an expl oded
perspective view of an ink cartridge 106equi pped w th a conventi onal

pl unger. The ink cartri dge 10 5 conprises a hollow cylindrical body 12

e M aserted Pnto ¢ nadbriige e o R Hes 5@%@8@5“" vlft hat e
insi de val | of e, cay ki dge BodYi A2 8A0-@ 1 &l SRRRSLOG LLIENE 20 mount ed

in sealing engagenment” with 10 t pensi ng en cartri dge body
12. Typi cakkylodddepedispprensiagy{éw r&ntanZansmﬂrmdige) 1ohegGapped dge body
12. The cartridge body 12 nay be nade of convolutely vvoung paper |ined

i nt er nal | ywikh e poinesttiionmat ptvegenr Thembygk beartiSdgedéOwi t h any ot her
suitable materials such_as netal or, plastic. The pl unger 18 and the

di spén5| ngCPTRIHERRS o herldow 9b}%qv%éﬁdﬁfl%l%‘ﬂ@ 3 RLPPSRE i ce, such ink
cartri dges(

top) end 14 and a dispensing (bottom) end 16, a plunger 18
inserted into the plunger end 14 for sliding engagement
with the inside wall of the cartridge body 12, and a
dispensing fitment 20 mounted in sealing engagement with

10 the dispensing end 16 of the cartridge body 12. Typically,
the dispensing fitment 20 is glued to the cartridge body
12.

The cartridge body 12 may be made of convolutely wound

paper lined internally with polymeric material or it may be
15 made with any other suitable materials such as metal or
plastic. The plunger 18 and the dispensing fitment 20 are
typically made of plastic. In practice, such ink cartridges
are typically about nine or thirteen inches long, but they
may be any suitable length, depending on need and the
20 dimensions of the cartridge carrier.

The dispensing fitment 20 is generally cup-shaped and
comprises a substantially circular disk 22 and an annular
sidewall 24 formed around the periphery of the disk 22 and
extending downwardly therefrom (down being defined as the

25 direction toward the digpensing end 16). A nozzle (not
shown) for controlling the flow of ink is mounted to the
circular disk 22 over a centrally disposed aperture 26.

The nozzle may be recessed inside the cup-shaped dispensing



are typically about nine or thirteen inches |Iong, but they nay be any

sui tabl e | ength, depending on need and the 20 di nensions of the cartridge
carrier. Whaesdiwpensi ng fitnent 20 is generally cup-shape@dCan$o2/coapri ses a
substantially circular disk 22 and an annular sidewall 24 forned around
the periphery of the disk 22 and extending downwardly therefrom (down
being defined as the 25 direction toward the di spensing end 16). A nozzle

(mot * shove) cfor, cantcollboo.the Llov gl ipk.Ls mmunted tocthe ciroular

di sk 22 over a centrall I'sposSed apertare ﬁay be recessed

i nsi de theqesparsdy @n@jgggmﬁgr@h%?@igé{Qgé?g%bﬂ%%%LUSOZ/13039 7 fitment 20

so that the cartridge 10 can stand on’its dispénsing end during shipping
and storage. Thehe aonerhitdonbl Yy dEsiigned plunger 188 copppiEs€a a
substantially planar surface 30 and a sidewall 32 extending 5 upward from
t he peri phéfystemtied 1yl Rhapasupaicee380 andentFislawpldi Spossterililng34 ext ends

downward fromt | anar _surface %%Ia d is shaped to nest within the
dispgﬁsinguPW?¥ O@aﬁ%ﬁtﬁ?ﬁl@%ﬁﬁ¥) i ﬁBﬁiQ a@?ﬁa%ﬂﬂﬁ@ﬁ@ 6P-irtk left in the
cartridge donuhen f i oBbuagchd 4 2:4:8h88%aMRIAY 18R Lhe AhRRENSI N
fitment 20 and t I nk™is spent.

surface 30 and is shaped to nest within the dispensing

fitment aperture 26 to minimize the volume of ink left in

the cartridge 10 when the plunger 18 is forced against the

10 dispensing fitment 20 and the ink is spent.

The cartridge 10 typically is filled by setting the
cartridge, with the dispensing fitment 20 sealing the
dispensing end 16, underneath an ink flow. After a
predetermined weight or volume of ink fills the cartridge

15 10, the plunger 18 is inserted into the plunger end 14

until the plunger is flush against the surface of the ink.

Unfortunately, the conventional plunger 18 has a
tendency to trap air inside the cartridge 10. After ink
20 has been inserted into the cartridge 10, the planar
surfaces A and B of the bottom 30 and hub 34 can trap air
underneath the plunger 18 due to non-uniform contact with
the ink. Portions of the bottom 30 and hub 34 of the
plunger contact peaks of the ink, leaving ‘‘valleys’’ of
25 alr. The air does not have any channels through which to
escape between the sidewall 32 of the plunger 18 and the
cartridge body 12, and therefore stays trapped inside the

cartridge 10. The ink in these areas will dry over time.



The cartridge 10 typically is filled by setting the cartridge, with the

di spensing fitnent 20 sealing the dispensing end 16, underneath an ink
flow Aftwo oao1paedet ermi ned wei ght or volune of ink fill ®Crhusorsosyi dge 15
10, the plunger 18 is inserted into the plunger end 14 wuntil the plunger
is flush against the surface of the ink8 Unfortunately, the conventional

pl unger 18 has a tendency to trap air inside the cartridge 10. After ink

20 has bee [ nto the rtridge 10 urfaces A and B of
the bottom 0£§§uﬁ€?%§ %EEC it éékﬁésdr% %d%?nea. ﬁg pﬂéhg%ﬁ 8 due to
non- uni f or pL-£9NE 3Gt nMitA dghgctgksucaogglggékfgsthe bottom 30 and hub 34 of
the plunger contact peaks of the ink, leaving "valleys" of 25 air. The air
does not have aﬂ¥aqhammeMSthannghﬁmhpment00m£33ﬁpﬁnbaﬁmeenofhe si dewal | 32
of the plun? 18 and the cartridge body 12, and therefore stays trapped

i nsi de thee H&#Ttafq%@YIGSlIFﬁetlilﬁhklmRifONﬁ@sl’ellmE@ﬁ-‘sQﬁi thedpyessmty time. WO
03/ 011744 PCT/ S02/ 13039 8 If, the dried_ink is released fromthe cartridge
10, Pt can™™¥FEEE priAﬁt FRg" et ctigutEen® s hi%kitde TFRECBFIbI em of air

ent rapent oEahdie 4 RUofibeedel’a WL Le B 15i0 hECLEpLeved Pl unger of

t he presen
and a sidewall 44 extending upward from the periphery of

the bottom portion 42. But the bottom portion 42, instead
of being substantially flat (planar) as in the prior art

10 plunger 18, has a positive radius. That is, when viewed
from below (the side facing the ink), the bottom portion 42
is convex. The convex shape of the plunger bottom portion
42 facilitates the flow of air away from the center region
46 toward the cartridge body 12 when the plunger 40 is

15 inserted into the filled cartridge and pressed against the
ink.

In another aspect of the invention, incorporated into
the convex bottom portion 42 is a means for channeling air
outward from the center region 46 toward the cartridge body

20 12. Preferably, this channeling means is a textured
surface. The bottom portion 42 may be textured with bumps,
nubs, ridges, grooves or any other type of projection or
indentation capable of defining channels through which air
can flow when the plunger 40 comes into contact with the

25 ink.

The plunger 40 works in the following manner. During
the ink filling process, the plunger’s positive radius

allows the center region 46 to come into contact with the



5 invention. As shown in Figures 3 and 4, the inproved plunger 40 conprises
a bottom (ink contacting) portion 42 and a sidewall 44 extendi ng upward
fromthe woerpheny of the bottom portion 42. But the bot Pemysor/1ioeh 42,
instead of being substantially flat (planar) as in the prior art 10

pl unger 18, has a positive radius. That?i s, when viewed from below (the
side facing the ink), the bottomportion 42 is convex. The convex shape of

t he pl unger_po orti 2 facilitates the flow of _air.away fromthe
center r eglagjg Erig{ﬂ%mc%%ggghgéc%% i é:glg%%yéﬁ]ftmhe%nyhglﬁl Bﬁb‘%‘%’%o is 15
inserted iphe $heddd ledapar tht dog. ardRERSSALROAILISEHENS gl [ n anot her
aspect of the invéntion, incorporated into the convex bottom portion 42 is
a neans forL2chdna idagtat dgeoutVies dhdfviement hef ceint efowaed 6he46 toward the

cartridge body 20 12. Preferably, this channeling neans is a textured
surface. THed¢gltlomhZpast healdbedrdyy Faet brxtiestl Wathopuspsfacawdss, ridges,

Chandel st A oLt RIPEEARP 6 G415 RHERTERC Tt Ger L5, CBRE it o cont act
;,mnI(hf ;[ Ihlel ngénti.ﬂ!ﬁlal-ﬁ.@/e cﬁgﬂﬂgfé lét?% %ﬁd{eg cBPec}IC?OUanWr@gggagﬂgrOut@ri ng the
g process,” the plung S positive radal us
significantly reducing or eliminating air entrapment.
The channeling of air between the plunger sidewall 44
and the cartridge body 12 may be facilitated by a vent

10 strip (not shown) placed between the plunger sidewall 44
and cartridge body 12 when the plunger 40 is inserted into
the cartridge 10. With conventional plungers such as that
shown in Figure 2, this vent strip is not adequate to reach
air pockets located away from the cartridge body 12. With

15 the modified plunger 40, the vent strip is adequate, though
not always required. Even without a vent strip the air can
sfill escape between the plunger sidewall 44 and the
cartridge body 12 if the plunger 40 is inserted at the
slightest angle.

20 Preferably, the dispensing fitment 50 is shaped to
nest with the plunger 40. That is, the dispensing fitment
has a top surface 52 with a negative radius that nests with
the positive radius of the plunger bottom surface 42, as
shown in Figure 4. The center region 46 of the plunger 40

25 may have an exaggerated convex curvature to better fit
within the central aperture 56 of the dispensing fitment
50.

In the preferred embodiment, both the plunger 40 and



allows the center region 46 to cone into contact wwth the WO 03/011744

PCT/ US02/ 13039 9 ink in the center of the cartridge first. Any air between
the plungwo od0i1amd the ink is then pressed to the sidewal IPCTARODi308Ne
cartridge. The novenent of air toward the sidewall 12 is assisted by the
textured bottom surface 42. 5 As the pliihger 40 is pressed further into the
ink, the air continually channels up the sides of the cartridge and out,

significan educing or.elim ing air._entra nt he channeling of air
be?meen thék%léﬁﬁﬁ§ S§gge§é€Te EQ§%ﬁ5%tng%%énﬁﬁéﬁ;§1@86§e§§lﬁﬁy be )
facilitate 1 i - AGed ke en.th | unger

P onal I T MRnE, gééﬁﬁ%%(dl}? msﬁggg?%%%l ungéalri ey Be] iled UHOET

the cartridge ItheW tbdeonveddronaindpblbgeisc Sue kmdsdthaht s Showhd N Fi gure
2, this vent strip is not adequate to reach air pockets |ocated away from

the cartri dgecsooy 2ze vwibhenslates wbdihi ¢o pptudgpar40frohetivent strip is

adequat e, though _not always, required. Even without a vent strip the air
can éjstiIIS(é‘%Qfgﬁ’é Egﬁméﬁﬁeg%ﬁmbFﬁh@@ﬁ1§?@éﬂéﬂ#“ﬂ$°§ﬁﬂ°ﬂﬁ% cartridge body

12 11 the PLUGGGLA000Shaseideddlbhe 1ol i ohiRel @00t R, Z0nEr ef erably,

t he di spensing Shape
claims cover all such modifications that fall within their

scope.



nest with the plunger 40. That is, the dispensing fitnent has a top
surface 52 with a negative radius that nests with the positive radius of
t he pl ungwo oBbott7em surface 42, as shown in Figure 4. ThePceniser/1308yi on 46
of the plunger 40 25 may have an exaggerated convex curvature to better fit
within the central aperture 56 of theidispensing fitment 50. In the
preferred enbodi nent, both the plunger 40 and WO 03/011744 PCT/ US02/ 13039
10 the dispensing fitment 50 are nol ded from hi gh-density pol yethyl ene,

al t hough V&h\CIIM &lsl OURatIGMENTIEA): be used. O her nodifications and
alternative enbodi nents of the invention are contenpl ated which do not
depart frdom t e plEngeape 46 thee ianwerititdmoad nétefciaméd lidpet, héheor egoi ng

t eachi ngs and appended clains. It is intended that the clains cover all
such nodiFAEA0GITs CORRE iFding Wi (il ndydicel Sedpe. (14D Gevinor £4

PCT/ US02/ 13039 .11 WE CLAIM AS OUR_I NVENTION: 1. A plunger (40Q) for a

pri nti ng GATPEESARE 608 e 3% & IRdy@9EEnEFRFsi (HG ) a 28 BRdticdiYbody (12)

havi ng 4filled with extrudable ink, the dispensing end (16) being

sealed with a dispensing fitment (50), the plunger end (14)
being closed by the plunger (40), the plunger (40)
comprising:

an ink-contacting portion (42) and a sidewall (44)
extending upward from the periphery of the ink-contacting
portion (42), the ink-contacting portion (42) having a
textured, convex surface for channeling air outward from the
center (46) of the ink-contacting portion toward the
cylindrical body (12) when the ink-contacting portion (42)

is pressed against the ink inside the cartridge.

2. The plunger of claim 1 wherein the ink-contacting

portion (42) is textured with bumps.

3. The plunger of claim 1 wherein the ink-contacting

portion (42) is textured with nubs.

4. The plunger of claim 1 wherein the ink-contacting

portion (42) is textured with ridges.

5. The plunger of claim 1 wherein the ink-contacting



di spensing end (16) and a plunger end (14) and partially filled with
extrudabl e i nk, the dispensing end (16) being sealed with a dispensing
fitment (WO)o3/01t1e4 pl unger end (14) being closed by the plramgsn2/{389, the
pl unger (40) conprising: an ink-contacting portion (42) and a sidewal |
(44) extending upward fromthe periphery of the ink-contacting portion
(42), the ink-contacting portion (42) having a textured, convex surface
for channeling air outward fromthe center (46) of the ink-contacting
porti on teowdricnt e 2)cyilsi nexitealecbodyeh 2powieen t he i nk-contacting portion
(42) is pressed against the ink inside the cartridge. 2. The plunger of
claim1 wherein the ink-contacting portion (42) is textured with bunps. 3.
The plunger of claim1l wherein the ink-contacting portion (42) is textured
wi th nubs. 4. The plunger of claim1l wherein the ink-contacting portion
(42) is textured with ridges. 5. The plunger of claim1l wherein the

i nk-contacting WO 03/011744 PCT/ US02/ 13039 12 portion (42) is textured

wi th grooves.



