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Wnproveq pl unger (40) for fluid dispensing cartridges used in autonated
di spensi ng systens. The plunger (40) helps control the reflection of
ultrasonic _signals used to sense the position of the plunger (40) as it
moves within the cartridge tube (60). The plunger (40) has a convex
bottom ink-facing surface (42) and a top surface (48) conprising one or
nore flat, horizontal surfaces. In the preferred enbodiment, the

hori zontal surfaces are concentric steps (50).

STEPPED PLUNGER FOR USE WITH AN ULTRASONIC SENSCR

5 , BACKGROUND

Field Of The Invention

This patent relates to fluid dispensing cartridges for
automated dispensing systems, such as ink dispensing
cartridges used with high-speed lithographic printing presses.

10 More specifically, this patent relates to an improved plunger
that helps control the reflection of ultrasonic signals used
to sense the position of the plunger as it moves within the
cartridge tube.

Description Of The Related Art

i5 Typical lithographic ink cartridges comprise a ﬁollow
cylindrical body, a plunger and a dispensing fitment. The
cylindrical body holds a supply of extrudable ink or varnish
and has a dispensing end and a plunger end. The dispensing
end is sealed with the dispensing fitment, which typically
20 includes a nozzle for directing the flow of the ink. The
plunger end ig sealed by the plunger, which moves within the
cylindrical body in response to pneumatic or other pressure to
extrude ink ocut the nozzle.
Monitoring the level of ink in the cartridge is desirable
25 for two reasons. First, it is necessary to know when the ink
_ cartridge is empty and requires replacing. Second, it is
degsirable to know how much ink is being uged for a particular
printing job.
one method for determining the level of the ink in the
30 cartridge involves sending a series of ultrasonic signals |

toward the plunger from a source mounted in' the top of Ehe
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'BACKGROUND Field O The Invention This patent relates to fluid dispensing
cartridges for automated dispensing systens, such as ink dispensing
cartridges used with high--speed |lithographic printing presses. 10 Mre
specifically, this patent relates to an inproved plunger that hel ps
control the reflection of ultrasonic signals used to sense the position of
the plunger as it noves within the cartridge tube. Description O The

Rel ated Art 15 Typical lithographic ink cartridges conprise a holl ow

cylindrical sbesharia @lagrgesngndrstefli &perstagrig reniectBaesigndiisndri cal body
hol ds a supply of extrudable ink or varnish and has a dispensing and and a
pl unger endbadhe Fhepesfiiesyed cHdrpds sEagl PEOYRTIedt he WESEBARE fdef i t nent ,
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pl unger end*f% % Ung VEes W cylindrica

body in respensR barePRELLEy O Other pressure to extrude ink out the
nozzle. Monitoring the l'evel of ink in the cartridge is desirable 25 for

two ré&asons. Fi enyentidralnpbesgsasyien Haboowdrnct ek iqartredgas Pige is
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the level of,gh@ihPKedipAiBes a planar bottom wall and a sidewall
extending upward from the periphery of the planar bottom wall.
As the plunger is forced through the cartridge body by
10 pneumétic pressure, the planar bottom wall pushes against the
ink, causing it to be expelled through the dispensing fitment
nozzle.
Due to the high viscosity of the ink and the tendency of
certain fast drying inks to adhere the plunger sidewalls to
i5 the cartridge body, very high pressures are sometimes needed
to advance the plunger. It has been found beneficial to mold

stiffening ribs into the backside of the planar bottom wall to

minimize twisting and distortion of the plunger when it is
being subjected to high pressures.

20 Unfortunately, these stiffening ribs can interfere with
the reflection of the ultrasonic signals, preventing an
accurate reading of the ink level. This is because the height

"of the ribs often varies along their length and in places
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exceeds that which would allow an accurate reading of the

25 _ plunger position using ultrasonic signals. A further problem
ig caused if the ribs are not identical. To alleviate the
problems presented by the stiffening ribs, a disk having a
flat reflecting surface way be placed behind the plunger, but
this solution entails added cost. '

30 . The conventional “flat” plunger described above has an




30 cartridge involves sending a series of ultrasonic signal 36 M#sen0dst he
plunger froma source nounted in-the top of the 16 March 2005 2 automatic
di spensi ng system and receiving reflected signals back. The refl ected
signals are processed to determne the |I|evel of the plunger and,

concom tantly, the level of the ink in the cartridge body. 5 Conventional
pl ungers for lithographic ink cartridges are nade of plastic and are
substantial l'y cup-shaped. The plunger typically conprises a planar bottom
wal |l and a sidewall extending upward fromthe periphery of the planar

bott om wal | 3agiAS ohlie Pplesngestdge farged tbriugh tbedaant ebdgapbatly by 10
pneumati c pressure, the planar bottomwall pushes against the ink, causing
it to be expuiidedthtrerryhiddr hodEperddithy the meatridgsy Pre. bemrefised he hi gh
viscosity of, the_jnk the tendency.of. .certain : yi i.nks to
adhere the ‘ﬁ’[ttt}"ndg %If“%%\?ﬁ/ﬁl P}guntgc?r f[%s‘%lﬁ%éedc:é? Ti g‘Sec%%}tlfig%’erangth pressur es
are soneti NBscdiredesbddd aduantathhendlpingeér. | tinhasolaeniddwned denefi ci al
to mold stifféning ribs into the backside of the planar bottomwall to

m ni nBze twkat idry ewid adiest bing.onIbfthehdrpedinigdr ioheraliedsiragetrhy subj ect ed
to high pressures. 20 Unfortunately, thes tiffeni.ng ribs .can interfere
with the r‘éaﬁté&?ig'ﬁn of “Phe“t _Fa%%’rﬂtcmgi ‘g%%ic%?s f)'i;ce}bgﬁt hﬁé(léaﬁ " accurate
readi ng of the ippK p@tlem P37 Snbegadse ddevhenahinized éhe ribs often
varies along their lTength and in places exceeds that which would allow an

accur at e r ecldimigabéd theusing a plunger having a convex surface facing
the ink, such as that disclosed in Lawson et al. Patent No.
10 6,419;351. The convex shape facilitates the flow of air away
from the center of the plunger and toward the cartridge body
wall when the plunger is inserted into the filled cartridge
and pressed against the ink. To further aid the flow of air
away from the center of the plunger, the bottom surféce of the
15 plunger may be textured with bumpes, nubs, ridges, grooves or
any other type of projection or indentation capable of
defining channels through which air can flow when the plunger
comes into contact with the ink.
The convex plunger disclosed in the '351 patent has a
20 corresponding concave upper surface. When such a plunger is
used with ultrasonic sensors, the concave upper surface
cancels out the ultrasonic gignal, causing an error reading.

To alleviate this problem, the convex plunger may be molded

A

with a flat backside to better reflect ultrasonic signals, but

25 ~this solution entails added material and cost. Furthermore,
molding a convex plunger with a flat backside results in an
unacceptably longer cycle (manufacturing) time due to the
additional time needed to cool the extra thermoplastic
material contained in the newly molded plunger,

- 30 . Thus it is an object of the present invention to piovide




25 plunger position using ultrasonic signals. A further prohkemrci Xosaused
if the ribs are not identical. To alleviate the problens presented by the
stiffening ribs, a disk having a flat reflecting surface nay be placed
behind the plunger, but this solution entails added cost. 30 The
conventional "flat" plunger described above has an 16 March 2005 3
additional disadvantage in that it has a tendency to trap air inside the
cartridge body. After the cartridge has ,oeen filed wth ink and the

pl unger inserted into the cartridge, alr can becone trapped underneath the
plunger. |nk e&aiieRChliiyecheht renables phopedUiefleetidn BE. ulfrddemidri ed ink
is expelled fromthe <cartridge, it can create printing defects such as

hi cki es. THegpHGoread dfo &PFS%rﬁhﬁaBﬁ%?ﬁlo@aﬁf HeenPhirgstedsott 9VREnat ed by
using a plun :up%gg ége% ex surface facing the ink, such as that

di sclosed i B LAWSGA e ?%tent No. 10 6,419, 351. The convex shape
facilitates the surenepfam@l ha@nabnkl OsB e aCRItIeappéatt Fe-ofl tirger and toward
the cartridge body wall when the plunger is inserted into the filled
cartrifdge datcpipéssed srgaipnyingediamingre iund wppenddd clhénd] ow of air
away fromthe center of the plunger, the bottom surface of the 15 pl unger

" may be textured with bunps, nubs, ridges, grooves or any-other type of
projection or indentation capable of defining channels through which air
can fl ow when the plunger conmes into contact with the ink. The convex

pl unger disclosed in the 1351 patent has a 20 correspondi ng concave upper
surface.. Wen such a plunger is




used with ultrasonic sensors, the concave upper surface cangehs-@ubodhe
ultrasonic signal, causing an error reading. To alleviate this problem
t he convex plunger nay be nolded witha flat backside to better reflect

ultrasonic signals, but 2 I.S.,SQlLuti.qn ' added material and cost.
Furthernore, nolding a congg&géﬁﬁngtr&&ﬁtﬁﬁgéﬁitﬁNbackside results in an
unaccgptabl | onger cycle (manufacturing) . tinme due to the _additional tine
neede hﬁ)Q£§ﬂd%ﬂ%@teﬁﬁréhﬁhEFﬁﬁﬁpﬁsﬁpﬁen PRri 8l 2% ohtRY feRr | L4 THEE hewl v
mol ded plunger. .30 Thus it is an object of the present invention to

provi der & i iizpebsing cantesdpbangbatt hatrenadiesobrioperreffdaicidron of
ultrasonic signals used to sense the position of the plunger as it noves

wi t hi roft hd toasoniidgeigubés Baetihépr aadsadthé¢ipoal t Ddp ecf st Iplwaprear from
the description, acconpanyi ng draw ngs, and appended clains. 16 March 2005

5 SUMWARY tOmctids WAYERRI ONeThererhadeneabe of theoms eseicigwestion is an
i nproved plunger for fluid dispensing cartridges that hel ps control the

ref | eGdiin ca@fi o, ! FREORNGngLeNaLksud88d:f0i SRNSLrL PEIROST £40M Qfnddee Pl unger
as it noves within the carfridge tube. In one anticipated application, the

D, UnO b SEiL Lk SRGTCL00RR T ADERRREL LS hESKELE TS
sur f ace SOMPIE.2liNg) 008, 9L L' Bl QLR oW T 2085 ol LG st o7 red
flat, horizontal surfaces. In the preferred embodiment, the
horizontal surfaces are concentric steps of equal height.
In accordance with an aspect of the invention, there is
provided in an improved plunger for a fluid dispensing cartridge,
the plunger comprising a bottom wall and a sidewall extending
upward from the periphery of the bottom wall, and a sidewall
- extending upward from the periphery of the bottom wall, the
bottom wall having a convex ink-contacting surface, the position
of the plunger being determined by a series of ultrasonic signals
emitted from a sensor located above the plunger and reflected off
the plunger back to the sensor, the improvement comprising:
The bottom Wall having a top suxface, the top surface
comprising a reflective area upon which the ultrasonic signals
reflect, the reflective area comprising one or more substantially

flat, horizontal surfaces capable of reflecting the ultrasonic

signals back to the sensor.




hori.zontal surfaces are concentric steps of equal height. |nesagaeszance
with an aspect of the invention, there is praovided in an inproved plunger
for a fluid dispensing cartridge, the plunger conprising a bottomwall and
a sidewal |l extending upward fromthe periphery of the bottomwall, and a
si dewal | extending upward fromthe periphery of the bottomwall, the
bottom wal | having a convex ink-contacting surface, the position of the
pl unger being determ ned by a series of .ultrasonic signals emitted froma
sensor | ocated above the plunger and reFI ected off the plunger back to the
sensor, the inprovenent conprisipgs Jlakrkest om wall having a top surface,
the top surface conprising a reflective area upon which the ultrasonic
signal s refl ecFige¥r ¥ dBl actdny @laredleronprd sionyeshionsd fbtfe substantially
flat, horizontal surfaces capable of reflecting the ultrasonic signals
back to thes%‘éf%f&? Y& Nurch 2005 6 TIMDRAWNGS Figure 1 is a top plan
view of a converpihonals filkah ¥t 866 ndNOeIew o Ghi &odvieftfonal
cross-sectional view of the conventional 5 flat surface plunger of Figure
1 taken al ofitetl ismef&e plubpgurad Bigere 1t bpken alondelinsf 2a2eonvex surface
plunger. Figure 4 is a.cr oss-se(_‘[ti onal view of the ¢ nvex fu%rg?ce pl unger
of Figure 3. takéndafomgifi Aet® B 2Eigie®5 § SO8VE6p pian view-of "a stepped
pl.lunger 10 acceigifg 4 Qst BecRyRS88EL 1AUE W1 8N ot FLBMII@nbek Strface
cross-sectional view of the stepped plunger

plunger of Figure 3 taken along line 4-4.

Figure 5 iz a top plan view of a stepped plunger
10 according to the present invention.
Figure 6 is a cross-sectional view of the stepped plunger
of Figure 5 taken along line 6-6.
Figure 7 is an exploded view of an ink cartridge
assembly. A
15 Figure 8 is a side view of the convex plunger of Figure 7
with the cartridge body and dispensing fitment shown in

phantom lines.
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of Figure 5 taken along line 6-6. Figure 7 is an expl oded viiewd: 2051 nk
‘cartridge assenbly. 15 Figure 8 is a side view of the convex plunger of
Figure 7 wth the cartridge body and dispensing fitment shown in phantom
lines. 16 March 2005 7 DETAILED DESCRI PTI ON OF THE | NVENTI ON Turning to
the drawi ngs, there is shown in Figures 1 and 2 a conventi onal

| ithographic ink cartridge plunger 10 having a flat bottom (ink facing)
surface 12. The plunger 10 is 5 substantfally cup-shaped, conprising a
bottomwall 14 and a sidewall 16 extending upward fromthe periphery of
the bottom wall 14. /ASERATSED|DEEFRIPIIDN OFVEHE INVEWTLAN t he cartri dge body,

such as the one .%hown i n Fi}%ﬂe 7, the flat bottom ,surface 12 apu hes
agai nst the ink, “EHUEENGCi Y §EBE e FIEE 16 FRPBUGR BHEEA L2 ff eni ng

ribs 18 have heednfmlidedai Mi@nobRGackst dert i ade Bhﬁnggi LMY g 14 to
mnimze twsting and distortion of the plunger” 10 whén it 1s bélng
subj ect ed t @ fhaghbqgitess (ids fadsnge shapschast. shioamplungdt gor és2, the
vertical height of the ribs 18 varies, al ongot heir | ength, which can

resul t*i n arfCPRERTF ¥ e TRANPRES 0 FRE Hieh §ePoiic® tRbh WsPRY an
ultrasonic Shgpals A @kéé&luﬁagt uﬁ&a@e{nkr&@\ehagf,g%ﬂr@ggr% !;;%%t boG rface

may be pl aced behind the plunger” 10 and over u Is entails

added cost. w2Q1lThe. plasnges plidngér Hicgtreselks ahdodythakeacdmrddgey to trap.
body, such as the one shown in Figure 7, the flat bottom
surface 12 pushes against the ink, causing it to be expelled
10 through a nozzle, 8tiffening ribs 18 have been molded into
the backside 19 of the bottom wall 14 to minimize twisting and
distortion of the plunger 10 when it is being subjected to
high pressures,
As perhaps best shown in Figure 2, the vertical height of
15 the ribs 18 varies along their length, which can result in an
inaccurate reading of the plunger position using an ultrasonic
signal. A disk (not shown)} having a flat reflecting surface
may be placed behind the plunger 10 and over the ribs 18, but
this entailg added cost. ‘
20 The plunger 10 of Figures 1 and 2 has a tendency to trap
'air ineide the cartridge body between the flat surface 12 of
the bottom wall 14 and the top surface of the ink. This

problem of air entrapment can be minimized or eliminated by
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using a plunger having a convex ink-facing surface.

25 Figures 3 and 4 show a plunger having a convex ink-facing
surface. The plunger 20 comprises a bottom wall 24 and a
sidewall 26 extending upward from the periphery of the bottom
wall 24. The bottom wall 24 has a convex bottom (ink-facing)
surface 22 whose convex shape facilitates the flow of air éway

30 Erom the center of the bottom wall 24 and toward the caftridge




calr inside the cartridge body between the flat surface 12 ofig Mda¢h 2o05t om
wal |l 14 and the top surface of the ink. This .problemof air entrapnment can
be mnimzed or elimnated by using a plunger having a convex ink-facing
surface. 25 Figures 3 and 4 show a plunger having a convex ink-facing
surface. The plunger 20 conprises a bottomwall 24 and a sidewall 26
extendi ng upward fromthe periphery of the bottom wall 24. The bottom wal |
24 has a convex bottom (ink-facing) surface 22 whose convex shape
facilitates the flow of air away 30 fromthe center of the bottomwall 24

and toward b8, Gant rixige ché phmehr 2005 8 inbodyanahto Whenziimedl unger 20 i's
inserted into the filled cartridge and pressed against the ink. To further
aid the fl gwhﬁidaﬁraweﬁﬁ%ﬁnaeﬁén%‘éﬁthér 1@# t PF@ praihger a2d thehe bottom

surface 22 be textured_w th LOOMES 2. or any ot her
type of pr OFE%“E iogfnab’f TR hT |t5’ﬁ ‘g%rbaagl 8 ol%he ? m% chERn& sg?[ﬁr ough
which air cafrdd@aphely bherShResrwitGOBBSpd Nhobs ONtidgks M ddbdkABe i nk. The
convex plunger 20 may be nolded with sti fEf)enl ng ribs 28 extendi ng upward

from the t opr aur Phker 2¥pef of trrobettiom wal 1ndefmtettm depasie erfgt hen the 10
pl unger and event tws durin e. ,\Wen | trasoni c sensors,
t he concave %’}5‘ ing FHAHEE ?9913 é ‘ghjo‘%[ 2 he ﬁ o‘me(? E#%r% 9&4usi ng an
error readifiges VAL %611'&%.0@%%Xtﬁé WHKEr 20 MRYvEL fRhded ¥ twhyané | at
backside to better reflect ultrasonic signals, this solution 15 entails

added nat erweldegineiciosttifFeminge ribs €38 mtdmd‘uglgaup@@ﬂ/éxmpln}wg@ppw th a flat

backside results in an unacce tablz .
surface 29 of the bottom wall in order to strengthen the

10 plunger and prevent twisting during use.

When used with ultrascnic sensors, the concave top
surface 29 cancels out the ultrasonic signal, causing an error
reading. While the convex plunger 20 may be molded with a flat
backsgide to better reflect ultrasonic signals, this éolution

15 entails added material and cost. Furthermore, molding a
convex plunger with a flat backside results in an unacceptably
longer cyecle {(manufacturing) time due to the additional time
needed to cool the additional thermoplastic material contained
in the molded plunger.

© 20 The present invention is a convex plunger that enables
proper reflection of ultrasonic signals used to sense the
position of the plunger as it moves within the cartridge tube.
One embodiment of the present inventién, a stepped plunger 40
for use in a high-speed lithographic printing system, is shown

25 ~in Figures 5 and 6. The stepped plunger 40 is substantially
cup-shaped and comprises a bottom wall 44 and a sidewall 46
extending upward from the periphery of the bottom wall 44.

The bottom, ink-facing surface 42 of the bottom wall 44 is
convex to facilitate the flow of air away from the center §f

30 © the plunger 40 when the plunger 40 is inserted- into the‘ink—




| onger cycle (manufacturing) tine due to the additional timasmMegdadsto
‘cool the additional thernoplastic material contained in the nolded

pl unger. 20 The present invention is a convex plunger that enables proper
reflection of ultrasonic signals used to sense the position of the plunger
as it noves within the cartridge tube. One enbodi nent of the present

i nvention, a stepped plunger 40 for use in a high-speed |ithographic
printing system is shown 25 in Figureg 5 and 6. The stepped plunger 40 is
substantially cup-shaped and conprises a bottomwall 44 and a sidewall 46
ext endi ng upyered taptridye ped igdeesyd algatihet bdfet dnkwal | AHe bdfitembot t om

i nk-facing surface 42 of the bottomwall 44 is convex to facilitate the

flow of ai r SB§kAPef fBAThESCRMTSHr VI PHEPH GHiGEr #'SWef® he pl unger 40
I's inserted.j s'frﬁg e 56PN eNL2005 %halflﬂ%)lli% St tc;dgg‘,tggdaﬂqmpressed

agai nst the”I nk. ottom surtace 42 may be Textured w th bunps, nubs,

ri dges and tf¢ aewesr it thvephidiet hewmwm wall cllanneirdGhel sidesadard from
the center of the plunger bottomwall 44 toward the sidewall 5 46. The top
surfade 48 #f-the plunger bottomwall 44 conprises a reflective area

agai nst which the ultrasoni '%%Cﬁ%: gpals, %gféléﬁ% HAueing. grepation of the fluid

di spensing systém Fhé'e VE are ises one or- nore flat, 10

hori zontal s&fdages 4 halrieetlwCilaruhtdsost ongicgnahs flassanisour ce | ocat ed
above the plunger 40 back to a receiver. The receiver sends the signals to
a processi ngiamiles webrestt faying eperation of the fluid dispensing

gystem. The reflective area comprises one or more flat,

19 horizontal surfaces that reflect ultrasonic signals from a
source located above the plunger 40 back to a receiver. The
receiver sends the signals to a procegsing unit where they are
processed in order to determine the level of the plunger, and
thus the level of ink or other fluid in the cartridge. The

15 gsource of the ultrasonic signals and the receiver may be a
gingle unit, hereinafter referred to as the “sensor” or
“ultrasonic sensor”,

Preferably, the reflective area comprises a serieg of
circular steps 50 arranged concentrically about a center

20 point, which preferably coincides with the center point of the
plunger 40. Each step 50 has a horizontal upper surface
capable of reflecting an ultrasonic signal back to the sensor.

The height of the steps 50 can vary from step to step, but

./\‘\. :

the height of any one step 50 should be constant and be a

25 ' miltiple of a given variable, the value of whidh ig a function
of the type of ultrasonic gensor used and the wavelength of
the signal at that sensor’s frequency. Preferably, the steps
50 are the same height. The number of steps 50 is a function
of step height and plunger geometry.

30 . The steps 50 serve two primary functioms., First, they




processed in order to determne the |evel of the plunger, andMiréimoshe
level of ink or other fluid in the cartridge. The 15 source of the
ultrasonic signals and the receiver may be a single unit, hereinafter
referred to as the "sensor” or "ultrasonic sensor”. Preferably, the
reflective-area conprises a series of «circular steps 50 arranged
concentrically about a center 20 point, which preferably coincides with the
center point of the, plunger 40. Each sep 50 has a horizontal upper
surface capable of reflecting an ultrasonic signal back to the sensor. The
hei ght of tbheisieps Skk GRRJAVESY hberesiePriss St @ecoldf thkhe digicght of any
one step 50 should be constant and be a 25 multiple of a given variable,
the val ue ofomtiughiares areffidact i de ubtradeaicyplonslsuksehdonPenssesdsr used and

th | t h, of h t f bly, th
et B P e R, Bitea St ab "G BORBREs SuhETUGRS bar iR 20 N

step hei ght +g@khd pl unger geonetry. 30 The steps 50 serve two primary
functions. First, they 16 March 2005 10 elimnate the need for stiffening
ri bs. 5Second, tRAdithoidglatthet opp swrfacestdr of | det pthaged thossonivweldi §hal s used

t th ti £ .th 40 a thin th trid
Lube. 5 Al t FRRGFEnEoTa "6ty T de Ha B RO pTIRGr DEttam QAR 40 has boen

descri bed aﬁh&@aﬁr b St fibCQBCERIIE Bafd Ty 8had @RS Sbhrighbecip talEf ace 48
coul d have any shape and configuration that provides one or nore flat,

hori zont al strfizeesondgzempes atliave horizontal surfaces whose relative
heights are a function of the type of ultrasgonic sensor and
10 the signal frequency.
Alternatively, the top surface 48 could comprige one or
more flat, horizontal surfaces in the region of the plunger

where the nltrasonic signals strike, and a non-flat, non-

horizontal surface elsewhere. Regardless of the shape and
15 configuration of the plunger bottom wall top surface 48, it is
desirable that the shape and configuration exhibit axial

gymmetry so that the cartridge and plunger can be installed in

the automatic dispensing system without regard to rotatiomnal
orientation.
20 _ The stepped plunger 40 is most useful in larger diameter
. cartridges such as that described in U.S. Patent No.
6,192,797, incorporated herein by reference, but it may be

used with any suitable cartridge or container in which

Fas

ultrasonic signals reflecting off the top surface of the
25 ~plungexr are used to determine fluid level. Therfluid may be
ink, paint, varnish, a food product or any extrudable £luid.
Figures 7 and 8 show the plunger 40 as it might be used

in a larger diameter ink cartridge. The cartridge comprises a

hollow cylindrical body 60, the plunger 40 and a dispensing

30 fitment 62: The cylindrical body 60 holds a supply of




“heights are a function of the type of ultrasonic sensor and 15Q1drkie2o®sgnal
frequency. Alternatively, the top surface 48 could conprise one or nore
flat, horizontal surfaces in the region of the plunger where the
ultrasonic signals strike, and a non-flat, non- horizontal surface

el sewhere, Regardl ess of the shape and 15 configuration of the plunger
bottomwall top surface 48, it is desirable that the shape and
configuration exhibit axial symmetry sp that the cartridge and plunger can
be installed in the automatic di spensing systemw thout regard to
rotational estiuabagiiok o2Ovakhe skt @ppdeksph ubigpendOng £ndnéé argiebul in | arger
di aneter cartridges_such as that described in U S._ Patent No. 6,192, 797,

i ncor por at e IeE] b o8- of Ehe flEPeRFANY F1HESF BE S With Sy suitable

cartridge 0. O | ol ieh t [.C..S{ gha i off the top
surface of @h%%g%gﬁéllédgrgng@eﬁusggét%ﬁ%gtgiér%ﬁngef lt%isréag%ggf&% I%glllﬁe fluid may
be ink, paphingeratt Séhich fea@ pLegiicther cylindextaldabiresd [imi d.  Figures 7
and 8 show the 'plunger 40 as it mght be used in a |arger dianeter ink
cartritdge. THEPWELt FO QPEUBBRAT 05eSther REPPENY FPi FElF e8| 1M Rrtebhe t he

pl unger 40 and.a di spensing 30 fitnent 62:_The .cylindri ody 60 holds a
supply of 1%03\7a1re6h %8%?1 TR Ee1>?lgrﬁ %E?né; ?%ks%orm%\c/la%{#és]% gﬁgé‘-%‘gesqépdi spensi ng

end 66 and gurflcengercieiRdndfes THen diisheBar&E RBdohturgasead2diWehd t he
di spensing fitnment 62. The plunger end 68 is sealed by the plunger 40,
whi ch novesplundsirnte heindpl sgdmueaf bddpiserithe plunger 40 has

traveled the full length of the cartridge, as shown in Figure
10 8. -

Other modifications and alternative embodiments of the
invention are contemplated which do not depart from the scope
of the invention as defined by the foregoing teachings and
appended claims. It is intended that the claims cover all

15 such modifications that fall within their scope.

a




5 response to pneumatic or other pressure to extrude ink outistypech 2008z! e.
‘The di'spensing fitnment 62 shoul d have a concave top surface 64 that nmates
with the convex bottom surface 42 of the plunger to m nimze unused ink
after the plunger 40 has traveled the full length of the cartridge, as
shown in Figure 10 s. Oher nodifications and alternative enbodi nents of
.the invention are contenplated which do not depart fromthe scope of the
invention as defined by the foregoing tgachings and appended clains. It is
“intended that the clainms cover all 15 such nodifications that fall within
thei r scope.Welelat:ch 2005 12 We claim 1. In an inproved plunger (40) for
a fluid dispensi cartridge, the plunger (40). comprising a bottom wall
(44) and a%s'i_dejg\]lglal11 A8y g?‘l‘d?%egtpdgg\gr%rf Pohttife “p&Ps y of the 5

bot t om wal | dediadd)e choliiloua tad4Ebmpdsf 2 KARUR LI (sgPILACLI NG
surface (42), the position of the plunger (40) being determ ned by a
series of ula padewdld ditghaixtending egpwatd dinom Sengeriboeeyt ed above t he

| 40)_and reflected off  the pl 40) back to th , th
nr ovtrent PPOLCBIBSTHO. EHE BOTEBNIOL | (461 4PSHAG! A IRaT face (45).

the top surdacscdid) s6PARNE LPP, ancehbetlikeoArnsead ng%qéw(zm the
| | rs

ultrasonic signals reflect, the reflecCctive area co ng one or nore
subst anti al Ibgihy adetelpinabbyak sarifeaces wWapabbeicobidbaiefdndeteédg t he
ul trasonic signals back to the sensor,
from a sensor located above the plunger {40) and reflected off
the plunger (40) back to the sensor, the improvement
10 comprising:
the bottom wall (44) having a top surface (48), the top
surface (48} comprising a reflective area upon which the
ultrasonic signals reflect, the reflective area comprising one

or more substantially flat, horizontal surfaces capabie of

15 reflecting the ultrasonic signals back to the sensor.

2. The plunger (40} of c¢laim 1 wherein the reflective area
comprises a series of circular concentric steps (50), each

step (50) having a substantially horizontal upper surface

20 capable of reflecting the ultrasonic signals back to the
sensor.
3. The plunger (40) of claim 3 wherein the height of each

AN

step (50} is a multiple of a wvariable, the value of which is

25 determined by the type of sensor and the sensor’s frecquency.

4, The plunger (40) of claim 3 wherein the steps (50) are of

substantially equal height.

30 5, The plunger (40) of claim 1 wherein the plunger sidewall




2.. The plunger (40) of claiml wherein the reflective area i160E¢H®OS A
series of circular concentric steps (50), each step (50) having a
substantially horizontal upper surface 20 capable of reflecting the
ultrasonic signals back to the sensor. 3. The plunger (40) of claim3
wherein the hei ght of each step (50) is a nultiple of a variable, the

val ue of which is 25 determ ned by the type of sensor and the sensor's
frequency. 4. The plunger (40) of claim3 wherein the steps (50) are of
substantially equal height. 30 5., The plunger .(40) of claim1l wherein the
pl unger si dddAl |is eubeEer-izdds adlindriel jspdsdebimmst haténterybkimri cal and
O neo 2 CeRhnd et e U8el LnSBLLY BRRT ARttt 2 So! Bl SYMTELTY

axis.
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