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(57) Abstract: An improved plunger {(40) for fluid dispensing cartridges used in automated dispensing systems. The plunger (40)
helps contro] the reflection of ultrasonic signals used to sense the position of the planger (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) comprising one or more flat, horizontal
surfaces. In the preferred embodiment, the horizontal surfaces are concentric steps (50).




surfaces. In the preferred enbodi nent, the horizontal surfaqgM=a&£2005
‘concentric steps (50). 16 March 2005 1 STEPPED PLUNGER FOR USE W TH AN
ULTRASONI C SENSOR BACKGROUND Field OF The Invention This patent relates to
fluid di'spensing cartridges for automated di spensing systens, such as ink
di spensing cartridges used with high--speed Iithﬁﬂramhic rrintin? Bresses.
10 More speci i cal 1y, thi o 540956 3.2 o MBIINBUENAMIIBENITDAHE

el ps co
position of the plunger as it noves within the cartridge tube. Description

O The RAGEEH, Sluda JYRL0aL.)) A DogL A EE I Ell L o G diol | ow

eyl i ndri cal uDpiN Pblsnger and & B SPENSh st Ml o dWeT cidle] T 1 CAI body
hol ds a supply o? extrudabl e ink or varnis and has a dispensing and and a
pl unger end. The dispensing end is sealed with the dispensing fitnent,
which typically 20 includes a nozzle for directing the flow of the ink. The
pl unger end is seal ed by the plunger, which noves within the

VAN




cylindrical body in response to pneumatic or other pressure 160arédonside i nk
out thHe nozzle. Mnitoring the level of ink in the cartridge is desirable
25 for two reasons. First, it is necessary to know when the ink cartridge
Is enpty and requires replacing. Second, it is desirable to know how nuch
ink is being used for a particular printing job. One nethod for
determning the level of the ink in the 30 cartridge involves sending a
series of ultrasonic signals toward thg plunger froma source nounted
in-the top of the 16 March 2005 2 automatic di spensing system and
receiving reflected signals back. The reflected signals are processed to
determ ne the level of the plunger and, concomtantly, the |evel of the
ink in the cart$STERPEDbRINGER TR VEH FEFR AN PHFRASAIESENSRhogr aphi ¢ i nk
cartridges are nmde of plastic and are substantially cup-shaped. The
plunger typically conprises a planar bottomwall and a sidewall extending
upwar g from the periphery of the phég@dovkpttomwall. As the plunger is
forced through the cartrldge body by 10 pneumatic pressure, the planar

: g m jnk, causing it to be expelled through the

di spensi ng fltfﬂ%ﬂ% ég%enkerelates 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 hollow
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 the




Due.to the high viscosity of the ink and the tendency of ceabhairéh Jogst
drying inks to adhere the plunger sidewalls to 15 the cartridge body, very
hi gh pressures are sonetimes needed to advance the plunger. It has been
found beneficial to nold stiffening ribs into the backside of the planar
bottomwall to mnimze twisting and distortion of the plunger when it is
bei ng 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
of ten vari egu@dnigct 8Bigenkengtdysanfl ami pkacesingexeebsts ddhaigwhisch woul d
all ow an accurate reading of the 25 plunger position using ultrasonic
signal s. A baghthefhpretfilested sigagderyef rragessess tardetegminglddti cal . To

alleviate the .prablens presented by the stiffening, riRs ' havi ng a
flat refl ectlg?‘ﬁe(:)1L ?8#131%&31%&?6’65“%1% é%c méLﬁlarrlfIC “f’hghﬁl %Jén‘}ge(teir ?f%}g ~?Ltﬁﬁi s
solution entaidre addesi &RSboa0 The conventional "flat" plunger described
above has an 16 March 2005 3 additional disadvantage in that it has a

t endedcy to tragoeaventiqrsildpletgersafey ildgbodorhpicAbrlercaghsidgas prtge has

been filed with i d the pl ' d_into th trid i
become t  apBEt B! Hedth TREAT AREF" Ak L CHHEACETRG« oy piger | %

. typically comprises 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

Fas

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




5 can dry out over tine. If the dried ink is expelled from tihefaréoosi dge,
it can create printing defects such as hickies. The problemof air
entrapnment can be mnimzed or elimnated by using 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
fromthe 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 fromthe center of the plunger, the

bot t om sur f 388 fabnihe1ikzaphanger iNtghadte it exddinedemiddtybuapsapnabs, ri dges,
grooves or any other type of projection or indentation capabl e of
def i ni ng chimisles theireargides dodui r AFESTT Plogy SrbRiddre PR UPRRSY fi¢dfes into

contact with, the jnk..The convex plunger, disclosed. i.n.. 1 tent has a
20 corres po‘ﬂ’atlthndnko%%da&geuﬁg%nrgeg ur %ec%.edm%tno & 3‘8 hg%f%léﬁg’e:a%‘?sc Igs ed wth

ul trasoni C S&HRr Sraddttl GAASARLHPORY pIUhiQce IGRNERitaceig tdhe #idrasonic
signal, causing an error reading. To alleviate this problem the convex
pl ungér maycde dvyl detd onierhtime .| al £ bk drdled timkbéet el etomukre asoni ¢
signals, but 25 this solution entajls ad%g%anaterial aﬂd cost .

Fur t her nor S350 48Ry & SBRVEEHERGHRPt Frat Ph @R P& Esul ts in an
unaccept ably | oRgerptales &HBAY agttigrRgd) dddedin it zbACr addi tional tine

needed to cool the ‘extra thernoplastic

eliminated by using 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




material contained in the newy nolded plunger. .30 Thus it 1i6vath Bopect of

the present invention to provide 16 March 2005 4 a convex plunger that

enabl es proper reflection of ultrasonic signals used to sense the position

of the plunger as it noves wthin the cartridge tube. Further and

addi ti onal - objects will appear fromthe description, acconpanying

drawi ngs, and appended clains. 16 March 2005 5 SUMVARY OF THE | NVENTI ON The

embodi ment of the present invention is gn inproved plunger for fluid

di spensing cartridges that helps control the reflection of ultrasonic

signal s used ¢m@eNpRPuida pRSt tdnabled griveepl tejerti@s dit ubbwesondict hin the

cartridge tube. In one anticipated application, the plunger is used in ink

cartridges ﬁwnaﬁthﬁg@@é@ SPP%%J@@aB%%Flﬁ’Pl ﬁ?lfrhji Bj4nqans asThe T5VEfiger has a

convex frong., tﬁ %hd é sturface and a rear surface conprising one or
sur

nore flat, Wfﬁorl zon ces?bel n the preferred enbodi nent, the

hori zontal surf @@Q@h@f &r0A8&IY ilone 1 Séieeeraf wEnuabpéet Eibom fLma accor dance

wi th an aspect "‘of the invention, there is provided in an inproved pl unger

for a5flui dieseqidisPng acerrpinigeg drawingsunged sppapidsicdgine bott om wal | and
a sidewal | extending




upward fromthe periphery of the bottomwall, and a sidewal |15 gaxt@ndsdqg
upward fromthe periphery of the bottomwall, the bottomwall having a !
convex ink-contacting surface, the position of the plunger being :
determ ned by a series of nj i.gnal jtted froma sensor |ocated
above the plunger and reflgbhggﬁgfbg ?hg gwﬁ%%ﬁﬁ6 ack to the sensor, the
|nprovenent conpr|5|n% The bottomwall having a top surface,_ the top
sur f ace'® GHRNGIEIRG &1 EPPeBERTE N Ar eBVEPBROINT B AR hETRF ¥ 2E gt @198 gnal s
reflect, the reflective area conprising one or nore substantially flat,

hor i zdittalf levick sdepebapapl eastridpeecthay hadps| conisonl cthei gl ectiank to
the sensor. 16 March 2005 6 TIMDRAWNGS Figure 1 is a top plan view of a
converntfl ondirafdoatic sighade pkedgep. sekbgutike 2posiaian oss-Sectplonatevi ew of
the conventional 5 flat surface plunger of Figure 1 taken along line 2-2.

Fi gur exs3 iits mdvie@p wilcanvicw ebrargcaguexusdl f ace Ppheingeticigdgire 4 is a
cross-sectional view of the convex surface plunger of Figure 3 taken al ong

e pUTRAICR SR BLAREE 10 it gl oot ety MBS (0
plungq ithographic printing systems. The plunger has a convex front
(fluid facing) surface and a rear surface comprising one or more
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.




of Figure 5 taken along line 6-6. Figure 7 is an expl oded viigwiféh 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 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Turning to
the drawi ngs, there is shown in Figures 1 and 2 a conventi onal

|l ithographic ink cartridge plunger 10 having a flat bottom (ink facing)
surface 12. The plunger 10 is 5 substangially cup-shaped, conprising a
bottomwall 14 and a sidewall 16 extendi ng upward fromthe periphery of
the bottom wall 14. As the plunger dhwtrkeyel s through the cartridge body,
such as the one shown in Figure 7, the flat bottom surface 12 pushes

agai nst the inkFigaxsiingsi & tep Péaexpen ef aTopNestimred A%l e. Stiffening
ri bs 18 have been | ded. into the backside 19 of the bottomwall 14 to

i ni m ze tmf%ﬁﬁ%ﬁﬁ gﬁkPgﬁﬁ'stortion of the plunger 10 when it is being

subj ected to hipgBuid 6534l §Serds-BesiARS1 besdy SHOWRE iddnkegtical, the
vertical height o 15 the ribs 18 varies along their length, which can

resul 5 i n aflati mactaratdungadiqfgFofuthad prkemyelopastitisoR-dsi ng an

ultrasonic , . .
Figure 3 is a top plan view of a convex surfacgtplunger.

Figure 4 is a cross-sectional view of the convex surface
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.




si.gnal. A disk (not shown) having a flat reflecting surface ismayHmopl aced
‘behi nd the plunger 10 and over the ribs 18, but this entails added cost.
20 The plunger 10 of Figures 1 and 2 has a tendency to trap. air inside
the cartridge body between the flat surface 12 of the bottomwall 14 and
the top surface of the ink. This problemof air entrapment can be
mnimzed or elimnated by using a plunger having a convex ink-facing
surface. 25 Figures 3 and 4 show a plunggr having a convex ink-facing
surface. The plunger 20 conprises a bottomwall 24 and a sidewall 26

ext endi ng upward fromPERAIDED | PHESRYPDION BF DEE (IBWENTEON 24. The bottom wal |

24 has a convex bott.om (ink-facin surface 22 whose copnvex shape

Faci 11t atos the PYGHRH S8 o ag v, DAFAh & o BhPBr 161 FLaE B0t (9 wal | 24
and toward the eaf¢ddrd88a16 IMALERRA05: 8 LY el Ip_mﬂg& thenpl-upger 20 is
inserted into the filled cartridge and pressed againsi the ink. "To further

aid the fl| cwfdht diattawayidk dacihe) cenfare dl2.t heheplpingeer 20, ishe bottom
s, pubs, ridges, grooves 5 or any other

surface 22 ng%'be Hgﬁﬁyred with bu
type of projEOFFORGrH-¥ntERnsiePeh CoPRb s 2 BRI Kottt nénABE <2 t hr ough
whi ch aif Clabhoi Wie Bt OR1RLUAGRIA SRR SHeNbO: RLACKe Wrkhpllity NK.  The
convex plunger 20 may be nolded wth stiffeningri 8 ext endi ng upward
fromthe towall 14. As the plunger 10 travels through the cartridge
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

Fas

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




.surface 29 of the bottomwall in order to strengthen the 10 ipMugewoesnd
prevent twi sting during use. Wien used with ultrasonic sensors, the concave
top surface 29 cancels out the ultrasonic signal, causing an error

readi ng. Wiile the convex plunger 20 may be nolded with a flat backside to
better reflect ultrasonic signals, this solution .15 entails added nateri al
and cost. Furthernore, nolding a convex plunger with a flat backside
results in an unacceptably | onger cyclg (manufacturing) tine due to the
additional time needed to cool the additional thernoplastic material

contai ned bady Ra1molkled cpk upgeEer 260 Theips@aeat ihty &hki oM IeH a convex
plunger that enables proper reflection of ultrasonic signals used to sense
the positioarofidgheanyl prgeredagringloids Wilthi Fot Hertdart rididgdet ube. One

enbodi ment r esent nven |on a st | unger, .40 . f se in a
hi gh- speed 1?"?16’% gbﬁiaé"’abrr ROT sy eteh ©f B% R %Smh T’—heg%r §5°% and 6.
The steppeds@iﬁa&eﬁz%y §e5t@§iu%€a|@iﬂlﬁ’bﬁﬂ§s siﬂl@agd AilbdesPrgHdoyes a bottom

wal | 44 and a sidewal | ext endi ng upwar d fromthe peri phery of the

bot t o wal | od4ny ﬁhleelbmgnvf iprled ealciang osummaﬂiﬁ_’omfcaphbl%mft omwall 44 is
convex to f litate the_ flow of  air. awa fron1 ent of. 30 the pl unger
20 vhen ¢ heSBr G SFHeL] B LR 198 TR RPe quager

comes into contact with the ink. The convex plunger 20 may be
molded with stiffening ribs 28 extending upward from the top
surface 29 of the bottom wall in order to strengthen the

10 plungér 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—




filled cartridge and pressed against the ink. The bottom sushase 285 may be
textured with bunps, nubs, ridges and grooves or have other neans for
channeling air outward from the center of the plunger bottomwall 44
toward the sidewall 5 46. The top surface 48 of the plunger bottomwall 44
conprises a reflective area against which the ultrasonic signals reflect
during operation of the fluid dispensing system The reflective area
conprises one or nore flat, 10 horizontgl surfaces that reflect ultrasonic
signals froma source |ocated above the plunger 40 back to a receiver. The
recei ver sepilslddheastgitefeSatd repsod exsiingt Wwiie inker e t oy oteompr ocessed
inorder to determ ne the | evel of the %I unger, and  thus the level of ink

or other fl&reEass ehamaraPer Ferfarethettys k"BEﬁ'cémBF tF&9§Ft #3Soni ¢ signal s
and the fecsw&f sTBY B8P or SN HEnlNdr oH m tely rd%ft%sr.«gdfxtoql as the

"sensor" UIFr asoni ¢ sensor Preferably, e reflective area conprises
a series of th@lcreewéaro:stthPBm@ﬁsrh@tgﬁﬁl @@n:cemt tbeatd thabsidevaltent er 20
poi nt, which pfeferably coincides with the center point of the, plunger
40. Ea&ch stéﬁ 50 has a horizontal upper surface capable of reflecting an

resonnc ! ST Rl hirhBe Sl e Te-Uel togh g ghens %0 con very
and be a  comprises a reflective area against which the ultrasonic

signals reflect during operation 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




25 nultiple of a given variable, the value of which is a funethm®é 2006 the
type of ultrasonic sensor used and the wavel ength of the signal at that
sensor's frequency. Preferably, the steps 50 are the sane height. The
nunber of steps 50 is a function of step height and plunger geonetry. 30
The steps 50 serve two primary functions. First, they 16 March 2005 10
elimnate the need for stiffening ribs. Second, their flat top surfaces
reflect the ultrasonic signals used to gnse the position of the plunger
40 as it noves within the cartridge tube. 5 Although the top surface 48 of

t he plunger oboifrateveand 4a has heerediescribed asceadprhsingrieencentric
circular steps 50, the top surface 48 could have any shape and
confi gur at i bep thvafaces gefdest ore sltyasoaif| stgnafer poeshital SSRAef 488s whose

relative heights ar function of the type of, ul.trasonic sensor and 10
“the signal ¥? &é’ﬁc?f 1%161 Qgﬁléﬁrvé} y2® the™ gﬁs SWI}I;E%EE‘: 85U l(efi']:”((:aorrpri se one
or nore fl ghpe horizontal surfaces in the region of the plunger where the
ultrasonic signals strike, and a non-flat, non- horizontal surface
el sew¥er e. RegaPdkbeuglofthieheos rag§aeamdisl 5 cord ipduraed dwtodm twed lpkéinger

bottom vel | Lon, sur (ace 48, LY Ltp 5ty hEANAL LIS 3205 4005,

the top surface 48 could have any shape and configuration that
provides one or more flat, 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 shaﬁe 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, wvarnish, a food product or any extrudable £luid.
Figures 7 and 8 show the plunger 40 as it might be used
in é 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




symmetry so that the cartridge and plunger can be install ed ilgMarkth®os

‘aut omati c di spensing systemw thout regard to rotational orientation. 20
The stepped plunger 40 is nost useful in larger dianmeter 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 wultrasonic signals reflecting off the top surface of the 25 plunger
are used to determne fluid level. The f{uid may be ink, paint, varnish, a
food product or any extrudable fluid. Figures 7 and 8 show the plunger 40
as it m ght eberufaplle i inkaokavrgerisdi ambthers ankispensinglgad Fhergart ri dge
conprises a hollow cylindrical body 60, the plunger 40 and _a di spensing 30
fitment 62:PHHgeRyPrhES-cafdHSdFrERsig §89a0%dFpPF e Y6E/™en 2005 11

extrudabl e in eqlrsixg;@it%gngn&_haﬁ%% %uﬁlﬁg?ﬁ%@(ﬁgn% 66,308 & wpkunger end

68. The di spensing IS Sea Ispensing fitnment 62. The

pl unger endphHithdes &ealwedchymdhe wpthitgehedOyl dircbalbods &6 tim n t he
cylindrical body 60 in 5 response to pneumatic or other pressure to extrude
i nk 0@t theresnsagreto TREVHASHE RS AERTI PFEATLEY tohetiddRalk £u¢oRBave top

rsnu[]f %9§e6ﬁn%£zgzt el”f]‘}( :? té%g?%%%gfgizgfé(ntbgy%uﬁlér £268 ABofbadd € opP! Unger to
ger 40" has :

surface 64 that mates with the convex bottom surface 42 of the

plunger to minimize unused ink after the 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.

5,




traveled the full length of the cartridge, as shown in Fi gurng makéh 205 her
nodi fications and alternative enbodi nrents of the invention are

cont enpl at ed which do not depart fromthe scope of the invention as
defined by the foregoing teachings and appended clains. It is intended

t hat the clalns cover all 15 such nodifications that fall within their
~scope. 16 March 2005 12 We claim 1. In an inproved plunger (40) for a
fluid dispensing cartridge, the plungerns(40) conprising a bottomwall (44)
and a sidewall (46) extending upward fromthe periphery of the 5 bottom
wal | (44), tWeechaimr:om wall (44) having a convex i nk- contacting surface

(42), the paqgsition of the Iun er eterm ned by a series of
ul trasoni c si‘gnat’ aé’mlf“?]é Vﬁl%e g g)or gag]é'b‘ %erf Spl unger (40)

and refl ect edrotia eth@h@I REeer (D)) begkr1Qnke RRRSAN walihQakPLVveMent 10
conpri si ng: tﬁe bé%ton1ma ?42) havi ng 5't3% surface W6218)6( ﬂpgtop

surface (48 @@ﬁwa@ g6 mtehémg \ﬂ@war@afmponhwwpechphénez afl thasoni c
signal refle g t §f|FCt ve_area cqﬂfrlsgeg one nore substantially
flat, r|25ﬁ§ pm §ﬁﬁﬂa %’c&bﬁb?% SR 1ELh ditf ‘?ﬁ@gtﬁé“ﬁPF¥a§6%lc si gnal s
back to the $@B$&ing surface (42), the position of the plunger (40)

being determined by a series of ultrasonic signals emitted

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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