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The present invention provides an infusion pump (10) for providing a flow of a liquid through a tube (28). The infusion pump (10)
includes at least two occluders (152), (162) having an open position and a closed position for teleasably pinching—off the tube (28). A
mefering chamber is disposed between the two occluders (152), (162). A first pluager (72) and a second plunger {73) are provided, each
plunger (72), (73) having an open positicn and a closed position for releasably compressing the metering chamber. In the method of the
present invention, an occluder (152) releasably pinches—off the tbe near the source of the liquid at a first location. The second occluder
(162) releasably pinches-off the tube at a second location that is dowsstream from the source of the liquid (23) and the first location. The
twbe (28) is released at the first location and a plunger (72) compresses the tube (28) between the first location and the second location,
thereby generating a flow of the liquid through the tube (28) in a direction towards the sousce of liquid {23).




plunger (72), (73) having an open position and a closed position for

rel easably conpressing the netering chanber. In the nethod Ofl%téxheu 2®§sent
i nvention, an occluder (152) releasably pinches-off the tube APt

source of the liquid at a first location. The second occluder (162)

rel easabl ywpioashere- of f t he tube at a second location that i pciousmshsgam
fromthe source of the liquid (23) and the first location. The tube (28)
is released at the first location and a plunger (72) conpresses the tube
(28) between the first location and the secondl | ocation, thereby
generating a flow of the |iARKUENDENIVEINE MECHARSIM n a diTection
towards the source of liquid (23). 15 August 2003 WO 00/51670 1

PCT/ US99/ 29436 A FLUI D DELI VERY NECHANI SM_ Fiel d of the Invention The
present invention relates to a f|iied oldheJayentianchani smfor the delivery of
liquids and other fluids. 5 Backgl?r ound of g,_t'ehe I nvent![on Fl ui d gel [ \éery
mechani sns ar h i AGEHBRA 5 . .

cat egory of f%ﬁ%ﬁkvﬁ@%ﬁg&%gﬁi grs}sﬂu%d/hg%l operate oﬂl .gpﬁ{égc%hg%rg 0? li]%lgdsto
gener at e andpthgsithuds. acti on. One category of positive displacement punps
that qperate on the flexible tube are also  known as val ve-type punps. In
the operation of the valve-type pi¥patri¥ ’.-; “.sis)aes 1? tpetLIeem bl e
tube thus forcg ilérd Wedhd@iisad L0 0 _
f1exible tubeqla&%hgﬁghﬂeg%pl i catr?gﬁo‘%’g#‘{t%e pgﬁst ."_?3_%. ?g*ﬁ%%t&#@rﬂs UM i s
t he admi rdagagogt offuid fielivient mechanioms that gpéemdise ol ﬂe:&ﬁlmr:ﬂbesﬁor @nbt_%&e Qf)urf;‘l)ing
intravenous liguids to a_.patient is well known in the art. Typica ly, a
sol uti-on 3§E518'h §§'e SaFeoR of BP%EES%SR!?%E}B@&PWBPW@ %Eﬁgﬁt&i%ﬁhe ﬂﬁmglgftyl?@rbmﬁo
cont ai Nergo i t T8 file fYShemy-hr g ndui t such as
Pl R T 6 B B USRS
cat hder -th¢vlenibleituhegthus foeciig aliguid sontaingd éultherfiteibld tabe oflipslhis flekibRlabe. t Y,

fl i S. trolled by a.roller clanmp which is adjusted to
Fostrict the APETRRARIBR ke he e PR HGRTB the sehtionot
: ) i ek ' . [ : 0 be.
obt ai ned.intrdvenbihs iRjiidsh Che A RiRRkioh Qlf' fé?l%glglg&rgg?iﬂhdgstég hiferdt ROWBN {cnowxg iBghe o o

regul ated by neans other than a rol . ~becom'ng nore

comon t drluskypagilly| asslutionisoch sysating tghalobedr elaﬁ:]olyéltbu:@nmmeﬁ&mp .ﬂe;tau_@rboms "

i . . le, ,val ve-t . In suc evi ces, a container or g
el e 1B By R TR  fenb e o el By o
pinches aibd WRich WRCASES tﬁegéﬁéhk Hﬁ'%att@fgi'_ Mﬁpg@k&syth% AR £ é@{lﬁg&%&ﬁéz . A

pl unger, pressing on the tube between the occlfuders provi
force to forses ofgrarifsyend the refeef fatw ie controllttichy o dolledcliuap SeHichvie Efksle@ &

i h I . Different bolus sizes are 25
Do conp! | Shtetihe BiRE s1i¢ BreRpbfbedesralfay se i mbtEnghger D rfer ent

flow rates ar &low from the container to the patient also is known to be regulated by means other

than a roller clamp. It is becoming more and more common to use an electronically controlied
20  infusion pump. Such pumps include, for example, valve-type pumps. In such devices, a
container or bag typically provides for the delivery of the fluid to the tube. A mechanism
pinches on the tube using an occluder, and typically a pair of occluders. A plunger, pressing
on the tube between the occluders provides the motive force to deliver fluid to the patient.
When fluid is delivered to a patient, one of the occluders opens. Different bolus sizes are
25  accomplished by controlling a stroke distance of the plunger. Different flow rates are
accomplished by varying the frequency of the operation of the occluders and plungers
open/close cycle.
One disadvantage of the prior art infusion pumps is that the operation of an occluder
and/or a pluﬁger on the tube will eventually deform the tube and change the pumping volume.

30 This disadvantage may arise for many reasons. The operation of the occluder or the plunger .



acconplished by varying the frequency of the operation of the occluders and
pl ungers open/close cycle. One disadvantage of the prior art i nfusi on
punps is that the operation of an occluder and/or a plunger 'oAvB¥E240pe
will eventually deformthe tube and change the punping volune- 30 This

di sadvant age may arise for many reasons. The operation of the occluder or
the plunger . 15 August 2003 2 may stref%h the tube thus changi ng the

vol ume contained within the tube. The operation of the occluder or the

pl unger maga e thwébft tﬁ}b?echti@g"&thm@lm taptained wWithinghetybgp elhelpaeratigngd theesul t s
in a changed ol e, gse%éthb&o%u%ah%? setﬂpggfﬁ Ol ans%\és‘sruué fne, such
devi ces becone Iess cur te as to th noun delivered to a
pati ent. Whangedrr@blmrs:p@tamewvhlw@t\*b&vih@efém O‘Gégmg,n?égi detiges hee@rug k§sst he t ube
toits ori Qdcﬂt%le as F@tﬂ@arp&}n‘f\ﬁﬁmum{ré?& tSX%Lit?e%t \%’Hﬂ;é}n%ﬂl&‘?ﬁems H;% been
conpletely elinmnate the inherent inaccuracy in the valve-type punps. Wat
i s needed flesigaedyibefiretym thmmh%iiooﬁs OREiRY shiPe ERWEPRINGPEE ciybles, sish devesy dghot

val ve-t YPE€conljidttly elifiat tﬂesinﬁ:k'é@mg&gg inltfe 4 %ln k.nfusion punp that does
not | ose accuracy of bolus delivery the nnpe i mes the punp i s used. What
is further need&éai ig nepdegeig p angdicplipiygipopunpUTRich impaeven e epcyrack ebwlvgdyrent ages
yet uses sfgndakgh,i HQ[sQQeé’&Qcﬂls a%neﬁﬁ:@ﬂhﬁé&o@ﬂuﬂ&ﬁ AR Bed R 1048 KochieyMibbiup! €

cl i nical settlngs unmar I nventi on The present Invertion provides
a fluid de@qlk}’@rwhermﬁaﬁlp%‘%ﬁ Wl*m%ﬁ Uiswpr\‘éhﬂw fyrther a@é@r igaynedisg] infysignepumpe
punps. Thempr $RfNhest RAGRhERN QMBS d fibldghdisdeldty %aﬁta%?«gﬁl@é gt does
not | ose accuracy of bolus’delivery the nore tines the punp is used. The
present i nY&#e] $Hings.ovi des a fluid delivery mechanismthat controls the
shape of the tubing throughout «{gmnRtPBr GY¥Eentdi€ Present invention also
provides a fluid delivery mechanismihat Is readi|ly adaptable to use in
mul tipl e clini cabe Wesertipypgtiommyevides adwist defivgie AEFeRisMO IR MPIVesPRIRSYESHE | ui d
delivery neGhRfRIHHuARL. TH@;@@@%&:}@@W&@Lﬁumem&w h&henifth Pa: &b hdengs.
The present |nvent|on rovides a device for providing a flow of a |liquid

t hrough a losfascuragypd ba@w%ewpﬁmrg tipgs the pyrep isgiesdt JaF AgSsbEMIMIRRRIONES]N

open posi t} AmdaBsleR mdcAS8En &Qﬁdoﬁh&&lthfe@ﬁape behe AR iMormeh gt ﬁlﬂlptc%{et WKLB at a
first location; second occlud |ng q;ans havi ng an open_position
SUh

cl osed posPrﬁeB‘rf“‘f"’(S‘F‘O‘?’ reRyevfsy greehsaismihad isgeadily adaptahis te b%,ea*e i on

conpr essi Qﬂulﬁﬁ@@ﬁmc@@éﬁﬂ@ﬁnTh@@regehf ifbentiOE Alth@pravitis b ARIASBHBRAIMEDERLh Bt f or
conpressing the tube; and neans for  providing a |iquid under pressure to
the tube cBAFHIsdeRtablstq MyltiBle RMBsHlingdder, a fluid conpressor for

provi di ng conpr ?l%%ﬁéi;eﬁt' 1Weﬁt1$@rbﬁﬂdsatd@v1&h@r prabiuaL ablos Joh agdethraid adkbegner gy

storage tank fo
the dev1ce comprising: first occluding means having an open position and a closed position for

releasably occluding the tube at a first location; second occluding means having an open position
and a closed position for releasably occluding the tube at a second location; compression means
between the first location and the second location for compressing the tube; and means for
providing a liquid under pressure to the tube comprising an inflatable bladder, a fluid compressor
for providing compressed fluid to inflate the inflatable bladder and an energy storage tank for
storing the compressed fluid under pressure which is in fluid communication with the fluid
compressor and the inflatable bladder.

The present invention further provides a device for use with a tube providing a metering
chamber and a container containing a liquid in fluid communication with the tube, the device
comprising: a bladder for compressing the container thereby pressurizing the liquid in the tube
and causing the liquid to flow into the metering chamber; and a plunger for releasably
compressing the metering chamber and thereby generating a flow of the liquid from the metering

chamber.



storing the conpressed fluid under pressure which is in fluid comuni cation
wth the fluid conpressor and the inflatable bladder. The pquﬁggﬁstzom
invention further provides a device for use with a tube providing a

met ering éoand a container containing a liquid in flud

comuni cat'on W th the tube, the device, conprising: a bl addér™/¥&P29436
conpressi ng the container thereby pressarizing the liquid in the tube and
causing the liquid to flowinto the netering chanber; and a plunger fof

rel easably conpressing the netering chanber and thereby generating a fl ow
of the liquid fromthe neteringBradfddseriptids otk Bravdog3 WO 00/ 51670

PCT/ US99/ 29436... 3 -. Brief Descrd pt.ion of the Drawings Figure 1 is an

exanpl e of an ﬁl?eabgr?&fga?’P&‘Hjai%d?tﬂ%"ieﬁ?}’s&ﬂ%‘qﬁﬁ‘ ppp inpghich thegresent

i nvent i onpGatioR@akbe Ltitad. Figure 2 is a perspective view of the
intravenous fluid infusion punp of figure 1 in an 5 open position. Figure
3 is an expl odBguss 2y agferspestivaview\of thristravemods fluifl msfusion punp obfigdregunan 1
il us?r at i ng co&gonents internal to the intravenous fluid infusion punp.

Fi gur@ 4 P PPPlher expl oded view of the intravenous fluid infusion punp
of figure 1 iFibuflyBlanftgploded RRMW &qﬁmﬂﬁ%xﬁm!sﬂhﬁriﬂﬁkiohgug@g}ﬂ feAyenous
fluid infusion punp. 10 Figure 5 is a schematic of a flui el Fvery

mechani s rillusiciéing gompenerdaimécanalito the intravappinfuidliefssiod ptrihp. present i nvention
Figure 6 is a plan sectd gpal view,of an.occl uder chanj sm made in

accor dance w tﬁg"‘iehilsﬁrii“ﬁgffp‘fx@k’dﬁfi Vl?’i"e"%ﬁ%é’ﬁﬁt""‘i‘%%@ SIOR RUMptafifigpess] o
singl e plinagating Birthér RompbiedindBNab RS SednbAN Blid Y %[P{,]urp&e. occl uder
mechani sm of figure 6- 1£ Figure 8 is an el evation sectional”view taken

al ondOaxi s A- Aqgérefs garssh@naticofpuiiied deliverameciaaisat ade is acdordan@k withahe t aken
along the B-B axiS, of figure 6. Figure 10 is an elevation sectional view
t aken al dﬁg‘cﬁheéoé-%i‘f%???g&vef’f’%re 6. Figure 11 is an el evation secti onal
view taken al oFigurelis B-pghupstc 1 yfek i 2 . [ pew of
t he domstream_g%cl uder of fiﬁgﬁir g{egg?gaﬁleo%cgﬁgﬁgaggﬁm@@ggg&g@@%ﬁ@ 6.
Fi gur e 13h¢ pripcigleg of baalresghieiwerttionlthatutiiteseasingle phungker of figure 6 taken

al ong axis F-F

Figl(J)rfe ’; iis 9 rerévgt'ion sectional view of the occluder mechanism of figure 6.
15 Figure 8 is an elevation sectional view taken along axis A-A of figure 6.
Figure 9 is an elevation sectional view taken along the B-B axis of figure 6.
Figure 10 is an elevation sectional view taken along the C-C axis of figure 6.
Figure 11 1s an elevation sectional view taken along the D-D axis of figure 6.
Figure 12 is a sectional view of the downstream occluder of figure 6 taken along axis

20  E-E of figure 6.

Figure 13 is a sectional view of the upstream occluder of figure 6 taken along axis F-F
of figure 6.
Figure 14 is a diagram of a system in accordance with the principles of the present
invention.
25 Figure 15 is a schematic of a valve/occluder/plunger arrangement in accordance with
the principles of the present invention.

Figure 16 is an operating profile diagram of the valve/occluder/plunger arrangement of

figure 15.

Figure 17 is a schematic of an alternative embodiment of a valve/occluder/plunger

30  arrangement in accordance with the principles of the present invention.



Figure 14 is a diagramof a systemin accordance with the principles of the
present invention. 25 Figure 15 is a schematic of a valve/oggly Sliéfﬂkunger
arrangenent in accordance with the principles of the present in¥Vention.

Figure 16 (s @msigperating profile diagramof the val ve/occlu
arrangenment of figure 15. Figure 17 is;a schematic of an al ‘E’V},’E{%%%

enbodi nent of a val ve/ occl uder/plunger 30 arrangenent in accordance with
the principles of the present invention. 15 August 2003 WD 00/ 51670 -
PCTI US99/ 29436_. 4 Figure 18 i.s an gperatin rofil e diagram of the

val ve/ occl uder}f‘&“&rﬁg‘ﬁ aﬁr"P%FﬁB%&rﬁfﬂﬁl%‘i"agffiwg%rtge Yatve/prguder/plonges agrasgrnemabf ¢
of an altgnp tl'Fl_ve enbodi nent of a fluid delivery nechanism nade in
accordance"wth the principles of the present invention that utilizes two

pl ungers. 5 FiBgure [20siaschenpitiznfanelibmible emliféntsT i@ dBRlehY meShRA] Ment
of an occluder nechani sm nade in accordance with the principlés of the

present i i2EFPranae; Withige prisciples ohithe ptesers iguentionthatutiizestvay pligers.

secti qnal vi ew:qQf : i-smf flqure 20. Figure. is an
el evatg i on sec;’?lg"r'lrgltﬁ\e}ls g&;?z{nausggtﬁlongf g’%‘%%g)%‘ %Ri{"?g ofmipe gt ogin %E‘é%ur e 23
is an el auedhanismserleiin Bedordinee/withkfie pandses biihe %r&.eﬂé@h%rﬁfonfdtﬁiﬂfng t&@' £

0 i gure

Figure 24 is an el evation sectional view taken along the C C axi
20. Fi gtR“é"@Ss-i s an el evation sectional view taken along the D-D axis of

figure 20. Fi [ tic,of a.dual plunger,arrangenent_ in
acgor dance wi tﬁé’llgrﬁeﬁqf)??ﬁ%}’%ﬁ)g?ggtfént%hge‘ﬁlpg en?ccP‘f#E%ﬁ"B’m‘S‘ﬁgg G027 is
an operating [Figirel2¢ islkmeletdtionlseatidiaDiew eAksmBaldlY 43¢ R0A QfF AL al pl unger

arrangenment of_ figure 26. Figure 28 is an operating profile diagramof a
nedi d4fh vol une Higradsananelevaiionggetionabriem gakenalongthe MeBtaxix off figyue 20.26.

Figure 29 is r.af i rofile.di agram.of | o lLume | sion of the
dlug:J pl ungiar %Q%R g?ﬁg%é[ggrrleeﬁ%tmg:‘se&foé\l}fge‘ﬁ&keﬁia&ngetwg%gqp‘g“ of gy %e??}ate
embodi nent of Hgidre abds geblevRion sBRERAN:SIARARI Y tha T80 Q@é"&ieﬁa%’l‘jr%ao.t he

e

principles of the present invention that utilizés a camactu
Figure 26 is a schematic of a dual plunger arrangement in accordance with the

principles of the present invention.
15 Figure 27 is an operating profile diagram of a high volume infusion of the dual plunger
arrangement of figure 26.

Figure 28 is an operating profile diagram of a medium volume infusion of the dual
plunger arrangement of figure 26.

Figure 29 is an operating profile diagram of a low volume infusion of the dual plunger

20  arrangement of figure 26.

Figure 30 is an alternate embodiment of a fluid delivery mechanism made in
accordance with the principles of the present invention that utilizes a cam-actuated
mechanism,

Figure 31 is a cross-sectional view of the cam shaft of figure 30.

25 Figure 32a is an operating profile diagram of the c;ccludcr mechanism of ﬁguhre 30.

Figure 32b is an operating profile diagram of the occluder mechanism of figure 30
illustrating the relationship of a cam angular position with a position of an occluder and a

plunger.

Detailed Description of a Preferred Embodiment

30 Referring to figure 1, an example of a fluid delivery device in which the present

invention can be utilized is referred to generally as 210. While the example described herein is



mechanism Figure 3 1 is a cross-sectional view of the camshaft of figure
30. 25 Figure 32a is an operating profile diagram of the occllgq,glrgusqrg ani sm
of figure 30. Figure 32b is an operating profile diagram of the~occluder
nmechani sm pf, folge,e 30 illustrating the relationship of a cam angul ar

-CiTéHES’%/l%%

position wth a position of an occluder. and a plunger. Det di
Description of a Preferred Enbodi nent ?o Referring to figure 1, an exanple
of a fluid delivery device in which the present invention can be util+zed
is referred to generally as 210. Wile the exanple described herein is 15
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210 al so includes a cover 212. 5 Referring to figure 2,
figure 19@®veeék.in the open position. At least one fluid delivery

rechani sm 216 4 i.thin the i n. body.214 of .th 210." Th
(T a2ael | vor yoieirfidh S, it o b ifskin S therpsh Bpiion. Asleasiani ch
a tube 2&meiuid GAeH madhanitAe 15 WiBcALdwithBant iirbalg) il\aeéthgﬁt?ﬁg@?mrﬁ@

may further include a tube- |oading feature. Associated wt
del i ver y thiddeliveshmeahgniss 24 6 estudssn ket loading chardief@2%ini @ tviith\ai tube 28 Bover

212 | 27 .0 d.an.the bott te 229 ar i Vi
rechani oi2Bg T fe Bk 28 RAE Bt ARy prontae Sy fhsminehuca fbe. |
associ at aehding felnkeCRisCARARENABIRIRICERy Shails J18lich BB@H% fJedhse 291,

293. Referring nowto figure 3, an explodéd view of the pu figure
1 i s ldepifssedated with Heaver 2H20is futpp plate 227 | Didpssed opable Baomdipkpes2el agn t he

cover 212, th ad 216 provigdi 15 keypad access_to the pu 210. A
Wi ndow i §e°§%‘%‘€3 ‘3‘8%‘%“#?"15%5?10%’%- 9‘%@958? °5¥'§? OpIR3fe %2? anq Qe V%Yp ayseripted
embodi mensish febividh SR 281208 Dercaftchif it Rt 2020pUTP 210 i ncl udes an

el ectronic control 230 for controlling the operation’ of the punp 210_ An

occl uder nechdferng 29w t digdiesh es esplodedwiewtdiehepump 210of finee dds desieed.
rechn, e 0ug A LB ETI SRR S Ry bt o ol b,
punp 1210 kejad aRo6eto BeRInp 2D2 L uidol BPrévidQHinGhe Pid PRYRS aldisPRAI B §nt hE
the preferred embodiment, the display 217 can be an LCD display. The pump 210 includes an
electronic control 230 for controlling the operation of the pump 210. An occluder mechanism
240 i1s disposed within the pump 210, the occluder mechanism 240 providing the means to
move a fluid through the tube 228, as described in detail below. A power supply 232 is also
20  disposed in the pump 210, the power supply 232 providing a source of power to operate the
pump 210. In the preferred ambulatory embodiment described herein, the power supply 232 is
a series of batteries. Included in the occluder mechanism 240 are solenoid valves 242,243,
244 and 245. The functions of the solenoid valves 242, 243, 244 and 245 are described in
more detail below.
25 Referring to figure 4, an exploded view of the pump 210 illustrating COMpOREnRts
internal to the pump 210. The pump 210 further includes occluders 252, 262 and plungers
272, 273. The function of occluders 252, 262 and plungers 272, 273 are described in further
detail below.
Referring now to figure 5, a schematic of a fluid delivery mechanism made in
30 accordance with the principles of the present invention is seen. A flexible fluid container 23 is

provided filled with a liquid and connected to the tube 28. The fluid container 23 is loaded



punp 210. In the preferred anbul atory enbodi nent descri bed herein, the
power supply 232 is a series of batteries. Included in the ?gqug £003
mechani sm 240 are sol enoid val ves 242, 243, 244 and 245. The functions of
t he solenqhé éshﬁgs 242, 243, 244 and 245 are described in pore det ai
bel ow. 25 p rrng to figure 4, an exploded view of the pungcgygwmmué
illustrating conponents internal to the punp 210. The punp 210 further

i ncl udes occluders 252, 262 and plungers 272, 273. The function of -
occl uders 252, 262 and plungers 272, 273 are described in further detai

bel ow. Refterrchagberowthotliidgiehecr§ device Ghmrshtivo). din enef dmbodiralaitj-the kyntaen2mi sm
made in 30 accor.dance with the principles. of the prese invention is seen.
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bet ween a fi.xed pl 2 nd .,an j nfl at abl e bl adder 24. On the outside of
the inf| DaHPL ISF‘%E%@?CT Cany ey ful-actunged %hﬂm%BK/i ded. _Tr_gpe purpose of the
restraint 26 ighdfie biBE 28 isMadelld e iRl QbliveRPalli i
bl adder 24 pushes afjai nst 1t he cont al ner g?:ll.? on@%@%%gﬁ%té}g%ﬁﬁﬁg%#gg&& 24
can be acémpredsealdietwmearch Sisafival pladfiESnaride phinge 738 Tle thibadie i pro-coh@rdstadi @
delivery device, .a, segnent_of the tube 28 is pre-. conpressed between a
frrst 1) aeamseabdSyBoRi aTRp qrgbieraS el felfovdes Yhoas onsprbEdedt e
non- occl yge ol hifdh-off e Qe bed r{"%% ; ' L h ene _on
each si dgﬁogemio% unger 7§$t 0 b%gﬁgeo thﬁégédggﬁgggegfe%%g%%8°Cclhcger er
is disposszl Iiet vitheroctludenthat isdecatedlOn fizfluid Gantaihbe2dside ufithe pligler 75isl ocat ed
on the fl idcﬁonta'hner 23 sid? of the plunger 73 is _referred to as the
upst r eanfdeEeditpe3s the PPt aeclydend p2 geg thegether accludep jsrafgrred tags thee

downst reg &Féa%?écﬂd@?léihe pre-conpression of the tube 28 results in an
approxi mat el'y oval cross-sectional shape for an otherw se round tube. The
pr e- conpr essi die pfe-tdrapicskion af the tpboDR eaaltfinpar dppadximiflyvaal bfdst-Bectibfalt ube.
By pre-conpressing the tube into an approximtely oval cross-sectional
shape, t HaPEEPLAN Yberyree T ehe pT e prercasmpressionQfithe tibs plsp@sodices mpaprlinger

73 i h ' | Lth th f.th
e 15y e 1Ak B ieoniRi e HE KA Aol Rkl P ER5 Rt
t he t ubesliapepthpibehstvohasedelzerntld permunitituokp divande BOtHR phaipee 73 iQerbRbthin t he

tube to the shape the tube accepted due to the pre-conpression after the
furt her thebolusvolume deliverable without the use of the pre-compression. Furthermore, the pre-

compression of the tube maintains the tube in a pre-stressed condition thus providing a force
to return the tube to the shape the tube accepted due to the pre-compression after the further
20 compression of the tube by the plunger has been released. Additionally, the pre-compression
prevents an over extension of the tube during the generation of a flow of a liquid through the
tube in a direction towards the source of the liquid. Each of these aspects of the pre-
compression are explained in further detail below.
The largest bolus volume achievable may be described by the following equation:
25 : Vi = (VJ/TH(NJ/T)
= V¢/N_; where,
V3, = bolus volume;
V4 = lowest flow rate-delivered volume;
T = time over which the bolus volume is delivered; and

30 N; = number of delivery cycles.



20 conpression of the tube by the plunger has been rel eased. Additi onal ly,
the pre-conpression prevents an over extension of the tube duni, H,gs
generation of a flow of a liquid through the tube in a direction towards

t he source gl 1 qui d. Each of these aspects of the pre- ssi_on are
expl ai ned ?‘ﬁ{f?ﬁit her detail below The Largest bolus vol une colﬂﬁég\giaﬁ‘f

be described by the followi ng equation:” 25 Vb = (Vd/ T)/(Nc/ T) = Vd/ Nc;
where, Vb = bolus volunme; Vd = | owest flow rate-delivered volune T =tine
over which the_holus volune is delivered; and 30 Nc = nunber of delivery
cycles. 15 Auglid sosmily\esimbicthattbe bedingsadius shagghe mbbteahsesgasmexream yf the

desi r abl e alizes a result. of t he
pre- conp?"e%??or?trgkﬁ ?ggﬂa%ee@%ﬁngg‘%tﬁea &f e?ﬁgﬁ“ s\/ﬁataf’ e fybec §Lopf

t he t ube.mifixhize kit st@ssegireilizbd by fHequlss aRfgake p@aéd:ﬁ;ﬂ@ssh;‘ﬁ th&t%&}l&%séiy“ ng the
pre-conpressi on that may cause a reduction in th | exural nodul us of the

tube. AppEguGtipninthe f}%ﬁﬁ @qdplys of thegrbe.t Applying |thta mduss lisnitagios, thiestaxiroem of
t he pI un%%rowﬁ%sgaq; %B?& qﬁlll{%nHS%nengs %— IDm n - 2Wrax; where Stmax =

maxi mum str ance,; n"=mni Vhsi de di amet el of the tube; and
Wrax = maxi mum wal |t hi cBness 1of,, thewl UbRherd0 The t heoretical bolus vol ume
can be defined as a function of the tube |ength residing between the

upst ream and downst r eam el Tdraximumdtrokedistabee;di anet er as the di anet er

changes during the delivggy of the bol % volegrre ﬁ\ch%r di r&vl y, the bol us

vol ume may be defined as "ol I'BREM 5™ g an where Vb = the
bol us vol ure; W = maximum wall thickness of the tube.
10~ The theoretical bolus volume can be defined as a function of the tube length residing

between the upstream and downstream occluders and the tube diameter as the diameter
changes dunng the delivery of the bolus volume. Accordingly, the bolus volume may be

defined as follows:
Vi, =V, -V, where
15 V} = the bolus volume;
V, = the original volume of the tube;
V., = the volume of fluid remaining in the tube after the bolus
volume is delivered.
V. may be calculated as follows:
20 V, =V, + Vg where
V, = the volume of an oval’s arc having an arc diameter D,
V, = nPy(D./2)’
= P {(D/2)(D,/2)]
=nP[D,’/4]; where
25 Py = the plunger length;
V¢ = the volume of an oval’s flat segment having a length L,
V= D,LPy; where
D, =1D - §;; where
. ID = the inside diameter of the tube; and
30 | S: = the stroke distance of the plunger;
Le=(Ci-1.)2



V. = the original volune of the tube; V1 = the volunme of fluid remaining in
the tube after the bolus volune is delivered. Vr nay be cal (ig” ated,
follows: V1 = Va + Vf; where Va = the volunme of an oval's arc ﬁa§| ng an arc

di aneter Dgyo.odisieo /CPL(Da/2)2 = 7t PL[(Da/2) (Da/2)] 7t PL[ Dag/4l;so¥hgf:e PL
= the plunger length; Vf= the volune of gan oval's flat segment having a

length Lf Vf= DaTLfPL; where Da = ID - SL; where ID = the inside diameter
of the tube; and S, = the stroke distance of the plunger; Lr = (G - La)/2
15 August 2003 WD. 00151670 PCTI US99/29436 8 = [(nID) - (nDa.)}/2 = [miD -
n (ID-St)]/2 = (iSt)/2; where C = THEPhsi(@R:MR2r cunference of the tube;

5V, = nPL(Dj/2)2 7CPL[(ID - St)/2]2 ZtRL{[ (I.D.- (ID- St)]/4} =
*PL([ID‘n -Eq21D)S, + S’E](/4); Vi = DaT_i ‘1%(53?!?[% D-- st)( 7rst)/2] =
NPL[(ID - St)(St/2)] = nPLIDSL - St3{Rly/z ARk (21DSt - 2St)/4];  VE=Va+\f

C; = the inside circumference of the tube;
5 V, = nPy(D,/2)° -
=P [(ID - S$)/2]° o
= wPL{[(ID - Sy(ID ~ S))/4}
= 7P, ({ID” ~ 21D, + S2}/4);
Ve=D,L&PL
10 =PL[(ID - S} ®S,)/2]
= 7PL[(ID — S)(S¢2)]
= 7P [IDS, — $3)2]
= P {(2IDS, — 282)/4];
V=V, +V;
15 = 1P {[D” ~ 2IDS, + §*/4} + nPy {2IDS, - 2St,)/4}
= 7P {[(ID? - 2IDS, + St%) + (2IDS, — 25t1)}/4)}.
Combining the terms developed above provides:
Ve=V,-V,
=P {ID*/4] - nP {[ID* - $})/4}
20 = nPL{[ID%/4] - [(ID” - S/4])
= 2P [ID* - ID* - §’)/4]
=P S /4.
Thus it can be seen that because of the pre-compression, by which the tube assumes an
approximately oval shape, the bolus volume does not depend on the magnitude of the inside
25  diameter of the tube. Also, because the shape of the tube changes from round to oval, the
bolus volume does not change linearly with respect to the plunger stroke distance.
When the plunger 73 pushes on the tube 28, for a fixed stroke distance the bolus
volume delivered will less when starting with a round tube as compared to the case where an
oval-shaped tube 28 is used at the start of the plunger 73 stroke. But because the stroke

30  distance is fixed, the energy consumed in moving the plunger over the stroke distance will be



15 = iPL([ID2 - 21DSt+ Ste]/4} + nPL{2I1DSt - 2St2)/4} = 7GPL{[(ID2 - 21DSt
+ St) + (2IDSt - 2St2)]/4). Conbining the terns devel oped al?g% yols Qddes
Vb=V0-V1 = nPL[ID2/4] - 7tPL([ID2 - Ste]/4) 20 =rtPL{ []D Ef ?’(’

-- Stel 4] iv ozsgﬂi[lDZ - ID2 - Ste]l]/4] = nPLSt/4. Thus it can be seen that
because of “the pre- conpr essi on, by whi gqh the tube assunes ahCT4pPrésdfat el y
oval shape, the bolus vol ume does not depend on the nagnitude of the inside
25 di ameter of the tube. Also, because the shape of the tube changes f+om
round to oval, the bolus volune does not change linearly with respect to

t he pl ungse same reigerdiiss OAHiestartinghiwhe sthapep [Ihntg:ﬁare YIﬁefnm’rmsssmg théibt 28geshs

f f troke dist t he, bol | d will less wh
S ar i ng ER AT GRIINGY WP CbEAkEdtiEebie bhe 24hEr avanb o@?iﬁmméBed

tube 28 iwnhesad phingehe3 sbvAidrdin kb9 pRsMAgeh tH3rbk 28K e

p
stroke 30 distance is fixed, the energy consuned in nmovin ¢ ﬁ% plunger over
the str ok ditdhapeecanpressipa of SheNubei28 12089redD A@oBdi6TY, RETUNIIRAE 29436 9

the s ardl e st ar t ybe shape. Therefore, pre-conpressing
t he t§be %g?‘%’ﬂﬁeﬁo a'sﬁcqngé@“érﬁ‘t@?ﬁﬁpoéﬁﬂ‘unpt ion in pushing fluid thr ough
the tube 28 f FigitedbRBuSPL 3 Gepi Erbod AP of HEof ?ﬁecﬁﬁuérﬁﬁlﬁ"nﬁalag

from pushing on the tube 28, the plunger 73 is vmt
pr e- conpr@gqu@weo’f’lth the priotiples of ths pr@smtonmdmoAcE@nle Add y plah bectionbleid of s 5

deconpre o a_second n ed ppsi tion. ures t hrough 13 depi ct
- enbod e AL TFCBRET AD, FiRt s A3 BIOYEA HTar o7 Voo s AEadarmecbgiom
principl ey of the present invention. Figure 6 is a plan sectional view of
t he occl uder nmechanism 40. Figure 7 is an elevation sectional view of the
occl d@er nec ha"iﬁeswstrﬂa)n oocliftes 16psd éamhowsﬂreaimocdlﬁaerdrﬁd ardibott Gpring foaded
occl uder Ioa ed 0. bia occluders 152, 162 to a

cl osed pcfg%f"ﬁ g OGI; efﬁs hgg gsegpﬁ’roﬁ‘r"n‘ o, cs‘;§88 ngs b} Hsprploaged ingeins the t o
an open \det PNt th@pé?a%ls&{@ﬂr Théé&ziucﬂ:@gl@fqéﬁ hd E’iln Elgéer 73 B & gach

connected to pneunatic Cy i nders, which are operate I‘ESSEd air and
cont r ol | exnhscies toqmnuwmtﬁd @lm@mtw}sdﬂmm))pefﬁmdfbyp@mu{fmﬁsb& amahdi potefolRETYG at ed
with OCClc%g?rEr er% ot shown) IP?ach pneumatic cylinder associated with occluders 152, 162 is

15 - preferably controlled by a 3-way solenoid valve 43, 45, and the pneumatic cylinder associated
with the plunger 73 is preferably controlled by a solenoid valve 42. The two solenoid valves
42, 44 may be used to control the pneumatic cylinder associated with the plunger 73,
depending on the pneumatic design and the controiled operating sequences of the occluder
mechanism 40.

20 To ensure the tube 28 is opened and ready for delivery, the downstream occluder 162
is open prior to the plunger 73 moving towards a closed position. To prevent back flow, the
downstream occluder 162 also is closed before the plunger 73 returns to an open position.

The upstream occluder 152 is not opened during the downstream occluder open period. This
method of operating sequences is designed to prevent free-flow of the fluid.

25 The upstream and downstream occluders 152, 162 are mechanical valves that open and
close the fluid path between the container 23, the metering chamber, and the distal end of the
tube 28. The upstream and downstream occluders 152, 162 also allow liquid to fill the
metering chamber and escape from the metering chamber without free-flow or back-flow of
the liquid.

30 The ﬁpstream and downstream occluders 152, 162 are normally closed. The upstream

and downstream occluders 152, 162 pinch-off the tube 28 by a force of preferably about 2.5 _



15 preferably controlled by a 3-way sol enoid valve 43, 45, and the
pneumati c cylinder associated wth the plunger 73 is preferq?%&_g&g@yolled
by a sol enoid valve 42. The two sol enoid valves 42, 44 may be used 3
control t tic cylinder associated with the plunger 7 ependi ng
on the pngﬁﬂgpﬁgﬁgesign and the controll,ed operating sequenc%gngggtﬁﬁ36

occl uder nechanism 40 20 To ensure the tube 28 is opened and ready for
delivery, the downstream occluder 162 is open prior to the plunger 73~
novi ng towards a closed position. To prevent back flow, the downstream
occl uder pedsegengrafes by the pac-Inafed epringe Bothtberpst@amendrdosvnsweam oogeders

position,.,T. U [. ocel uder 152 .1 s not ened .dur.i ng .t downst ream
occl uder lgﬁegbezp%rglﬁés 5 h%ostﬁatlr;t\gl? RGd ngie(g%f?’ ‘&?@(ﬁ’ﬁ@ﬂﬁ’@%‘li Eﬁ‘ﬂé%‘?' gdto
prevent fspgy forevsbohidtteasuiidié 1o 3ok ie YRMILATANG240 Wish LEGT: At 1der s

152, 162 are nechani cal val ves that open and close the fluid path bétween
t he contai her Ehg plunger fisedasigged hnatovingplatetth eppliygressurerca thé tibee 8. tTiee 28.

e Bt SRR RSB, Ak o8 P L e
free-f | ownigibidmeteriils Oficokstructin | THObEte Bis DpfioHRR! ERBRLRAth RMISd SaM

occluders 152, 162 are normally closed. The upstream “and downstTeam
occl uder shanpel thataopepatively-tstéivesthe plinge®. b¥haplate Tearst thp phingealil yreabout 2. 5
15 August 2003 V\Dth(}0/5167ch@DCTI 99/ 29436 10 pounds generated by the
pr e- | 0adBASEPHgd thinthe occfuder mectanism 404 qownst r eam occl uders 152, 162 are

desi gned so tM;euﬁ&etw&clmﬁlﬁfécﬁmwﬂoE&}{G@c&%&uéﬁd%@ia}&ﬁ{gﬁg% éfﬁgxeer suitapls

pre-loaded spring force should be sufficient to allow t

162 19 pimatdsiabf The decludebeneeBanisind0 pd congamctEd with thes peentathscylindardi ng pl at e
to apply.pressure.on, the tube . The 5 pl er is preferably made of

b unt nuHRTROREGS T an Bperhlioe pf S wbGenn B Pamestistal prelisroks?, 1ebsaditeabi o
mat er i al puAkeCHN EIMTER pnclitRil olifierPaskScifRl vl 'g.lar@%i e
shape ofﬁu. %%annel ct hat o%neer atilvg y reecei v%s theﬂg:hhﬁggg&%. e Spg%ﬂ 75
and the ptaludpss 1523 162 @re pargieticd dgdctly tohimintline solkabiddaiventtiahinper 20is

Li kewi se,C thgtﬁaticlgger nmechani s 40dc n be constructed of al um num or other
sui t abl e*°™§ B AT GRSt OPRAN-YRE FAUERA ¥&¥frani sm 40 is constructed with three

pneuggtic cyl Tl%%?é 8 phdichts BRRL RGod Qeribhf vfb@@&ﬂhiegﬂ%clﬁ %[f:xﬁ&ggmgrh%atm(&{‘d

downstream ' occl uders 152, 162 and the plunger e pneumat ic
cyl i nder glorg gwisifatiarf figurdi6t Mhe upsitaasaocdhnttr d6isthosann aetskd gesiod a2 thd 62
are Conngl%%ggr 'H’»i is lﬁé\l/ige gl?m%? ini anéllo;e epossgio%.n ih% dvo%&!m\gsréan-ll- r(]JE:}c!Eclieurnl ezrang:%hg >
plunger 73 are both shown in an opened position. The position of the solenoid vaive 42,
operatively associated with the plunger 73 is shown.
20 Figure 9 is an elevation sectional view taken along the B-B axis of figure 6. The inlet
pneumatic connection 47 between the solenoid valve 42 and the plunger 73 is illustrated.
Figure 10 is an elevation sectional view taken along the C-C axis of figure 6. The
location of the pneumatic connection from the solenoid valve 43, and from the solenoid valve
45, to the upstream occluder 152 and the downstream occluder 162, respectively, can be seen.
25 Figure 11 is an elevation sectional view taken alo;lg the D-D axis of figure 6. The
outlet pneumatic connection 82 between the solenoid valve 42 and the plunger 73 is
illustrated.
Figures 12 and 13 illustrate elevation sectional views of the downstream and upstream

occluders 162, 152, respectively. Figure 12 is a section taken along axis E-E of figure 6,
30  whereas figure 10 is a section taken along axis F-F of figure 6. In figure 12, the upstream



connected to at | east one in-line solenoid valve. 15 Figure 8 presents an
el evation sectional view of the occluder nmechani sm 40 taken 1§‘L§8%\Qt§6@35 A-A
of figure 6. The upstream occluder 152 is shown in a closed position and
the pl ung@r °§%b‘£7§ | i kewi se shown in a closed position. The downstream

occl uder 152 he plunger 73 are b ih shown in an opened{Jd4$®LHI6 The
position of the solenoid valve 42, opefratively associated with the plunger
73 is shown. 20 Figure 9 is an el evation sectional view taken along the B-B
axis of figure 6. The inlet pneunatic connection 47 between the sol enoid
val ve 42 ewbidetheandiewsaeren axBosed pokitivs pinahiaghoff fhie @utice28l Ofn Isl@yation
sectional  view t ake I .the G C axis of figure 6. The location of the
pneunat i cdcﬁ’ﬂ’ﬁﬁgﬂ‘PBH“%‘?]H&W%’BI‘%%PB“\P&I%‘MB; and fromthe sol enoid

I 45, i n ci rcom L 82,
val ve ! 0 Thide LRBOARRR, ALBhHIROnA Won AL o ARSI ARG El (102

respectively, can be seen. 25 Figure 1l is a on's
taken al ggviddall Bf heaiipsessire fforthe @cfudéFmeechanikat4Opndthebiadd & egkdrftel$2
- betwegn the sol enoid valve 42 and the plunger 73 is illustrated. Figures

12 and 1PTCRITFOPIPRTSSOININ Ot 4567 1Q BEQVIds 74 Profsufitanthe blnd demith ond esavenddiir
upstream faskslansy #bidse %Je nEl hs .8 sect]on take

al ong axicsOﬁ%-lg of f7 gur ed %t?&:’%{d\%mer eaéss\{lﬁ téutpgo%&?%]réecgg%r%@_ t“gRiéj'ﬁahéY g
axi s F-F aifcompgesser Bay #lso bé guede 12, the upstream 15 August 2003 WD 00/ 51670

PCT/ US99/ 2943 11 occl ud%r can be seen in a closedposition pinching-ofF
the tube 28. HBefermgenewialiguicd4, adingsm ehasyten injetcordmes witbitbeprinaiplesof

opened pqQgd i i ogi conveathbonal co cially avail abl e
air conp?eéséﬂg%té vlSrsle eitS gémb(r*g\gi% eergﬁuﬁ%% até:ue]dg??‘p preds reAip8V>éf HPPYCH uder
mechdi spreiidaarpbwichéo baddesntid 35 AlThe valak ebitrolB Sarvhitdls a BRI @DaR6] vERY: be

~used to proyid I.r pressure to the bladder-24, and a second air conpressor
may be ug’éd%%&%% %@tfafval‘ﬁﬁ%ls%r@w@eﬁ goppiesssd aintadhe hladterAds mhid, in fumn

luralit ' Lri.-mg now to figure 14,
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a diagramof a systemin a principtes of the present

invention is Shepowthapplysizeaisaipiolvidespower foli €bre@IBB 88 €6 thLonfhrBYES9.
supply 3 10 pr.avi des @omer to a valve control 35. The valve control 35
cont r ol s LelPaERfeld coaHpls dre crmnrressen 39 wird o) ssaerete Ruid presburedd be sBitedinawmi des

COTPASSS e ol ) ekl ks BB ™
provi des cpmpressar 39athoe ndnsetviitha pdweosupply I Nprtes pasfers&d embodiment, the fluid
isair. The control 33 also controls an optional solenoid spike and hold circuit 36. The
solenoid spike and hold circuit 36 controls the solenoids that control the occluder mechanism
40. In the absence of the spike and hold circuit 36 the control 33 directly controls the
20 occluder mechanism 40. The control 33 controls the solenoid spike and hold circuit 36. The
compressed air is distributed from the energy storage tank 37 to the occluder mechanism 40,
including the upstream occluder 152 and the downstream occluder 162, the plunger 73, and
the bladder 24. The operation of the solenoid valves is further described below.
The energy storage tank 37 is preferably constructed of about 0.3175 em (0.125 inch)
25 thick welded aluminum with a capacity of about 315 cm® (19.2 cubic inches). However, other
materials and methods of construction and other sizes may be used. The energy storage tank
37 must be constructed to safely contain the air pressure necessary to operate the bladder 24,
the upstream and downstream occluders 152, 162, and the plungers 73. The pressure may
range from about 1 psig (gage pressure) to about 50 psig and preferably from about 3 psig to

30  about 15 psig. The size of the energy storage tank 37 and the air pressure can be selected to

minimize the run time of the air compressor and thus conserve energy. The upstream and



The control 33 controls the conpressor 39 used to generate fluid pressure
to be stored in an 15 energy storage tank 3 7. The energy stona %thﬁﬁk 37
allows for intermttent operation of tﬂf conpressor 39, thus ctonserving the
power sup ovksieion the preferred embottment, the fluid is

control 33 also controls an optional sol enoid spi ke and holdigﬁgggyﬁm§%.
The solenoid spike and hold circuit 36 controls the sol enoids that control

t he occl gslgsstremirtiugets F62, 16Dwilhgreahattp opeafe wlter shiuk o paitaibpledsuct Lt 36
the control 33 directly controls the 20 occl uder mechanism 40. The contr ol

33 cont rrahge phebosd [/ @sitg & abohk bl psigl wikirgascthe bladdersit wifiipsefecabipopsratedindér i s
di stri buted,fromthe ener stora ank, 37 to the pccl uder nechani sm 40,
Mol udt iy oEha BT BE Rt Mhadraes R 7 REeiS shaR AB ool uder 162, the
plunger 73, apdthd piesdir@tii@t erdgy Sibeagenaniat? arpaibeldiea moligiat &trainu%% I's
further described bel ow. The energy storage tank 37 is preferably

const¥ ucdetekmiredaiyoy pregs@e 1gnsducen(nep shawiotihat ippart lof Hie copirakbdB, sheipantipl3Hi t h
a capacit

. of about 315 cnB 9.2 ic inches). ver. oth materials
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to operate the bl adder 24, the upstream and downstream occl uders 152, 162,

and t he toinsdyears The praysarepregssdafinedrby ther sgh geintsrafithe besspure trpasdgceng agralled
pressure) to a?out 50 lpsig and preferably fromabout 3 psig to 30 about 15
psig. THEeOPFRUBE PISFSUE fAYYOPSt or age tank 37 and the air pressure can be

selegfed to Thopihdfe il thebiblidbd msqﬁorﬁaﬂe@b%ﬁm:@Mdu@&daﬂdw.nﬁﬂ&ﬁw ve
energy. The upstream and 15 August 2003 12 00/ 51670 PCT/ US99/ 29436
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storage tank 37 drops bel ow a mi ninmumset point, as 5 deternmned by a
pr essur ea trassdaderc et thabpoist) thercentrhbl 3 wall petrvatest salénoidalte ol alB8y carpressedit r ol

33 tivat th i .39 t. -fill the. t t ank 37,
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defined by the set points of the pressure transducers is called t

oper at i naptivates sher solawidvapetolduirof apd ésdate ¢hd pressuee it welhethe 24cigy stvaget or ed

by a pressure transducer .and controlled by the control 33. The air

pressur etaf‘klﬁﬁgdg‘_i‘ea@ﬁ‘i&erzﬂ' is ultimately applied on the fluid container

23. The pr ess‘]?ﬁ@sdfllé‘néigewaﬁrgpﬁr@,' 138 exAmple Savalibie §8nf PACRER CORPERATYON! thd
ui

escapes fromthe
20  solenoid valves will preferably have an operating voltage of about 1 volt to 12 volts DC, a

power consumption of about 50 miliiwatts to about 1000 milliwatts, and a response time of
about 1 milliseconds to about 1000 milliseconds. The flow rate through solenocid valves is
about 0.25 mL/minute (6.6 x 10~ gallon/minute ) to about 1000 mL/minute (0.26
gallon/minute}. The solenoid valve used to control the pressure in the bladder has an

25  operating voltage of 4 volts DC and a power consumption of about 500 milliwatts.

| A microprocessor 36, included in the control 33, includes a plurality of independent

programs. The microprocessor 36 may also include a plurality of microprocessors. One
program controls the bladder 24, and the other program controls the occluder mechanism 40.
It is known that the more the bladder 24 is expanded, the less efficiently the bladder 24

30 transfers energy to the container 23. Therefore, the program contained in the microprocessor

is designed so that the pressure set point of the bladder 24 will be increased by a certain
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this time if liquid is allowed to escape from the container 23, the leak test will fail and an alarm
20 may tun on. If no leak is found, the program will indicate a ready signal by emitting a low-
high buzzer. Next, the program will check for user input, preferably in the form of a
password, from the user interface 38. From the time the power is switched on, the program
will periodically activate the sequence described above if no password is received. If during
this sequence the air pressure falls below any of the set-points, the microprocessor will turn on
25  the air compressor 39. Additional prdgrams may be used. |
The user interface 38 includes three functions: a programming panel, an LCD display,
and an IR communication port. The programming panel includes a keypad that is used to
program, for example, the flow rates, bolus volumes, the number of doses, the volume to be
infused, the time of delivery, the status of the fluid delivery device, and/or the pressure to be

30 applied to the upstream and downstream occluders 152, 162. The keypad can may also be

used to program a sequence of operations for the occluder mechanism 40. Each key press is .
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designed to provide easier loading of the tube 28 into the occluder mechanism 40.

20 The 1.CD display provides a visual output of the programmed parameters of the fluid
delivery. For example, when used as an infusion pump, the LCD displays bolus volume, flow
rate, and status, and also displays a current cumulate volume of liquid delivered to a patient.
The current cumulative volume is determined based on the number of times a bolus volume
has been delivered to a patient. ‘

25 The IR communications port examines and/or modifies the fluid delivery device
operating parameters, including the timing of the delivery of a bolus volume, the bolus volume,
and the operating pressure parameters. A program displays a menu of parameters along with
the current settings when the power of the fluid delivery device is switched on or whenever a
user requests such a display through the user interface 38. The operating parameters are kept

30 man erasabie programmable read only memory (EPROM) and any changes made are

persistent.
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the sol e;r}]%ggan\ll gs!sxglgs ﬁl%f the bolus size is consistent throughout the delivery. To deliver 100mL
at . 083mL per bolus, will require 1204.8 delivery cycles; to operate the occluder mechanism
40 at 1204.8 cycles per hour, or 3600 seconds, the occluder mechanism 40 will perform one
20 cycle within 2.988 seconds. Accordingly, the delivery time schedule can be calculated.
Referring to figure 15, a schematic of an arrangement utilizing three solenoid valves
with a single plunger, for use in the occluder mechanism 40, is shown. The solenoid valve 43
is used to control the upstream occluder 152, the solenoid valve 45 is used to control the
downstream occluder 162, and the solenoid valve 42 is used to control the plunger 73.

25 Referring now to figure 16, an operating profile of the occluder mechanism 40 utilizing
the arrangement of figure 15 is presented. The solenoid valve 45 is energized, and common
and normally closed ports are connected allowing air pressure to enter the pneumatic cylinder
of the downstream occluder 162, thus pushing against the pre-loaded spring force to open the
downstream occluder 162. This action allows the liquid to escape the metering chamber when

30  the plunger 73 pushes on the tube 28. The downstream occluder 162 remains opened (the

solenoid valve 45 remains energized) during the plunger 73 forward movement and until the
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vent t hePP tic cylinder of the downstream occluder 162. At this point,
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to the fluid source through the upstream occluder 152, thus flushing back, which in turn will
20  re-open a pinched-off area in the tube 28 created by the upstream occluder 152.

After the flush-back cycle, while the upstream occluder 152 is still open, both the
solenoid valve 42 is de-energized. Common and normally opened ports are connected
allowing air to vent from the pneumatic cylinder of the plunger 73. At this point, the pre-
loaded spring of the plunger 73 appligs a force to push the plunger 73 open, thus relieving the

25  tube 28 and creating a suction force to draw the liquid from the container 23 to fill the
metering chamber.

After the time period (a/h), the solenoid 43 is de-energized, and common and normally
opened ports are connected to vent the pneumatic cylinder of the upstream occluder 152, At
this point, thg pre-loaded spring of the upstream occluder 152 applies a force to pinch-off the

30 tube 28 at the upstream occluder 152 and the control 33 switches into the waiting mode for

the remaining scheduled time before waking-up to perform the next delivery cycle. Once
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the sol enoid valve 45 is used to control the downstream occluder 162, the

sol enoi d val véfigp thedaymstream ageluderol 62t ik epénedythe dolenaid valve 4afis edeegipddunger

73, and 06 on and normally closed ports are connected allowing the air pressure to enter the
pneumatic cylinder of the plunger 73 thus pushing against the pre-load spring force to activate
the plunger forward for the time period (d). The time period (d - ¢) is designed to allow

20 enough open time for the solenoid valve 42 such that sufficient air pressure is built-up inside
the pneumatic cylinder of the plunger 73. Then the solenoid 44 is de-energized. At this point,
the plunger 73 reaches the end of its stroke and remains in this forward position.

After the solenoid valve 42 is de-energized for the time period (e), the solenoid valve
45 is de-energized, common and normally opened ports are connected to vent the pneumatic

25  cylinder associated with the downstream occluder 162. At this point, the pre-load spring of
the downstream occluder 162 will apply a force to pinch-off the tube 28 at the downstream
occluder 162. The time period (e) is designed as a variable to define the amount of time the
downstream occluder 162 is in the open position; this variable can be eliminated if a value for
the time the downstream occluder 162 is in the open position is established.

30 After the solenoid valve 45 is de-energized for the time period (f), the solenoid valve

43 is energized, and common and normally closed ports are connected allowing air pressure to



sol enoid valve 44 is used to vent the plunger 73. Referring to figure 18 ,
an operating profile of the occluder mechanism 40 utilizing }9 fOHU{20
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force to pinch-off the tube 28 at the downstream occ e tine
peri BY (eysh dhephniegh @ back te apapenipbsition rdlidvingethe tube8oandt credtingianmctitue

downstregmoccl,uder 1 is.in the o ition, this varjable can be '
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de-energi zed for the tine period (f), the solenoid valve ener gi zed,
and conmBi¢tening akembel. |y cl osed ports are connected allowing air pressure to
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the netering chanber when the plunger 73 returns to an o%,gn p05|tiugfr?1.tﬁdrhe
upst r eanfubeBiek tagards shaasonsceqfdheluilo dn tHieway,ttheforgeof the fiush-backieam Hehat
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Referring now to figure 19, a schematic of an alternative embodiment of a fluid
20 delivery mechanism made in accordance with the principles of the present invention is seen in
which a duel plunger arrangement is utilized. Consistent with the description of the related
embodiment depicted in figures 5 through 18, where possible like numbers are used to identify
like elements. When the tube 28 is loaded in the fluid delivery device, a segment of the tube
28 1s pre-compressed between a first fixed plate 75 and a first plunger 72 while a further
25  segment of the tube 28 is pre-compressed between 2 secdnd fixed plate 76 and a second
plunger 73. The first fixed plate 75 and the second fixed plate 76 fnay be portions of one
continuous plate. Two occluders 152, 162 are provided with one on each side of the plungers

72, 73 to pinch-off the tube 28. A metering chamber is disposed between the two occluders
152, 162,



The sol enoid valve 44 is al so energized at the same tine that the solenoid
valve 43 is energized, and comon and normal |y cl osed portslgAg ,%g ct ed
allowing air to vent fromthe pneumati c cylinder of the plunger

this pointyJdgpree-1oad spring of the plunger 73 will 10 push t he Iunger
73 back to an open position, relieving tghe tube 28 and creat Iqéusdsg fi on
force to draw liquid fromthe contai nerl 23 to fill the nmetering chanber.

The upstream occluder 152 remai ns opened for the a tine period to ensture
that fluid conpletely fills the netering chanber. In the enbodi nment of the
fluid deliveryFigetds@@ tbr@pgh:%demu the glnwmsthle?enﬂmduﬂf&x ofitid atcthdébmthaalmback
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28. The flush-back is functional long as there is some fluid in the

tube 28. Ref erThwgpaﬁmmtogclfxdgdﬁé a11§ theadwhwmmo«;cioﬂeramzamebﬂm;uriﬁg loaded
enbodlrret of a,fluid 2 i.n,accordance with the
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pl unger 73 The first fixed plate 75 and t seco Iate may be
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one on each side, of lLu 72, 73 to nch off the tube 28. A

net ering 8%3%16?31‘@4%1 tg}p% e%’getﬁwgﬁoﬁrﬂ'éesf JBeY inalde a plupality o> 15 August
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alternati vg errboél msant o%l ?the chﬁggdégﬂgﬁi%ngrgﬁ)ﬁ%ﬁh %@ rﬁﬁ‘é,fglp &fgib?léﬁ'ure
20 is a ﬁh@nres%teﬂ&ndimem swingfar ¢t thedoodtivaeind wpelation sfithéde ccﬁhmtfeﬁts%l Is an

el evati on, se t| on vi ew of the occluder nechani sm 40. The upstream
occl uder dfgc? ﬂ& ?Ylee downst ream occl uder 162 are both spring loaded 5 to a
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connect edtroke gistanne of the plungerd §2s 73 .wWAbwisiated with the pressure transducer an additional
solenoid valve (not shown) is provided for each of the plungers 72, 73. The additional
solenoid provide the capability of opening and closing the venting of air from the pneumatic
cylinders. The pressure transducer provides an output signal proportional to the pressure in

20 each of the pneumatic cylinders. The output signal is sensed by control 33. The control 33
controls the opening and the closing of the solenoid valves 42, 44 and the additional solenoid
valves associated with each plunger. Thus, the solenoid valves 42, 44 and the additional
solenoid valves can be opened and closed to incrementally pressure or vent the pneumatic
cylinders and thereby control the stroke of the plungers 72, 73.

25 To ensure the tube 28 is opened and ready for deli-very, the downstream occluder 162
is open prior to the plungers 72, 73 moving toward a closed position. To prevent back flow,
the downstream occluder 162 also is closed before the plungers 72, 73 return to an open
position. The upstream occluder 152 is not opened during the downstream occluder open
period. This method of operating sequences is designed to prevent free-flow of the liquid.

30 The upstream and downstream occluders 152, 162 are mechanical valves as described

above. The design, manufacture and function provided by the occluders 152, 162 in the



are operated by conpressed air. Each pneumatic cylinder associated with
occluders 152, 162 is preferably controlled by a 3-way solquhg‘%ggﬁg 43,
45, and the two pneumatic cylinders associated with the pIunger§ , 73
are prefengbloyswomt rol | ed by sol enoid valves 42, 44, 10 respaetidsdaic
control 33, that includes a m croprocesgor 36, controls the operation of
the solenoid valves 42, 43, 44, 45. The m croprocessor 36 nmay include a
plurality of mcroprocessors. The function and operation of the control 33
and the nicrqgr cgfsor.BG i n ent. enbodi nment. is simlar to the
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controlling a stroke distance of the plungers 72, soci ate

pr essur e the desigumenufactugedutidt fuoctadn previded by dhespibinger M2f 73 ot prdsentpr ovi ded
for each of the plungers 72, 73., The additional sol enoid provide the
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pressure or vent the pneumatic cy control stroke of
t he pl ungemrseci#d, to ZBleast ond in-tins pslenditi @alivelbe 28 is opened and ready for
delivery, the_downstream occluder 162 is open prior to the plungers 72, 73
movi B t owar d FABUES &% BEPSHBS pR plskationsegtienad me“b@%ﬁ%e forcelpder mpehagisurd takerm

occl uder 0 Al e pl . 7 73 return ta.an open
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Similarly, the inlet pneumatic connection 49 between the solenoid valve 44 and the plunger 73
is illustrated.

20 Figure 24 is an elevation sectional view taken along the C-C axis of figure 20. The
location of the pneumatic connection from the solenoid valve 43, and from the solenoid vatve
45, to the upstream occluder 152 and the downstream occluder 162, respectively, can be seen.
Figure 25 is an elevation sectional view taken along the D-D axis of figure 20. The
outlet pneumatic connection 82 between the solenoid valve 42 and the plunger 72 is
25  illustrated. Similarly, the outlet pncumatic connection 84 between the solenoid valve 44 and
the plunger 73 is illustrated. The outlets 82, 84 vent the pneumatic cylinders associated with
each of the plungers 72, 73, respectively.
The cross-sectional views of the downstream and upstream occluders 152, 162 are
similar to views presented in figures 12 and 13, respectively. Thus the view along section E-E

30  of figure 20 has the same appearance as shown in figure 12. Likewise, the view along section

F-F of figure 20 has the same appearance as shown in figure 13.



for the operation of the upstream and downstream occl uders 152, 162 and the
pl ungers 72, 73. Each of the pneumatic cylinders associ ated IWAtuPusttQ&)B
upstream and downstream occl uders 152, 162 are connected directfy to an
in-l1ine sog%n‘g}i/g yalve. The plungers 72, 73 are each connected to at |east
one in-1in&%O3%8i d valve. 10 Fi gure 22 presents an el evat i BA/8¥ZPH6al

vi ew of the occluder mechani sm 40 takerfl al ong axis A-A of figure 20. The
upstream occl uder 152 is shown in a closed position and the plunger 72 is
| i kewi se shown in a closed position. The downstream occl uder 162 and the
pl unger 73 ar eRbibtringshdigaré 26, anchpeaticbfaahial plnger Biinpasdr uaIlERf e

sol enoid val ve %’i % eratiﬁely aiqsﬁoci ated wth the unger 72 1s shown.
Sinilarl ys“? i gpdyes; 10R ust nthe oedndes sreghantsny.g seovam., Topeoleoid wilve 4bsastdted
wth the | ' -] l.evat.i.on sectjonal view
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sol enoi d, val ve 4% idS. uEed tqo control the plunger 72, and the sol enoid val ve
being some fluid in the tube 28 to provide the flush-back.

Generally, the flush-back operation is the process by which the tube 28 is restored or
re-expanded to about its original diameter so that an accurate bolus volume will be infused to
20 apatient. When the tube 28 is pinched-off for a long period of time by the downstream
occluder 152, the tube 28 will only slowly uncompress once the downstream occluder 152
moves to its open position. Subsequently, the metering chamber may not completely fill prior
to the downstream occluder 152 closing in anticipation of infusing a patient with a bolus
volume. A consequence of the incompletely filled metering chamber, is that a patient will be
25  infused with an inaccurate bolus volume. By pushing the liquid in a flow direction that is back
towards the source of the liquid through the tube 28, where the tube 28 was pinched-off, the
tube may be re-expanded to about its original diameter before the metering chamber is refilied
with the liquid. This is described in more detail below.
At high liquid flow rates, the solenoid valve 45 is energized, and common and normally
30 closed ports ;dre connected allowing air pressure to enter the pneumatic cylinder of the

downstream occluder 162 thus pushing against the pre-loaded spring force to open the



5 44 is used to control the plunger 73_ The dual plunger arrangenent
provides the followng functions: at higher liquid flow rat ??Aubl%rtt)o 3

pl ungers 72, 73 may be programmed to operate in parallel to pro uceqarger
bol us volu ' diumliquid flow rates, one of the plung | unger
72 for exanp gq[ﬁtr‘%d;ebe operated while g#nger 73 is disabl edgﬁmﬁ%a%ég
nore stable flow, or both plungers 72,773 can be programmed to operate in
series to save energy; and at 10 slower flow rates where the upstream —
occluder 152 is pinching-off the tube 28 for a long period of tine, the
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solenoid valve 44 so that sufficient pressure is built-up inside the pneumatic cylinder of the

20 plunger 73 in order to deliver the second bolus. Although the time functions are shown as
step functions, non-linear functions are possible.

After the solenoid valve 45 is de-energized for a time period (f), the solenoid valve 43
is energized, and common and normally closed ports are connected allowing air pressure to
enter the pneumatic cylinder of the upstream occluder 152, thus pushing against the pre-

25  loaded spring force to open the upstream occluder 152. 'This action allows the liquid to fill the
metering chamber when the plungers 72, 73 return. The upstream occluder 152 is opened for
a time period (a/h) to ensure that the liquid completely fills the metering chamber. The time
period (f} is designed to ensure that the downstream occluder 162 is closed prior to opening
the upstream occluder 152.

30 At the same time that the solenoid valve 43 is energized, the solenoid valves 42 and 44

are also de-energized, and common and normally opened ports are connected allowing air to



sol enoid val ve 45 remai ns energi zed) during the plungers 72, 73 forward
movenent and until 5 the plungers 72, 73 reach the maxi num qghgg,gt ing
the tine period (n). After this tine period (n), the solenoid valfve 4S is
de-energi z g SPmon and normal |y opened ports are connected to vent
the pneumatic cylinder of the downstreeb{? occl uder 162. At t HiG/B319436t he
pre-|l oaded spring will apply its force“o pinch-off the tube 28 at the
downst ream occl uder 162. After the downstream occluder 162 is opened for a
time period (c), the solenoid valve 10 42 is energized, and common and

nor mal |y eénd Permnsumnaiec eybnders bEtheplingwis¥g, 23.r Apthéspoing thedpreapidi sbhes

pneumati c | i nder. of plunger, 72, . thus_pushj ng agai nst. the pre-| oaded
spring fowf}gaqpéy a ety %cpgog}@ ‘%P 8“’@'5?‘3'72’ ?%#"Wgr thus geliexingjthetube 284ad ( d) .

Thi s ti meciegtinOtsdction f6oe & & ' l.engi d ;val ve
42 so tha(t: sufg???:i eﬁ? pr%?sur(rag%ihgn%ig:Frtofrﬁdgg?ﬁgﬁaﬁg%{e&%weﬁt}ﬁgéggg%%a}"ﬁbﬁ&r of
t he pl ungBhe Fstreamduscluder 1 2embins spered|fosthe Tinemeriall (#h) tdensd@WhSH the #ifhid 15

occl uder 162 .is d for. a ti period (n), the solenoid 44 is energized,
and c%mm‘f?%ﬁtelyﬁﬁﬁaﬁ?wt%’f‘%gw Tts are connected allDwing air pressure

to enter the pR&EFMeitn Yol ¢OR), Ue sotléh%id)ta is ﬁéJeng%%fipyn%héoggvgggm} .

the pre-loaded spring force to activate the plunger or war

period (ojormfHy eperiedpople ricomniected ) veat thopmemnitic aylinddr TRRNGStlehMR oli@er

sol enoi d I\IS?YVX 44 so tt}%t sg)ffi(ﬁi ent o%r essure is huilt-up inside the
pneunat i ¢ ¢yl |tnt35rp°6‘?tj{ e aﬁ‘l_’ PRy 3“‘1WSHF*H%chi'éﬂ‘?!él52\?épl_lqsrﬂef0f,@ctOnd_

bol us. Al fiRaUefr @bt D88t Lt RSo lﬁieﬁfwﬂi‘hféonu}g%? sl Eﬁés'ir?tgs AR

no
functions are possible. After the sol enoi d val ve S de- ene gtpfgv&' % a
t'i me 1fer imodg foy thet tegaigewbediledaine befBre wakimpep ¢i pathmamd neAraEedle.
normal |y cl ose&kg?{ts are connected allowing air pressure to enter the
pneunatic cyli hsrabpyeaciuies GLengeiaye opseated withinghe sahaduled timegterivdhe
pre 25 | eqdhe BEHeRatel ; I r ... 1his.action
B s ¢ Ra)| ety ik heligd OPFRplatb R BAMOIT Ry BRfe arlcHiisdfo
return. Thtesapdegewmbobsivoliere. 152 is opened for a time period (a/h) to

ensure that t iguid conpletely fills.the metering chanber. The tinme
period (f) i s%ﬁ?ﬁﬁé@%@%ﬁé 1§ fgm dHE"ﬁBWé*terré%&ﬁ cdeliversr the @perating | osed
prionst o RERINAmilhN® HPRLRGAHW e e Lhat the
sol enoi d F‘\?al ve 43 1's Qner;gi zed, t&?\% SO g%%%%epég?@éék%zplgﬁ?ﬁ 1§T§1I;%bq%4 Lars
de- ener gipregramared toantivate msdricowith tieyplapenel Ifahd sluage 7348 PRGFAAmal koW ng

air to 15 Augqus 003 WD, 00/.5167Q PCJT/1JS99/ 29436 23 vent fromthe
pneumat i @PSEHQ?’ r’iﬁ“e&%‘e&ef‘?‘#e(o"w éﬁg&n §%@T,]) apgextppded kp acerpt the seeond boluswithiaded
springs avgiﬁélega%w%cfepr ce each to push the plungers 72, 73 back, thus
relieving the tube 28 and

In the lower flow rate range of delivery, the scheduled time between delivery cycles is
20  long, causing the tube 28 to be pinched-off and deformed at the upstream occluder 152 as
described above. The pinched-off tube 28 can prevent the liquid from filling the metering
chamber quickly.
Referring now to figure 29, to deal with the lower flow rate range of delivery, the
sqlenoid valve 45 is energized, and common and normally closed ports are connected allowing
25  air pressure to enter the pneumatic cylinder of the downstream occluder 162, thus pushing
against the pre-loaded spring force to open the downstream occluder 162. This action allows
the liquid to escape the metering chamber when the plunger 72 and/or the plunger 73 pushes
on the tube 28. The downstream occluder 162 remains opened (the solenoid valve 45 remains
energized) during the plungers 72, 73 forward movement and until the plungers 72, 73 reach
30  the maximum stroke during the time period (m). Afier the time period (m), the solenoid valve

45 is de-energized and common and normally opened ports are connected to vent the



creating a suction force to drawthe liquid fromthe container 23 to fill
the nmetering chanber. The upstream occiuder 152 remains opened,fRf2dohe
time period (a/h) to ensure that the liquid 5 conpletely fills the netering
chamber. Ayigjorsie tinme period (a/h), the solenoid valve 43 pgpn 99/29436
de-energi zed, and common and nornally ppened ports are connected to vent
the pneunmatic cylinder of the upstream occiuder 152. At this point, the
pre-1 oaded spring of the upstream occluder 152 applies a force to =

pi nch-of f the tube. %8 %té tge ugfstream occluder 28. The control 33 sw tches
into t he RRHMaHg cYlndrpefdhe SpwhpEeaptacaluden 62 c Wé gk painti the Prretoaded spainivgll up
Lo perf orgpole efieedo Al Y i MV D8 at el dowilenb i RORME: ASF | V) 11 €5 and

sequences are operated wthin the sc time perrod " (T). The schedul ed

time period ( TAReethe deownstseanhecduder i 62 dyophied frithe tiheGkilod (), treddidtbia f | ow
now to figure 28, in the nmedium

rates and given bolus vqglune. Referrin
fl ow rateée’ %%%‘Sﬁer%F$’W€8WW 45196‘?05(“?&!@0195‘3%‘6?51 31 cognasted allpwingait he

hi gherg f1 ] 3 ' : 3 1s disagbled or, |s
pr ogr i e St R enBHE TR ok iRlptdraBe 2, HShusfig ot BgBIcPad ¢
pr ogr ammespring forep 65 adtiwatetthe plunper T2eforwasl formhe A perdidd (d)amhe plingdf £2
extended to accept the second bolus within a single delivery cycle. In the

| over f1 JRMpHEEt fsfagwardspasiion iy thedfinsh-basleenslels completbdt Rhetimdgeriob(d/- €)
cycles i | - e ninched- of f _and.deforned at
t he upst ﬁggéﬁ%%egpgag&ﬁg@séd% g%&sJf:i%%bfégthtg(éggg‘?'%fﬁgvep%n%%%ﬁe CIER{PECSSUEe dSy
prevent thudlt-updasidé the preubaticicptindeh of iRt iingded 72 C ITheh 8bleAbil Gklvk 42RehEr ri ng
now to figure 29, to deal with the lower flow rate range of delivery, the
sol el8i d epsraedgsentiag theepngnmatic cylinder ofihe plungar B tovallovy the plewgerfoito setaune
connect e | Qg b air pressure to enter the pneumatic cylinder of the
domstreg%%gcog%%g?os%@; t hus pushing agai nst the pre-|oaded spring force
to open the dosfstthesstemic s dede-dfeleizddios tREin PeAbd OMSthe kMRNbiIAYIE t O
escape the neteri ng chanber when the plunger 72 and/or the plunger 73

pushes GReEged nonyil mumally eloasd prity ard spnn@red dlaiing aiopessade (¢ breer

| id ' ' dur i h | , (3. f d
rovenent Hagiudt ofief Se aEUBALEROLAGIBE e PR Seatish e gt | ng
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de-energi zed and common and nornmal Iy opened ports are connécted to vent the
15 Augustto SiepBuiderygos Srengh theppsisso oodksir 152, thne Ousting baskd whibbrin ofm wile

downst r eqm Besls iithed: 88 ardin bl H68 9k Yreatddly BE SpbPBIe LcRIL 1921 !

At the same time that the solenoid valve 43 is energized, the solenoid valve 44 is also

energized, and common and normally closed ports are connected allowing air pressure to enter
20 the pneumatic cylinder of the plunger 73, thus pushing against the pre-ioaded spring force to
activate the plunger 73 forward for the time period (0). The time period (0) allows enough
opened time for solenoid valve 44 so that sufficient pressure is built-up in the pneumatic
cylinder of the plunger 73, in order to perform the reverse delivery. Then solenoid 44 is de-
energized, venting the pneumatic cylinder of the plunger 73 to allow the plunger 73 to return
25  toits original position. As the plungér 73 moves forward, a certain volume of the liguid is
pushed back to spike the upstream occluder 152 opened. This is called the flush-back cycle.
After the flush-back cycle, while the upstream occluder 152 is stili open, both the
solenoid valves 42 and 44 are de-energized. Common and normally opened ports are
connected allowing air to vent from the pneumatic cylinder of the plangers 72, 73. At this

30 point, the pré—loaded springs of the plungers 72, 73 apply a force each to push the plungers



apply a force to pinch-off the tube 28 at the downstream occl uder 162.
After the downstream occluder 162 is opened for the time perii®d,f&)zo05he
solenoid valve 42 is energized, and common and normally cl osed ports are
connected allowing air 5 pressure to enter the pneumatic cylinder of the
pl unger 7??0@ﬁﬁgwgushing agai nst the pre-loaded spring forc@Qisageisat e
the plunger 72 forward for the time peR¥od (d). The plunger 72 remains at
its forward position until the flush-back cycle is conpleted- The time-
period (d - e) is-designed to all ow enough opened tine for the solenoid

val ve 42 73073 bpén, Shilsfrélavaiptth@ fide 28 MdicPeatiifial suctith fted s Q%@H@H&T%h&he
cylinder of the Iun]ger 72. Then solenoid valve 42 is de 10 enefgi zed,
venti ng tchatapisedsta fil theyneterrg chafmbehe pl unger 72 to al l ow the plunger 72 to

return to its,@rigqihal posjti,qn, Affer. the sol enoi.d 45 is de-energized for
the time peri d%é) Tf l?e t"f‘le'ngg%%ci {?ﬂﬁi g‘ezfgfe_f‘%’d Jén'é?iﬁTe?EEﬁ'ze’Qn%P P eisniaseribl |y
cl osed pepbiediicitsaenEnibadd 8 VanttRdpitiumalt 85Hided of thelitslam BbﬁucPeP%ﬂHka

cylinder of the upstream occl uder 1%2, t hus™ pushi ng agal nst the pre-1oaded

15 spPi nghis ppias thopregesdedspriupef theawstowat adduderd3?2 applisadotdean pilch@fiStht he

[i idt b the fluid t h,th, t | ud
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sol enoi d valve 43 is energized, the solenoid valve 44 is a energi zed,
and comégaipridl of shthehiovy aiiddescand sequengeseare operatededtithinltivichediuded tipe pagad € t o

enter 2 he. bneumati ¢, cyl i nder the plunger 73, .thus pushing agai nst
t he pre- ?pta glggée FEoRgs %er%%q'{ef}c}égf ﬁfl‘?}'ﬁ?[g c[%)rﬁfés gffﬁ{&'é‘?ﬂ%! ri‘tﬁg Qx%{r yeven belpe time

peri @d (Qdlumehe tinme period (o) allows enough opened tinme for solenoid
valve 44 so that sufficient pressure is built-up in the pneumatic cylinder
of the pl ungedt ¥ 3npariang tadeantrod theerifematimg tpiesasemd theadetiated tiyning ead&ab enoi d

44 is de- ener, iﬁed, vent i t he gqeumat-i C rfr | i nder, of the Pl unger 73 to
al l ow t h&“*B‘r"’L?ng% o‘yﬁc‘flga‘Fye?r}ﬂPﬁp% RLgmepgoRy, é?rﬁélre Hues different dynamicephssesnger
73 DV eS withInVAE BpertiGest @b BeMOld TRechhni | ek da i ke
the upstream occf}%dér 152 opened. ThirgErP?OC;ilfh:ég%a:;eﬁtge Pﬁﬁgﬁﬁﬁzﬁééjé&‘%’p

After thehgseui-thadelaxgrweitingphase. t he upstream occluder 152 is still open,
ed, Conmop and normal |y

DoLMAE 0] AL NS i s LG SRR e
oY st oy 1, O R OB RRS 10
2003 WO oestEity pf thesulec)d ygbihie poess@red container 23 to draw the liquid into the metering
chamber. The filling phase ends when the upstream occluder 152 closes to shut-off the tube
28, separating the metering chamber from the container 23.

20 The delivery phase starts from the time the solenoid valve 45 is energized to open the
downstream occluder 162; the plungers 72, 73 moves forward, pushing on the tube 28 to
deliver the bolus. The solenoid valve 45 is de-energized (or re-energized) to close the
downstream occluder 162, followed by a delay period. This delay period is used to ensure
that the downstream occluder 162 is completely shut-off prior to the opening of the upstream

25  occluder 152.

The last phase of a delivery cycle is the delay or waiting phase. Preferably, the waiting
phase is the time period left-over from the scheduled time (T;) after the delivery and filling

phases. The following formula describes the waiting phase:

30 Ty =T, - (Te+ Ty)



72, 73 open, thus relieving the tube 28 and creating a suction force to
draw the liquid fromthe container 23 to fill the netering ¢haghgripndfter
the tine period (a/h), the solenoid 43 is de-energized, and co n and
normal |y orts are connected to vent the pneunatic cylj r. of the
upstrean1occq%§g?ﬁ152. At 5 this pmlnz t he pre-| oaded spri%ghggaﬁ%bﬁ
upstream occl uder 152 applies a force t0 pinch-off the tube 28 at the
upstream occl uder 152 and the control 33 switches into the waiting node for
the remaining schedul ed tinme before waking-up to performthe next delivery
cycl e. OWbereadaiinthedime ofithe maitigphaseadi isvthe sehsdulad timeq lieis chstime of drdiltinged

el i vor y TRYRT g0 de bl s Qe Stof AHsER Bl Suirtt vor et on thes
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order to achieve the flow accuracy of the present invention. There are

t hr ee di fafieceedtdegomdang on pihichephasakaghéentiatiy stagp theatdlivery of cle handathe metterd of
mechani sm hese are the filling phase, the delivery phase, and the

del ayg_or '\ﬁé‘?‘f‘g;{l& ‘B_ﬁ%g‘gf_% cﬁ%“_ebleﬁe filling phase starts framthe tine the
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plungers 72, 73 return to create a suct’ion force generated by the
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bol us. The sol enoi d%gl ve 4? I s de-energized (or re-energized) to close the
downst r e ARIEER {Rg SUrB 2 Mo RYEE Ny a del ay period- This delay period is
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t he- ti me shaft t1B® thusl dabseg the rotation of the cams which in tum act upon the cam followers in a
manner that is known in the art. The cam followers in turn operate the components of the
occluder mechanism 40.

A cam 172 and an associated cam follower 182 illustrate the operation of the cam-

20  actuated mechanism 180. As the cam 172 is rotated, the cam follower 182 is caused to move
in plane and into and away from the cam shaft 189. The cam foliower 182 is further
operatively associated with the downstream occluder 162 such that as the cam follower moves
into and away from the cam shaft 189, the downstream occluder is caused to open and close.
As illustrated, the downstream occluder 162 is integraliy_formed at the distal end of the cam

25  follower 172. In a similar manner, a cam follower 183 is operatively associated with the
upstream occluder 152 and the upstream occluder 152 s caused to open by the rotation of the
cam 173.

It is possible to have a plurality of cams operatively associated with a plurality of
plungers. As illustrated in figure 30, five cam followers 185a, 185b, 185¢, 185d, 185¢ are

30 operatively éssociated with five different cams 175a, 175b, 175¢, 175d, 175e. At the distal
end of each of the cam followers 185a, 185b, 185¢, 185d, 185¢ are disposed five plungers, .



phase, and Td is the tinme of the delivery phase. Since the scheduled tine
varies based on the flowrates, the waiting tinme is also based.onesdg flow
rates. The bolus sizes will also be affected dependi ng on which phase
sequentiaJﬁﬁgggﬂﬁBs the delivery cycle, and the nethod of 5 refilling the
neteri ng chamber. The pneunatic-actuatﬁg fluid delivery nechAd'SH2¢F6t he
present invention nmay be operated as dul ar systens using a single
conpressor, such as an air conpressor, to provide conpressed fluid to-a

pl unger and an occluder and, optionally, to an energy storage tank. An

opti onal festertitehb| Bhenplunighes areepused toropen dediclase by drabtationliof iHdams il7ei d

delivery hani s 10 in the nmodul.ar system Thus a plurality of

medi cal I%g’i géy,c’ poglﬁ?ﬁ%\%(ft@,g Oéléﬁ? ﬁmﬁg"@é"ﬁrgé’?%"d 188, 1855 85dnt85¢si ng such a

nmodul ar  s¥§e6iely\n option to using an air conpressor to operate the

conponents of the occluder nechanism40 is a cam actuated nechani sm

depi cted in fikignre 38@lsoAlusstatastane embotiorent B placiigthalbhbe 28 (nvesh amn shaf t
rot ation of, cans posed_on the cam 15 shaft

189 .causin t.anti crei nt al iy (gi
189, CperSriidn 0 beadel P Py e cndenmoghatimia G, Atkavebl Pofsresamplee maphave on
of the camughes ispSRddiierueausme dober 198! AoRvef 189l ARIOIe Dl RAHE N

act upon the camfollowers in a manner that Is known
f ol I over $h¢ ecclugienmeplanise4@ hWheo tipocmsmet $951s rbhred noeirdicdhe plighanizsd 146y A

cam 172 SSfci a cam f ol r,182 illustrate the operation of the
cam 20 aca:_ltt}g%ta@ag ﬁﬁ‘ﬁ?gﬁ‘i ‘i?fg}c{eﬁ?sisﬁhmﬁé%éﬁ?w 28 maybabreughtinfe position e bewer
182 is ¢ i e b t.he shaft 189.
The cam ?giﬁlgg\l/\le%? ﬁ{%lggfss]?gﬂrﬁggf lﬁ%lgel?g%’?gngﬂ@s{@%%({cg’@g}g 1\t/gvlﬁ‘t ﬁéa%'nhe downst ream

occl uler 162 Refrinhtn figeres B thanarh d75oisseemimveaross-sictomN dieaV@¥p dsE OB tilae

cam shaft 18 wnst r.eam o uder is caused to open and close. As
i |l ust ratcéﬂ,sg#higbeo %?%Q‘ﬁﬁ’%ﬁg s opgeptively jassagipted wiph therasaul Zee. (Typicdi st al

end of t RecadNitboahtl T AWRIEndY 2 chdnBe & # Hifad QAL follower 183 is
operatively associated w th the “%Bst reamao%g'{ég er '1?@5 %%%"tﬁea“dﬁgﬁ eam
occl uder ragon 25l ywluslover cegipenlDy the rotation of the cam173. It is

possible to h Ve, a I r@lit of cans operatively associated with a
plurality of gﬂ ﬁ%@aﬁ’i’ lsf %é"‘%/tr’? ot eﬁaéhﬁ"?h B gtheesagpiollewerel 85ans movedinsks
ST o e e R S5 By R Y STy
t he cam Mhendheeam fdBayer 185bbegli8Go md@Sdio the kewarregidh SPDIRE chrh VsllgWedNgsy S,
15 AUQUStmo%gso C oé/ép t(9 81/650121%73\aﬁ71 89. The longitudinal axis of the cam follower is about
coextenstve with the transverse axis of the cam shaft 189.
The cams of the cam-actuated mechanism 180 are arranged about the cam shaft 189 so
20 that as the electric motor rotates the cam shaft 189 the cam followers operate the components
of the occluder mechanism 40 in the proper sequence. The proper sequence is controlled by
the controller 33 and the program included in the microprocessor 36, as described above.
Thus, it can be seen that the cam-actuated mechanism 180 of the present invention can operate—
the plungers 175a, 175b, 175¢, 175d,_ 175¢ and the upstream and downstream occluders 152,
25 162. In doing so, the cam-actuated mechanism replaces the solenoid valves 42,43, 44 and 45
and results in the elimination of the pneumatic cylinders operatively associated with each of
the plungers 175a, 175b, 175¢, 175d, 175¢ and the upstream and downstream occluders 152,
162, respectively.
Figures 32a and 32b illustrates an operating profile diagram for the occluder

30 mechanism 40 of figure 30. Both the figures 32a and 32b are identical with respect to an
identification of an open and a closed position for the cams 172, 175a, 175b, 175¢, 175d,



PCTI US99/ 29436 respectively. .The plungers are caused to open and cl ose by
the rotation of the cans 175a, 175b, 175c, 175d, 175e actlng5gngkhgxﬁan1
foll owers 185a, 185b, 185c, 185d, 185e, respectlvely Figure 30 al so
illustrate npodi ment f or pIaC|ng the tube 28 (not shown n osition
to be actegwgﬂﬁ%y t he occl uder nechani sy 40. A cover 195, P&EQQH% 436 npy
have a trough 193 di sposed on a face the cover 195. The cover 195 may
be hingedly attached to the occluder nechani sm 40. When the cover 195+ s
rotated towards the plungers 175a, 175b, 175c, 175d, 175e and the

occl uder s17%®2and §73. Figore iﬂwede%mcayhdqmsbmm gmﬂe fiptue J20dddnitiios tte dagle tAfdupd

b | 175 5 th | ud 152, 162. 10
Ref o 1| ngigh Er P shald 84wl Bfste 1 aict begmionndsroebatis st oo
di sposed @m ﬁ&ﬂate& aBchbitbh 1&@8@55@&?’:00&%59 |ti1(9ﬂ@§h-l?{x§§ Eé&gg ﬁglgé ]p | dhe

associated wth the cam 175a. Typical of cans es a
change i rphm@fs Whese e phuralitytaf plungditsiase ussd sthesh-task any bppfitcted bgispul@hdo’Rd a

| ower n 213. th 5 es on the camshaft 189, the cam

fol I O\ﬁer Kaft %ﬂ@&a PE‘H'@EFS ﬁ‘ Mi’? £9¥8 isiinsteatesd intignee Jgsen the cam

fol l ower 175a It%hbﬁld%riﬁﬂ&tstdﬁ‘ﬁttﬁht%ﬂ%s éhﬁﬂ%%%%odlﬁc‘éﬁ@s tlto mé?erp | over
CAm 1ol ] OREr

175a begins to nove into the | ower region a noves
cl oser t ccrebreliments dbsciibed Sereinfwidl beapgaresidiorthbseakilled @f thieher, SUThfcRAARWRRd | S
about coext.ensive w nsyerse axis of the cam shaft 189. The cans
of the cﬂé@?ﬁ&lﬂé&ﬂﬁbﬁ FFE‘HF%‘E‘%UY%‘%%P%H&FPHB&B# s¢ape of 4hs Breagnt im@gtien
20 t hat t | ower s
oper ate (hg ot Bkl il A Bl Ealaat TR oKy HEhde I Phar
sequédfic e .anfireodifications be guesredby theapptnded kkéndby the controller 33 and the
program included in the m croprocessor 36, as described above. Thus, it can
be seen that the cam actuated nmechani sm 180 of the present invention can
operate- the plungers 175a, 175b, 175c, 175d, 175e and the upstream and
downst ream occl uders 152, 25 162. In doing so, the cam actuated nechani sm
repl aces the solenoid valves 42, 43, 44 and 45 and results in the
elimnation of the pneumatic cylinders operatively associated with each of
t he plungers 175a, 175b, 175c, 175d, 175e and the upstream and downstream
occl uders 152, 162, respectlvely Figures 32a and 32b illustrates an
operating proflle dlagran1for t he occluder 30 mechani sm 40 of figure 30.
Both the figures 32a and 32b are identical wth respect to an
identification of an open and a cl osed position for the cans 172, 175a,
175b, 175c, 175d, 15 August 2003



WO 00/51670 PCT/ US99/ 29436 28 175e, and 173. Figure 32a describes the
positions while figure 32b identifies the angle through which the cam
shaft 189 will rotate to effect the positions described5 Augugir2083a. Wth
the cam actuated mechanismit is possible to performthe flush-back
operation using only one plunger.. Wiere a plurality of plungers are used,
flush-back nay be effected by sinultaneously 5 activating all of the

pl ungers. The flush-back process is illudPrated in-figure 32a. it should be
under stood that various changes and nodifications to the preferred

enbodi nents degqaipked herein will be apparent to those skilled in the art.
Such changes and nodifications can be nmade w t hout departing fromthe
spirit and scope of the present invention and without dimnishing its

attendant advantages. ,lt. is therefore 4 ntended that such,changes .10 and
nodi fi cati ons be coébg@ﬂ PR W%ﬁdkﬁvgfﬁﬁﬁ¥ypggoﬁébﬁ Gc’e”%‘t)@wé‘if’CIaims:
1. A device fog,phg¥ing a flow of a liquid through a tube, the device
conprising: s ?I st occl udi ng neans havi ng an open position and a cl osed
position fos rel easdéintyoohdinglinegns hevingle open pokitiostand eeelbsainposstearond

occl udi ng neans, hayi ng an open position and cl osed position for
rel easabl y occlf%%sgmﬁ ocplyding t St%[@c%ﬁcﬁ[lsb@&w%’m; conpr essi on means

petween the Tirst | QEaliioRoaNtnk"hcafE Hiding! n! BCA! pBULLR a0 UPLIBSS] N0 the
tube; and neans for "providing a*liquid tnaer pressufe to the tube

conpri sing an poitioatfapteiedshibtgdreluding theitehecaapeestiocdtiun; pr ovi di ng
conpressed fluid to inflate the inflatable bladder and an energy storage
tank for storing theompespioasseadns| betweamdde Hréslogadommngn thes seeond uid

communi cat i gn @/ith.t i5 fluid,o sﬂzior and the inflatable bl adder. 2:
¢ ssion means conprises a. first

re
The devi ce 181 dPRtonor GHBRIEHIE A U8Rt | |
pl unger and a secongydhyTgeprovidiala RHAdRHeN ke 30 tRPAbeRRSiPrisalp and a
cl osed position for releasably conpressing the tube. 20 3. The device of
claim1 or cl aiamiBfiatahler dadddrhe fuod comprestort fabipneyiding compressed fluid to
inflate the inflatable bladder and an energy storage tank for storing the
compressed fluid under pressure which is in fluid communication with the

ts  fluid compressor and the inflatable bladder.

2. The device of claim 1, wherein the compression means COMIPIISES a
first plunger and a second plunger, each’ plunger having an open position -
and a closed position for releasably compressing the tube.
20

3. The device of claim 1 or claim 2, wherein the portion of tubing
“between the first and second occluding means provides a metering chamber
with the first occluding means located upstream of the metering chamber
and the second occluding means located downstream of the metering

25  chamber.

4, The device of any one of claims 1 to 3, wherein the fluid compressor

can intermiftently provide compressed fluid to the energy storage tank.



between the first and second occl udi ng neans provi des a netering chanber
with the first occluding nmeans |ocated upstream of the netering chanber
and the second occludi ng means | ocated- downstream of 1heAwngustidQ0325
chanber. 4. The device of any-one of clains 1 to 3, wherein the fluid
conpressor can intermttently provide conpressed fluid to the energy
storage tank. 15 August 2003 30 5. The dé®ice of claim4, wherein the
pressure in the energy storage tank can be increased over tinme. 6. The
device of any one ofrie advi®e bf thifm 4, WheRel tHeNFlettlird 9n I eRESY Korape
-transducer in fluid conmunication with the energy storage tank and in

el ectrical . coratlntanbé teragsedhovdrdiond.ui d conpressor such that ‘when. a high
pressure occurs the fluid conpressor is switched off. 7. The device of any
one of clainms | to 6, wherein the fluid conpressor 10 provides conpressed

fluid to the engergy O%&]@e pﬂ.é,' ' sgﬁ%g- ' sor
provi des conprgsed ']ﬁeu(:i to(gt ?‘%?g@g[b ée@é?z?a er. é[.léﬂfﬁfggdagg@getﬁof any
one of clai s ltrdnedifcerWine fleidn colmuiidasivn awith She wrdrgyoswkah Bgkneadhsnand the

conpression neans are fluid actuated. 15 9. The device of any one of clains
| to 7,.wher ei fleatdogliqostmumigatiac with the didigpmgrassemauchribiat wher ertpghssi on

nmeans are cam actsuat eg. %Sof ‘E{'}e dev] ol 0ofi any oerékeoggf clainms | to 9, wherein
the first and Jecontf °%Y oélgl (‘J‘i‘ﬁ%m?r’ég%sr VRS %[f S to a closed position.
11. The device of.claim2 and any one of clains 3 to 10 when dependant on

claim2, wherein the first and second plungers are -biased in an open
position. 25 1%. Thdldadavine offanyloac wf 3lapms drty 6pmhendin theaflnil commressor when

dependent on clai,n 3, further_ including a closed essur.e -system upstream
of pt he metid@ri rpgo' HERmpees lgastp tg%ggergji storage tal% ana Whercmya secong P

fluid compressor provides compressed fluid to the inflatable bladder.

8. The device of any one of clatms { to 7, wherein the first and second
occluding means and the compression means are fluid acfuated.

15
9. The device of any one of claims 1 to 7, wherein the first and second

occluding means and the compression means are cam actuated.

10.  The device of any one of claims 1 to 9, wherein the first and second

20 occluding means are biased to a closed position.

it.  Tle device of claim 2 and any one of claims 3 to 10 when dependant
on claim 2, wherein the first and second plungers are biased in an open
position.

25
12.  The device of claim 3 or any one of claims 4 to 11 when dependent
on claim -3, further including a closed pressure ‘system u[:;stream of the

tuetering chamber.



13. The device of claim 12, wherein the closed pressure system provides a
negative pressure. 14. A device for use with a tube providin% a netering
chanber and a container containing a liquidin fluid comunile AUBsH2UWBt h

t he tube, the device conprising: a bladder for conpressing the container

t hereby pressurizing the liquid in the tube and causing the liquid to flow
into the nmetering chanber; and a pIungePlfor rel easably conpressing the
meteri ng chanber and thereby generating a flow of the |liquid fromthe

met eri ng chinmbelhe deyice phelaigel?, whergip the cispd nrassure gysidveproyided aptissitye aresevrer gy
storage tank in fluid comunication wth the bladder and in fluid

communi cation with a fluid conpressor for storing conpressed fluid under
pressure. 1%. TAedeuies fog asearithe tpamragdingp metsring eligaiben agil @ cerspipgresriaining an

i nterm tteniliy iy idanunt it $Rsed nfbk Uhdid/Re bhRrRIEr Oy Storage tank. 17.
The device of claim 16, wherein the pressure in the energy storage tank can
be increased o%8ladder fas comgessingdhegeptaingr theretyrpressezingfthe liquiidis thegulegnd 7,
wher ei n t hgybhblid GRS A5 B RE AleHRSchamBEPLRISSEd fluid to the energy
storage tank and wherein a second fluid conpressor provides conpressed
fluid to the bl agyager forgelearaply epspresgingthe fip(erips ehagibeandithpseby genasmtmga f ur t her
conpri si Ngabwer M6 GLHEEES taHdilishe@RampeN position and a cl osed position for
rel easably pinching-off the tube which together define the netering
chanber provided by that tube.

15. The device of claim 14, further including an energy storage tank in fluid communication
with the bladder and in fluid communication with a fluid compressor for storing compressed

fluid under pressure.

16. The device of claim 15, wherein the fluid compressor can intermittently provide

compressed fluid to the energy storage tank.

17. The device of claim 16, wherein the pressure in the energy storage tank can be increased
over time.
18. The device of any one of claims 15 to 17, wherein the fluid compressor provides

compressed fluid to the energy storage tank and wherein a second fluid compressor provides

compressed fluid to the bladder.

19. The device of any one of claims 14 to 18, further comprising two occluders having an
open position and a closed position for releasably pinching-off the tube which together define the

metering chamber provided by that tube.



