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ROTARY AXI AL PERI STALTI C PUMPS AND RELATED METHODS
FI ELD OF THE I NVENTI ON This invention rel ates
w@enanz2byy t o punps and rel ated net hods and nOPET/US2006/033609
specifically to peristaltic punps and net hods for
e i t ! . .
o A TARY ML RIS IC RN o TRIED
I NVENTI ON Peristaltic pu vi ces that transfer
fluid through one or nore elongate, at |least partially

flexible, tube(s) [ tube in a
peristaltic mnnefﬁk‘?%ﬁ!@%gﬁtﬁwrough the tube
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| ength of the tubing to thereby punp fluid through the
tubing in a peristaltic notion. Suc s are often

Such pu
used i n nedi caﬁAGmRQHlNQ)QF THE 'WE"ETH ravenous or
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soock e AERRARY S EToViS gt A AR U o more
elongéaiey ratneastapdrtiaiy deixitila] tudgeds) batdomgressingheash tube in a

P TIE ol Bl BohSRse IRk 452 el i et Bprmoving 2
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, 877,714 (Sor g , 671 ,792 (Borsannyi),
regj@00f oomp(edksiomipatypically slichjevaddbyl weyso2ate oCananeg) rollers or
theetire%ﬁisclosures of .which are expre S|X1 .
rECHIBFHBIgP URNGIE (R PIRYTeSHIVEL Five £ aég%é’?&o, RrRgsign along

thBUBRGth! Fabé tebing &5 therebPalimd Mad thdupBtaé heding & & peristaltic

resilient tube and a pl urallt% of canms along the drive.
metiant tIUako\RaINss s s Oftenavsedin  Bvescal r applicaéions biecluding
- I st ' er 1.$PQsS resil]
L B U L S R LR
drainsgfee dystemsends twoell cisr gamd ey daeeratry anstrureh® and industrial

aén?{ggiiétgsg qsiggtqi‘sgiygséstrrigll 'aLSﬁ’ca?i'o%Q g\]/vhterg(ee tct»l(Jick:) eortcgrr%(s:i(\:/leuf%ju?ds are
pumped.

Typical linear peristaltic pumps include those described in United
States Patent Nos. 2,877,714 (Sorg et al.), 4,671,792 (Borsannyi), 4,893,991
(Hemingway et al.) and 4,728,265 (Canon), the entire disclosures of which are
expressly incorporated herein by reference. In general, these pumps require
a drive shaft that is parallel to a resilient tube and a plurality of cams along the
drive shaft to move pushers toward and away from the tube.

Rotary peristaltic pumps generally dispose a resilient tube along a
circular path, with a number of rollers mounted around the circumference of a
circular rotor-sequentially rolling along the tube to occlude the tube and force
liquid through the tube. Typical of such pumps are those disclosed in United
States Patent Nos. 4,886,431 (Soderquist et al.) and 3,172,367 (King), the
entire disclosures of which are expressly incorporated herein by reference.

These pumps often have relatively low efficiency and impose high shear and
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liquid through the tube. Typical of such punps are

those disclosed in United States Patent Nos. 4,886, 431
wQ@ Swdeepes st et al.) and 3,172,367 (King), thePenuUs1086/033609

di scl osures of which are expressly incorporated herein
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rom one en t he o anot her and of the path
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GERSRIT FRe DAcePo2area BN, Alt Beloent dfo. 362707

(T@b@éﬁ@)s ltie ichirs ﬂ@cﬁis@?’ed"@f QhictPdrd eksregByeinchiporated herein
general, these "finger" type peristaltic punps tend to

byoeeferensec dmoeneralhthese ‘fisger fwre petisteitic pumps fend to be less

oo B T JPEaRbSAHRE B BliyP R Bha R B e
blandfingsts drnthat tubBrStars esduceaihesuseziles fifd oft mertablrigumd can,
wal | erosion or spallation resulting in pOSS|HIe | oss

inGt leastsome gaeesreerise nterial twke wWalEtariPn arspalleiin resulting
m];dc*gfsﬂalec‘tlésesam Péltléﬂi td 'ﬁ)éﬁerlf?@ﬁtthéq e YAICRito E%ﬁﬁlg"%@é’am.

er en Khesses may not @ 'aCComm
Altsh;emeatneasissorae ru:aeesvl tuhes withndifferdmanvait thinkaessesutvey not be
the fingers Wi ll not properly | ude the tube a
aGRRTHNPRAERaRY tiess Bvamaasacusts Tiast I AP Baes the
firffeP SR A6t %rogy@ﬁy%cﬁ}d@ tRB6LUubS aPYGHES tHETANBN SRR tubes
requiring hef cam drive power and causing excessive
theetabeowilt bloseapreanatutaipeand benwme@tpm e¥ee$sivRs compression,

B T s Asbutand st PR RE T fie Satfrand

tupgases to operate due to an occlusion in the punp tube
either before or after the punp. In other
appl Inc anamn sapplicatisns gobl Refistafier PUmPSt odnnpdriatar eedical

aﬁl%ﬁﬁgﬁ S, ftrls ﬂ?portant to promptly detect when the pump ceases to
operate due to an occlusion in the pump tube either before or after the pump.
In other applications, it is equally important to monitor the pressure in the
tubing. An input occlusion occurring in the tube leading to the pump will
cause the tube to collapse due to the fluid being sucked from the input side
and pushed out the output side. An output occlusion occurring in the tube
leading away from the pump will continue to push liquid into the output tube,
inflating the tube and possibly causing it to burst. In either case, fluid flow to
the end use is stopped or reduced.

One type of peristaltic pump that is especially effective is the curvilinear
peristaltic pump describéd in United States Patent No. 5,791,881 (Moubayed

et al.), the entire disclosure of which is incorporated herein by reference. In
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tubi ng. An input occlusion occurring in the tube

| eading to the punp will cause the tube to coll apse
waele@7ozs2ehe fluid bei ng sucked fromthe i nput BCTHESZNE033609

pushed out the output side. An output occlusion

th%ﬁ&#ﬁé] {;hﬁ‘e 'ﬂﬁu‘hﬂ@& di5di Pgke ot %Eﬁ? %@Eé’%@?ﬁéﬂt'tbbe is

Into e out

dispdset |agg|rtsl11@a tgdcreralnd cirosiai hdlarteuaaad ng rotatingy Paarrstmember
In elther case fluid flow to use i s

sestuandiali @nd @pbalyympv(?ﬁ parlvil Pf g'nﬁﬁl‘ﬁa A gﬂ?e fingers
C&ﬁﬁp%%ﬁgh%}ﬁﬁ% %ﬁ&tfb t'né Jﬁj@?ﬂﬁ'%é{h R i eégéﬁ)%{]fmcggihlon

t at es” Pat ent
In( viis. by thear p@rls)altlct panmgnof the griec bds dihe cam dbiveh thes pump

gFor v oG SR ch oot s Beche S oG Db ghid e
dit i%n'f?orﬁ'tﬁé’%ﬁ%da&ﬂh %%Haée GRBYIuRhD YnLPs't 'b%g!aﬁ}j’e @rhcﬂ}gfhn(m the

and a rotating cam nenber sequentla radi al
raviial elireatiqh)uoad dcoynrodddterthe ositeyuatial If@rtgtln lof the n@r@r the height

the tub , fluid th b
of B MRgSe N RIRIcBesS A Chiconbals prRigpaten |1
per i pharet fefndiida Méed Mether 4@ fordthte, dévafoiaghidsf N&w pefistaltic
punp fingers in a radial direction. Because the pu

pimpgchat prewdel ddvaatagesi and/ar useful dmarpvements eudiffagences
unmp nmust be | arge enough (in the
ofejﬁbé#‘ééf‘ﬁ%&rcg%rpto accommodat e the outer radial

| ength of the cam the height of the punp fingers and
t he thickness of the concave curved EI aten. There

remai ns a need SYMMARY Ok EHE(W%I@ @Nprrent of new
per '&{:@drm ;E; c}}\j utﬂgsgt)lte@@ht @{\%ﬂ‘i Vﬁn‘%tsagéﬁﬂéﬁlgl %l#mp devices

usefu enents or ove ose
(somatimey tefer‘EeMd\Ré(remE a§I¥EJtaN\£EhE1I peistaltio pdmpgsl’ yand h@thods

sent. inventjion provides peristaltic
wRIch DY e b BniadesrAon Gselh o terpe R s S Tatences over the
p&RIABE Pubids WH’B?)rDor and Ak RS sWRLEMBEANNEIRS of the present
advant ges and/or useful inprovenents or differences

ingembion, htheper arst adrowdegurq:ﬁaryofaxtahepmstaMICapumanﬂmt provide
| east SO nbo nt the present inventi r

PR, A STV oY v 5 SREFET copligibbiaiend8l fess

c&ﬁ@%kﬁ@tmbfbd‘rivéhﬁoﬁ@|fde‘¢|§faﬁticb ngdf‘ﬂﬁ?e bﬂéﬂé‘rﬂé power
requi renents, and/or |ess conpl exi than t he

convienereriganger Wih aone cerplamjmecm ﬁh@eﬁsﬁaditc &Ump device is
provided which generally comprises a platen assembly including a platen

surface, a cam having a rotational axis and a cam surface spaced apart from
the platen surface. In addition, the device comprises a plurality of fingers
having a first portion in cooperative engagement with the cam surface and a
second portion adjacent the platen surface and structured to engage and
compress a tubing disposed along the platen surface. The device may further
include a housing containing the cam and fingers.

Further in accordance with this invention, the platen éssembly, cam
and fingers may be operatively configured such that, when the cam is rotated
about its rotational axis, the second portions of the fingers will reciprocate in a
direction that is substantially parallel to the rotational axis of the cam, such

that when a fluid filled compressible tubing is disposed along the platen
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In accordance with one enbodi nent, a peristaltic punp
device is provided which generally conprises a platen
wa@sz®entd2gs i ncl uding a platen surface, a cam haRCTYSH06/033609
rotational axis and a cam surface spaced apart from
pl f I 4 LO e
s fAgeD 8 FRPHEERG mblof L, e o PEpOnts o R hgS w

effeeopamping 6f taedrgetrrotighvthietubirey.cam surface and a
second portiqgn adj acent tggﬁgl aten surface a

and
st r uitiufustner dn AgaEANERIW Ise@yeﬁt"?nub'i“n%orH?s?fBQ@@'ments

t r t
thd RSy REie S BSfantellf e ST e i Bonfigured to
reGeiveher portiae cof deoropressibie t tutsng nparailebntherete pl dn esome

RO PG BRI 2ESONBh e ARG BUP oY iiRte abbg: holding
m%eﬁﬂ)e?@g%'gf’,n&!psaﬁbé nbﬁﬁeéeﬁfé%e&org{rbg\r/@s Geckbses, etc.) that

nge etiprocate ih adiréction that is
hodai st mhamaﬂhbycqmplaaslséile ttabinpeinr @t@tﬂlrenmSImn orofonfiggration

cam S hat wh fl bl o]]
betaeanSiieeBlial shiaeR et dhe idrarScpStP "ﬁﬁ 8 inlary. noFor
e%é‘?r‘ibl@”moéorﬁ@%n%ﬁﬁﬂﬂénﬁo'tﬁé Qe Rbidingem n\i‘w bomprlse a

f'ect punmping of the flwdthrouhthetu Stil

plamhtmef spacescapart shovemibers, teﬂt@ndlngémm e pulate@ @M@‘ace and

ST 5 . o o OB BT By bt

tuBfngGR HA A5FTbPliftetpdsitRt Manglthe Iaftékeeeltfane In sone
enbodi nents, the platen assenbly i ncl ude one, or

mor eStillifsthes| ini argordanser wih this @ven ipM.pld, spMgsembodiments,
o) r rec efc

th%rbfr‘atP a| A tM?nnsgeggﬁéﬁ%et%b‘?ﬁ%rematatsdgﬁ&ﬂ%om ﬁ/grt]ally

camnectstf togtheahowsing etviversin tsheh micat émclsded Hue platen tshiface on

se d t f the fj E I
e o BTASe IRESHTy HE FBPSHLR e Wl (o OBy coathst T8 door
ka %é"s‘tr‘uﬁt&éd ?afé%ﬂltﬁt@afn%téllbﬁoﬁeé'ﬂlﬁ rSmof3t 8ndhadubim@Mand

I"at'en surface and I ncluding features, for
memmr&:,e oﬁjtheodewcegzyoalsk}wmgrea&yc@cbcaSﬁgth’rdi@ wbing cagiea as

nan a t t al th | at
wehes Bk tadts PR R her e R B L Sitet hf s
| nVeshi Riher in SREBrRAFRAANRE TS invértidd, Qﬁ@h‘m@éﬁeﬁﬁbkh@ pump
may conprise a door that is hingedly or pivotal

meynresinredateo beple #rrisfory, omhmulthd@abmmoihatnarajwera"y

pérggngl fa‘? o?Hé & sMace and generally parallel to an axis of rotation

about which the cam rotates. Generally, as the cam assembly is rotated
about the axis of rotation, elevations or lobes on the cam may cause the
fingers to move in a direction substantially parallel to the cam rotational axis.
More specifically, the cam surface may be described as including a path, or a
cam race on which the first portions of the fingers ride as the cam moves.
The fingers may be aligned along a path defined by the cam race. The cam
race is preferably Iocated on a peripheral region of the cam, such cam race
having one or more race surface(s) upon which the fingers ride. An axial
plane may be projectable through the race surface(s), such axial plane being
substantially perpendicular to the axis of rotation about which the cam rotates.

The cam race includes elevated regions or lobes which, when the cam is
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an interior surface thereof. In enbodi nents that
i ncl ude such door, the door may be structured to

wo awi7i2et e i nstallati on and renoval of the tukCHyS2086683609
mai nt enance of the device by allow ng easy access to

rdtQ%dt é’@éd’c%@%feﬁ%ﬁaﬁéxn@’ebé%t 1 Pfé‘?eédr?qbgﬁﬁtloﬂ@ddf% e?s to

conponents of the system urt S sccord
m@iveh bahbk samahVerthi ehangt treeif i longitu il ahm,pmmetmysequentially

GRS ane eser e e LBine Reekshinias o Ju through
ﬂﬁeﬂmgr Iy parallel to an axis of rotation about which

the camrotates. Generall y, as the camassenbly is
r ot abtlll faiter int hecargdarcawithothas iimventieheiratsootes eotbodiments,

PSR e, O el PG o) e holind MR e idl Erafinli, cqtiers

rr@&'nﬁed MR PR Hitdt GldsYof thBging@m. S ThE3E tndBiNg Bfembers (e g.,
descri bed as including a path,” or a camrace on which

rallees)f ey tcqrbact @i relf of Iphenwisfemove dlongstheheamanace as the

o) Eitpctafioves 80t e PREE o ead PR QutiBLls dfese
rallepehrigyhss slibstaatially sghdrial. camsosmcmﬁ@rém@@cﬁrﬁém RBe cam
one or nore race surfaces ) upon which the flngers

syifape MAY iagluge @ isyhstaptiallhsoRca e G| §U§hr%n§ﬁV@ fiace may

oS SRR gt HERL 8 1R A0S BURBLSHIRYEIAL b e

ro¢lare ronIsesn effeet, cemh @t&he rrollen@ewnlebemabeme eghonac®mat a
Obt es \A/ﬁl ch, when %a irotﬁted boyt the

"RoRtat rofimited aea @ Lfé’é""i e SRCYRE" FERS W@nEﬁ thgerace may

cdrhpESE 2 HR IR 8r Q@Bi‘es%rmbgeéﬁ hih & 89&1 totFeché rollers will contact

I 'ongi tudi"nal axes, thereby sequentially conpressing

Omlm@mapoasgnrtgetdp@osm@m@ wallebf ﬂﬂ@tgrponpmngieofessmn In
fluid thr Still further in accordanc

h th bi
stll Bl 1 SaBI RS et Rl EomBH e e PPy the

rofleesmaly Béw@offremcﬁng{mapél@m&ﬁaw king dreahgpred WAl of the
exanpl e rollers nounted on or within first ends of the

racendsrgill oﬁh@@@mb@d|m@1tﬁet’f@erra§e(reag compsiseer gisedprea or rail

S AT ) b L RS BRSNS i A B

rawamaﬂﬁ nh still ofresremibbdigfehtdTBlie becs uist @dthpade ¥ wavy
pherical. Al so, in some enbodi nents, the cam surface

ornﬁyrvreﬁcwm SWfagenand ihe 4pligrs HaY e maisiainesl i p@@ﬁl@ae dhat
cdiAe®hB®¥llers to ride on such wavy or curved surface.

Still further in accordance with this invention, in some embodiments,
the pump may incorporate spring(s) or other biasing apparatus for actively
retracting the fingers after they have compressed the tubing as intended,
without requiring the fingers to be linked to the cam in such a way as to cause
the cam to actively pull the fingers away from the tubing. More specifically,
the fingers may interact with spring(s) or other biasing apparatus that cause
retraction of the second end of each finger in a direction away from the platen
surface after that finger has caused the desired compression of the tubing.
Additionally or alternatively, the fingers may interact with spring(s) or other
biasing apparatus that substantially maintain the fingers in operative
engagement with the cam surface. Such spring(s) or other biasing apparatus

5



10

15

20

30

be configured such that the radius of the race is

| arger than the radius of the rollers. Thus, in
W@ﬁffoemizaeach of the rollers will contact the PENUSH0€033609

at a "point" or limted area of contact. In other
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finger to cause 0 retract
apparent in the following detailed description and claims, particularly when

considered in conjunction with the following drawings in which like parts are

identified by like reference numerals. -

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of an embodiment of a rotary axial
peristaltic pump device of the present invention with a housing partly cut-
away, the device including a cassette tubing carrier installed to the housing

and a hinged platen door being open.
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the tubing. Still further in accordance with this
i nvention, in sone enbodinents, tip nenbers may be

wo omaneten t he ends of sonme or all of the punpCT/US2006/033609
fingers. Such tip members may be spring biased or

ot he e t X r

comuEFa & AT e Pitlaf ficth SOREIRMAE RPN Filie 4 with
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L BRSSP TG HANSETEAR Ko RttRe SRV SRR Sivio
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surface of the finger. Such tip nenbers may be shaped
S¥Ser ovi de for a discrete occlusion zone that extends

”anﬁgﬁréezi Yisagr %Ftléll cwgwagtp@@ae&m fji@gebt r&£afhRs in

its nt of max rave further in
amdarmmm\am iasplacis of thee invientiont te foger dwludieg reanovable
tion train gauge transducer or other

. Iy includ
b'ﬁ%%%Pﬁ?‘H%ﬂh’%ﬁ'eg?'gma%ﬁs an indication of the degree or

anmoupyy s m% 'aQﬁég@% OB SRARFAIYIMENESNS Cafi/ifierdssbhdly of
tubing as fluid iS being punped through the tubing.

a Thempinghdleyideerofadipecpresant invRntionageierein tthe fpgeferfias a

SRR APRIC B bOF CLBAIPY s e cam

rdcé st@faicgnction with the following drawi ngs in which
like parts are identified by |ike reference numeral S,
BRI éﬁggﬁsdﬂ FA$1 endggrame abraRetkes empedigent; of 2 cam/finger

ad¥d L i d aI ; |@Mglﬁé’°§; |c%1oiefﬁgog?rh§§ﬁ’ttln9£ntﬁ)rﬁ%éféfn #d ﬁﬁg?%r has

vice present I nvention
a aubstasitially pphetigal aolierasaryace that diekescie a iscbstintigihaV shaped
cassette tubing carrier installed to the housing and a
CHNABERt pl aten door being open.Figure 2 is an end

el evg gu%pfﬂc visewy %faq/rgi% Qﬁvéﬁ&héh%mbb&m\:érﬂubﬁ g cMrbMinger

t he using partiall'y cut away and the pl aten door
asssinmigly iofi agpurhpisg dleviceopicihatiresant ipesitidrowhérein de finger has

@ $URERS B ERtd bl suiopahepaRes pen sEesepriy st Bar
rakevi ce

Figure 4D is a diagram of another embodiment of a cam/finger
assembly of a pumping device of the present invention wherein the finger has
a roller whose surface has a generally V-shaped indentation that rides on a
substantially raised cam race surface

Figure 4E is a diagram of another embodiment of a cam/finger
assembly of a pumping device of the present invention wherein the finger has
a roller surface that rides on a cam race surface that is substantially flat when
viewed in cross section. .

Figure 5 is a perspective view of an alternative finger useful in the
device of the invention.

Figure 6A is a cross-sectional, partially cut-away view of the a portion

of the device, showing a finger in a retracted position.
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shown in Figure 1, illustrating the alignnent of

various conmponents of the system Figure 4 is a
w@200vioz2b8 cut - away perspective view of a fi ngRCT/U82006/033609

accordance with an aspect of the invention, the finger

i ncl g ' NS . el nt . .
i ul UG OB, OG- ARG AR Gl §je BFBY a portion
of & tieviger sisstantially idéntica)uoTHingedsAitee s!hbvxlirﬁgftrm fg6g&t in a
i nvention wherein the finger has a substantially
CQMRE?SSEY PPYHPRr surface that rides in a substantially
accu r - i : :
Aot hoFe TS e Sp Ve o aPblfer S cuifelit BPR hiention.
punpFinurele¥ iis ea opershecivee vimw ofnyenta durtivére eerbodiment of a
finger has a_substantjally. spherical roller surface

PHinRING dejdce Ph @GE@F%‘HV?&W{; V shaped cam race.

Fi gu IASi ' r j f 2 ;
L0y RS o e b Bk SERRH B Bl v
of higeine iloshomtieg @innoptiomal strgier gdges beamufos daierivdhing the degree

of 3088 ok ane Whergi bt b6t Sl b oMe e dage s

sepaniidTydxpahdadcanm fi nger assenbly of a punping
device of the present invention wherein the finger has
a rofigere @Roisea saetienad view throggher aprtipnvofsthepeumping device

' t - ' : S gal i S cam
of EEERL o1 afgiah, dutieiR P} G 1 dafslfop e Rree of
tubirizp déxpiisicrl, whedsihf ithg etubass eadibyestt t8 BWOPSIGIn gage s

devi ce of the present invention wherein the finger has
supstantally nanrexpandefat rides on a camrace surface that

is substantially flat when viewed in cross section.

Figure 5 is a perspective view of an alternative

finger useful in the device of the invention. Figure

6A is a cross-sectional, partially cut-away view of

the a portion

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description and the accompanying drawings are
intended to describe some, but not necessarily all, examples or embodiments
of the invention. The contents of this detailed description and the
accompanying drawings are not necessarily all-inclusive and do not limit the

scope of the invention in any way.

Figures 1 and 2 show one embodiment of a rotary axial peristaltic
pump device 10 of the present invention. In Figure 1, the device 10 is shown
in an "open" configuration for purposes of illustrating internal components of
the device 10 more clearly. Figure 2 provides an end view of the same

device 10 in a "closed" or operational configuration.

The device 10 shown in Figures 1 and 2 generally comprises a housing
12 with a platen door 14 hingedly engaged thereto. The platen door 14 forms
a part of a platen assembly 20 which includes a platen surface 22.

8
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of the device, showing a finger in a retracted

position. Figure 6B is a cross-sectional, partially
w@io7aeeys vi ew of the a portion of the device, PCT/US2006/033609

substantially identical to Figure 6A but show ng the

PiedpBl, g GREN GIMERS, R2" hiischod GpSidiefy planar or

substantidgrflat folaten esudface 22. p&*hsp;elaten/eurvacmi\ebfmmebompnse, or
further enbodi nent of a nBin devi ce of . the re ent
maykenPegiongd gy & least a p&ﬂ@ &%Pn e tnier ce 23 of

th@oélta{éw gkr yhe ﬂHéTE'ngzegfnd ff §<.§s 3 c%{r;'l‘?\@(?”%a’t‘rﬂotates

ona St r ain n| ng
akmcﬁutta:’oeng @‘xrmatsunoAR amelhasra bbm $w’£aomg321cﬂhwat0|erﬂpaced apart

the strajn gage i bs tla X ded.  Fiqure. 9B
from faespéeh NopiTACS P Blasta o & Tt i Jausd pgsition,
\V/ e W I
S B8 st stfoH i %29 | (S0ntdy B apBRLiast R 188 3howing of
Fighes d; |thet bamt 3G inmay arlgmcabmmttbetam sf retatioyAdgR in & direction,

OR3P NBhINSITPY SPBkRy AoFaPi Bn WGECT PRt DRwaker. that

ro‘télﬂ)rﬁéﬁtﬂ%ﬁhf B0OGh M@&Wé&%n%ﬁ)dsﬂb%ﬂﬁms % SR8 dskbdle.
sonme, but not necessarily all, exanples or enbodi nents

of the invention. The contents of this detail ed
des cTh@dieuheaﬂrﬁ)dshdvm acEigopeny iamg Zifmﬂdengsnmriseaca plurality of -

TR R WHIFB RS o SO dgrontauRameulley WiERRRdRysing

12N ﬂﬁj&rs Qf4 ared Mlghad A¥4 %bb@@htléﬂyﬁbéétﬁa’@gﬁa? eyhé Pext to
10 of the present invention. In Figure 1, the devi ce

anghes amd)mbstanaallv @@@aﬂel derd. i gsuﬂm iapproxdamagrrifodegrass of

PRI B oS e FBES 23"k Mlard e h % oBRldina

axieIACEf d8ch finger' 44 @sedbstantisiyeparblieinel theeixd efifcbli@n AR of
The device 10 shown in Figures 1 and 2 generally

thesiapn B8es a housing 12 with a platen door 14 hingedly
engaged thereto. The platen door 14 forns a part of a

Do Hraep b shec o Eprass St Bt 2nd frotuce a
flrﬁﬂbﬁﬁmt 4&ldng #lsabérid Portion 48. When the dewce 10 is in use, the
first portion 46 is in cooperative engagement with the cam surface 32 and the
second portion 48 is adjacent the platen surface 22. A tubing element 50,
such as a flexible tube formed of suitable material (e.g., polyvinyl chloride
(PVC), silicon, latex, polyurethane, etc.) is dispoéed between the second

portions 48 of the fingers 44 and the platen surface 22.

The cam 30 is rotatable about the axis of rotation AR by suitable
means such as a motor driven gear mechanism 56 (shown in Figures 6A and
6B). In this example, the device 10 is structured such that when the device 10
is in the closed or operational configuration and the cam 30 is rotated about
the axis of rotation AR, the second portions 48 of the fingers 44 will
reciprocate back an forth in the direction of their longitudinal axes LA, in other

words, each finger 44 reciprocates back and forth on a longitudinal axis LA
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substantially flat platen surface 22. This platen
surface 22 may conprise, or nmay be positioned on, at

wo e@sn2aeperi pheral region of the interior surP@UeEsS86/033609
of the platen door 14. This device 10 further

t%@@éhﬁ%gﬁal%&%ﬂeﬁ%"’% WRhRE ﬁp@Q@;étteﬁ); @"él'eﬁré?—:fs of parallel)

rotation has am sur ace
tcai@raxis pbrotatien pRaofehecanf 3@e 22 when t he pI aten door
14 is in the closed position, such as that shown in

Figure 2. As be appreC| ated fromthe show ng
Fi gufé showig Qe&ﬁheddmﬁﬁm ogHie2alhegan rwrfaﬁe&dnay include
t
S G oot el g W top e Sl 89, oo
lobesdt.i d’ma)f:onﬂwm@fncaﬁw sorfaces 3@ effedts en wepdike! @rq1err3\taltlc

mRRigh 1P THBPTS B0 BECa SHURRS roy I aYels bapenl e frst ends
oI 01 R W OGBREE Y, 45 R B N BhicBlRents,

hous |nge are a i gne
tr@lmeawrtthalra’ge @fomha@eeofahe alopecsfehaeam tabeartotHaaempreapdwer

SORRLEE babisls B B o s b bR Bk vention
m@yeerﬁblogn&qnﬁbmﬁew ¥hddel I@H§1tl§d4ﬁ‘élr‘§k|s %'s%bét%nﬂéllyeﬁﬁrhllel to

finger 44 is substantially parallel to the axis o
theowasmfrcamm retatione theapirgonferenes of the cew spreeixtancanesrly to

0PI’ G i, SR ARG, or 1 B A CRAER B d0iBe ceao he

circumferetsss of ftﬁefd:érﬁt thepstiy @@hé@eBSalrﬂaﬁlﬁQﬂﬁf@émV@ce length
engagenment with the cam surface 32. and the second

Wlél?a‘?lﬂtl hereasing theyjsizee pt th%@”hﬁﬁ'@PénOfsmef geshapismy (Whergy the
bl&n
%e%:alggleﬁgth fs“gnbﬁﬁn ﬁ/lyt%)ﬁph#or e (Eﬁ/&?@d&gﬁ f%g# %% Cam

lobas exsmalb raytercﬂtdlange foéthﬁe $I]9pe oflitlsep oaredobes r]ssmi}ié\bmi thereby
ond ortio 48 of the fingers 44 and the aten

oGBS Phane resant SYeRATaH SrABSLINE HaTR & greater

pliApagy 8ﬂlcfé'ﬁc ywﬁN'le%s%bbSWEP%BﬁsﬁMF;ﬂoﬁs A gﬂbggsrﬁjéritﬁ %Rat are

gear “nechani sm 56 (shown 1 n Figures 6A and
battery pex@red cthist ingprdeed pemping efﬂstanwmumecessmidn larrwr battery

sl s e e bImARceF LS el e bR e ghat
rogé}e\rma}b?m Qh AlRis tdieroiafN AR Othiat 085S sdiSstahtidllye phtdIBertd the
longitudinal axes LA of the fingers 44, such pumps of the present invention
may be smaller in size than prior art peristaltic pumps of similar pumping
capacity. As shown in Figures 1 and 3, the tubing element 50 may
optionally be disposed on or in a tube cassette 60 and such cassette 60 may
be located within the housing 12. The tube cassette 60 may be any suitable
type of structure(s) or apparatus (e.g., frame, lattice, scaffold, series of clips,
series of ribs, etc.) that when installed within the housing 12 will hold the
tubing element 50 in a substantially fixed position or shape. Cassette 60 may
comprise a frame 61 having a plurality of transverse members such as ribs 63
with notches 65 formed therein such that the tubing element 50 is received
and held within the notches 65. It will be appreciated that instead of the

particular cassette 60 shown in this example, various other
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reci procate back an forth in the direction of their
| ongi tudi nal axes LA, in other words, each finger 44
w0 e@i7peaeat es back and forth on a | ongitudi nal PE@RUS2006/033609
LAt hat is substantially parallel (e.g., within
p I 0
RREHRBIRLY, SHs 2 200G a LBl fomps IRy o te-
nayges esed to thHodd oamﬁmmvﬂs&:seél&ertag tubmlgLelemeeugﬁ@na a desired

hai/i n% C ntour@ dei] var ,gzel evation Qf cam
pesifio o5 SBabe i Jbel s | Stahlzipe Rlemes or OF §XfMPle, web
séé’chnaeﬁ Ray e fEdISdey VRV bggéet% 60 eﬁ’ggﬁ{rahal Sgﬁéhgj}ﬂ and

of the fi ngers 44 as the cam sur rave
s@bﬁt@athereﬂ@e in semeeembodrrnetme ibang@msayide sizedvand pobsitioned

t ed t hat di ts; th
R Rl g Sl 3851 B RBRSH Th STa shown,
fdr@%mdle tiRFigree. Pmémé%qﬁbécﬁﬁwén@s fRefid 83trhsy Bé”éﬁked and
Because t he of the present invention may

pwt«wed K@éa@ﬁmgbgmmﬁgt ol thershsseites tulgng mn@rngg avhen the
Bl I Bl BL AR TRRLIBLARY ol £ s may be

a€cdraplishetl Byhee n?ﬁhghhwib@% Suctaihat 8y $erit ehgadjé)éﬁteijﬁster
near the circunference of the camthereby achi eves

Wﬁ’ﬁ)éﬂ?&lﬂcc%ﬂﬁ)ﬁe&é'@nﬁeH&%t%Qﬂﬁo@PeﬁHfﬁ%Qé|Shlg'jfaf3ﬁ% ofjthe dﬁwce

R BNELARE  RTRT B ShE bR G SRR e o
dedird hleammandmbeasdwmbbltloat(e oof dedicenaligrfméity relativpe to the
of tg‘?‘ cam | obes is achi eved thereby enabling punps of

e

fingres sent invention to proved the same or greater
punpi ng efficiency with | ess power consunption. In

enbogl Q@rﬂ%sf ehgﬁﬁln%ﬁsbﬂ{é 'ﬁft%fné"?ﬁ‘@)( onggwgﬁadn% %}ﬁiegre!n the

punpi ng effrciency resu attery
caxbaitei aﬂ)ahésebybelmmang Hiee peapsfooindriuas handiing iaod maynting

tiliz t ha otaea out an axi s of ott' nAR
of e CBICLIRR AT ATy aMeolP D SRV | udaoraly or

t S h
alferRstively, Othe Hfgﬁ'l"e n&éhe§55 OPHW%E &k Wé‘?/ r%pﬁﬁ%%rough

|nvent|onrra e smaller in size t prlor
wbe:hltbeawbung epiemwt o0 mssesamapmqaohgenapﬂgz ittigngudar shape or
ures

Fi d h i .50 .
Y et rySE ShaPel 2P hetish or ol i rSha ARG o e, g
elgHfeht %@&éetstfanﬁoomé/arkfaw %@‘aﬁde&\ﬂ hdH-BokippedsidsdHibeldfter it

The tube cassette be any swtablesageof
has paen @per(msmd bpmcat ingef édg. Such aeiche ot @ther suitable

tu%%%ongl[rgimﬁge -I:oﬁ:t ﬁnc'g structures provide partial compression or
resistance to expansion of the tubing element 50 in a direction that is
generally perpendicular to the direction in which the finger 44 compresses the
tubing element 50, thereby countering the compressive effect on the tubing
element 50 and facilitating rapid re-expansion of the tubing element 50 as the

finger 44 is withdrawn away from the tubing element 50.

Additionally or alternatively, in some embodiments, the cassette 60
may include a tag, barcode, sensor, switch, triggering mechanism, identifying
protrusion(s), machine readable element(s) or other apparatus/material that

will enable a sensing (e.g., detecting) component of the pump device 10 (e.g.,
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series of ribs, etc.) that when installed within the

housing 12 will hold the tubing elenent 50 in a
wewsnznss al |y fixed position or shape. CassetPEI/68200@§33609

conprise a frame 6 1 having a plurality of transverse

S Ci | 3 W tgh or rei
a SRR URH R R coihuligaioh i)' & \emBiter 'eBRIghICIF Stner
pracessaor) ttoeideatityhasp@ticular caisksette 5@ poir acpattiedldrhsite/type of

caSie b ld BTt s ltesP PR e MR, bl o0 ana
oggcke}gﬂlyy?o dfdabRs thef hgmsdemeé CitE Sy Pﬁﬁﬁ?&f@ ’a_neél‘érmeﬁ%t %gg.ue

o hold or ot se secure the tubing el

alanma light iate)dop othieri signal rwiséra lee wassette Hheisdabhdend. improperly

St?bi | i zi np el errentﬁ . fgr exanpl e, web section 64 may
PE I?'Pl%c# AGRLPLIMCOHECEEZERYR% %D for provi di ng strengt h

and stability thereto. In some enbodi nents, ribs 63

may : DS Li fi

por ¢ 15 s RSPk ARG R2lrhhy REeD otk SRRpplate
6 &eitptogethar by guradity2of bolis foomase d edsembtysand disaisbesmBs/ as

na e.sized and positioned to.facjljtate ali nt of
gD ool fausing: 5 Skapoe e didiah plaiEh Gy v iich Bivots
abduti BinhB8JiRd |6%fjcc§@plﬁwgetﬁer 856r QUi he FRUdiRG 8262 WWHdH # the

may be acconpli shed Dy designing the ribs ©3 such that
cloney posifion, dngjalper ok resjs sagainstia isoyprestdn 68, and a latch 72

nGFE G108 Spak PABToad e aO0n I R et 6bEh " rus
the tubing elenent 50, are in a desire shape and/or a

desi frethBQfbddPodifford-suchesd si8svRlid BRRED) tHehabi Y2 pt&vides
the fingers 44. I n sone enbodi nents,” the tubing may be

amubstantiate dlabor @ubstantiady ¢darant pleteg0osufaes éycompression of

| j mi.nat i t d L. handl i ti
tgyreBBA (et S rERER MBPRiE rot R ol L TR 486! T4 may
bé\dsPdneanahd YeRasad tigf Metngv ey latthe7shanReAf ndthtched in the

notches 65, or other cut away regions through which

closed tnasitiey, dhenderr 44 isafsesio snddo A fybn&pan position as
e . .
RSB, P 0 B g ghcRIeh A AR AoBRsife ato

pddkille fot efféctiviely and cvdaeniently secaxpgise glaten assembly to the
essed shape after it has been conpressed by

CERANG PRI #4 TinggEh I &t Ungtiord HanpehandsayeaBrangements
arfe%'sgie%ﬂé& 'E@b@:vﬂﬂ!mimhé SO ONhB PrbdshtShvetiionr es

provi partial conpression or

As illustrated in Figure 1 and Figure 2, the housing 12 substantially
encapsulates or contains the plurality of fingers 44. Each of the fingers 44 is
oriented in an axial direction with respect to the rotation of the cam 30. In
some embodiments, the fingers 44 are positioned within in individual housing
cavities, for example defined by interior walls of the housing 12 located near
the circumference thereof. For example, as seen in the exploded view of
Figure 3, the individual housing cavities may comprise a plurality of hollow
cavities or chambers having finger-guiding surfaces 86 oriented axially with
respect to the cam rotational axis. In other embodiments of the invention, a
single housing cavity may be provided which substantially encapsulates two
more of the fingers 44, for example all of fingers 44, within the housing 12.
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resi stance to expansion of the tubing elenment 50 in a
direction that is generally perpendicular to the

wa@leeogoeizet i n which the finger 44 conpresses tPET/USIINGIER3609
el ement 50, thereby countering the conpressive effect

e enfie fLAtEnE IBNr B8 Bigrs 2 el dht0e £ fidVing element,
for:exwmmelraaMIea\BQywhlbbmddseupmmlan@rﬁasmﬁthéﬁam 30. In some

A d| tionally ternatively, in some enbodj nents,
ehadimnanis: 2 §2¢p 3 Sra?”%@? @d@rogveaaepr@&ﬁ@adga%e%orl? formed

inSiffel & 36 I<a|5f4|)9,el'rhbnr%lléfrﬂscEG”H |th91e Léd ¥%<EE9) . In ;tl}]eerexample

protrusion(s machi ne readabl e e enen
stepyprartatusllemst @ei sdcurdaato the flnge@rasbdhe by daes BA@beet gehich the

elgiefp' Biie” RSNt ﬁﬁ%ﬁﬁ?ﬁ Wb i folldTs 80 are
st%%’?élﬁtfé{llpeé pR&ricll NEle ROASRS $dY Héjdléj?%ﬁ@df éné retalned within

particufar cassette 60, or a particular size/type of
recasw op 16O ends df ghe tﬂegeHSf% whtbopt beimgceenieredoere aveaxtdE, so

e ca set and ionally, to.di | e the_ pu .
a5 1R PIbh g Paieh maAaaniph. sk 35t kel jora PRipoint
pén.ght, etc) or other signal when the cassette 60 is
absent i nproperly positioned or of an incorrect
S|ze/type, etc. As seen in Figure 1, the housing 12
may lnnibleverebadibzarits shpworin ppates 68 aprd I-8 otpet firgerbyd4 are

phit i pG uBSncbetex FReATe S aireted pith lateral
cmdmge;mrmca&% WRRh ndintih %sﬁbﬁﬁ@oﬂ%@%n\%ﬂr@ 48 dVeh$héam

cou door 14 to the hou3|n% en in the
rage d §pmeoﬁmhoﬁén@|m§rof1mee@t antiggaithe tfirst asddast pump

8 B0 208 okl [ DRRSSRI0L, SAGREREAH s et of
sudcesade easi fobes. Bmﬁurﬁsensbmwger@ 4&!@9&%@ fortébéarﬁlpl@r from
provi des a substantjally flat or substantiall

awﬁr%rﬂq&eai da akput 2@ fingers Gfpnets idspepingnEpe < %e.@@ﬁlred

ot YLl el ERCRRSTEL S I B oo it

will dtechknorien td/%mseraxbskillam theedrti n t he cl osed position, the
door 14 is free to swing to a fully open position as
illustrated in Figure 1. It is to be appreciated that

ot hefh %ﬁ?ﬁ%‘éﬂ?@ﬁ@@ 4Beofapach HBgar Bt dnclydesia Bep yrarjon 84
wiied §t° Jﬁ?‘fléltgl é?{e’ﬁp e\’d?‘ﬁ‘i ‘M@t %Hf %u?fgcéh@z and
ra y o I 'nger

cam an sina unc onal “manner
caombacts Wanrﬂoamje irethiescassette tubing carrier 60.

In order to more clearly understand various aspect of the present
invention, reference is made to Figs. 3 and 4, which show, respectively, the
device 10 in a somewhat exploded perspective view with one finger 44 pulled
away from axial cam 30, and a cut-away perspective view of an individual

finger 44 having various advantageous features.

The pump finger 44, in accordance with one aspect of the invention,
may include a tube occluder surface 88, such as a leading edge or tip
member, that fully compresses the tube 50 such that the lumen of the tube 50

becomes fully closed or pinched off when the finger 44 is at or beyond a
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are considered to be within the scope of the present
invention. As illustrated in Figure 1 and Figure 2 ,
wo b@7lzze$ ng 12 substantially encapsul ates or PORUSI006033609
the plurality of fingers 44. Each of the fingers 44 is
g : i . i 1 S . >
AP PRUE of forRlt Caguh GEL AN IR Ande A8 within o
cértaigedistanteard jiosimpixomed Voriaira iravelndi Foduakarhplesiing the
caviities, for exanple.defined by interior wa of the.
BRSO, SEGAT AEdicana aies B AneverRees o Bupuofhich
a SpARYIRasetP 08888iohEIEMENE §?|£@&%3V§[§}Htlgfbé§loﬂw§ cﬁmp?é’sesion
i ndi vi dual housing cavities nmay conprise plurality
swiadeo4 @k thahaadegorion daobthesfihgari 44 Ocuisiony eletent 92 is

sl S aRstEnugl, SRnfraT Noratth, sufter fe5E borign B8 BT other
locBNGHY Infdy s IbROLAItANES| FBr Gahiple MRY s'%ﬁqé’reﬁ’ftﬁ%]@%ents the

whi ch substantially encapsul ates two nore of _
o¢glugjen slaments O2emypbe latatedf offcagiers onfeaii arhah petipheral

R 82145 9 o gRB0h RS, Ged R e

o98hunbtisngles bipentte echarm eferhdst oamaGin loxtér®d position.
enbodi nents, a race 32, such as a groove, depression,
Exteagien ef the ocgusionmiement PRemawrhestimidad yhecelgsiparalement

o A TSN 3 Sp3Rjed By AT A8 Y ol
skdvautinwthiec ldratvingsol ther sc@siont aleenerAl B2 isapibsitibyied amidway

i.n enbodi nent s ere the rollers 80 are substantially
behyren; eamqs'?ensnégwfeﬁh@ RRIVPIRSSIANS SHEREE it SHER &F‘ﬁ%&“ each
Tk SRR ORISR 0ot 514 5K ted b e o
thei pedJusionselementf @3hi bnwilli b | appreciateth hawévesf that in some

a0 Bas RE Opr ko TaTeare B tey Paea opedtdpraipns iher
thaRenidwsly BwaBAtHE end8BEth CoriPRISIOHCA Rt 341 | ater al
cui di ng surfaces 86 which maintain positioning of the

fingers 44 over the camrace 32. In sonme enbodi ments
of themning/ntigme & lee dltarsativnfingers244ismphdwngdrisgerd244 is

,n,the array may be.generally in alignnment wth the
sysBiayy b8 salR¥ bcrtih 1o uuth o ScceiRon oo aighiaer 244
ddks ABYhAR ¥ mb@ableXaMrthg Hiaesd dRerisioh et D2t But instead

about 50 fingers or nore dependi ng upon the desired
has a protrusion, for example, a ridge portion 106 with a surface 108 located
distally of compression surface 294. In this embodiment, ridge portion 106 is
incorporated into the head 284 of the finger 244. Like movable occlusion
element 92, fixed element 108 may be located at or near a periphery of the
compression surface 294 rather than substantially centrally as shown. Ridge
portion 106 functions to provide a focused region of occlusion as head 284

presses against tubing during operation of the device 10.

Referring back now to Figure 4, the finger 44 may further include a
retraction mechanism 112 for biasing the second portion 48 of the finger 44
away from the platen surface 22. The retraction mechanism 112 may
comprise a retraction spring 114 mounted in the pump finger 44 and held in
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appl i cation, desired degree of punp precision and/or

ot her considerations that wll be known to those of
w@Rao7/023268 t he art. The second portion 48 of eardiI/iE199€033609

44 includes a head portion 84 which at |east partially

i r .
PGS &3 PRRSInG dfin L' PONDERSH oAU 57 Be 38fiaction spring
160, e*tendinQ&rutWardmrﬂ@nmlaeertu;e P2 eas shown\far eﬁamp@ rﬂeElgure
of the gesent i nventi on, Rce is de to
ey

S,
3aRB9809S ANRYPIAR ARENUER pl26t Woe ihe dingeg o Il o the
dé\ﬂpﬁwgaglmgm@ oded perspect ive view with one finger 44

pulTed a

y fromaxi al cam 30, and a cut-away
perspective view of an individual finger 44 having

vari ohe pamvaris¥eods deabiesein. thehfellowny frictger. 4I4efen’fhg to
accordance wi th one aspect of the invention,

FIONES A e eIONRIIOtAIGN SLINe 2 39, INd0e IpUAEDIAg FAstien Fguses

I |
TR Fhuttf ML o P ight PAITEIPRERSEE 1 kol oo
cobperativaly eppagee dvithf thevdzem stifacd BRg&Iueitb pesitidn of cam lobes
LolRer e MgaT IEr a2a Ao R b 48 rSspaPtipby AR Bbfextpaded
wﬁﬁ%hawﬁgépg yarid Hert\%@rll )oelrf?obrol?géé’g?\bél y réflatB8 as controlled by

nmbodi nt shown, fi nger orporates a transverse
cartotirsoof mlermrghsuniacerﬁ%n dpei onglusiicrs gdlvectieoeingn 92a and 92b

oA R R SR b SRR S50 gection o
tu@mj 89 Q@a%@@ﬂépt%?ed %oﬁzhﬂé’\@f $Iuté$bé1MééH ke BRI Yinger

| ocated within head portion 82 but other |ocations nay
4éa§6dtbestmmraﬁn@er4% exanpl e, in sone enbodi nents the
occl usion el enents 92 nay be Iocated of f-center, or

com e baPCi PABLE we Madfip 1S GATORBRURINE foiyjragecond

|FUs\Ghp Finget ﬂJrﬂ'\e?Se)&@@dé)t?&bé'ﬁnb%eseémeélua@ the taBing above it
extended position. Extension of the occlusion el enent

whike naly thee saima ttisae bipeotast UH1gen @iteetmtanguire@opes stheotubing

o 88T BBk it FRRTRSHE e Moo RES bRt B s fst the
la@?phmppmﬁddri dnestiditich\euid rowethie DRAGHHE of enelfulimg BDebegins
reSS| on surface 94 such that on each fin

topt} oI SeRorE BRRINAS QPO sLiefa o8 tom sgeend dehpHmPoinger
AE'thBeEfSEHR Bbe continues to move to the right, subsequent pumping
fingers progressively continue to compress and occlude the tubing above
them thus causing the fluid in the tubing to flow to the right and fill from the
left. In as much as the cam has a plurality of cam lobes, when the left lobe
finally arrives under the last pump finger (right most), another cam lobe
arrives under the first pump finger capturing a new volume of fluid between

the first and last pump fingers 44.

Rollers 80 or other moveable members on the fingers 44 may roll,
rotate ride or otherwise ride or track through a cam surface 32 that comprises
a race, such as a groove or depression. The shape of the roller 80 or other
moveable element may correspond to the shape of the cam surface race 32

to provide for firm tracking and minimal wear of the rollers 44. Figures 4A-4E
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the occlusion elenent 92. It wll be appreciated,
however, that in sone enbodi nents the occl usion
web@nmeri2es 92 nmay be positioned at | ocations ot PEF/US10861033609
m dway between the ends of the conpression surface 94.
j j e b I j [ 244 4inS
S0 N o o exariBieB ot boAGEp JATEIER 4, the cam
384 hasi d hacensarfacepB8Ra nhteis gy bisteattially mgeura?d 4ndotbe moliers 80a
have a anaRIe, or rjﬁg bhase qgﬁlusion el ement 92,
opibe ifingeEntd Pas SybsIBiANE ispReNeRand QhPEesRoRding size such
: oo ¢ . I
R o Sech St TP A6 acklifne 9458 Sdeus 2, ¥oShown. In
Figare 48n tHeo 6ams30inbas paeat edirfiace @2bhibahisaslibagantiily t\hehaped

Cfi 244. Li | I i el 92, fi ,
ine RGBS fy B8 B ool endauen Al halre sybsfantally
séﬁ@ric%@ppgs& PR HEI dRES reHbridid 8z tdIRA tmb%ang'tégd h¥d roll

centra as shown. Ridge porti'on 106 functions
firnlg i dlee sadep costadting gipposité sstecvalls ohthgssutsdantizdly V shaped
resses i nst _,tubi ng,durin ation.af the device
rdlfs S, T i how!D 6 941G e e CAM S0P e 19 Ryace
32898 substhHERIyapeiddsHh ope JiRs BAN it dife?s BOE dv theifigers
the second portion 48 of the finger 44 away fromthe

4pihavers soirespandiy tapes anst sizetsush thetinayi saatane mashyfirmly in

ROk Sy LS4 G Lh00 25T L0 Ghddd TRIBKEE U WALCAN™d has

I nger d ihposi T10n by posi Fironi ng pi

aRabtoekddceddd 1A& edmphsey ah elmrigate raiped rged 1d.9., a rail, hump
extendi ng outwardly fromaperture 122, as shown f(%%’ltations

o RgAfl enthifg delless B0 AgygesOELTRASHN EPRYASUPE iR

o188 el Qe 0 ) St 1 MRN8 rece surece

32a| daoshognmarindriguieed Er thengaimo36¢ duaisea 2ace shdace 32e that is
i rection ati.on of the cam3

schstFateIoideatd ki 8708 pim i ate 1T PRTEBS (hish that they
riflé BAtthe PP iFAeEs 5 4 dipign. their rollers 80

cooperatively engaged wth the cam surface 32. Due to
position of camlobes L, the first finger and | ast
fi ngBperatiba anan 4ddividesp diagensed4 ,ofahe purhp ydewiceeri@emhay be

with the fingers, 44 in_between _bei r essi vel
moit Clre i HnSETRIBNT M SEPBPCR AT IS SPoAd FB- c BlAULe Brgows
a Jthgel g4 Qﬁcﬂh'ésﬂé‘ﬁcé!ajlOﬂeaﬁ“ér?éﬂe%hést%%ﬂa%ﬂ‘ﬂ)a%ﬂél b Hee axis of

first and | ast punp fingers 44a and 44b, operate to
rapatidrudiecam S@dthenaxisfof rotation being represented by dashed line AR in
Figure 6A). Wall portions 12a and 12b of the housing 12 maintain positioning
of the finger 44 over the cam surface 32 of such that the roller 50 of the finger
44 is seated within the concave cam race. The retraction spring 114 of the
finger 44 extends through the aperture 126 of the housing 12 and may rest
against aperture surface 126a. As shown, the distal end of the occlusion
valve element 92 is in contact with, but causing no substantially compression
of, the fluid filled tubing 50. The tubing 50 is being held in place against the

platen surface 22 by means rib 63.

Figure 6B shows the action of the finger 44 as it reciprocates toward

the platen surface 22 as a cam lobe L passes beneath roller 80 causing
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tubing 50 creating a captured volume of fluid between

the first punp finger 44a and | ast punp finger 44b. As
wo b@70z2680 rotates noving the | eft cam | obe tPRCT/H82006/033609

right, the second |left punp finger further extends to

oE@UBBﬁﬁ%é@%Ieﬂ@st . totéﬁnbk%'sqggﬁmgjo%(ﬁ gb%ln‘é’p'tﬂeepl%'ieﬁ Brface

sane inger retr renoves
22 Ld]im@colrudingsﬂomi fbwviberdthrdeighi. d Tihe bbelusioheveile rsprings 96

fosTapite Piss 14 opckision valeo Bast 55 et eRBdes mosglon as
AL *Léégé'éé' P R R bR e o1 cam

| obe continues to nove to the right, subsequent

PUNPABGhowngiarEigpr & red BB ehy racs of e §0faend tss@efmw by
occl ude the tubi ng above them:thus causH;%r[t he f

ajcANERAElY GHIVEY &r@nsme&ﬁ EOSBIRECHPR §izearP he F%’ﬁf ﬁﬂecan be

t
fr%:@l& sedtd Z{ﬁet e Ie {ér?@lgé"[‘lﬁ% ﬁﬁisg{:ﬁr@éﬁ%%ger t e has a
raciuss tr[ailrmsbmeg\&Tat(Iair'gghthamatraadluamfttherroldrarﬁo obcarder that the

5T (i ContHats the AR iAo SR Aod up Bl i O Contact
tﬁe‘o’?&ﬁifaﬂyé pa‘ﬁltlcﬁréorﬁﬁctor IRTBBEr ERSSHIe nfE AR éar‘ﬁnsurface

he fingers 44 may ro rotate ride or otherwise rid
inoludesaa lsubktamtighy é/-naho:hsmﬁ&@ectk@wal trate cough ithsaiseach of the

T h "
B b5 RoPE e sC G 3 S B BRRRRe g Pene SRR« tner
coTRyUFaRAES, Fuchhss ‘éat@bé#ércf B sl etioRdl Fé@:elfoh@é& Qﬁerfn@hvely be

flrmtracklng and m ni mal wear of the rollers
pviflades 4A- 4Eshow several non-liniting exanpl es of
this concept. In Fi gure 4A, the cam 30a has a race
surface 3 that is SH bst ccurate and t

iall
o | BBErS oA Sisnen AHETAIa sSaida B LRb ke pBiFg 20 of the

ingeREsH Gath a?ﬂﬁwtéﬁraﬁflb[é?ﬁﬁﬁ@@b@&tt‘é &8serHisl) 2Bt THiB *Aévice 210
seat and roll on the accurate race surface 32a,

isasthstaniially | the Fsaoe @M@W@ 10awittop primaw difleeenoer beipg that

o4fip DI RIS TR oz et n

substantially spherical shapes and are of

cor r eRResYliBBHoW! AifbtBelCEmbbaimémedf & Q@far?%&ldl qjénstalfcmpxmp

in the race, contacting opposite side wa
devies B4Rt ¢fethe>pres%miapwtmwntb wapaelte ang @grrﬁmﬁucm e 318

lncbﬂ)% gteﬁcl’nté Qae h%%@d3880,h 3582 F&F ngrwa R this embodiment, a
planar platen surface 330 and ribs or rib members 332 are incorporated into
the door 328 as shown. In the same manner as described above with respect

to device 10, the door 328 pivots between open and closed positions.

Optionally, as shown in Figures 1, 9A and 9B, pressure detection
devices 132, 133 may be included in the device 10, one just prior to the first
pump finger (inlet side) and the other following the last pump finger (outlet
side). Alternatively or additionally, an apparatus for detecting the pressure in
the tubing may be provided. The tubing 50 is partially compressed by the
pressure detection device 132, 133 which exerts a reactive force against a

preloaded strain gauge beam 133 having one end attached to the housing.
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32c that is substantially tapered on one side and the
rollers 80c on the fingers 44 have a correspondi ng

wo apen2asl size such that they seat and roll fP(ETYUyin)ﬂ033609
the substantially tapered race 32c, as shown.

T@g%p%lg 4Bouht' aemaga% Bﬁ%h@sfr%megggé g@gaﬁn%‘% bgﬁ%su directly

ral sed area a rail
wilin lheadbnosmnd ctfhpretsebteeMathamhdaalwbmgorb'oeapdhdIlbgatlon of that

ooves, or jndentation d on their surfaces such
PRSI THectalt dmacs ofB2q 1Ay A hraonv&@aoa%rfssr@@ gauge

tréﬁsﬁucéﬁ rﬁB?VHéh usBdFi Iifofe ecﬁfi%%ll&, al?matﬁﬁagéat%aam 133

ace 32e I's substantia and I ngers
ogaeratesaunrthelfnmnng rpaemen ohs tlwpreSSImadz n1 tresytubirde 50 indrbases

f ti f dj
of 55eBech 3F8 SERo SN SR FochugSottuihe Bt fifthueo
pIHHQﬁEI&Eé?Pgo whtih cbaésrtﬁ@5%segr&us§ect.ﬁg\d@0$e6%2 Fkg4h@xert a
ows a finger 44 of device 1

diffetant anesure yagpinsa the strain geh@%b@amdlf%r @mdith&]ieb‘pfcha@ge the

sPanaReT iRl eR) Bar Wl ¢FBRESERL i ao R Srectri

sihhg Astgured LffomRianistam RERIgkl @ipgiepsitiohBE thi f@eranfdunt of
over the cam surface 32 of such that the roller 50 of

defiastion nifer straini gaygat kepmi ¢xnaﬁletnﬁ§8coquQVQrarﬁahbtailng the

BRSO BB A8 S o B amoun
off ﬁl%sa@aimﬂﬂte g tﬂcbreth@Uplﬁr@OEe Jo'a‘&ﬂesé\:ﬁresﬂ@aﬂihg tihé occlusion
di stal end of the occlusion valve elenent 92 is in

RI§AHQEt with, but causing no substantially conpression
of, the fluid filled tubing 50. The tubing 50 is being

hel é%rt,%%ur E 5952 ahd éjlfst ??H{(é ggﬁurnglmlj Irgecj'a\?c(ln into

rib shows™t éac e finge

thietpmmpltpbm@ases‘rdeﬁednreheld@ atlfemesmmbwzef ﬂaudamt@tmmmp
passes beneath roller 80 causingoccl usion valy

tu@mn%%e@m?é owsiraEtess faraxemple i alymieiar sURBlYIUREdH kinked,
oS IHePEEUreE AMLiLEELIHHE %Bgét%da hborka6h @?&fs‘e}ﬂ%m thE'®ibing

occlusion valve springs nctrons to
5@l mmwmawalngetheltamagwmi@ tatlapbe nelXesseteits fmrse tigaimst the

psaiiey eloln dRuce i fnetinjat Sigk. ANarelD, cewang dbe stain
RGBT PER R Ratb S mﬁtﬁfthaﬁﬁreeguﬁé Gé’t@%ﬁcyr?l:léwﬁé r1\390lo gleflect
transverse cross-section sized so that the rol
towands$dhe tubing 50 as seen in Figure QB If the amount of deﬂec’uon
towards the tubing 50 exceeds a predetermined amount, a controller,
computer or processor associated with the pumping device 10 may provide an
inlet occlusion alarm or signal and/or may invoke some desired remedial
measure such as automatic shut down of the pumping device 10. On the
other hand, as seen in Figures 2 and 9A, as pumping occurs, fluid is pushed
out of the outlet end of the pump tubing 50. [f the outflow of fluid from tubing
50 becomes obstructed, for example if an outlet tube is blocked or pinched off
outside of the pump, an increase in pressure in the pump tubing 50 will occur,
thereby causing the tubing 50 to swell. Such swelling of the tubing 50 causes
the pressure detection device 134 at the outlet end of the pump device 10 to

cause the strain gage beam 133 associated with that pressure detection

18



freely seated therein. Preferably, the cross section
of the camrace has a radius that is somewhat | arger
wa banozs2ssedi us of the roller 50, in order thatP€TES2006/033609
roller 50 contacts the camsurface 32 at a very snmall
f taet .
af {85 Phario SRR s 1B Ble, N spad 80l if Figlg 9K 1f he
asoost afitdefldciioV- amwby hfremofise detcing obial exceeels a usledetetnined

each of th? ollers contacts the cam surf t two .

aRQH8} o tGOR) rlobe%p%QPH r %PFR@GSOFO?H%?C'% M@t r e gHEPINg
I .

O3HED 123Ry PORAELIEA0RS SRRGAN Blrt g anclor may invoke

sahealasaed rempdial sneddtire spuhmsdmtomet@ sbubtiowheof the pumping
|nve ion with an integral platen and cassette
deveedBi y 216. This device 210 is substantially the
same as device 10, with a primary difference being
that I
st oplt TEEE aBPlaRe tEthe TR iR TRt axdlibledHereabove
withireferpece &3 akttain @xarpptdasmrcemﬁodlmmﬂs tdﬁetherimmon but that

|nvent|$n Wltg cgssett gbln arrl r tructurg)

VaniRiSy pefitieRy felegons halteado drijegfiops Ay e mﬁde to

th‘b@bse ﬁ%%ﬁt emBolInferRE vﬂ{rﬁ‘iﬁ@eﬁéﬁf@cﬁ‘oﬁﬁﬁwé‘ﬁﬁeﬁd&ﬁsplnt
or rib ers 332 are incorporated into the door

and sshpamf the inkentteme Memexdmple, doycelebwnt atroaftmmute rof one
r ect . to devi c 3 ot s bet ween, ope

elfRBERntefr Senfie Day e BRGRGARIE R i Rt R B BEdther

eﬁqboanﬁ]aﬂdoﬁ&arﬁP%SaJm@s@@d Qot @ Wiy ireggel §d eﬂr?o%dfmént or
be i ncl uded devi ce 10, one just grlor to the

example ynsvpablerfgeits qntﬁnéed ysae)i\l%de@ tae istapst @fl @ Bsithep or
oighEt 355 gBHToLl BE OCUEL L M 4B ORRL YFLaBps may

bé petfbenédin agy otherleder @Mesketb dd e viaiid nendel the embodlment
partially conpressed by the pressure detection devi
O@.@@mﬁlgi}'r\ﬂﬂ@‘(ﬁ" @Q‘é%%t%aﬁ@é%‘m gkondiiang S&&'dﬂ e r%jevant art or
a e am 433
R o PR AT ORI " Rllns. o dejefions.
motifichBorss rzmdw @Imjetlbeanaxb’saovael esnshdeeen I equualbntsheof the
ressure wthint etu 50, at. t I
IESR bR Axab RN g JebarEnSE it Ghe By bEeinghsied within the

(ﬁgbbé&ﬁﬁg%tdmﬁﬁ lolsitgai n gauge transducer may be used.
re specifically, the strain gauge beam 133
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operates in the followi ng manner. As the pressure in
the tubing 50 increases or decreases, the tubing 50

we 735268 contracts respectively agai nst the PCRES2006/033609
pl anar platen so as to cause the pressure detecting
device 132, 133 to exert a different pressure against
the strain gauge beam 133 and t hereby change the
strain gauge beam deflection. As is well established

What idelalhidéd is: he el ectric signal neasured froma strain
gauge is proportional to the anmount of deflection the
strai n gauge beam experi ences. Moreover, calibrating

h I [ £~ Si ; ' Il
toyer AR B APV hBRRfOLT o 2atre in the

tubi ng f oa pldien pavipgseplaterps@$scee;e readi ng and

occlusion detection. Referring to Figures 2 and 9B, as
punpi ng o@dihesposifioned adiageatiR that RaRNSWIRRS: t ubi ng 50
fromthe j j i nf Wi daign t ;
punp tubi %ng agrﬁ)t éétggbrtrae%go%%tu%tré%%ﬁ %Ir éé%’a%%qdeégp Qﬁvmg a
i nl etararsusfappltyattisispacead kpak éabm the platerheurfans; @adof

fluid b depl eted, a decr. ' reinthe
{ubi ng 50RO, SPRG TTHS' 190NGG B00tBedpdptat s
and é@@sﬁ@ﬁ‘tidll&%aﬁé’lfé??? B2t dgfioridl xRk SFERE canfl @bREfin@¥ts being

device 132 in'the inlet side, thereby causing the
st ai in gagagerheainwitB thaseani atrdacavsubh tthat gs dvswam rotates

detect i device 132 to,deflect towards the tubin
e cRnEatlBab g 11 BB bY FsHE AL PR Bnd Tortn,
t onaggisudriially Winsreadingx aredebe st edMpigenagndate and
a controller, conputer or processor associated with
t he herihepusing peristeltigpgpoysaontaef fiid thipegh thefubsi on
alarmor signal and/or may invoke sone desired
remedi al neasure such as automatic shut down of the
2.purrpAngie«2}E:ei g&g&fﬁin@ltd helaimh her Wl&rrdinf lathezepmtehn srl]Jrfgce is
Fi gure an A, as punpi ng occurs, uid is pushe
Sl&ﬁ%aﬁfaﬁlb'rpéaf&ﬁhl et end of the punp tubing 50. If the
outflow of fluid fromtubing 50 becones obstructed,
for exanple if an outlet tube is bl ocked or pinched
3.of f Audaiick aztotdieg gangainar whereiasthel napr sedace includes a
t he. pupp tubing 50 will occur, thereby causing the
ply[pﬁlity]ap‘@gego swel | . Such swelling of the tubing 50
causes the pressure detection device 134 at the outl et
end of the punp device 10 to
4, A device according to claim 1 wherein each lobe of the cam comprises

a wave in the cam surface, each such wave having a peak, the peak of each
wave being closer to the platen surface than the remainder of the platen

surface.

5. A device according to claim 1 further comprising a tube holder that

holds the tubing adjacent to the platen surface.

6. A device according to claim 5 wherein the tube holder comprises a

plurality of tube-receiving notches within which the tube is received.

20



10

15

20

25.

30

cause the strain gage beam 133 associated with that

pressure detectiondevice 134 to deflect away fromthe
wao iwi71es260 as seen in Figure 9A. If the anountP@f/US2006/033609

defl ection away fromthe tubing 50 exceeds a

predgt er.ojne , rell 0 t :
7'pr ocgs?gmcgsgao%ggqi@g &ﬁat %Igpﬁe%pﬁtﬁﬁrﬁg] 2@\% ?)gat% r?%{face s
subrstantitely aftatodihd ethe oloibk Uisblasr bttt tshamala gedémllynstyape

i.nvoke some desine? renedi al nmeasure such as autonmatic
adipgentdedie sHbstrstighintiatilateasueleceo. 1t is to be

appreci ated that the invention has been descri bed

her eabove with reference to certain exanples or
8.enmbodli deasices ac€ordivey torclainhi Driutther ¢draprisiagiadsor that may be

addidéi o(ﬂg dgl etions, alterations and nodifications
ORRAFDLANEWSESHo t hose exanpl es and embodi ment's wit hout

departing fromthe intended spirit and scope of the

i nvention. For exanple, any elenment or attribute of
9.0ne Amevitienectordingetoaniqiive 1velyerbin thecplatsor suréate istlocated on

used vviftﬁ gnot her enbodi nent or exanple, unless to do
oRe SiREH 3¢ 8REEr t he enbodi ment or exanpl e unsuitabl e

for its intended use. Al so, where the steps of a

met hod or process are described, listed or clained in

1% paftdevicaiacepiiing te udaims Oefisthenycaseprisdng ¢ e haldenythat

dhaate RIS aHRcSihis Be i Aol 0us (o0 5 person of

ordinary skill in the relevant art or unsuitable for
its i ntended use., Al reasonabl e additions, deletions,

Thodi A darit Ascaitingala elaimi thyvhareint BepkibeohldgeFagprises a
pIG Y 8t £ BEMAIRAIEREL WA FHRARKE SUBNK REDRENENT S

are to bei'n scope of
followng clains. Wat is clainmed is: 1. A peristaltic

unp, devi ce conprj.si ng: pl afen having,a platen | .
1£urf%cé’,e"§et lﬂ?ggﬁjcyﬁtf%oﬁi%ﬁbdfﬁc\é!ﬁ?re{'% m?fs Fﬂ&&(‘er’?’_“ﬁace IS
sw&@ﬂ%% flatCaRY tthatiubet R8IG8r ABRIL 1R H&tih A @kndidl§: shape

sald cam having a camsurface that i1 s spaced apart
adjacenttth éh@sabstanialhf Batglatendusfapeur al ity of fingers,

each finger having a longitudinal axis that is
substantially parallel to the rotational axis of the

1%3am A srivite 4dtardingReicdim 8 wherein the door may be opened to gain

access to the tube.

14. A device according to claim 13 wherein the tube may be removed and

replaced by another tube.

15. A device according to claim 1 further comprising a tube cassette which

includes said tube.

16. A device according to claim 15 wherein the tube cassette may be

removed and replaced by another tube cassette.

17. A device according to claim 15 wherein the tube cassette comprises a

substantially rigid structure that holds the tube in a desired configuration.
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i n engagenent with the cam surface such that, as the
camrotates about the rotational axis, the fingers
wawdozoemaee axi al ly back and forth, sequenti al | BCT/US2006/033609
conpressi ng the tube against the platen surface and
t hereby causing peristaltic novenent of fluid through
the tube. 2 . A device according to claiml1l wherein
18he Aldavice ascodrding tbs:lmnbﬂ ahiereihlthe ghasette sBBuctdre holds the
- devi c ording to cl .1 wherein the cam surface
R R SN HaCOAB COPRGUBIon. A devi co accord: ng
to claim1l wherein each | obe of the cam conprises a

wave in the cam surface, each such wave having a peak,
19he Aateviasf aewdingatoeclbiah g wherear theotubleeisphametad onorina

oFtntB At I dpriemey B BPshad fo befcodisne aliog el the
cé‘@elé#l%r hé‘hﬁ@ frel ﬁﬁ)et hﬁer&ér‘?'&gtmlﬂ%ﬁ@ r%%a‘cgmet%gféof with

surface. . A device according to clai rein
anotber h@ﬂs&@ie feaing ase&eattmmﬂ*@lrecwoothetreme recei ving
notches within which the tube is received.7 . A device
according to claim5 wherein the platen surface is

28ubstranéviat laechbiditg anelairiel ot whereh bl Riashehéslighgeht Berface
e adjacent to the substantrally

in a generally sha
ISffpane%urat@]d@gm tcgah@‘lmemt ghfacedeing soafigereddodegistarwith
dqo t
T B R, B0 iy B B AR Mo i
de@a&ﬁﬁmﬁwmémpe is |ocated on one side of the door. 10.
A device according to claim9 further conprising a .
tube hol der that holds the tubing adjacent to the

op! at RNy Sk é%@grdlﬁ%lt@ d5M 98 RRERNIN tH? Lﬁl%ﬁeﬂ%rﬁéeois on an

mhereln t e tu der conprises a p
inheb surfaceiof itg door dmelssaw tehileastioreh indeatadtidpeisi formed in said

ived. 12. 11
e hEAce S el 3% BRI priShth Gt Nghasrnis fbglaten
s@%@hh@@khﬂédbaﬁstd&%.n a general I y shape

22. A device according to claim 21 wherein the cassette comprises a
plurality of strut members through which the tube extends and wherein a
plurality of strut member receiving indentations are received in the platen
surface such that, when the door is closed, the strut members will be received
in the strut member receiving indentations and the tube will be substantially

juxtaposed with the platen surface.
23. A device according to claim 1 wherein at least one of the fingers is
associated with an apparatus for retracting that finger away from the platen

surface.

24. A device according to claim 23 wherein the apparatus for retracting that

finger comprises a spring that urges the finger away from the platen surface.
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adj acent to the substantially flat platen surface. 13.

A devi ce according to claima8 wherein the door nay be
Wop@nees269 gai n access to the tube. 14. A devi PE€I/US2006/033609

accordi ng to claim 13 wherein the tube may be renoved

0 .
PSRRI Rk B8 RG SA e
arm@ssd@atesiamtht abparahﬁs fér detvaatmgaﬁmedfmgeﬂso avlagi frodb the
wherein the tube cassette nmay be renoved and repl aced
PINEH P& tube cassette. 17. A device according to
claim 15 wherein the tube cassette conprises a

substantially rigid structure that holds the tube in a
2@esi Aedevicaf ageordirigorio 18aird 22 vwberedt cibiediabgletst arel dinger

aSTARRER Wi P ARG I rééﬁﬁg&&%r#n%%@%‘%o&&%?@ 4 o the
céﬁcw gi\08y tRatChBLM ééu#(;%@laén{ he duib®at i F’er the

In a cassette and door nmay be opene to g
plaut@eslsrfacf duringna pentinrdf the aumeplngss@ete havi ng the
tube thereon or therein and repl acenent thereof with
anot her cassette havi ng anot her tube thereon or

27 her Rideviclacodrdify it @1A¢CES fdhBEsih thehppanak fReeRadtirRf that
| east one alignment surface is fornmed in the door,

fingercsulstagitiatinmainkefnectbabBngry ia santagtinetd the ceaysage.
with the cassette when the door is closed, thereby
hol di ng the cassette in a desired alignnent. 2 1. A

28evi paelerivecdcbonding do elain W hsteh ehenapbharapisfoe metracting that
surface is on an 1 nner surface of the door and said at

fiNGRIGONYHISSS RSN i on is formed in said platen surface
such that the tube will be substantially juxtaposed to
the platen surface when the door is closed. 22. A

29evi Aededceraticogling tol alaim21 Iwhéreireithe tfirgersissenprise finger

rlsesa Juralt strut .menbers through_which,.
PligSe €3k 'ﬁ‘&?r aﬁagmﬁ&r%qrﬁp%%s [ﬁ%lﬁ"ﬁ}’%ﬁ fifjt portion at
oﬁ@@ﬁﬁraﬁoeﬁ%e‘ébﬂa ﬂd?ﬁ@rﬁ‘taﬁ‘tthé’%‘fhé}réwd EIB%I ¥8kh- édhtb@lﬂ\g surface

pl aten surface such that, when the dodor 1s closed, the
losatast onghbdirst pottionbef tl”a;bodyg@nd iii) a tube-compressing surface

located on the second portion of the body.
30. A device according to claim 29 wherein said finger assembly further
comprises a spring for retracting the tube-compressing member during a

portion of the pumping cycle.

31. A device according to claim 1 wherein the cam surface is located on a

peripheral region of the cam.

32. A device according to claim 1 wherein the cam surface includes a

substantially flat, concave or convex race surface.

33. A device according to claim 32 wherein the race comprises a groove

having a substantially accurate wall.

23



10

15

20

25

30

in the strut nmenber receiving indentations and the

tube will be substantially juxtaposed with the platen
waenazess 23. A device according to claiml wheCEUS2086/033609

| east one of the fingers is associated with an

ppa iy t f e

3P o Ao SbadrAlfy™, by kA Ghe TUBY cohiRechca aroove
haieg @i subshentiafip 8 siapedfwall.r et racti ng that finger

conprises a spring that urges the finger away fromthe

pl aten surface.25. A device according to claim 23

ergi =1

oo S SPATHIE Lo/ Bl 2 whEfoih RETate Hotprisen 2 grgove
hawviny af subrstarttiallp taderad swallf ace. 26. A devi ce accordi ng

to claim 23 wherein the at | east one finger associ ated

Wi th an apparatus for retracting that finger is not
36.0UPACSe i LREOrGHY td) o2 reWPTHedraCcéué@mbh@eé:%”ialsed

to pul at finger away fromt ten surface
amaromtheacgor ti on of the punping cycl e. 27. A device

according to claim23 wherein the apparatus for

retracting that finger substantially maintains that

37 ngeré\)”'cé%b@t@‘inthé RIdife 32 ahSrel B fingSrs Rade\tbidts that

according to claim23 wherein the apparatus for
rideonstn [egt finger conprises a spring. 29. A

devi ce according to claim1 wherein the fingers

conprise finger assenblies, each finger assenbly

38.0NPAIidavige hicdrdmgdy Baieh B {hessin ﬂﬁé Elhgersaha@él%ubﬁt@ntlally
and a second portion_at the other en

smﬁﬂC@bm"&& th@@ rigg @oainst rtfaﬁa%ﬁaaﬁrali)/@wratgtwa%rt i on of
the body and iii) a tube-conpressing surface | ocated
on the second portion of the body. 30. A device

3@ccohdievice accomiing &9 cldier 84 nvisareth thergagermssbavbdlirgllers that
further conprises ring,for_retractin e

4913625 HGRBNTS G AERBSOE & S shPE ity Vishaped wall
punpi ng cycle. 3 1. A device accor d| ng to claim1l
wherein the camsurface is |ocated on a peri pheral

40.egi Arﬂ@ﬁcet lReceraing 82 clatbmdaﬁiwfeerairtﬁ‘r&jiﬁngeltsoham\imﬂers that

myvh Ségmg esu gn’chahy acpeerle alfldeS a

41. A device according to claim 36 wherein the fingers have rollers that are

configured to ride on the raised area.

42. A device according to claim 32 wherein an axial plane is projectable
through the race, said axial plane being substantially perpendicular to the axis

of rotation about which the cam rotates.

43. A device according to claim 1 wherein each at least one of the fingers
includes an occlusion element that compresses the tube sufficiently to

substantially occlude the tube lumen during a portion of the pumping cycle.

44. A device according to claim 43 wherein the finger has a tube

compressing surface of a first width and the tube occluding element

24



10

15

20

25

30

substantially flat, concave or convex race surface.
33. A device according to claim 32 wherein the race

W@ oWp2Res a groove having a substantially accRCEHUS2006/033609
wal | . 34. A device according to claim32 wherein the

PiefEBeq HRPnaTae ke S PreRd By fedty FUTBIS bEyting cloment
hin¥ing @i Socohel WidtrEthb pioss Brares gt Geyaittvi ng a

substantially tapered wall. 36. A device according to
cl aim 32 vvherei n the race conprises a raised area on

4% he R%vugg do‘&F cf}:ﬁl‘ﬁoﬁ:@“vﬂ?e gfﬁ Ehéa 'fi‘nggr 8’ &infaximum
t’he fing ers ave r ers that e on or In the race.
pG&ift oAttm/ei where cthe dooudigdion @Iamenf%& ebariesen ashie cohimmagetas the

have subst ant }] spherl ca{%rol lers that ri dg aggi nst
P'@F?é‘ SRGE RANCaVNG el EaFRCECINgIAN Slggenk ig gRfing Piased so as to
eG4 rdé'ngglléé’ a?acﬁjnmo%om?éseg.\fé fdige bhse "tl?oehﬂM@n “[ﬁ’ét' | RigRr is

agal nst | ocations on opposing sides of
atserbsithinta :arleldgtarrmmmbdmamlel fromats maxiswina @omtabtrawalg to
claim35 wherein the fingers have rollers that ride
agai nst the substantially tapered wall. 4 1. A device

4@CCOAHd\icd Bcsbrding &Pclahe 4 Whehsn fd ﬁgﬁé\ﬁerQ@\éﬁ)tr@'fbﬁﬁéd in
that are conflaured toride on the rai sed area. 42

theepup HBrgwr andghe caslusion siererl isi slidakhadispospd aM@hmsthat

able through the race, said axial plane being
trg %)e? %s%l |y perpendicular to the axis of rotation

about which the camrotates. 43. A device according to
claim1l wherein each at Ieast one of the fingers

47.ncl Hodsvigh 8ee9TdEidoo etlaime 6 t WhereiynipeeRYBY finget Jygher
c%ﬂ? is&d § '%EW bRatS U é ﬁe‘g bakilii oH‘é‘Féd‘l?ﬁt 502% é&gﬁcel%(?‘gggmon.

I'ng a |on 0 punpr ng cycle
according to claim43 wherein the finger has a tube

i f fi dt h d.the tube
4§ 20T AR, BHIRRE M il LR TuRhSt HhoMRIISUNE dhiegling, for
cﬁﬂl&({”ﬂﬁfﬁhé@ﬁ&ahé’ﬁﬁfm%@g el ement having a second
W

hat ess than said first wdth. 45. A device
according to claim43 wherein each finger has a

497" Rf8vice according to claim 15 wherein the tube cassette incorporates

an identifying feature that is identifiable by the pumping device.

50. A de\}ice according to claim 489 wherein the tube is mounted in or on a
tube cassette, wherein the tube cassette incorporates an identifying feature
that is identifiable by the controller and wherein the controller is programmed
to deter operation of the device with cassettes that do not incorporate an

acceptable identifying feature.

51. A tubing cassette device that is useable in conjunction with a peristaltic
pump, said tubing cassette device comprising:

a substantially rigid structure;

a plurality tube receiving members sized to receive and hold a

tube within or adjacent to said structure;
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poi nt of travel where the occlusion elenent is as

close as it cones to the platen surface, and wherein
we@amh/oz2e6s usi on el enent is spring biased so asP€DUS2006/033609

a controll ed anbunt of conpressive force on the tube

when that of i eindtS i lreQ&ivid LRI Qm? a1} eée\l?énﬁﬁe receiving

di stance fromits nmaxi mum poi nt travel

devi oensogrer didhg to cl ai m 43 wherein a transverse sl ot

is forned jn the finger and ochUS|on el ement
is sli dab?b Sép%ﬁe AligpiTt Syfage %*}azr@g@#%ré wlthiat '@?S’f one
A deybiespsitinigli grdca Shaﬂh@ ﬁﬁm‘ﬁﬂﬁf RINicdeNfo Sf{Hégﬁ'ibmg

further conprises a spring urges the occ

el eneagsatie ‘r@rbeaheldnd@odq&u@dtallgnmm withinltha piemping device.
according to claim1 further conprising a controller
for controlling the operation of the device. 49. A

sdevi pe 1aprer daRBeli® edid® lhedth@hgi ot RifUbS| CABRRIA® the
I ncorporates an identifying feature that is

sulggianiialiyalsioid wrmm@rqommwmgse@e@ deamgoand\ thevitgbe recelvmg

R N T R R A

traﬁmrwymmelfa@ﬁéj fying feature that is
identifiable by the controller and wherein the

controller is prograrmed to deter operation of the

5gevi /@etu‘yr{g cg H%%lc%hgé o‘#&’naot? lilgﬁﬁrfﬁj ﬁera@omg fising a

accepta ylng fRATUF 6 I ng cass
pliésn dispbbad adg;acmadmltbe tubec sughutiedtithe tubé Imay be compressed
erls altic punp, said tubing cassette device
35 + theiRigiens substantially rigid structure; a
plurallty tube receiving nenbers sized to receive and
hold a tube within or adjacent to said structure;a
5{4ubeAtthbtng' sassaite devdce racandlimgtal diginms 8B dvherein the platen is
nbers and at | east one alignnment surface
a{t"f\ ‘#té’gﬂé Swith at |east one corresponding surface
on the punping device to cause the tubing cassette to
be held in a desired alignment within the punping
S8evi Belubig cAassefte rigvices aeeerdinge o cdaigr &dr wihegeinothe tubing

c%saelttg1 ée\}'fcé’\hr%o?bgrattgse an identifying feature that is identifiable by the

pumping device.

56.  The tubing cassette device according to claim 52 wherein the tube
holding members protrude beyond the frame and register against
corresponding surfaces in the pumping device to ensure desired alignment of

the tubing cassette device in the pumping device.

57. A pump finger/cam assembly for use in a finger-type peristaltic pump
wherein a plurality of fingers sequentially compress and decompress a pump
tube against a platen thereby causing peristaltic movement of fluid through
the pump tube, said pump finger/cam assembly comprising:

a cam having a concaved race formed therein, said cam rotating

about an axis of cam rotation, said cam;
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substantially rigid structure conprises a frane and
the tube receiving nmenbers conprise a plurality of

wao ivenabgli ng menbers that extend transver sel yPEDDSXE6/033609

the frame. 53. A tubing cassette device according to

claim5 fur I Si [-SRO .

ad; acent 7 1PELS, oEAMRELS PRoif et FRiie R0 o-compressing

conpsefoed abgaenshd tdrel pl adlien.atSthe AtHenbéndy saidsetlee being

devi ce according to.claimb53 wherein the platen is

at t aokiableARK r%%?‘%gln?r@t?w?ng cassette device

accor di ngs4i@ g}y Hanﬁg]rom(]sﬁly!\pitﬁiheth% UrQb@Q)fOcﬁESceérﬁ Such that

device incorporates an Identifying feature that iIs

i denthief axiblad rojlert hetapomyis sgbdiewiialy pBhenthieulanubo te axis of

cassette device according to claimb52 wherein the tube

hol df#Hg " Brs protrude beyond the frame and register

agai nst correspondi ng surfaces in the punping device

to ensure desired alignment of the tubing cassette
58leviAr iasseblypuamsiondinded c elairs7.57A wheneirf | thgerracamhas  a

Ly f [ fi - i Lt
SRRy acBeats ralpry e DB aEe P e ellor oo
and deconpress a punp tube against a platen thereby

causi ng peristaltic novenent of fluid through the punp
59.ubeAn s gsgepblyp dqoesding cden sledantsiry woeksin s%m:ragec;ms a

S4TSR Sl SR Blfhees of o

substamtiallyw sthagddw@ealls, each finger having a
t ube- conpressi ng surface at one end and a roller at
the other end, said roller being rotatable about an

Xi spQf r 10R; 1S ak@hidold7er kb di N0t at.abl

o oA REeEl, FRIHRG, 18 THRIRC AT g Bk8Thes

substarmially otaperexh wadl andhsthantdllal lcpnfete e¢heli subdstéanttadly t tapered
a;(i s of camrotation. 58. An assenbly according to

wal.ai m 57 wherein the race has a substantial l y accurate
wall and the roller is substantially spherical.

61. An assembly according to claim 57 wherein the race has a raised

surface and the roller is configured to ride on said raised surface.

62. An assembly according to claim 57 wherein the race has a raised

surface and the roller is configured to ride on said raised surface.

63. An assembly according to claim 57 wherein the cam surface includes a

plurality of lobes.

64. An assembly according to claim 63 wherein each lobe of the cam
comprises a wave in the cam surface, each such wave having a peak, the
peak of each wave being closer to the platen surface than the remainder of

the platen surface.
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59. An assenbly according to claimb57 wherein the race
has a substantially V shaped wall and the roller

W@ onraz2e8 opposi te sides of the substantially RCHOISE6033609
wal | . 60. An assenbly according to claim57 wherein

he c tial h :
551 1 B BsriTl AT, LT ik B R Tem ARG g rptraction
appammfétvlr;tr?cmy' meggbﬁmm;rrreasiﬁg’ SMﬂ@b?idﬁ th@g‘ngancawggmom

a raised surface and the roller is configured to ride
tf@ntuggiajte,rglpggaggrd?qsa%np@_segﬁh%%| y according to

cl ai m 57 wherein the race has a rai sed surface and the

roller is configured to ride on said raised surface.
663. An asssntill yaczoodinglitagclain Gbawhefein wherretractidre apparatus

surf.ace includes a plurality of |obes. 64. An assenbly
CALPHPE? AP H9c] ai m 63 wherei n each | obe of the cam

conprises a wave in the cam surface, each such wave

havi ng a peak, the peak of each wave being closer to
67he Ahaassenshly fancerdingiio tdlainr édawhdemin dhe tratraglieit apparatus

surface.65. . assenbl cording to claimb57 further
b'@&ﬁﬁﬁ?%f'ﬁ%erdﬁ?@??’5‘8?‘#%?20%83&35‘?% for retracting the
t ube- conpressing surface of the finger away fromthe

tube after the finger has conpressed the tube. 66. An
68ssehb| gsseratdly dloggrding do Llainme §7vwwbeesim thé getractioc apparatus

oR881A B B R i FLoRRRETI op eyt o

pbinaserotdtiorf ofitgeércann the direction of the cam 68. An
assenbly according to claim®67 wherein the retraction

apparatus biases the finger such that the roller

6§.e"ab\ﬂsa§s€Ffbtqﬂﬂéegéa{angg§ él%ﬁw 5?%@ irPirle égé?'b%hf"faeé is located

rotation o assenbl’y acc ing to

ol kgariphéraltregivnroftthe camn surface is [ ocated on a
peri pheral region of the cam 70. An assenbly
according to claim57 wherein the finger conprises a

76.ubean assembly according to claim 57 wherein the finger comprises a tube
occlusion element that protrudes beyond the tube compressing surface, said
occlusion element being configured to substantially occlude the lumen of the

tube during a portion of the pumping cycle.

71.  An assembly according to claim 70 wherein the tube-contacting surface
has a first width and the occlusion element has a second width that is

narrower than the first width.

72.  An assembly according to claim 70 wherein each finger has a
maximum point of travel where the tube occlusion element is as close as it
comes to the platen, and wherein each tube occlusion element is spring
biased so as to exert a controlled amount of compressive force on the tube
when that finger is at or within a predetermined distance of its maximum point

of travel.
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occl usion el enment that protrudes beyond the tube
conpressing surface, said occlusion el enent being
weonfiogizsed to substantially occl ude the | unmenP@f/Us1986/033609
tube during a portion of the punping cycle. 7 1. An
78ssephl é/ss%ﬁ?dh?]@'ce&d'i % ﬂbﬁ‘?\ 79 WhELH 4 éHﬁEveﬁe slot is formed
g w dth and the

t ube-cont act i surface has a first

inothsl fisgemaerd éhe iubé @sclhisprcelecenit ds islitdhbly disposedr witkin that
tthan thelfi rst wdth. 72. An assenbly according to
raraYsiEe s %her ein each finger has a maxi mum poi nt of
travel where the tube occlusion elenent is as close as

it conmes to the platen, and wherein each tube

Téccl Hei assasnilreaccording ploi elginbi 3 dartlser aempdsiegea tspaing that

R B B pRATAR, rBAP 5 Behoat e uller mnea

di stance of its nmaxi num point of travel.73. An
assenbly according to claim72 wherein a transverse

78| ot Airgethedrfer pumpineefgid ngrid method semniisinaibel siepoaf:
el ement is slidably disposed within that transverse
slot. 74.  An assenbly according to claim73 further
conpA) si ngravidipg i an@etibilticupgen tbeck ubat eoriprisesr) a platen
el emrent to an ext?nded position. 75. A pethod for
punpi ng fNAYIRY 3 A'eResdirFes dip? itdbaPasiionedepdiagent g the
provi di NOpRdiPEhiacy, lif) G SR ATLABS HBBLY & 28RELASWIS, said
a platen having a platen surface, 11) a tube
posi t i onedamdjadegt tamtsuefapeahahissspdcadeapart frpnatheapiaten

& cam sur PUGRH AAY M BERILE OF fadersiibahfiote Hitkediid forn on
surface agghgitidindl Bkes RhdttareudtAARNG SalieI BB BB ional

and forth on | ongitudinal axes that are substantially
paral | el awstaidheoane, emidlfingers befng eceepsrativé ¢ngagement

fingers bei i.n_cooperative,e epent with the cam
surface Sﬁkﬁ%ﬁﬁé’ﬁﬁ%{%&ﬁ%@ ﬂ%@g@é O%gtﬁh% &M abolt the
rot at i onajotaidrial wixid wilbeHsel the findgtgens rhéverdYek Bagkorth on
and forth on said Ion|g|tud| nal axes, thereby

sequent i ab3if longPreinal myeshdhereby sepuaniially eorpprgssing the
and resul { j;ad, L 1), QehbSHaleh SndPYEIRY iPberistaltic movement of
fluid through the tube;
B) attaching one end of the tube to a source of fluid; and
C) rotating the cam such that the fingers sequentially compress the
tube against the platen surface, thereby causing peristaltic
movement of the fluid through the tube.

76. A method according to claim 75 wherein one end of the tube is
attached to a source of a fluidic therapeutic or diagnostic substance and the
other end of the tube is attached to the body of a human or animal subject
such that performance of Step C causes the fluidic therapeutic or diagnostic

substance to be pumped into the body of the human or animal subject.
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fluid through the tube; B) attaching one end of the
tube to a source of fluid; and C) rotating the cam

waomn/oefzeg the fingers sequentially conpress tPEr/Us1966/033609

agai nst the platen surface, thereby causing

7R A8 RSB e A D B! i o

dodre thatbendys tmtdpehed andaclssed cmobfwberfdmutdecmethod further
t her.apeuti c ob éjppgg EHI C %bst ance g he ot her end
CMPEises ¢Igpigg;the rEye PSTeRB2ReRIPT st Chuman or

ani mal subj ect such that perfornmance of Step C causes

the fluidic therapeutic or diagnostic substance to be
7®.unpAdnetitod a¢t@r¢biogytoorflairmé?hMInemirotheaplam surface is located

o8 e 20 080 BRI o 7 Bl R b e
t1UbleQd e FRGHIMRS &djBcéMeoTRE PRfeh Ylifhes. conpri ses

cl osing the door before per f ormance of Step C. 78. A
met hod according to claim 77 wherein the platen

ocated on one s dqor and_wher

e Argtid 850 T dins 7 cufiest” fe ihp s moliEed &n a
tdbﬂﬁ_i thoswd atHtas eBmdvabldhand!raprBesablel a6@ whdteinthe method
nmet hod according to claim 78 erein the tube is
furiben ceampores thaidieRPfcassette that is renovabl e and

r epl urther conprises

t he %ﬁ%ﬁﬁgﬁgge vfe’{@ tﬁﬁgn g%agg%ééthe t ubi ng

cassette.
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