PUVP SET W TH SAFETY | NTERLOCK REFERENCE TO RELATED APPLI CATI ON [ 0001] This
patent application is a continuation-in-part of United States patent
application serial nunbers 11/366, 225, 11/366, 224, 11/366, 227, 11/ 366, 226,

all filed in the U S RUMESETWITHEBARERYINTERLOCKAr ch 2, 2006. The
di scl osures of these applications are incorporated herein in their
entireties by reference. BACKGROUND [0002] This invention relates generally

to punp segEFRRENEE MRHLIATED AFPINEATEONS by way of a flow control
apparatus, and nore particularly to a punp set having a safety interlock

devi ce for det @06ilhi Adisetentapploctionis aéontineatpurip- et ofddnitddeStplespateit0003]

nown 1§ (aRBEIOR spRt e Bestiery bEBIes TdateHe 1hefa Bt afHkr i, "Bt

ft i ' t trol
appar at s, PE0H TR THIERAR OBty SRR o TP A e Dot f ot

at a cont rgpliediongbe iBéorgelatedetieyein M theR lehitedibd b refetigRceisual |y conprises a
housi ng that includes a rotor or the |ike operatively engaged to at |east

one notor through a gearbox. The rotor drives fluid through the tubing of

t he punp eristaltic action effected by rotation of the rotor by
the not orsﬁ‘f%w is operatively connected to a rotatable shaft that

drives the rot 1G4 r i j and
Grives the {1 u[Upo2} “IHEnk it BlaR QEREAR KPP RIPIRASRE: ik o Pl ane,

oper at es thyewapodite flow cdnirdleapphatuspimir mo@aeticuldriype s mimpsat hatiag tisefefpunps not
enpl oying rotors are also known. [0004]..In order for the punp to deliver an
accurate anstatk deviea for deteppiningssewailoasing ofiihe Rump iselPpBe MHBYer s pr ogr ammed

L0 Lme PUTP: g 9L s SRBHANE s AL 90, o

the punp. If t eliver

an i naccukaéwn aimbeatt. Fluills Badibd @elReRRaltd pitiendy byt Haviy ABw, BeNsHaataes a | ow flow
alarmrequiring the condition to be exam ned and the set reloaded. Existing

punps havdelyesedtoghe patibat by 8 puhptsatloadddeonpufipwsentrolsappamypes; fychlasaded. An
exanpl e of such a punp, havij a_detection, systemis. shown jn. co-assigned
0 6. Pat RSt Pufpy ik steliferd k] g prtied! FarierrolRd SSTEIRER. MEDI CAL
FLU D PU : i i 1 S hi s
Syst em s bertallibBullpSRUAR R flsctldh SR L ERRG! B A MpS SLELRAERL TS e
punp. |t ‘eatigdd keatleqbesnd mbtoe through ageatboy Thomptaealriveh Auidrouga tiket ect ed but

whi ch does not require each
tubing of the pump set by the peristaltic action effected by rotation of the rotor by the
motor. The motor is operatively connected to a rotatable shaft that drives the rotor,
which in turn progressively compresses the tubing and drives the fluid at a controlled
rate through the pump set. A controller operates the motor to drive the rotor. Other
types of peristaltic pumps not employing rotors are also known.

[0004] In order for the pump to deliver an accurate amount of fluid
corresponding with the flow parameters programmed into the pump, the administration
feeding set must be correctly loaded on the pump. If the pump set is misaligned in the
pump, the pump may deliver an inaccurate amount of fluid to a patient or the pump
generates a low flow alarm requiring the condition to be examined and the set reloaded.
Existing pumps have systems to detect whether the pump set is properly loaded. An
example of such a pump having a detection system is shown in co-assigned U.S. Patent
No. 4,913,703, entitled SAFETY INTERLOCK SYSTEM FOR MEDICAL FLUID

PUMPS, the disclosure of which is incorporated by reference. This system uses a

magnet on the pump set which is detected by circuitry in the pump. It would be
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punp set to have a magnet. SUMVARY OF | NVENTI ON [ 0005] In one aspect of the
present invention, a punp set used in a punping apparatus has a control
system for controlling operation of the punping apparatus to supply fluid

to a pati @sdirably @4Etvilld e pimpResBht dadddtecd iHaewhivhRiory nefiegiiad ¢ssh a source
of electromagnetic radiation operatively connected to the control system of

t he punpi pympapitarhaves nfagneteni tti ng el ect romagnetic radiation, and an
el ectromagnetic radi ati on detector operatively connected to the control
system for providing an indication that the punp set is properly |oaded on

t he punpi Tlgg] PIOISINVERTRUNP set generally conprises a conduit for
carrying fluid to a patient and an el ectromagnetic radi ati on propagation

af fecti ng menbf)008Fsdeabat ashedd dflthé pesan ivlightion aduatagt ased iara punpitig ng i n
t he punping apparatus in_ the path of the electromagnetic radiation fromthe
sour ce of appdraits hemaedtol 8y stem ifertqostiollmg eppratipa g hthe ympiagarnarusienber

conprises a hody. defini.n a flu d passage (i n.comunication Wwth the conduit
For pase: AOPRT o BranrBiget thbweh B AR Mookl i B PSS el 30086, e
body i ncl weercmorhadtic FBRRIN dpet e RUohh@fed 1B1tRE ESttid) Iy &R Mel g al | y
fromthe fluid passage. The light tfansmtting portion is forned of a

mat eri al tappdratus frsniittmgeletomagagvandiatiomdnd b elecanohagmticuddistiait | east one
interposigg surface arranged with respect to the bo n the path of

y to.lje i
el ect r oragREEOE oPGraliNchy PImeets o e ogpirelysts &erqwcﬂeg émrﬂc%l@ﬂé@at ¢he

radi ati on : [ e ' appar at us.
The 11 gnt PRRRSt PESEARY A3k bR (b BREhE st Cine puh S QUERATE, OPES

| ocat ed clospfisds@ doR@uibXdreaflingThiid tdid fiatmsaﬂg@ dlbaroridp@etit Pdeftipasi ng
surface wherein at | east sone of the el ectromagnetic radiation emtted from

t he sour c@raphgaticnctifesting member asaeiated ovithhe senduitand aghapted or mewntivgdi ng
surface and into the channel he el ectronagneti ¢. r.adi.ati gn bei ng.refl ect ed
St ernal | R PR P n SAR R O TR f RO AT e SRR OF ho

el ectroma i kakd; inc REEHRL i raom{yl ted on
t he punpi %geg%%gérrgﬁ E?dl?%bégg{%flﬁgga%&ﬂ??ﬁgg&ggpect 631(‘% bt gsﬁnventidg%ﬁ%asaf ety

i nt er| ock adbidipassage imedimaainicatien with thasomlugtdot pasking fhtick thréwgh thebodyol | i ng
operation_of the nedical device el ectromagneti ¢ radi ation

oper at i vellye élgithrassaeg hapap mels @a%f@&%%gﬁéﬁw% arlighh Banssfitng Pordeii ce for
om L1410 SLSESLGTRAOSH e a8 oMSahee! £ [OTIARSR i A"
i ndi cat i offoriedtof higat&d] @hat trdnémitLElb@Eddghetdd RIARIIOHM ah asteeieant lehs omedi cal
device. The safety interlock generally
interposing surface arranged with respect to the body to lie in the path of electromagnetic
radiation emitted by the source of electromagnetic radiation when the pump set is
properly located on the pumping apparatus. The light transmitting portion further
includes at least one channel located closer to the axis of the fluid passage than the
interposing surface wherein at least some of the electromagnetic radiation emitted from
the source of electromagnetic radiation passes through the interposing surface and into
the channel, the electromagnetic radiation being reflected internally of the light
transmitting portion for re-direction to the electromagnetic radiation detector when the
pump set is properly located on the pumping apparatus.

[0006] In a further aspect of the invention, a safety interlock used in a medical
device has a control system for controlling operation of the medical device, a source of
electromagnetic radiation operatively connected to the control system of the medical
device for emitting electromagnetic radiation, and an electromagnetic radiation detector

operatively connected to the control system for providing an indication that the safety
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conprises an el ectromagnetic radi ati on propagati on affecting nenber
associated with the conduit and adapted for nounting in the nedical device
in the path of the electronagnetic radiation fromthe source of

el ect r omagmetdk i ?fb_paﬂy Whded BE (Y RB@EBAIdeORe. ThE eabiyidterREP8ENEAPrI i Ses a
body defining a fluid passage in communication with the conduit for passing
fluid thr coghrisdsentebatyroniapeetic radidtipmpropgeativasfastizexingmbadassoaatod sjth i ncl udes

alight transm ttin ortion proj.ecti nerally radial]y.fromthe fluid
passage. TRHRNANGARC pJaRHSHOT FIOHBURB NG ARt drpigedn She Bt BT al | ha
transmts isaf L eq[;}% ' : t j 0si ng
surface are rﬁgﬁgxﬁa}g&v{eﬁg Eg&r%lgoﬁle%?ﬂtt@é %(ﬁlgc bo 31/&%;6(%& g:ﬁ%wialtﬁdita gﬁ'pggﬂﬁgp Qéﬁ{og

el ect r omagffedting madbatcoaipriees 4 b&ly dufinidpea Boidpassagé iret@nmuioRiprewitls the

radi ati on when the safety interlock is {gro erly located on the nedical
devi ce. TKenduilgfier passingibnd thrpwgh the bodwnThaeiddassage hagsaxds andis bodne
channel located closer to . the axis of the flud passage Lhap.the

nt or posi 15 id5r paieBt Gnslithedetortapiehng eonerdlya-BRRT AR B T gt a s on
em tted frogybheraRiEtg PortRngs Frti¥BIPE hhdtedANA raRinReSeQFohdPnelgh the

i nterposing surface and into the channel. The el ectromagnetic radiation is
r ef | ect ed radiatiomramdlihgludds at least anghhtetpoaimgsutfacenayranged ivith réspectrte-thk batyt i on t o

the el ectroyagnetic. radiation detector when the safety {nterlock |s
proper |y It‘bggine e@ﬁthtqf@?eﬁtm@iaa@etwaﬁ ation eratttef drydhg sqqﬁcwltel%m%mtgspect of

the pres e?zﬁ}diit{b‘ﬁ%lgénorﬂe Pﬁgﬁqg}%ylp&( ngp§lr)§c 1?8%%{ A I QIR idé\%%e,a}rﬁ%ﬁ@hng

appar at us having a contr stem fo ntr ing operatron’o punpi ng

appar at us tiafsrsietiiy porfibiifigthepinivdies hielvdst bhé GhigiReldofatedclosdr to kiaderbfithe t he
punpi ng apparatus. A source of electronmagnetic radiation operatively

connect ed fluil paseage dhan the intgrposing girfadeevhemeipiahlyastspmeatf tle degiramsgnetic
| ect t adj at i d | ect t, di at,i on ,det ect
e S Sy,

the punp %&%?ngﬁﬁ?&%'a}ﬁd 'ix%‘i’l?éic}féﬂnélhqhg‘é[Héiergxfl%x?e%E}EuﬁBﬁ'én is FBflediP Set

generally co 1Ses a conduit for carrying ftl to a patient, and an

el ect r omagntemnalty ofithe dighotrarsrifiag portoon faf feditécngn tetheelecivamghaticed wi t h t he
conduit and_adapted for nounting.in _the punpi ngf apparatus in_the path of the
el ect r omadaation detgstostvhen the safety prted ok is raperliylecatednrags SUMPINGdi ati on. The
propagat i gn ar%ft/\x} ecting menber conprises a body defining a fluid passage in
communi caf PR Wth the conduit for passing fluid through the body, the
fluid passage [UW07N0 IRPetBRhbther ARAOTANe pleb&lt BlRAtion,d MiMpihg S T NG

portion projecting generally radially fromthe fluid passage. The |ight
transm t t gemprglr ¢cangprises a pumping appamtusdiagingal contral systeanfaricostraliagt r omagnet i ¢
3

operation of the pumping apparatus to supply fluid to a patient through a pump set
loaded in the pumping apparatus. A source of electromagnetic radiation operatively
connected to the control system of the pumping apparatus can emit electromagnetic
radiation, and an electromagnetic radiation detector operatively connected to the control
system can provide an indication that the pump set is properly loaded on the pumping
apparatus. The pump set generally comprises a conduit for carrying fluid to a patient,
and an electromagnetic radiation propagation affecting member associated with the
conduit and adapted for mounting in the pumping apparatus in the path of the
electromagnetic radiation from the source of electromagnetic radiation. The propagation
affecting member comprises a body defining a fluid passage in communication with the
conduit for passing fluid through the body, the fluid passage having an axis. The body
includes a light transmitting portion projecting generally radially from the fluid passage.
The light transmitting portion is formed of a material that transmits electromagnetic
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radi ati on and includes at | east one interposing surface and at |east one
channel located closer to the axis of the fluid passage than the
i nterposi ng surface. The channel defines a reflection surface generally

di sposed ‘A | i f: h?ﬂ[&a" ; 8 i

refi nerren? gdl%i({nzﬂq{dg}#&m%%\é%%ﬁ?%s} gﬁé@ ggltgirgﬁrfge ati ct)rlle%g&?ehéehaa c%\}géé&r(rie ntioned
aspect s ofcldsbetoRheanbf the\Rid pABagerttid thelintbgabing 8erfady FHeschahgel idefidspor at ed
in the above-nenti oned aspects of the present Invention as well. These

r ef i nementeflegtian serdatietgenerally flsaosedon anadialy oytward dide jofithd ¢hanegl. i n any

conbi nati on. Fgr. Lhstance, variou featyr di scussed helow in relation to
2y of the i 11 HO0BLT afHEs stifiemtnl axteTPhthe FFaskisR FORARS esliigionhl A’

I ncor por %ﬁ‘éﬁﬁbﬂé@as?% 8f the PeesRRANGerfiRRC FuRRL BRARS tn?alfilsé B@ine&géﬁﬁéd in

i nvention, alone of 1n any conbi nation. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0009] FI e dbove-neentienabasptdty ef thie pacseatnihe¢raionfae el InThesenpfisdmmetnanda

fragnmentary portion of a feeding set received on the punp; [0010] . FIG 2 is
a per spectafdisionsl feafarep may;expsoomdiyidyally oran pay egmiyinasen j ey ipgtagagevarious

adm ni stration feedin t . 001 El 4 .i.S k diagr showi ng the

ol erent s gt PR HERRPOIgY in I AREbaby 5 it i ARt PRBRATURIRLEL, on° o
the punp aRenfos Aagby ind&ﬁ&éﬂe&@ﬂﬁo@ﬁ%’ bf he@bove-HdschibeEipects B fHeipréRRl4] FIG 6
is atop plan view of Fig. 5; [0015] FIG6A is a schematic diagramsimlar
to Fig. 6inkotitmglqgespayaty combihatian.| i ght ray in the safety interlock
device; [0016] FIG 7 is an enlarged, fragnentary section of a punp and
safety interlock device of a second enbodi nent; [0017] FIG 7A is an

enl ar ged, T t DRAW nd a safety interlock device of a
third errb(])%{lylgrrgnt; %%’R?fﬁ)gl"@l S anﬂgﬁ arged, fragnmentary section of a
punp and a saf f1099] i M6l | ackpetepdctiee of arperdtaral febdiagpagipnsboivind £019] FIG 9 is

an enlarged, fragnentary section of a punp and a safety interlock device of
a fifth edtgsaienient porfion20? feedimg sebreceivehorthieaigwyd, fragnentary section of a

B St ate. df agr aMUSP o Bifce Gt nOSREhFe Bhoflimgumy: 0 L o IS

[0011] FIG. 3 is an elevation of the administration feeding set;

[0012] FIG. 4 is a block diagram showing the elements of the pump;

[0013] FIG. 5 is an enlarged, fragmentary section of the pump and a safety
interlock device of a first embodiment;

[0014] FIG. 6 is a top plan view of Fig. 5;

[0015] FIG 6A is a schematic diagram similar to Fig. 6 showing propagation of
a light ray in the safety interlock device;

[0016] FIG. 7 is an enlarged, fragmentary section of a pump and safety
interlock device of a second embodiment;

[0017] FIG. 7A is an enlarged, fragmentary section of a pump and a safety
interlock device of a third embodiment;

[0018] FIG. 8 is an enlarged, fragmentary section of a pump and a safety
interlock device of a fourth embodiment;

[0019] FIG. 9 is an enlarged, fragmentary section of a pump and a safety
interlock device of a fifth embodiment;

[0020] FIG. 10 is an enlarged, fragmentary section of a pump and a safety
interlock device of a sixth embodiment;

[0021] FIG. 11 is a state diagram of a microprocessor of the pump;
4



[0022] FIG 12 is a an enlarged, fragnentary section of a punp and a safety
interlock device of a seventh enbodinent; [0023] FIG 13 is an enlarged,
fragnentary section of a punp and a safety interlock device of an eighth
enbodi ment; [0024] Fig. 14 is a top plan view of a punp and a safety
interlock device of a ninth enbodinment; [0025] FIG 15 is a state diagram

of a I cr opr 0CeSgphy Ofd NG OUIR.AL LNG L Bl lby LHBOGE TR ol 00GRL, FI G 16 i

a bl ock diagram ng a feedi hg punp -of the ninth
enbodi ment ; infepld2/Jevide Gf a dckehth embbdipehtchart showi ng operation of a software
subsystem used wth the punp of the ninth enbodi npnt that, pul ses an

infrared enittedd928boFEy. 18 1&xn alarged, fragmegary sectipn %a"(ﬁiﬁegﬁéﬁ on of

anot her sof {yane 4y ot EPhth RAbofiARyPe used with the punp of the ninth
embodi ment that does not pllse the infrared emitter; [0029] FIG 19 is a

st at e di agr am si@2hg Fephdliista topplar nswnitaguey and a eafety untentagk deviee éfrest r uct i ons
of the softwahe %ugs stem shown in Fig. 18; [0030] FIG 20 is a fragnentary
top plan vi of"°8 'Si/?f’r{b and safety interlock device of a tenth enbodi nent;

[0031] FIG 21 i[e028] &Nt arsged stiedghpei of ymieprdcestor GBNpahPorghd nin@ 21- 21 of
Fig. 20; [0032] FIG 22 is an enlarged, fragnentary section simlar to Fig.
21 but shoW"?ﬂth&enééaf ety interlock device of an el eventh enbodi nent; [0033]

.G 28 s an cHakpedo! fA0TBRLRIKeRR ke AR AMR A B I 11T Er] OCk

device of a twelfth e i ment; perspective of a safety
i nterl ock dpmpee themothdimbgdiment he twel fth enbodi nent; [0035] FIG 25 is an

enl arged, frag y cti.on of .and saf et i.nterl ock device of a

hi rt sent h enbodlWiaht FIGr it BESw et toving GRsrly A seatk PPAGTONTSr v

section of RitRuRPuMPSf Hmeily embdHirBédt @k psledéiah enfRdkedentiftdt t eent h enbodi ment ;

[0037] FIG 27 is a perspective of an enteral feedi ngﬁpurrp with a cover for
T

a safety inter|[¢28] ddV§ cld is @ Hewehyeshopdngnperational angler y9d&iard on;

subsystem that can be used with the pump of the ninth embodiment that does not pulse
the infrared emitter;

[0029] FIG. 19 is a state diagram showing conditions encountered in executing
the instructions of the software subsystem shown in Fig. 18;

[0030] FIG. 20 is a fragmentary top plan view of a pump and safety interlock
device of a tenth embodiment;

[0031] FIG. 21 is an enlarged fragmentary section taken along line 21-21 of
Fig. 20;

[0032] FIG. 22 is an enlarged, fragmentary section similar to Fig. 21 but
showing a safety interlock device of an eleventh embodiment;

[0033] FIG. 23 is an enlarged, fragmentary section of a pump and safety
interlock device of a twelfth embodiment;

[0034] FIG. 24 is a perspective of a safety interlock device according to the
twelfth embodiment;

[0035] FIG. 25 is an enlarged, fragmentary section of a pump and safety
mterlock device of a thirteenth embodiment; and

[0036] FIG. 26 is an enlarged, fragmentary section of a pump and safety
interlock device of a fourteenth embodiment;

[0037] FIG. 27 is a perspective of an enteral feeding pump with a cover for a

safety interlock device, the cover being in an open position,
5



5 [00381 FIG 28 is a perspective of the enteral feeding punp shown in Fig.
27 wth the cover in a closed position. [00391 Correspondi ng reference
characters indicate corresponding parts throughout the several views of the
drawi ngs. DETAI LED DESCRI PTI ON [ 00401 Referring now to the draw ngs, an
enteral feeding punp (broadly, "a punping apparatus”) constructed according
to the principl gl ERG RiESEApMET s flRRPUAplNovgliFgabed at 1. The
feedi ng punp conprises a hous d)genera l'y 1 ndica tha
constructedwsbﬂQSOWmnnnummdanma®n1nlstratlon feedi ng set (broadly, a "punp

set") generally i.ndi cated at. see . be appreciated
That) "hous ng" sBEL §oEeRiing g SRn kAR Rl e S mebtade e Th

structures hRRghcnMeRIverdl Rk GF theg dwivlifgut |imtation nmulti-part structures
and structures that do not enclose or house the working conponents of the
punp 1. The punp 1 also has a display screen 9 on the front of the housing
3 that is ¢ E?RZL%]?BE%REJT%NW i nformati on about the status and/or

operation o t he punp ttons 11 on the side of the display screen 9 are
provi ded for use0049] ®oferming downg tiznttawiogs iamexteral febdngpimpibrdadlynia he punp 1.

|t Il be understood that | | ust at l1is.an entera

Feed! ng pariRHCATBRBLE N EOIUR] FOHrHias BegshrEls PEe PO FRFY i gbe. o

peristal ti Cogdpbyly indRR@fed 810We. fedd B%lﬁﬁﬂip%niﬁﬁﬁbs%%buduﬁg stk indiéaRed at A punp of
e

t he sane general type as describ herein is shown 1n co-assigned U.S.
Pat ent No thatgg conpigetesipoias foemovmtERMnBEtopeedingrsTt (Word]y SHADED SR} P

CHAMBER, §efne g@f Lﬁir‘t&(e& af% (S}M‘F gg 1128 3] Cl?gﬂ%e;atpg%cﬁ?ed%a? "@ﬁsn{'lg‘];]%rug [00411

The ent er al I ncl udes unit
general ly ahx@ﬁﬁwgumhﬂesmngﬁampuﬁ@mpmhngmﬁﬁmhmdaﬁeunmﬂ,muﬁmhgumhmg 3 and
shown schematica i n el ect |caI cor%ﬁZ? extends fromthe

| . iq. )
oS Tl e pi Sy an St et Rne e sl Gt RO POt Mot or 25,

Al ternati velompoRéntd 6t tRSlinty PNTheduBtit Sdodhas b ARplaf BRVEN9 SHbke BEntlo @Rl ved in the
housing 3 for powering the punp motor 25. The punping unit 23 further

i ncl udes a haysiog 3(ﬂyéﬁ@lﬂmbllwofudmiawge@fomaﬂsv)ﬁb%ﬁ'mswsand/ar erstasen oEhaft  (not

shown) of  LhE pRHEPRIRR by yThRe PhELiHh LRLUUNES pRYidBgR sk 39, an outer

di sk 41 and ers one’l unte ween the inner
and outer «cingrkling atid sbedisihg mfor&ianoﬁ froth ether pulnnig i It wi lﬁeaindeomsd that ati ve to the

O e B oD, oDl L0, PATE 101025, L lor shart and,
includes a {gplidtioh @\&her'tffes 5EpetitaftiePuipt (Rt §HOWAY, including medical infusion
pumps. A pump of the same general type as described herein is shown in co-assigned
U.S. Patent No. 4,909,797 entitled ENTERAL DELIVERY SET WITH SHADED DRIP
CHAMBER, the disclosure of which is incorporated herein by reference.

[0041] The enteral feeding pump 1 further includes a pumping unit (indicated
generally at 23) comprising a pump motor 25 located in the housing 3 and shown
schematically in Fig. 4. An electrical cord 27 extends from the housing 3 for connection
to a source of electrical power for the motor 25. Alternatively, or in addition, a battery
(not shown) may be received in the housing 3 for powering the pump motor 25. The
pumping unit 23 further includes a rotor (generally indicated at 37) mounted on a rotor
shaft (not shown) of the pumping unit. The rotor 37 includes an inner disk 39, an outer
disk 41 and three rollers 43 (only one is shown) mounted between the inner and outer
disks for rotation about their longitudinal axes relative to the disks. In the illustrated
embodiment, the pump motor 25, rotor shaft and rotor 37 may broadly be considered "a
pumping device". The pump housing 3 includes a first lower recess 45 above the rotor
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6 37 and a second | ower recess 47 generally adjacent the first |ower recess.
The housing 3 has an upper recess 49 generally axially aligned wth the
first lower recess 45 and a shoulder 51 at the bottom of the upper recess
for receiving and holding part of the feeding set 5. A curved recess 53 in
t he housing 3 above the second | ower recess 47 receives and hol ds anot her

part of theadfhuiehd ﬁ%ﬂe??bcés@@‘i b Bratflad Sﬁcér@ tHel BG Gowet R edOIBE hodsizeS Ses 45,

47, upper recess 49 and curved recess 51 may broadly be considered,
i ndi vi dual |bas ax uppsT wogps éﬁlp@nei‘aélyrae@éy oligngd pah thedist lowertrmsstﬁﬁmdrag 3 that

receives pay t tratlon feeding.set er that wll be
Goscri bed RO bOE PR B BF it &Pt BEGHORREa oldheheliRBE i 0™ 5" the
adm ni st r atfecing esli Agused reseseesrmms BsusirlgBiboge t(hb&&@ﬁﬂ y)we'r' fc&ondui t")

i ndi cat ed generalkﬁbat 55 that provides a fluid pathway betmeen at | east
one sour ce I&feives aidholdspngtherparta the aﬁmmtlslsfeeélﬁg%%a@%ﬂh& i cal

grade, def geew&kﬁ 7! ﬁepljﬁﬂ%cé@% eﬁ?&egéﬂﬁl ﬁg@ﬁnfﬁ&édnaaerécz connect ed

between a drip and a sa ety inte evice, generally
i ndi cat ed andlﬁlﬂuallé( @ es o podup,U'b eeceyngtpodiont 8f the hauwsmgecthatdederves Ipertseff et y

. ated o let of.th : h
e o oy e tnR TR e ing 3P B st wis by Pt bl il oy eyt g

as a barbe
(not shown)hepditaftehed to a patient. Third tube section 67 is connected at an
inlet of the tubing 55 to bag 69 of nutrient uid and to the drip

chanber 59 As ﬂ?W?oBﬂewngW&tt@EIg éﬁ%amﬁﬁwnéﬁqﬁﬂ@ﬁéﬁ COEESES uct i ons may

be used, ﬁ%g{@d@f“a o%‘d‘ﬁ'i" Gl gxgkrﬁﬁztﬁ £ 5§ {119%%1%{?58&"9 ﬂLgR}ﬁatco sed to

verify and/or accu figured to
aut omat i cal Heyweeeaolgzmt ) 13 SMIE;E okflnd and a paeteni ’s“ubmg S atdnde nzadd of omadlicdr its

operatlon to o.that called far ticula set. Stil
Porther "t s Sbl oD aof Fpmitien ity Bbasstet Sparieu kYR abher ¢ he
first tube c$1€1§‘abér(5|9 aﬁ(?abaa?erpmwck)devwdﬁ%&@lrdl@%@&tédm6pumecoh@afb$1 As shown in
Fig. 3, the safety interlock device 61 connects first tube section 57 and

t he second Segfisa 63axeanaerteizo dfe spfly latsﬂpﬂi devicg 6] aed atapapiley os e hingrhe safety
i nterlock 48%'08&%@ &%ﬁﬁ%&% ﬁﬁ{aﬁle%r 3 L&th Cgtaﬁtrd‘s of fluid

between th irst sectlon e secon e section (see, Fi g.
5). The saﬁkWyenmmdmhmamudhuhnapmﬁ&nhﬁmnhmbugxmnn@N$cmﬂnuahﬂapmmauﬂn 83 t hat

SRR TR 1o I T R T
cyl i ndri calstd&;, piufp setSdTdifFerbrid 8Bxistrdtions dfay 5ahsea01rof EhpESh febaifidafion &gei ved in
the second tube section 63 for attaching the second tube section to the
safety int dpptshpwn) may be used to verify and/or correct the pump accuracy. The pump 1 can be

configured to automatically recognize what kind of set is installed and to alter its

operation to conform to that called for by the particular pump set. Still further, the pump

1 can be configured to detect with sensors whether the first tube section 57 is properly

installed on the pump.

[0043] As shown in Fig. 3, the safety interlock device 61 connects first tube

section 57 and the second tube section 63 of the administration feeding set 5. The safety

interlock device 61 has a central axial bore 81 to allow the flow of fluid between the first

tube section 57 and the second tube section 63 (see, Fig. 5). The safety interlock device

61 has an upper cylindrical portion 83 that receives a portion of the tube 57, an

electromagnetic radiation propagation affecting member 87 that extends radially outward

from the upper cylindrical portion, and a lower cylindrical portion 89 that is received in

the second tube section 63 for attaching the second tube section to the safety interlock

device. Itis to be understood that the safety interlock device 61, and in particular the
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device. It is to be understood that the safety interlock device 61, and in
particular the 7 nmenber 87 may be separate fromthe adm nistration feeding
set 5, and/or nay be attached to the admnistration feeding set in such a
way that |iquid does not pass through the safety interlock device. The

el ectromagnetic radiation propagation affecting member 87 is sized to be
recei ved ONpgn@al may'BE"séi)ﬁxta%dfrcﬂﬁﬂﬁraalnin\lsn%ho@ﬂeedlgﬁéi‘?daxﬁlorhﬁ?b@Ot tomof the
second | ower recess 47 in the punp 1 en the admnistration feeding set 5
is properl wﬂacledde@e@dmmkﬁeam-gedmgqset imesugh 4 wey thatlenlmbtiﬂ@ed@tmemthrovgie seat 91
i s general c 0 A safety

i nterl ock dﬁév?a?e 3’:[&}60!88%‘%: u 8%%3%8“ ek ‘?&iia (:J}n%alrégtl hagfc%gn én% {he second
| ower recessy 14?1zahdbardfceﬂbcabﬂaysefaamdﬁtgteﬂlgeﬁ@ﬂbf@91Ifﬁnneﬁheﬂlsﬁom’mlofthwer recess

47. In this first and nost. ot her enbodi {s,. r functj.onin of the
punp 1 is gSHAAAPYSF recers VB dhepyam | t‘ﬁléentg% tﬁa Fi &&tsFtoﬁnlSafopgf&Xi ng menmber

87 s Seatl@é’deﬂ'&n%&%h@n% ﬁilellll‘usfr%@eﬂ‘n%dflﬁ&ﬁ tB@Le%E@lOﬂQ g&&efrzhl tsl@x%l axially facing
surface 95 of the ea However, the rotation orient atl on of the nenber

87, within thedrs@htto chI.eSpambwtth tht:shapax’fgleussfe@rentelrl@qkldyvmﬁl peirmcrlm,fmant o)

oper ation a few e {? ?ed her ei af er artl ot ational
orientati onamfuyt RN Cedds ese g wrer r?cessv@n c%iiéae By su?t%ce?t%, uct ures

are provi dege sda)ﬁwlbwwsesoiw pm&mﬁ ﬁﬁslﬂhﬂinnbshiﬁthﬁf@ﬂib@ﬁﬁdn@;lp@f)éﬁﬁﬁdnﬂ@lngEnber 87
may be used within the scoPe of the present i nvention. The safety interlock

device 61 ke Ry Lis genesally;achieyrd when dheradiatiqpapronagationabieefingnembey 8ht t he

adm ni st r at i QDd4§f ditR@nSaly fac'é tb rf&'%‘r&?ﬁdﬁgvlﬁﬁ’ﬁé Qﬁ&ﬁﬁa&}{g clirloggetnand to
prevent the use of non-conpliant feeding sets that do not have the safety

interlock deetiYe HOIVWVth@e rdtiitwgtoname@mmﬂﬂmmm 87,tvﬂdmsﬁlfee@%791,|ah@lénﬂsock

devi ce 61 ands 15691}6: a{ t qué: lﬂlg [ C%%ﬂdlm n%s n%%dl% 1 %ters
under st ood tat *“6ther s‘hapes ()gp% sfhwf) n% e usegnfa fhe saf ety
i nterlock cgelvmaﬁrmloml&rﬁﬁtaﬁon cﬁﬂl@éﬁﬁé‘mﬂ'di37$§ifseﬁﬂ/ umhﬁh kasekkeding ce 61 is
conprised of a material that is opaque  to visible |ight but easil|
transnmits el'RELFesAgRded: a%ﬁrat%# Ropitippiag rhwrfaqaeﬁwflaﬁfg“émg Frr?mbswv

enbodi ment , b6 \38d Gldkinih SEMAR NG WeREnRhibE TIRIREAABSOIRREE1t O Visible

light while remaining transm ssive to infrared radi"ati on by processing
under condi amdcﬁlu@eaﬂﬂlam thedqusing 3 tray boshaptd tonvretyfent\lhfsadnhmsﬂratghtfeedbls@ctb| ng

pol yenes ingth yoe . te |0 order t I tethe
formation o? Ervl:ﬁsb b gﬁl‘lieaha?ly gﬁlsogig%(ﬁr?él QEB’ie;V/"e“ﬁg‘se ul“hof 3 comgf erﬁ fe elﬁD &7 ock

devi ce nat ethatalo,not lﬁavene suftySinRflodkdevicej Rothe Dlﬁstfﬂﬁécthnﬂ@dﬁﬂidﬁﬁ@l&ssafe@kes pl ace
at an elevated tenperature such as between abqut 207 C and about 216 C at

whi ch the Rigtlark davicablpadiesat Hlpre generlly syindripalin shage bitds i pederstopdithalbsor bi ng
pol yenes foatﬁer sildpRs (ewleszish@@d)rmmenge@for 1R8a A iRkModkHeick Adene gt .ce 61 can

be perforned in a single
[0044] The safety mterlock device 61 is comprised of a material that is opaque

to visible light but easily transmits electromagnetic radiation in the infrared range. In
one embodiment, the safety interlock device 61 is rendered absorbent to visible light
while remaining transmissive to infrared radiation by processing under conditions which
cause the formation of visible-light-absorbing polyenes in the polymer, e.g., PVC
material. In order to promote the formation of visible-light-absorbing polyenes in the
safety interlock device material, in one version the injection molding process takes place
at an elevated temperature such as between about 207 C and about 216 C at which the
material degrades to the extent that the visible-light-absorbing polyenes form. The
injection molding of the safety interlock device 61 can be performed in a single shot

injection so that the safety interlock device is formed as a single piece of material. High



injection so that the safety interlock device is fornmed as a single piece of
material. Hi gh 8 tenperature injection nolding may be acconplished, for
exanple, in an Arburg Allrounder Mdel 270-90-350 injection nolding

machi ne. [0045] An alternative to actually nmolding at 207 C - 216 Cis to
expose the conponent or its precursor material to an el evated tenperature
such as betw@pétataRAbkctichIoléingRdy BO4ccombRdhe@ TotokbMPREM dperbad of tine
sufficient to inpart the desired effect I n_anot her version, the materi al
of the saf e&WOP%eMOééW@I@Qﬁé@U&%ﬁﬁob@oaimgfé?%ﬁl astic polymer resin such as
ol ysul fone ther ther c pol ymer
Iroesiyn, or ot her [gﬁ%h aﬁaﬁe& re?%f&?ﬁlﬁ d'a[%ﬁ%gtb té?e%tGrd(;ﬁagn t?ez&ﬂ?adl ation of
one wavel edmgtpbnemamgl& frecugsor mutesiallib en tlegitdd) tempatatiresneinasttetweeh nboued radi ati on

i n anot her th. ran f.rare For exampl e. i ne

enbodi nent , 193?’ %grd]ef& %?é?ﬂgeqog gﬂﬂﬁaut?%)‘e %""gtggdqsﬁe‘g fﬁﬁck ratio of
about 4%, RRA.th&S RIANEE hferiabofithd Rty Rferiablt @@qﬂce chi B tkinsoptBti@€r i al . The
addi tion of colorant may occur before the PVCis processed into pellet form
for use by nofndrmgsécsuiclors pedystifons therlaplagic regin, laalye mixed veith 4 thereroplagiie ol di ng
facility. [0 n £ able to

af fect the po‘?‘}éérr%ﬁ?%‘{ &h‘l’r U %?a?&tgﬁ% ﬂ%(ta cpotrségftg‘% ﬁ%ﬁlgﬁé?a%%{# uogioir)l%,

diffracti orwa\reehgtﬁeztnge(e gndélbre hght}imcamtnsmns irﬁtrarearwdmmﬁhﬁ amthedn of di ffusion,
di ffraction, fl ction and/or fraction, on is

|
under st ood %&'elepgihgange ©%i i r6¢ OB &% r?@? F‘B ‘?d;‘i‘}?’éha}ndﬂ ?fﬁ@%fﬁ régtt her when

reflected fi5qmed 4 Py, §Ufnfa5kﬁ& Mo SHabbRAY))! HATHE ©ahQbrd inRb&SH haagInet | ¢
radiation through a translucent medium D'ffraction is generally understood

as the benf¢omguomatetiac Thordgfiratof coloral mey engur bejare the ispresessegind of opaque
obj ects. ﬁ?eefllletefg%n rusesb utﬂg & Silgn %Oﬁ%élt’ntl]a%h{;\ﬁ olf‘rlzﬂe art a& lee%ggn n01d %e direction
i C iC

of travel par Ian s on a surface but
does not enfaeitityt he substance provi di ng the reerctl ng surface Ref racti on
i s under st ood as t he chan in directjon of notion o radi ant
energy as it pad2¢46l oﬁepﬁ%&?e?%ﬁéﬁétyﬁ%‘ﬁl%dFﬁ%lsé tt‘h@{fc Wev\,hl ch the

speeds of pLERAGR &@leét!’r@mé%'ngtﬁce{a&ﬁﬁor{l?y cﬂffus16EQifﬁ=a&xBn%ﬁéc%6§£ﬁd/&enS' ties).
The amount of " refraction i's based he index of refraction dependent in

part on t hereffeqiontoy any cmmna}tmpédlf@slom,alcfﬁnqwhl@ﬂﬁ@@ngand/or_[reﬂwnpnThe punp 1
can be pr ogh AT UnShRPINLRBo] A0AE Sh St §ol QRELALLAD difoRdesi T od
e punp i 0 provi g

manner. For instan can begi IT opera f eedi ng
fluids frosiihbeghedQefleated i®npaiouginsurfaddier duaing tramsvedsiony eketr@adgneticor exanpl e,

the amount rgzhatflcl)n thr%ugh a translucent medium. Diffraction is generally understood as the

bending of electromagnetic radiation rays around the edges of opaque objects.
Reflection is understood as the return or change in the direction of travel of particles or
radiant energy which impinges on a surface but does not enter the substance providing
the reflecting surface. Refraction is understood as the change in direction of motion of a
ray of radiant energy as it passes obliquely from one medium into another in which the
speeds of propagation are different (e.g., media of different densities). The amount of
refraction is based on the index of refraction dependent in part on the density of the
material facing the medium.

[0047] The pump 1 can be programmed or otherwise controlled for operation in
a desired manner. For instance, the pump 1 can begin operation to provide feeding fluids
from bag 69 to the patient. The care giver may select, for example, the amount of fluid
to be delivered, the rate at which the fluid is to be delivered and the frequency of fluid
delivery. As shown in Fig. 4, the pump 1 has a controller 77 (broadly, "a control

9



to be delivered, the rate at which the fluid is to be delivered and the
frequency of fluid delivery. As shown in Fig. 4, the punp 1 has a
controller 77 (broadly, "a control 9 systent) including a m croprocessor 79
that allows it to accept programm ng and/or to include pre-programred
operational routines that can be initiated by the care giver. The

M Cr Opr 0CeS§em¥AinSIadlhs 8 hiicroptoteser 99 tHP RIS B8 abdddt pro@amatif 4ddRrfdt or 25. A

software subsystem 82 is used to determne if the feeding set 5 has been
posi ti oned ipelogepreypregrammetbonstatipnal roytipeslat cpmbe indtiatddrbyitheeogiveredhe t he punp

i ncludes an_infrar YR ] [ ( " C

el ect romag nrgic?({?n?cgcgﬁgﬁﬁ %o?ﬁ{)lsﬁ%é%%ctlr%x&%ﬁﬁg t@%@@%%fg Iﬂ%)evxrg?tg&gi e/g%()%)vﬁ Referring
to Figs. 5 absysem 82hieuidd tedeterivdiie if s feedlingper Hlids bedryposioneigiregktriyent he
controller 77 for emtting an el ectromagnetic signal having a ("first")

wavel engt h BRPYARL i nfrared range in a direction for striking the safety

| nterlock devi cgfds Ofn 06k @RdAAcREhe pinp LRI hhysh  HodrARpo nent

the source of electromagnetic radiation'is an infrared emtter 105 but
it is under 85dboadliata sourheef darremagifetic tdiaties") bbused acthe savamrhlewettrecasadi at i on
may be used, w3 hout arting f the scepe of this invention. An infrared
CTRY deot bt di6he IR 2aRPs, G LlBen RS uin B atERIRE or i Vel v

connect ed t @ntrbker 70 Goteitting bn diéctforiagh@i8ignalt@vinga (bt pwBdleaglidthef rom t he
IR emtter 105 and providing an jindication to the controller that the

f eedi ng set infated rangp Bt fifeciersior sikina therfatenenistiagk device A1 of the fGeding s¢tr at ed
enmbodi ment, 5 t fgnd ﬂﬁuﬁﬁ{t&%ﬁdﬁgﬁt (oL ¥5 eléci’roifn'fgﬁﬁc PRIRIBH i9andt R4 S

infrared radiation it 1s understood that electromagnetic radiation
sensor s t hafiRbetiget 105duhi¢ rs undereteodthaedthar ttypesafgoetces off detiramagnsticny be used

wi t hout departing fromthe.scope of thig invention. The IR detector 109
G st 1 ngut ShadiaPpat Bt a SiAGR 5 e ol fer S S arehdf i Bier | c
radi ation (@IR") det¥dtsd lob@odated itk the 83tofid Bbvel tedétk 417 isdpeiativdly Cornegbd todBd ect or

111 (broadly, "a second el ectromagnetic radiation detector” and "a second
sensor") i sConfiplierdd ferfeqeidngibe Sripradsignn! fram thedR emities AQ3 and gjovidipgeent the IR

det ector 10ggicdit oY k! c_ght?ollell' :thgﬂti)e fReling 5A's id frbp@HyPositiSRedin HedAdp L Ant he

controller 77 when visible I1ght frontthe surrounding environnent (e.g.,

el ect r omagnést iltustratel embodiment, the Medetavtbr ey Gireadyt, 19 fiistsensbe't)aeteetd t o i ndi cat e
that the safety,i rlock, device 61,i.s,nhot nmounted. i.n the seco | ower
oaess a7+ Riaed sbfaion R S B Sap bR Rhm e B PRt R e
detector. &uaftgsedbf YectiohRghdtis irddiRioh ngHtbe deddacitRit depirting fromthé goped to
detect electromagnetic radiation in the visihle range, but not to detect
el ect r omagn@kthig ivapfiont iTha b detesterel 0P Wistipguishss fined gadiatioa figm otherityngs ed

radi ation) -of%le%?rﬁméheﬁé RalLONRANENiGe Bﬁ&i'tréx'}iblg{‘li&%t. %&i%le‘i%ﬁi fhtRfor

111 (broadly, "a second electromagnetic radiation detector" and "a second sensor") is
housed in the second lower recess 47 generally adjacent the IR detector 109. The visible
light detector 111 provides a signal to the controller 77 when visible light from the
surrounding environment (e.g., electromagnetic radiation of a second wavelength) is
detected to indicate that the safety interlock device 61 is not mounted in the second
lower recess 47 in a position that blocks visible light from reaching the detector.
Preferably, the visible light detector 111 is configured to detect electromagnetic radiation
in the visible range, but not to detect electromagnetic radiation outside the visible range
(e.g., infrared radiation). A second electromagnetic radiation detector could be
configured to detect electromagnetic radiation in other ranges, such as in the ultraviolet
range. Thus, the visible light detector 111 can distinguish visible light from infrared

radiation. As used herein, electromagnetic radiation of a "first" or "second" wavelength
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configured to detect el ectromagnetic radiation in other ranges, such as in
the ultraviolet range. Thus, the visible light detector 111 can distinguish
visible light frominfrared radiation. As used herein, electronagnetic
radiation of a "first" or "second” wavel ength 10 is intended in each case to
enconpass a range of wavel engths, such as wavelengths falling in the

infrared r aié‘gﬁ‘endéfd ﬁ'eQ&t?caE@f&%cﬁﬁB&ésoe[ raHééJf@Vdv@l'eﬁ%thJ R8s whaPl4ZthsCt her sensors
(not shown), such as a sensor that detéermines the type of punp set that has

been pl acedalling irtibe puimaped Tangadvisible Irfmge pediotwirdvigjetsatigsor can be in
communi cati on rﬁl&%h%ﬁﬁg@n&% noE hown Ouéhaacslalsleﬁ a} %a@cfei%ﬁl gtht%%g tf' on of the

punp. The IR e I-on in"an alcove second | ower

recess 47 Qluniphet thistQia§béegp&csmmttll&apm@ Ealdraofiagmehitingaetisat dagme (i ndi cat ed by
arrows Al in Fig, 6) fromthe emtter is directed to the el ectromgnetic

radi ati on ;ﬁoaﬁ&@m%wah the contrplen g dacilgate gecuraig,epegation of the ppgp) ek devi ce 61
(see al so, IE&Iné)losygﬁﬁemgghglﬁaaslwvel1%%{119@&09@1@“%%&3%'45 of fieoper |y | ocat ed

on the seat 91, the frar radiation fromthe IR emtter 105 is diffused
t hr ough t hehogbieg 8 sothatgletiomagretic stdiatinn findipaterhby a;‘mmfﬁlemtﬁlm@) fremitks 87 and

[ | ; h f d di d
e L T R R e e i S S

of particul it efety ttdrivek GRl& 913keeQlsof Fig. SyE WA thedséfety imeubclsdefviowu ienmbodi ment
(and other enbodinments) the infrared radiation pr oEagatl on is affected

primarily tHiPReEyAoGated op the seatdrl | the ffigred rafipfion f@lﬂf e R citer 9515 ddEsedidi at i on
t] d
propagat1o 0 El?ﬁxe%%ct?& g&gﬁﬁglaﬁn@%r%%&gﬁl foSth eri{er@*? anil¥rdanlf; " ar e

radi ation t not contribute to the
i nfrared r asfletedon thatgmaﬂlfrzsaienadﬂagioxt i diredtdd tdeahédd:tcnted]]@gh( IR éetectardP9.act i on

causes ar tion i stre t.h . . The S ositioned in an
Pove 1L bR ek B B0 b3 e OlPh ap a1 e el BB b v i b1 o
l'i ght det ec$im Mslfmssemhﬁdnoaad other @bl ks thk idfrardRdatieOMEpagdeh 117, 119
recess the IR emtter 105 and the IR and visible |light detectors 109, 111

to protect i AEeptedmsvmaribhiiequeh interpa reflection. tQtherséfeetp %H’é@fqdéﬁh%ﬁopectl ng nenber
87. At hou 0 g& %h as &fﬁ&@@rfbag@ly%%&él& H‘ﬁ{i‘rg&‘f" X’nfﬁ'?&:i &Gt geﬁ iof the

emtter etectors correspondi ng al coves
113, 117, mﬁaq‘t@hs adidingi amdalbequrooc«mmblmmto thd)lmﬁrméradlatlhe sigadlceandy thd 7 and 119

hel p to shi ect s 109 and 11 froma e netic

o at on (e A0 e reaRi S e rtion iR i airerecnys Thf S ASERANT o
[0050] In thgitichddisth alceed 171§ the e4UdAE B&EAE surfabeeod Bt@é@eﬁﬁgirana(ﬂﬁa vigblkocat ed
approxi mately 90 deglr ees fromthe IR detector 109. Wien the feeding set 5 is

not | oadedighfdetergordde dripsitigngsin ppaleays 149 Ahealeerss &l A T.dARgsewsitke r adi ati on
Propagati Ong emitter 105 and the IR and visible light detectors 109, 111 to protect them from

physical contact with the propagation affecting member 87. Although not shown, a clear
plastic window may enclose each of the emitter 105 and the detectors 109, 111 within
their corresponding alcoves 113, 117, 119 for additional protection. Moreover, the
alcoves 117 and 119 help to shield the detectors 109 and 111 from ambient
electromagnetic radiation (which may include both visible light and infrared radiation).
[0050] In the illustrated first embodiment, the IR emitter 105 is located
approximately 90 degrees from the IR detector 109. When the feeding set 5 is not
loaded in the second lower recess 47 and the electromagnetic radiation propagation
affecting member 87 is not received on the seat 91, the infrared radiation from the IR
emitter 105 is not detected by the IR detector 109. Also when the safety interlock device
61 1s not received on the seat 91, visible light from outside of the pump 1 (i.e., ambient
light) may enter the second lower recess 47 and is detected by the visible light detector
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affecting nmenber 87 is not received on the seat 91, the infrared radiation
fromthe IR emtter 105 is not detected by the IR detector 109. Al so when
the safety interlock device 61 is not received on the seat 91, visible
light fromoutside of the punp 1 (i.e., anbient |ight) may enter the second
| ower recess 47 and is detected by the visible light detector 11 111. The

propagat i ony af H8E ploBSkRBAREL 1B xﬂe&bﬁf@f@ﬁx@ﬁlr%lf%&hfc%to?g nfiter/] kB eri al that
transmts infrared radiation, is opaque to visible light. The

propagati o ntrfmfsmé@mﬁngd radea’d@e,rbusiﬁ opaguelie vivibiedight. hTTe rsepagatingl aéfegugc e

construction_r nner ( single

pi ece nol dlrﬁa ? Zﬁleay &on rlltjl,‘géé)? glglpro(efeccalsmcqlwgm eé\%nm%ﬁﬁg e}:e utnﬂ: ructions
such as an gdtoafer ndin®ér),(tOdingiepiesy) méliag is dmmsmlhﬁctidnfmad@tbrm&glhate on, but

does not transmt visible Iight and an i nner ager or core that

transm ssi v&herGOBGUFons sych s é’éio‘ﬂtﬁde‘)éPE (R0} shoep) \‘}kl frigismits frdiay ‘?ddﬁ%lgtf‘?é‘t ic
radi at i on. {054 o BRI NGO RN b i Sncrfyer FRUATRAL Rlnshloh 2k thitadi ati on

within the electronagnetic ra%ﬁatl on propagation affecting nenber 87 is
schemat i cal infraiefl radéation aadivisibiFletecirmagnieti¢ rdiati@s enits infrared radiation in a

e o o ot e Retehis e P i SRsmarenh i el BishOT gidtipié 20950, o7,

The cent er | éiagrofdagihic kdigatiof PRophgatids BEéEEg MRmbBEs 7k suNemgticalfpillusgdte| i city, we
will ignore diffusion and |ook at a ray Rl of radiation that is a bisector

of appr oxi 1B epitseid Opamits Bfrage gadiasion n g penertojargihe sideof freguesmherBl-ve of the
nom nal pat fy, ik enlifir'185 %darfaﬁgedfgeh&@ 1y Berddhbitufletoln &uﬁéafataf%ace;{md@t her hal f

of the cone .e., that port e center I ne is
bel i eved tooﬂjhae wémbardl’ ] Tb¢ ccmtrrlumECIL of the conie di degotad irl thg Htawsrigy Far capabl e of
o opagat | on EPa: 1R hERGEATBreaend okt v o e Wit Ef R renper
rather thagpphiimdgely ohd mfﬁdh@aﬁk THdway RaYs fprebdntitiot 5f @ensnmbl pati éivar d the
center of the menmber 87 until it reacﬁes a boundary B (broadly, "an inner

boundary r elgfréwdyadaatlea Huthisthelf a5 th coney Jrhe ofher balf efifbe Grvpbiesr thatpertiony R i s

reflected 3T ps) cent age of
the ray is %?T ect eégggéggld%&gr%() %g&gent e?)% °§Zmalw}q{§’§‘3§ﬁ§’?§q‘hgi§5t he ray R
i s once norksht eighad cammbileladibking deteatet] byitbe HR ditectdr 109.e Tneeratp &1 sﬁﬂcesﬁiielsidbl y, the

ray strikes e interior.,sjde of t nbe atlo i s about

06" degr ces il PropteBtit HBSlutinfinigh 32 Al Frrdeiess dnf it B ehtRPerialfpean f ound
that a partfhenbebid %flEdt@ibacleVEhe rapR1 ltﬂammgdntaﬁaupiowaad mercadexroa@heaﬁé@dh escapes

the member 87 at this location. Accordingly, the IR detector 109 is

preferably Hodit jtsenebesiadoandasy Bilbrogdly.appmerbospdamssoniosoud grecsial - Anot her
higher integgl 8y ofiRdfemBerd GO thya1 @ rdfRERE bR (BN AHME SR HBR R&Soel 8P the IR

where a good percentage of the ray is reflected back toward the center. At the boundary
B, the ray R1 is once more reflected back toward the side of the member 87. Finally, the
ray strikes the interior side of the member 87 at a location that is about 96 degrees away
from the location of the IR emitter 105. It has been found that a particularly high level
of intensity of infrared radiation escapes the member 87 at this location. Accordingly,
the IR detector 109 is preferably positioned here, or in a range of around 0-105 degrees.
Another higher intensity node is found at a location around 49 degrees from the IR
emitter 105, as would be expected from the reflection. In another embodiment of the
present invention (not shown), an IR detector is positioned about 60 degrees from the IR
emitter (i.e., nearer the 49 degree higher intensity node).

[0052] The boundary B of the electromagnetic radiation propagation affecting
member 87 can be made of the same material as the remainder of the member. The
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emtter 105, as would be expected fromthe reflection. In another enbodi nent
of the present invention (not shown), an IR detector is positioned about 60
degrees fromthe IR emtter (i.e., nearer the 49 degree higher intensity
node). 100521 The boundary B of the el ectromagnetic radiati on propagation
affecting nenber 87 can be made of the same material as the remainder of

the nmenber. 188, h2hEBoGILA'B Rhy bdRioROPOEREY" (Be. niﬁb!re@ﬁecﬁﬁf)&harpé?iewﬁ%d (i.e
nore specul ar) than el sewhere “to increase its ability to reflect

el ect r omagntetinazeasaids htilityito feftpt n@r«!ngnagngtm ltaﬂneﬂdmm@dmrsg upomdwéwemdary t is also
possi bl e that the.ce

h f
separate ma %‘{Y?ng it 1f %ls? }{)]ostsﬂgf% tﬁat ?he Cﬁntrar%,g% 8F tlilg Jd ouﬁl becfo a

case, e fOI’I’TE an i nner

and an out edepara®nifdrial. smcﬂlrata&edﬁsmémbacmmjumejmnﬁeagﬁraﬁlmﬁdgm oaer I n use,
t he adm ni stratl on feedi n%ﬁ set feedi n%(bfl uid bag 69 can be hung . froma
sui tabl e suPpBbIL, sughesf th below wpregard i Fig. Zh Jmye: therdmipistption fegdisg 59 can

be Pl aced | & fdbfink Pithak BYEIn 4365 os fbIRRA LEAESSn 1¢pletndin_oPerati ng

position as shown I n ) |rst tu tlon 57 1s placed around the
| ower part shbwhhel heolmprchaﬂbeaﬁﬂ cztmlw piaacbétxythe ﬁtselomctccckeéﬁ el @fpel lsceps aced on

the seat 91, at the botto recess eat .91 in the
socond | one® Flap gty Rododus dPSn iy FRof Ik SRR R s PGS e o1 ook
device 61 caplidwer pardsRle t0fdrQ7tkhe e esefydntefl SURRIevic6 PR PlaRtd én theeat DN in which
the first tube section 57 is substantially stretched around the rotor 37.

The IR eni t#tdhe bptfgm:ph ghespeand desvar secessdig- S sqah? kinthe seeend lgwerrrecesoht S nuous! y
check for t L? %5&9&00% {tREs P R oY dk h&f?&%ﬁi cfaﬁﬁgblg&d%% e sedfign the

safety inte evi ce I's received in a proper operating position on the
seat 91, t hbwer méesaataiowtlgmai whiclothe tfine tibR semmon 5% is shBBantigllylstreqabedd to t he

el ectromagnet ad| a f.ecti menber 87. The

el ect r omagn¥P1d %’&?toé ﬂhﬁﬂgﬁgﬁgﬁdg g?‘% 8%??‘%3%9m%tfmaﬁ?ﬂﬂtyé”t he infrared
radi ation i gn€inikduSlyicRécRfor0the Wa@mee biBe Bop&t: 1@5&@&’@%@ sétadiwhdnaie i s diffused
and internally ref Fect ed (see Figs. 6 and Some of the infrared

radi ation SRt Htsrigck é‘afﬂqeéétlwcqam%ﬁarqyﬁﬁonewp&g@%mw theiteat O loendary of
the el ectr OfRGREefial oI Olidaf APAIAHLAR Bt felbia Q%Ir%ﬂ@&alaﬁ substantiall'y
gles t

at right an ereto passes out he el ectromagneti c radi ation
propagat i onplaf)afgandm af@cmmbanberSﬁn’ﬁhe)éledufomagmuapadmglonprdpagtled affanimgt ion is

directed towar ecto 1009. | R d eri odi

oper at ed and“l ?@ 5ﬁé§%’f ?:téondf‘to 1%1“” F‘%?IF%W %er’ilc T’fﬁﬁpgedl ng set
5 has been ispifaRed dnd dlt@ﬂldﬂ’}dreﬂsctéd'@emgpé aha sA;s Wﬁﬁ&ﬁﬂa&@ﬁdlafubﬁ! | R
detector 109 is_ pref erably unabl e to detect el ectromagnetic radiation

havi ng a waVickigedirecisd puivard adpmpingesdhg owterdonpdaryef thydlecirogrgnesisagnet i ¢
spectrum %Qﬁtlg%rgﬁég'a@(gh ﬁfecﬁﬁkqnéxﬂﬁgr ah %’m&hﬂaﬂ@‘ at nkﬂ%nél@s {ill%teﬁ)cﬂa%es out

of the electromagnetic radiation propagation affecting member. Some of the escaping
infrared radiation is directed toward the IR detector 109. The IR detector is periodically
operated and detects the presence of infrared radiation when the feeding set 5 has been
properly loaded on the pump. It is understood that the IR detector 109 is preferably
unable to detect electromagnetic radiation having a wavelength in the visible light region
of the electromagnetic spectrum. Upon detection of the infrared signal, the IR detector
109 sends a corresponding signal to the microprocessor 79. Also, when the safety
interlock device 61 is loaded onto the seat 91, visible light is blocked by the member 87
from reaching the visible light detector 111. When the set 5 is loaded, the visible light
detector 111 sends a signal to the microprocessor 79 to indicate that visible light is

blocked and the pump 1 may be operated.
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109 sends a corresponding signal to the m croprocessor 79. Also, when the
safety interlock device 61 is |oaded onto the seat 91, visible light is

bl ocked by the nmenber 87 fromreaching the visible |light detector 111. Wen
the set 5 is |oaded, the visible light detector 111 sends a signal to the

m croprocessor 79 to indicate that visible light is blocked and the pump 1

may be operat ed. [ Q053] kn,.one di.en I 1 and IR
detector 109 ar e[O(f)Sgl hﬂl%lﬁeelrnlgf’%law?th&reé?ﬁieﬁr%ﬁﬁ?%/él{agRégEeg@Eégﬁere%&gsence of the

saf ety i nt espkach ittemiitetl§ lo @etect e psadce 0Bthe sdibg ihtRlekidevies 6 LODthe seadper at ed
to generate a pattern of infrared radiation pulses. The., IR detector 109 is
oper at ed i r?1la Tag R emitisr 1¢hds apargied t9aengrateia pakers pf indrpred sadiatign pelsesc Kb or ¢ he
presence of : j j.aLd e j i cally,

t he nunber IoRfd e%gttg% ?(\5/%9 Pgér%tg? #%fgne?%e&:a%{egg{%%g %?oln%‘g‘mvl\%e% ﬁ{aﬁ)%}ggl? feogl){}gr t han t he
nunber of puésses of elocrdnmeneticRadiatidnt feom e IR emittea 103. VEypiqally i thanumibet ofre.  For

exanple, the_.lR detector. 109 may ha t ctivations in a three second
time peri o&"%\m‘_"%_ orp ﬁ‘eéﬁ?]aﬁe&tror il/Q?Sw‘xng? gBe\é?eﬁ Blﬂ}f o ?tjd’“&g%%?l_ﬁﬁ? one pul se
of i nfrar edrreagit@t109 fordWiven PedidtofitiMee Fob SGaIPE, tHeNR dBRELOTHY fAHaRg the three
second tinme period, the punp 1 has a ratio of detector activations to

em tter adwWpwetivagers inp thiproigeorg time periofl and the Hk smiist 1Qaey bewogamped may have
ot her rati t . ge t or..109 operate in
ot her pr edgﬁéé%gartlée%pﬁ%%p?ﬁ ?gﬁﬂ&l%gptdﬁ%ﬁ%%%%ﬁg&gg%r eungn"g' P{r}%}/rﬁ t he scope
of this i nueaithreerecohl @mkBedel, @rtpampliAs afdiotdfidetecomdcticdtionas to&mitay be

configured far recognizing a particujar, and for exanple irregular, pattern
of acti vatiaaﬂgaﬂeflsqfr%@owéﬂedftswefler%ﬁe%itﬁftdbwmncl @ayéa‘*? s ORGSR 191 and

safety integpl ﬁ@&n@l@/io%%n&ﬁ%flaéct& 1%9%9%Ee§m9&&%ﬂéde@rmm& iRerfEaRt

invention. The safety interlock devicé 121 of thi's enbodi nent has an

el ect r omagmattéros withioua tépartingrfopathaséapn ofithisauvention. nEred8rdetee®r W% dnddlee  angl ed

annul ar surface,125. The IR em.tter 129.is located {p _an alcove.131 in a

o a1y Bt 2T ped S conis i Ry Sheokfhink e End Br S BEHHELA Ol T Sne

to direct ipaftéralo@activaisis af iheMR e@wRr do3.he safety interlock device 121 in a

simlar manner as the first enbodinent. In the enbodinent of Fig. 7, the IR
ti

detector 133 and0%4%i Biesre Yaws assabdlgmd apaistypierlpckdericn 12 hofasepddt i ve
al coves 137 b%ﬁ@ne'n?%fgnge %éeﬁ{ inYerkiBfr] The S Bfe?lﬁéi?aev?:ferlgrgf ggat 191, The

angl ed annul ar sur S5 1s reflective so [ l'ects infrared
radi ati on dnbotimenehasRn elettrdnpagndtRradiatiomvyomhgatontafifecting mo@nbtec 1 23 witlBsh when t he

ooy " RS S SE, 121 R RS R, 8 BSPh A, ARG ousT 10 165

191, vi si bl feciagrfirRed 132 @latse£t 201 BEnolSth@ ¢4 4hd is positioned to direct infrared
radiation toward the safety interlock device 121 in a similar manner as the first
embodiment. In the embodiment of Fig. 7, the IR detector 133 and visible light detector
135 are located in respective alcoves 137, 139 in an axially facing surface 141 of the seat
191. The angled annular surface 125 is reflective so that it reflects infrared radiation
from the IR emitter 129 downward to the IR detector 133 when the safety interlock
device 121 is received on the seat 191 of the housing 143. When the safety interlock
device 121 is not properly received in the seat 191, visible ambient light can be detected
by the visible light detector 135.

[0055] Figure 7A shows a seat 159 and a safety interlock device 161 of a third

embodiment of the present invention. In this embodiment, the safety interlock device
161 includes a reflector 165 on the external radial surface of an electromagnetic radiation
propagation affecting member 167. The reflector 165 may be a layer of reflective tape or
a layer of polished metal affixed to the remainder of the electromagnetic radiation
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by the visible light detector 135. [0055] Figure 7A shows a seat 159 and a
safety interlock device 161 of a third enbodinment of the present invention
In this enbodi ment, the safety interlock device 161 includes a reflector 165
on the external radial surface of an el ectromagnetic radi ati on propagation
affecting nenber 167. The reflector 165 may be a | ayer of reflective t ape or

a | ayer of f ct.ronmagneti c
adiat 1 on BIOMERBERER R mbisk 167 gh e oo L R cle IR S ABSor R g 7
the IR en tthelR d&&tor 1t7memulﬁldi&§1mehgmt détédtor BTBChré m@n\ghcsinbﬂnaldowgms idat ector 173
are arranged in an alcogve 175 in a radially faC|ng surface 177 of housing
179 in a meRfislly fging sufage 17 hel hoyping I tfipiadeannersuch Balthe dupg/deyises areal | y

al i gned an%ea ﬁwé{lcaﬁlgaﬁgrfehagapﬁsnel JeakﬁoﬁleQ{étll &qsﬁﬂﬂhéﬁmmt&;er 169, IR

det ect or nd vi si et ector e ot herw se arranged. Wen
the safety 16% thiamknrdélnaoévmﬁﬂc light dﬁm@orvléalmam be hélesresetarfaﬁqu tWeeni nf r ar ed
radi ati on tted em t.t off. the.refl ector
186 ana e ot ieet LR aba% 16T SR ip M) b e Bl rfidioh ey e < o

bl ocked fr ofef efeaRichtierD¥9 tsh@ﬂeetealolﬂﬂtﬁe}eiﬂgét&r16@%@&5&5111&&130 thdhrn t he safety
interlock device 161 is not |oaded in the seat 159, infrared radiation is

not t ransni datestprl 3l anskambyeny wisible light 15-blockeriremptesionpy shepvigbleilighit can be
det ected by,;dhe, (b5 Rh& hle%ﬁfg%ﬁ&fo%ﬁc%?w@g fﬁ}l ik 9&5@4&3& hﬂyé ?e}g? %hﬂx‘ﬁ‘ﬁreﬁ seat 189

and safety interlock device & present

i nventi on. rAdiatioh ik het transmitted rothel IR@nEcsor 17hendsahtsdent visitleligloncdn bedevi ce 191 can
be renovabl osi.tioned on sea 191 and thereby rel easably attached to
t he punp byxelt‘{%gd&é’ét?e‘ﬁ?‘blﬁélﬁé'@"??&or T3 this enbodinent, the safety interlock

device 191 incliggss @@u}egé‘ého% B8eat 989 £nd3s9fe%J 16&%16&(%91%@@9?0%31‘3{1@{' on
pr opagati on affectl ng nber") received in'the seat 189 of the housing 199

when the f e@nhondgn@éof the)nreses;lt ingerdied. Asin mhenmnmﬁ)odmtSl thg kafetyiigerlor®5 i ncl udes
an outer Ut ar Ort Ieoerg\p Ié/ cPOSltl?)?ﬁ%'O g\het eat léll and Wl%relb}/ {geasa@ﬁ%tatc%% ntral

V1C .
portion 209 B teween e ang i on receives

a tube 213 wfthd fieng 8ate 0@r Slaiare%ﬁzler IAshis bmlMthméhtﬁh@saf&y ittéteock Beviegri t ter 217
and IR detector 219 are both housed bel ow a hottomwall 221 of the seat
189. The | R%Brelydes aight pipe, 190 (anjefecirapagpeticpfisionpropsptirntrifestitthe out er

annul ar por &4,08r)28ivefl it «JB@ sdat gébtofﬁhe%uéﬁg 1@&@&& tfie fe%&!ng §ét961 Rxoédb@ angl ed

annul ar wall 207 'through the central portion pi pe (around
a central f¢mﬂ1dplpap;s"ﬁlgadlg21ﬂ_ﬂpe b%ﬂ‘locleddmnngtera@ﬁlaemradni@ﬁ alhalgldd detector 219

b h | ed d h Wh
Py, 20l SN2 5 RSP SBRGTA b USSP, P P VT

portion 211 that receives a tube 213 of the feeding set 201. As shown in Fig. 8, the IR
emitter 217 and IR detector 219 are both housed below a bottom wall 221 of the seat
189. The IR emitter 217 directs infrared radiation upward to the outer annular portion
205 of the light pipe 195 that is reflected by the angled annular wall 207 through the
central portion 209 of the light pipe (around a central fluid passage 218) before being
reflected to the IR detector 219 by the angled annular wall 207 on the opposite side of
the light pipe. When the safety interlock device 191 is not properly seated on the seat
189 in the loaded position of the feeding set 201, the IR signal from the IR emitter 217 is
not transmitted through the light pipe 195 to the IR detector 219. A visible light detector
(not shown) may be present for use in detecting ambient light as in earlier embodiments
of the invention.

[0057] Figure 9 shows a seat 231 and a safety interlock device 235 of a fifth
embodiment of the present invention. This safety interlock device 235 of this
embodiment comprises an infrared radiation transmissive material that also refracts the
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189 in the | oaded position of the feeding set 201, the IR signal fromthe IR
emtter 217 is not transmtted through the light pipe 195 to the IR
detector 219. A visible light detector (not shown) may be present for use
in detecting anbient light as in earlier enbodiments of the invention.

[ 0057] Figure 9 shows a. seat 231 and a safety interlock device 235 of a
fifth enbogi . . i Wele i I devi ce 235
of this eniiarargioh e ERe e G e iR P el o er

t hat al so rdvica@BShdsheed&allynpaipgoasl shaedi ippoditetsidan2db dfttleckafey mteglock he saf ety
interlock devic The safety |nterlock evice 235 has a general pol ygonal
Shape. Oppclavie 237 eSSl s fry 196 bt fﬁclﬁiexfg_&? fetiye ea?@anm ed
paral | el tonRAGkk QRN thd BEisQAtorkRhtibSilllia¥ed ih Pi% 86 iMeelt M@ gl Y
interlock device in the particular orientation illustrated in Fig. 9 so that
el ect r omagnrediaton is seffagtefl emthe desired manneschs iwill bhdesarteidr dap [Reemitdar 2335mwi | | be
descri bed. An | 11t 37.q.an upper. | R det ectQr [ ly, "a second
detector") ,ungﬁrd&a&?ggé%? %ém gp’écatsg(r: r@éf%tec?fﬁ’oaggfé?weriﬁ% Ft&(g[?ro%ceit ector") are
posi tioned (besadyetastirfigietebto arpabiiosddrfad deding i€ edladiginBehtionFé&lidpast been
properly | oaded into the punp.. The upper_and lower IR detectors 239, 241

Bt e post t i oHcIEs HeenRERST e inoithropuStD. e Ugeereng iver Fofisteaess £R-8Al 1 or 237

such t hat tfig oo &itikd 64 0 Bbdsie i HEL AR QP2 R0l SR lkiEb3 PRRA Bk RL el v 180

degrees wit espect to e Al'so, the upper IR detector 239 and
| ower | R de¢nsigterond Htldetec wrssqa crahtealma appreximaliclyt 180 degrEesswitht tespecttb eachi nf r ar ed

radi ation i s, passed,throu th ety.interloc ice 235 he radiation
(a5 | nat cat AP P pRarR dte e PoaH It B Aol ERaSd 3atd “t e T over
| R det ect or did4dce TRRSEA WHRR inTfaeslahdigiofis bé&ﬁdfd&h@dﬁli tud sttty Oierditd de@beds a si gnal
to the mcroprocessor to enable operation of the pu The sides of the

safety int G0l Teapion s indicadeat ariol dd) jsapctedior b dap v ke faset hat
refraction j i At | S H . han to the
e 1 R oSt iucdl 3 Ceenk Bt dflee o it b Bition o AR B SAAG LY | 0 L0
i n the seatmR8jprakssbhe epabipopardteniofifhepumgd. Thelsiddsiof thefsafoty infedodkRlegitet t er 237

(as indic dDb antom arr.ow A6 asses. t hr.qu t he seat suych that the
boam of | ni Fareae LRI eqteotir o EBEATEGioB AT e R RO dered or 230,
whi ch sendspyaths tegiadtiontte tHeNewerdR ettt 241. tWhdhi th@ @y aR@Todk H&Acea3stihe punp.
The density and width of the safety interlock device 235 affects the

di stance D élapdehinthrscaizgéof hepuwpdhe dured sefiation froguise IR guiteeibir(@241 so
R e
radi ati on wiatliatiorois dirbeed tefonlyaheuppehiR ¢etaspe 239 ivdtichrsendstazignajpontige on t he | ower
'R detector co%ﬁrg'llg\{c? (%saibfle cgpréreation of the pump. The density and width of the safety

interlock device 235 affects the distance D between the upper detector 239 and the lower

detector 241 so that if an feeding set is used having a safety interlock device made of a

material having a different density and/or width, the electromagnetic radiation will not

be refracted the proper distance to impinge on the lower IR detector 241 even if the

feeding set is properly loaded. A visible light detector (not shown) may be present for

use in detecting ambient light as in earlier embodiments of the invention.

[0058] Figure 10 shows a seat 271 and safety interlock device 273 of a sixth

embodiment of the present invention. The safety interlock device 273 of this

embodiment is generally similar to the first embodiment but includes a layer 275 of

infrared radiation blocking material on the external surface of the safety interlock device.

As in the first embodiment, the safety interlock device 273 includes an electromagnetic

radiation propagation affecting member 279 that transmits infrared radiation through the
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feeding set is properly loaded. A visible light detector (not shown) may be
present for use in detecting anbient light as in earlier enbodinents of the
i nvention. 100581 Figure 10 shows a seat 271 and safety interlock device 273
of a sixth enbodinment of the present invention. The safety interlock device
273 of this enbodinment is generally simlar to the first enbodi nent but

i ncl udes a -l r.adiat i L 1%532' I -t he

ext er nal suér‘?l %g%teog éi(ﬁefé’lcga? fé{ ?/gt%g%lér %lgﬁéf%g\%?izgﬂﬁbggcl n ﬁéet?cfrlaélgt%&n

enbodi ment , projegatimfadieytingmhanbeo 279 déne fromAdBaredildiadessblacking meteridrmgnet i C

radi ati on propagation affectin nber. 279 that transm infrared radiation
{hrough « nanEGILate &t ged faeveisale HBgRGSEAETLRE Uf RAE 248 9 LR 531 of
the el ect r ofiBEANG trafsniiAd Bidugithe RERHABBHORUeHCE TF foPdetbtrioh ey kiR is free from

infrared radiation blocking material as this surface is used to receive the

infrared sidgtrgior 2875t ishaderRoediihatthe IR@RItte285mad IR Heteqt® 28JiofjHay i s

t 1tted i i ti by the IR
e L ool pHOPobDE BRI G PR R BRI AhRrISKARIARD Y 1 |
of t h; S herr;bk)d'{ﬁrerzll7 ?_]anhé)alngﬁF bfega&diniﬁ’areame;ﬁmgdm @eﬁdﬂ?iﬁdgdi?ﬁnbﬁ!ﬂidal surface
291 t he sea . .The ockin er revents.infrare

el ec'? r omagnietices (e£aisurliedh W@&%ﬁ%@‘ S%‘.Eﬁtﬁr(?é%w _él?‘é‘.e f‘d@ﬁ’Fﬂ“P’Q‘Pﬂ) from
reachi ng tht%edh'fg éi?ié%lci% Yadedon tﬁ@ﬁﬂnﬁ.hﬁis%‘ﬁ%ﬁhéét&ﬁttﬂoﬁﬂ?ns BPﬁE’H&Qﬂ $§tac€95 I's

| oaded on the punp. i's envisioned that portions of the radial surface
281 of the 28lefthechuaiomtgnetic rdiation pmpjgatpaaftecingmerhba 9 mgy hewedBr 279 may

have IR bl,qckin terial thereon. In that event, t.he el ectromagnetic
o aton BoRuR g tefpc g ek S8t RSBl srdM R LR i ¢
structure (dffettisghasmier Q79 ishecfseBly keyedl vath stubtate (hdiehdvwh)emithd ®at 2850 and | R
detector 287 are unbl ocked. A visible Iight detector (not .shown) may be

present f orthaidle Rengtieredp japd (Radasscéari28Y atgrimblogkedn Acvisipledishtdetgior Mot s” of  t he
i nvention. T J 1 i 1hi iyyent may be
conatr uct ed oy ae SrEEhEbYuscih B ARE b ARNELIn S U SRR

"t wo- shot ith¢ eseiton. nol di ng" process. The process includes injection

nol di ng t he saf interl ack. deyi 27 i .th electro net i adi ation
propagation aff j@%*g&ﬁ%ﬁg@{ mgefg’cg §%?°§J?H§H§%°‘?WP‘&‘?‘EWY %g‘iné?—'llcgeff{ _
transm ssi vigy a"ebaiije@ion (®1ding" fro@h aldo BR&\A fosds\he twdIsHoMcasH m6lda@!' ymer resin)
together with the IR bl oqki&g | ayer 275 (e.g., an opague ther rrqgll astic

pol ymer r esPragess. Kherpeecessdpglades gnectign mojding hesalely ieriockdgvicePutith theie use of
a visible I} L.ocki : i I : resin m xed
N h red” dyef HomdREE kiR BicRiifin fffecine meRBLTP LGS il MERE | 3

el ect r omagnediagorn tasismtssivamaerigis.g., tiphtdragimisdines tberfroplasticodsmhep césin)

together with the IR blocking layer 275 (e.g., an opaque thermoplastic polymer resin).

Other variations of this embodiment may include the use of a visible light blocking
material (e.g., thermoplastic polymer resin mixed with red dye) instead of an IR blocking
material to allow infrared electromagnetic radiation to pass through the safety interlock
device but prevent visible light from passing through the device.

[0060] Figure 11 is a state diagram illustrating the various conditions the
controller 77 (Fig. 4) may encounter when operating the software subsystem 82 to
determine if the safety interlock device 61 is properly loaded on the pump. The state
diagram has application to other embodiments, but will be described in respect to the
first embodiment. As shown in Fig. 11, for the controller to provide a "SET LOADED"
status, the status of the IR emitter 105 and IR detector 109 must be "ON" and the status
of the visible light detector 111 must be "OFF". Any other combination of status
indications from the IR emitter 105, IR detector 109 and visible light detector 111 results
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device but prevent visible Iight from passing through the device. [0060]
Figure 11 is a state diagramillustrating the various conditions the
controller 77 (Fig. 4) may encounter when operating the software subsystem
82 to determne if the safety interlock device 61 is properly | oaded on the
punp. The state diagram has application to other enbodinents, but will be

descri bed i el a“’Pﬁgﬁq‘t' st%f?ls BQﬁE%infdicEt%& ﬁﬁl@%@hﬁmﬁ} T%S'Fﬁlﬂﬁyw s{aﬂls%@uﬁ gr for the
LOADE e I

controller to provid stat us status of t emtter
105 and IR tﬂeumtomheﬂ(l@e lading bethe &@MEty amekldchdewtat lumd vail ptdvent\lhesli»dnipe | i ght

det ect or must ot her. conbi n ti,on_ of st di cations
frorthe 1 H B bepteoSrcr ediisigr i Gervana coreh B somidet Tt e 101
results 17 4 1sEx LHADED" caldaioasin® giititge bpretitioabethe Eumf) he Dueing bdrathh.of The

"FAULT" status will pronpt the user to check t oadi ng of the safety

i nterl ock dévp@ap dhe 711 105 mag weeratercprtingawsly sorthatitgsapeingark Oﬁ'gStatE‘hce t he
feeding set; dt&u&{sﬁﬁrﬁéﬂl% dd%3d &he &tﬁtﬁ %eg%h@fsﬁldﬁbhgu g’ SET
ation ring op

LOADED" condi tion a Ini |ate oper efatl on of
t he punp, tthecdﬂ&oﬂenmtweﬂ sﬁ;@@peragmg)bepmlelanmmmmnubhy cewliidvat t he safety

interlock status. is contin rmnlto ed and th us changes from
L SET L onverpiisgaiy et BS Bk of Bperaiid Beriientewih Sadarbiolg « he. purp 1
and enter affraledERttERMHEhéticARdiatiaRteRdahimittbdIf alsatﬁﬂa tntcBVal &0Be ITRRY be operated
intermttently with brief pulses of infrared el ectromagnetic radiation

bei ng t r anséatactas d0%so thatdlq safqtyrimtarieelestetus isccontinyeushirmonjéared: tTde visgde so t hat t he
f et te t ht
safety in iéh?ﬁgtec%rall&'% 8 xﬁ%ﬂ%@é’%‘é?% %f)r pﬁg)'résgt{c%%f vikidf lYélllfésolb% if t{hb 9

det ect or conti nu resence of ht so
that if t hasafesﬁﬁl&atrlyck 6t 8 réroied &‘rbmi the seativand aﬂmmﬂslbh liphaintoXhe a:nd;s aI | ows

visible lig t in rece e Vi si bl t detector 111 | diately
senses t hi s £ Bﬁ@”e{lf%‘ﬁ&é sﬁ g ngng 1ftﬁ]é1 SERSAt I°P tionyand;signals the cogiro rﬂ;.gaar m
condi tion. Fhg eNleSddifind dodlitiof! ei‘l?eC\hQBle %%ﬂt dBR¥ 0P PEI @hFo Oﬂe?ét@fn@xﬁt@ﬂ@ y

wi thout departing fromthe scope of this invention. 61] Figure 12 shows a
seat 301 anwitlomt rtmgtﬁ@mtb@kcoaeoftb@mstm a seventh enbodl ment of the

present | nvent | Qfogh iyl SBOC) BN S BB EENALALL St dRul 5 303 1

made of an infr at1’on opague ah~ openi ng 7 passing
from the togmisdinheneef tBOPretent inhentiont Irothiseutibbdiaent tht S@fetytlh@rlﬁiﬂt\ﬂeﬁﬁe The

openi ng 307_i.s nfigured to break the beam of infrared radiation

(i ndi cat ed %ﬂhwygq? Sinintrazed rrdiatiqn; qpaque matena) and haspp ppRRELY/iPAYHSa seri es of

spaced aparfoReRsp &irfacd mtts%e%n&%@mm@mﬁ@%eame ﬂ@%ﬂe Aeienpyed by a

series of IR detectors 321a through 32l e | ocated bel ow t seat 301 in the
housi ng 327configuredhte hr¢dkub€tlveameﬂ irdreesiciadietinm (indecateR ab A ) fram 1@ 1B emittdrocat ed i n

an al cove 313 via diffraction into a series of spaced apart beams (indicated at A8a thru A8e) that
are detected by a series of IR detectors 321a through 321e located below the seat 301 in
the housing 327. In the illustrated embodiment the IR emitter 313 is located in an alcove
331 above the safety interlock device 303 and the IR detectors (321a - 321¢) are located
in an alcove 335 below the safety interlock device 303. The IR detectors 321a through
321e are spaced apart a distance such that the infrared radiation that is diffracted by the
opening 307 impinges on the IR detectors. It is understood that the IR emitter 313 could
be below the safety interlock device 303 and that the IR detectors 321a-321e could be
above the safety interlock device or in some other arrangement without departing from
the scope of this invention. A visible light emitter and array of visible light detectors
(not shown) could be used in place of the IR emitter 313 and IR detectors 321a-321e.

[0062] In the embodiment of Fig. 12, the infrared radiation from the IR emitter
313 diffracted by the safety interlock device 303 so that the infrared radiation from the
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331 above the safety interlock device 303 and the IR detectors (321a - 321e)
are located in an alcove 335 below the safety interlock device 303. The IR
detectors 32l1a through 321 e are spaced apart a distance such that the
infrared radiation that is diffracted by the opening 307 inpinges on the IR
detectors. It is understood that the IR emtter 313 could be below the

saf ety i Nt Rl ferdON o Y InARNRDRE I8 defRs IR P A SinBAbcifacil 383 Coul d e

above the safety inter ce or 1n some other arrangenent w thout
departing fis pperiyhlecasimahoseat 31s Thawenbérofidetéctars §2 - B 1k nghibe ethiet t er and

array of vigsible |ight detectors. t sho }n[ ould be used in place of the
'R o tter SRR s SRR pRY bl SEpaSine fohy Bpieape Shine REmknod ment of

Fig. 12, thgvdnibk.awaeh thaditélocRBeidc3Mtidwot pRs&t) ihfr&ed radib8oslfrbinrtaecired by the
safety interlock device 303 so that the infrared radiation fromthe 18 IR

emitter is citterdddd sogn pne prddieiRedatestos 33bor(bepadhyy 4segond detegipsh butnet i nt er | ock
device 303 i, 8%%&% s ﬁ‘f%tﬁijb,%@lci, @Sles.elﬁ% irgtgx}ock-ﬁ@\%c%‘wfq%ﬁ?é}ab tectors 321
er h 0 out

a- 321 e maybe o an shown 'i'n I's e Iment w eparting from

t he scope dieytd@otshesand thd housing B2ihto asWherpropee positieingd ok vidibla Iight 303 i s not
present, infrared radiation fromthe |R emtter 313 is seen. by the mddle
IR detect orJe%TE?‘PBF A {pay alsq pewig %%%&%%%I?}t SbiRTe g B BeeHisg of her
detectors 32dRdinakdf teddidntiqele. The interlock device 303 is preferably
keyed (not shown) to the housing 327 to assure proper positioning. A visible

light detector P03 Eigownl? shewys asesb3ddand gsefetyantgdeckdevigerdideaftanyi si bl e | ght
as in earlie i n of the inventign. i . WS a seat
381 and a seééhé}f §I{1T?O(r?#dé§$8£%e Bree\sl‘lgn(t: e Vgﬁg‘)%b?nguﬂs "“{ebf%g'r?‘%%‘t’ éEﬁ r%gff?yn%ﬁéflgo t he

present i nvderick 685 hdsfan kletortdphowt sibtion prigagstidneiffectingt eerhtee B87 sledd fe 385 has
an el ectromagnetic ragdi ation ,{t),r opagat i on affe&lti g nenber 387 made of a
materi al cdAHFerl Gepapleoh FaRsifting MiRreddpdiatiqna dibs £iceiPmagRelicapdaitonagnet i ¢

radi ation prORXARIRIR h&Met 597 IR TRSfer SBatiaF 380 b8 hopturi® fFifeal 389 on
the top surface of the "nenber that is opaque to the transm ssion of IR The

opaque | ayenemisn thabis opaque pethe trgnsn8giontdfdR. bheepegue lagerS8h hasanioptning ed

radi ati on A9 fromthe IR emtt.er 393 v dj,f ffact into a series of
spaced aparbf)qtrgﬁeaéﬁs{eaﬁt&Sl?ﬁ?bnl%ﬁﬁewﬁ {%tl%nﬁ)g?mérggfrogé gé{{ee l%egggér‘élgpecti ve IR

det ect ors 3fifitactidiriateghseB3&ad spdtedapafbesad &1 thivugh AoCkthaewd dect8Dyi S

properly seated in_the punp. Wen the propagation affecting nenber 387 is
removed f ri§TPCEHE IB@&E@MQ@%B%WF@%M%G%W&&%@W infegloek "é’é%e%@ﬁés i nfrared

radi 8t 0n 166 e n (RIPubp Wi Ine hbpaldn IHALRERAIH idhotdie nuber of

| R detectors a-395e may be other than shown. is further understood an
| R det ect orfram Herseat B8h only thelRedatestor 39&cseesthe infrared radiation from the IR

emitter 393. It will be understood that the number of IR detectors 395a-395e may be
other than shown. It is further understood an IR detector other than IR detector 395¢ can
see infrared radiation or more than one IR detector can see the infrared radiation when
the propagation affecting member 387 is removed from the seat 381. One can also
switch the orientation of the group of IR detectors 395a-395¢ to be in the lower portion
of seat 381 and the IR emitter or IR emitters in the upper portion of the seat. A visible
light emitter and visible light detectors (not shown) could be used in place of the IR
emitter 393 and IR detectors 395a-395e. In that event, the electromagnetic radiation
propagation member would be capable of transmitting visible light, but have a layer (like
layer 389) that is opaque to visible light. Moreover, another visible light detector could
be used in this eighth embodiment as in prior embodiments. The interlock device 385 is

preferably keyed (not shown) to assure proper positioning.
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see infrared radiation or nore than one IR detector can see the infrared
radi ati on when the propagation affecting nenber 387 is renoved fromthe
seat 381. One can also switch the orientation of the group of IR detectors
395a-395e to be in the |ower portion of seat 381 and the IR emtter or IR

emtters in the upper portion of the seat. A visible light emtter and
vi sible |ight depges OFguﬁenlqtsh&bQX"@atm%ga@ﬁe(gﬁﬁgﬂé&de{n foQftadifn! R -
emtter 393 and TR detectors 395a-395e. In that event e el ectromagnetic

radi ation qubogaurat ofche presdnemventioh.d Theseetd?d bs parodf atpusnpsieil that 39 vi si bl e

i ght, but .have g.l r..(lik | ayer .389) that 1.S 0 [ le I'ight.
Voreover . lgaieh S dibe g F5E 0B ol be bt O SR Redi%e i 2051 Ghe
enbodi nent  jagudin fibin@1456 aRDA IR inferlof @eviidd 481 | TKfed@Mi S 488may Be preferably
keyed (not shown) to assure proper positioning. 19 [0064] Figure 14 shows a

seat 421 anybganiglpthg samg esthe ferdigg st éshopgningdtie. 3. My pHPINGIREGiHdnt of the
resent inv t0f (. ustrated
:On bl ock di gg%%%q %tgﬁﬁ Ekné_\?%gfoﬁ){_ﬁ? pEﬁr%pm%b? m)untéa Elﬂ’% d’ﬁ%‘éﬁs%t 405

i ncl udi ng tpunipnitpidl G ;wnelntasubaﬁr&tayy asdescribed ln previpeeerd®dimenkse Thesedi ng set 405
may be sbstat al | nme.as n t i n Fi 3. A
pu?/rpi ng dg I miglr’fé e&“‘?%t“é)? ag%l%% ?tglre%% @Vlalﬁﬁg%e%%f he rotor

437 can engagq vﬁme 1ipHRidB@ctAP4R 5tif resPdbiiPe Albotieslirf the RoRigi489{Fig SUpshanisi al |y as
described in previous enbodinents. This enbodi nent includes an IR emtter

427, an | R dehodimast, el enattwgi?bmbthpﬁ%ﬁ@te@@ﬁ@@ére azgged a5A8 a visible |ight

det ect or 43%%0%*&%&@68? fée @%%%ﬁlse ct t{;'%a%%lﬂ?e'r A tﬁ%%ﬁbﬁé ht ditheer | 1 LHI'S

enbodi nment etec arranged at an
appr oxi mat e43)3 aﬁd)tlﬂe/g;ﬂﬂehgngbmtw 435 alrceaa-rmagéd dt an egprbxinikteBroOategdret brgly i si bl e
light emtter, 433 and the visibl det ect or 435 are arranged at an

appr oxi mat ewh sepeqigcach ot Othely %WF e@fewmﬁeh eoOsRerallyspRRIngG | at i ve

angles are @b ﬁ@d&&%&l@be1oéaeéa%ﬁhwtommnnger 425 88 tthRn ¥R BERE of B 1 S
located relative to the IR emtter 427 so that in the absence of the safety

i nterl ock defdtyiateglodk davive 4p hithaingared sadiation emitiedby thed Ripmititrevill Roterri t ter wi | |
not i npi ”gﬁ?ﬂ%%g&l‘t%e gcttngtB%h N QALY ﬁr'%s%bééa %h‘e%%%lnt%gg%ﬁ’%ﬂ?' bl'e 11 ght

emtter 43 rrang e generally perpendicu ely
adj acent siamangdd geheamﬁ@pqndmlaefoltb@hm«dlmml;zedjélc&iht sidiecd T tiper afeey inyerlociunt ed on

t he punp 40 I\/breo in this and ot her i ments, the bet ween t he
emtters 42%vieadaly ﬁlﬁrﬂ%er@é?wgoﬁﬁ@rﬂug@k &e&j Ve this andthdrer apl y sl |

inrelati Onerﬁ%dhﬁlﬁtsd{h@gﬁﬁ 8twdn thdeniabYy, 439 bAd e Sifed etk Uevie 461 NOMi Nal |y
0. 005 inches or about The safety interlock device 461 of this

embodi ment is prefaraiy mldhin\relatm tp tfercigneterrod dieseletyrintetiock devigpéaggie to visible
light. In Oxsotﬁ?{lally 0.005 inches or about 0.13 mm). The safety interlock device 461 of this

embodiment is transmissive to infrared radiation but is opaque to visible light. In other
words, the interlock device 461 filters out visible light but passes infrared radiation.
[0065] The infrared signal emitted by the IR emitter 427 is diffused and
reflected in the safety interlock device 461 such that the signal strikes the IR detector
429 when the feeding set 405 is properly loaded. The seat 421 and safety interlock
device 461 of this embodiment are especially useful in operating in a dark room since the
visible light emitter 433 provides a second electromagnetic radiation signal (e.g., a blue
light) that substitutes for visible light not present in a dark room. The control system of
this embodiment first pulses the IR emitter 427 until the IR detector 429 receives a signal
recognizing that the safety interlock device 461 is loaded. Next, the visible light emitter
433 is activated to send a light signal that is blocked by the safety interlock device 461 if
the safety interlock device is correctly located in the seat 421. The visible light detector
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words, the interlock device 461 filters out visible Iight but passes
infrared radiation. [0065] The infrared signal emtted by the IR emtter 427
is diffused and reflected in the safety interlock device 461 such that the
signal strikes the IR detector 429 when the feeding set 405 is properly

| oaded. The seat 421 and safety interlock device 461 of this enbodi nent are
especial |y 456{ bhorkidh BREER DT [ibfe LA Kk PAM 514866 bR aﬁﬂbl%htq{gﬁt Itk ght
emtter 433 provides a second el ectromag%etlc radi ation signal (e.g., a blue
| i ght) t hateitebenidition gsiefeoted(/uqsllighefrcbm ginittené33 @Teawmamblnntdlght—ird( room The

control syste hi s _enbodi ment uI ses e IR emtter 427 until the
R det ect or Cng 42t MRe R LRt e warh e PR e A A EaPRR P AR or | ok
devi ce 461 fesdih®a s aldedsts ndt Bow theipimg 4b1 @ dpefid rti€the cémBitidsisact i vated to
send a light signal that is bl ocked b}é the safety interlock device 461 if

14

the safety ¢omeeied.obhe Rleskngsofijambicyt light by the|safetytinigrlpk deise 4ehaugesthe The
visible |ighf gﬁér%%%e%ognf&% the 3G ﬁﬁ@aﬁ??ﬁ%@ﬂﬁxﬁa beoﬁ ¥hsihd e 11 ght

S|gnal and to detect excess a |ent tlon I's detected
(i.e., i ghpuxﬁp@hcbtd:ﬂsiaéaul%ﬁdloon ﬁ”)thnesssblarhghteietecior 3t Jetects th@uBaneOI | er 477

actl vat es al ar ha eck t al i gnnent of the

f eedi ng set &Pé?}gﬁ tb%"]ﬁ‘ﬁ?{]eslﬁth %F%‘{ﬁﬁgtﬁ'pﬁjﬁgﬁQ‘ftﬁcnbrp“gggf’t&“tgﬁ’te t he
condition i eseg@g(;fqggsg;g g0l @skaagiof anbient |ight by the saf ety
interlock device 461 causes the controller 477 to recognize that the set is

I ?adﬁd and the pldfeslnReleringdeFig. &6, therepatrolierdd7 hapla misrapeacsssar 478 that coPdl ti OR
visibre | ohitglpfib sREhGis hippie R hddans’ ThelGupld?? il (0T OF

the safety leadt end otivatbesubsystedBIB2 ubddln Gdtedtmp aierprowger positioning dfhe feddingont r ol | er
477 has a m croprocessor 479 that ntrols el ectroni ¢s 480 t hat

oper at e thes%9539n thoRumA A" Qnsratisn PEIHC 01w arh AbgIn 472 fr"ﬂé%&é‘? CHMRILES t war e
subsyst em 482 ol d01 PasetPSPFhdRG e ¥eedMOREA0SDRRS th ipAfcnar ME sdiig idi@Rdkng  set
405 on the punp 401. Qperation of the software subsystem 482" for use in

cont r ol | i ngdevided6 pusprongly neaisienedam thieunkis is given if e dldivalpreidlustzpged in Bigd i n

parti cul ar in eV| C r, [l an on the
punp, is gi v’};ﬁnﬁ%gﬂ%lar Sét%ﬂ{g&uﬁtﬂo s ?esgg%hatk’fég '%@%.r 4%(%1&2&%%4? |a§n§l ar set
of instr uctoﬂﬁas"puped"atvel&nsme ﬁqui4alh§pdv%refmﬁdt33964% sofwhrdlimieslizenatand of f or

401 is powered up a t he softwarelnltlallzes

"nul sed"
a'to - fneock 1@9(3( %&S@P %Seggalelregfs 0 PEfs F%exejﬁpleg*gsi R emitenf e/ andyisiilR et ter

427 and vi sjh @mt{ef@ﬁar@%tw 6FF. 4§1§nl§fl? aﬁ& rhf f&lre catledIAnMidnY Loék REQTr am
feature called Ambient Lock is set I—g as are program features

| nst ant Qut pletOEFhés @aprgram fEafurss ﬂlgstan@mpténn& Quipkt. iBricdly, Awhicotleock it i s
triggered to, Rre¥S PSRl 20 el opbllBoR s Re Al M1EMdntit & SedghiEdhied that

the IR detector 429 sees infrared radiation from a source other than the IR emitter 427.

The InstantOutput is a temporary or preliminary output of the software (i.e., whether the
pump 401 is to be allowed to begin pumping). Output is the final output of the software
used for determine whether the pump 401 is permitted to operate for pumping fluid.
[0067] At the outset as shown in Fig. 17, the function of the software
subsystem 482 will be described assuming that the safety interlock device 461 has been
properly positioned on the pump 401. After the initialization 1398, the IR emitter 427 is
switched (or "toggled") ON at block 1400 so that infrared radiation is emitted. If the
safety interlock device 461 is positioned so that the infrared radiation strikes the safety
interlock device, the propagation of the infrared radiation from the emitter 427 will be
affected so that infrared radiation is diffused and reflected within the safety interlock
device. Some of the infrared radiation exits the safety interlock device and strikes the IR
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the IR detector 429 sees infrared radiation froma source other than the IR
emtter 427. The InstantQutput is a tenporary or prelimnary output of the
software (i.e., whether the punp 401 is to be allowed to begin punping).

Qutput is the final output of the software wused for determ ne whether the
punp 401 is permtted to operate for punping fluid. [0067] At the outset as

shown in Figiecthf 429. Nenefsuitfrhire QRuses bridll af BlotNVBI(] afistiRS VS bBIMeASYy 1 | | be
described assunming that the safety interlock device 461 has been properly

posi ti oned togeledhen gndripengertls thaflRaleteptond3datblogk 1402 to daten@iggif it In EONR emitt er
427 is h atr I g S adiation
is em tted d ?ft%? thlgf%red #agfl %I?%td)gtrelg\lc)k g\??&c‘garézk%%’szeq%%% Oée%é o that the

i nfrared rmbﬁioncbtbckﬂmw\eseré heuerizs etyther the R d@ekord@? iso@N ahdeither thpdRjat i on of
the infrared radj atl(gn frtﬁmthe emtter 427 w ffected o t hat

infrared radREEG9A 1§ QF P the dBdenhbockds p@cﬂ’é&”ﬁ?%ﬁ?’h’f@‘ﬁ%s@fﬁ?é‘%@ 9kt er | ock

devi ce. SO”EFerfe4511{%pkdﬂeflﬁf)é‘d?tl({n@&j'tﬁélfw&t&i@rh@9 fsheaN 3Rl @b YR eRlRE kpck device and
strikes the IR 21 detector . The software pauses briefly at bl ock 1401

after the |®Nend thegvmbion Ipsk 1sw§g [Theretome, drechns werrio theagderytahdecisRnddeckct or 429

at bl ock 1402 taq, d,et ne if hat infrared radiation is
det ect ed) . %é oé V(S S’stl]%m ieé(fgf}r4g%il?)s SS%%%‘CEEWF &% atloaeﬁ&mstlkon bl ock
1404 where dnhttetwaw wiichReddiekivé Bprbfer ﬂ@@lﬁﬁ:@rof%af&y fobdriacldericdeh@he t he | R
emtter 427 is OFF or the Anbient Lock is In the case where the safety

interl ock YW&vrEdhaeetsithe Ambisatlogk Efb@F]f Mﬂ% 149%“1*‘!?%%?%‘?6@ flonits s ON, but
the IR em Ui Rialis A&ﬁ%ohcﬁtmn%‘gcfﬂ@&éeh?to’%ﬂpﬂl%ecﬂsﬁﬁIf)ldcﬁ 1%: Therefore, the answer

to the query at deci sion 1404 1s I'n other words, the IR
det ect or 429 had08a8énIi the newtdecisioniblatk BIO6S the softvieee s11ésu5tetre482¢2ﬂppmch is

indicative 0 e | £1onig ) i.nt erI The

sof tware t h8 ﬁ?yg gaﬁuﬁg ﬁ%ﬁ%ﬁ‘f‘ %C}Lg{?t %%ecfﬂfgggfny B! 138?(0”1 ?\ﬁhﬁ%h is no
change fr onAinb®nt llodk id @Ni(BeReuse ifehirdd radijticnshsieRERE B dét@ct@rm Rven €RCi Si on

bl ock 1406. [00681 |n the next decision block 1406, the software subsystem

482 can opefRefnutter437 s OFE), ot wherathedR eamittqrdd - IRetsrier #2%ad virdtlelighsr 435 in a
situation ‘é\%ﬁggr ég'_’,tal%eill ORE In r@s’%ﬁtt#ag’é: Mﬁen%&ﬂ?@ﬁp%ﬁd bothuRd radi ation

was det ect etector 429 IR emtter 427 was OFF), or where the
IR emitter eh@ifter 42Rad@ﬂb¢¢tcntor429aar(d\l,\spsthdﬁo&wbnegmceedm tdaélthe%ﬁblahghtal | OFF.

ot eotor agonsit on HER A ey Selatey oy der e G o gt

det ect or 43@sible lightfelectbf @85 solthercpding BIOBF. | Nmatvieh Gakied ¥t thehaxt H@efondevi ce 461
bl ocks the visible |Iight det ect or 435 so the reading is. OFF. Thus when
queried at Blpk HdQithejaswey ignn @pééwpmmnmowtaﬁmxtdeﬁlswﬁ&%%ﬂl?t he program

moves to thgpgAbie ﬁgﬁt' iR 493 REKaot Bkl turned on yet so the program causes the visible
light emitter to be turned on at block 1414 and moves to the end of the program where
there is a delay 1415. The InstantOutput and Output were both initialized to OFF so that
the pump 401 is not yet allowed to run. After the delay at 1415, the program returns to
step 1400. The intermittent operation of the IR emitter 427 and conditional operation of
the visible light emitter 433 provides significant power savings in operation of the pump
401. This feature is helpful when the pump 401 is operated on battery power.

[0069] Proceeding back to the toggling step 1400, the IR emitter 427 is now
turned OFF and the IR detector 435 reads OFF when it is queried at 1404 after the delay.
As a result, the Ambient Lock stays OFF so that when the next decision block 1406 is
reached the answer is again in the affirmative and the visible light detector 435 is read
once again at 1408. The safety interlock device 461 still blocks the visible light detector
435 so the visible light detector is OFF. Unlike the first loop through the program steps,
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The visible light emtter 433 has not been turned on yet so the program
causes the visible light emtter to be turned on at bl ock 1414 and noves to
the end of the programwhere there is a delay 1415. The | nstant Qutput and
Qut put were both initialized to OFF so that the punp 401 is not yet all owed
to run. After the delay at 1415, the programreturns to step 1400. The

I nterm ttenhe PRBledighPémifbr 4306s Ad% 8113 th€profram B&s 68 Bfliet ihe Mdtan@Mpwt i on of

the visible | II\Eht emtter 433 provides significant power savings in
oper ati on dp OMhat bingkp 4164 dndicating thattheypymr4q isshpeld be allowgddn operate \Inp 401 i s

Che TR o (g CRAEGyer W IROR S e Al Al Wb 98 128" P when

it is quericdraat Alsdfdicaddiarhdteet atebmplock PH 8goutms (lltering thay Mbdahéfoﬂeock st ays

OFF so that t he next decision block 1406 is rea e_an IS
again in tHémg?ﬁr‘fquﬂﬁ‘fisxﬁéve&ngo&lﬁﬁaWFélﬂﬁo AghY r&&‘fléec"ttgp’ ]gé%ﬂﬁ ‘Eari once
agai n at 1408, huhfder @[%ﬁ:@drbénbé@foﬂﬂe(lﬁslfan‘?@ biete 4968BeiRg dek to @N %f@?e th@ﬁné'l' S' bl e

| ight detector 435 so the visib detector is F. Unlike the first
| oop t hr ougDutpiid 4p¥ BgetdaON e‘yﬁ@ous algomtlgmes fnrgstbblehmgmﬁdemetméxe fmgB i s now on
so the pro es on to f lLas t 1416,

i ndi cat Pngg‘}“&éltt gf%%prﬁﬁ%n i) sho N e%ebglr}feg{v\heeg nd Ou {lta}l?%cou?&;%rrpl ng
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operate. As indicated in the next action block 1418, output filtering my be
used bef or eveHBSIECR I exthercase, pacedhe Quiputddl 8 jsisekta (N themPAX ihar e may
require at oldhd eF r

| nst ant CQut péﬁllt0 142‘1&6 b%ﬁlgﬂ{scee%ﬂ?%tﬁ)aﬂ&glee?g?gm?hesé‘%ﬁﬁg&&l&é@?ﬂﬁt@&ﬁ%g}% set to
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| nst ant Qut pyubsy}@hGI82 N It iSHMEF dhvisitkbd tatthe VRibh ligh EmBRE433 lbetnir@eddff put 1418
is set to ON,,the punp 401 is allowed to operate. Once operation of the

pump 401 i sasﬁertﬂmseae PAV§To YRTIPRS Ways obpreEating ghe IR enyitgge 423 a‘i‘deV1§1H]€ light ot y
| ock
interloc 3§@i‘tex{fﬂt@8ﬁ'ﬁ9§adﬁb aﬁa%ﬁﬁﬁe%@ @M?tﬁyh geélt In0erdtfdg,

illustrat ed e I ment is 1s acconplished cont operation of
sof t war e subsys[ﬂ%’M] 482will bt apmeadtebthatthiére perseckral hacundtances ig whiich the ght

emtter 433 e turned o ai n serve Var i ous ways of
oper at | g CREAR e 405 5ol ores S ngroliSh SRS Sl esest BRRS 'Y et y
can be enpl @yedond ihditalive bEths capY igbridcR@eit€S6INYf thoTeeind @040 R0BQAg |t wi |l | be
appreciated that there are several circunstances in which the software

subsyst em 489PsRypoitipned va tie rypwr Refesence s alseangda ipFigohs owingrserardlng f aul t

Zggd'nf)'t OBZ doﬂ&ll'tlsﬁslth%%aﬁ)gcchpﬁoﬁ@ﬁe%le&ﬂehﬁﬁerpmhéj&%?e ift@hcRinstimdlif€di N9 set

the software subsystem 482. The conditions shown are not intended to be exhaustive,

but representative of likely conditions to occur in the operation of the pump 401. Until
such time as the IR detector 429 detects infrared radiation (IR detector "ON"), the
software subsystem 482 will not allow the pump 401 to operate. In other words, Output
1418 will never be set to ON until after the IR detector 429 has at least once detected
infrared radiation. If the IR detector 429 has never been ON, when the software reaches
decision block 1406, the answer will be "no" and the program will proceed to the end of
the loop with Instant Output 1422 set to OFF. Similarly, the visible emitter 433 will not
be turned on at 1414 until a point after infrared radiation from the IR emitter 427 has
been detected by the IR detector 429. In that case, the software subsystem 482 proceeds
from decision block 1406 to turn the visible emitter 433 is OFF (block 1420) and the
InstantOutput is set to OFF (block 1422).
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properly positioned on the punp. Reference is also nade to Fig. 15 show ng
several conditions that can occur fromthe inplenentation of the software
instructions found in the software subsystem 482. The conditions shown are
not intended to be exhaustive, but representative of likely conditions to

occur in the operation of the punp 401. Until such time as the IR detector
429 detects infrapaqd mRtheHrd bhdiddd HlRUrPig. 15MNolh thé e emARf 42¥6dm@ IRUDSYSt em
482 will not allow the punp 401 to operate. In other words, Qutput 1418

wi Il never datectnatt2® are QY FuAthis mayf qceur, fon exdnpleld thedRemidgrd2hhad baenOMst once
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OFF. Si m'IarIX the visible emtter. 433 will not be turned on at 1414 until
a point aft¥f (fras aptcheen watalled: oM desizian Ploek 1490e the apsyver iopthe qussy wapldn  det ect ed

by the IR rn A2 &gpé”i'ﬁ Uﬁﬁnﬁl oceeds
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and the | ntht amt @ithgploop.i b assetont doopi-tae (B lemater 4228 Yogghd JRIOp1hat howt he fir st

condition or sta of . Fi oth . th Remtter 427 I.R detector 429
re orr bl IR sfitsr a1 RaceBit st bdriids SRt Rleppfos DTl sBeen o but
the | R det emtihtichdBat thetfedtidig REAG5GE notlih pREEsh thaghmp 4ON(ai"fult" for@itiog))s | oop of
the software subsystem 482 shown in Fig. 17. This would occur or exanpl e

f
if the feedMsgotedait thepgndiiian Xetin iedble pkitial [Sapmesnt tojindicate apt apPiRle1406, t he
answer 1o t ha, guer jr WMRYalicuRAVSEREER in B8 speciR bR fRLMWoul d have set
th
1 to sse o) t he

| nst ant Qut put and p t e end o oop. In a second
| oop, the IR em POE] ID&sécend agditiod oFg. Eois thedirstrodwhe dooditionishe whikhem tt er and

the T eedi gt GeIRESetA0S Aot s prectosk SR v Bt v Biing sRRR 1 Pony
V& not e t hajubbRRnt42didul PRav&¥yd1ed thivRgh & RJop iPWhich the visiblk SglitRaier493 i ndi cat e

not applicable or inactive for the particular conponent in the specific
condi ti on d¥s@dhpeedeer wordoniht14ed by @rieopragramdecros repregentadsby eondiyiant j r st of

the conditi p i . " VRN T 461 woul d
be- dot ect ed® Ty iy S LK Smidch 7 BRI MEEL 4t e BRE LT MR 06, Ve
t hrough a | 433chas notwlet loden eiegivédsioltha Cuitmgints nenydt hboweli3iB blovb 4 18 thhw eetbeen

turned on af 14. This prior ogr.am | gop. i s repr nt cqondition 6 in
whi ch the 1R b ser i eI BE a7 o SRS Bis O B dhee |1 ghe
emtter A43gobam BthedRbckDROB HRAMIKE BRI dSRctb 85 iOHa®UA sdufnifdOthe #R8ing! | oned at
bl ock 1418 to be set to ON. In the second loop, the IRenmtter 427 and IR

det ect or 42t 495%is properlyiptpogitien theysible light detector 435 will not be ON so that the
software subsystem 482 finds the feeding set properly positioned and sets Output 1418 to

ON so that the pump 401 may operate. Condition 8 recognizes that in a later loop of the
software subsystem 482 the IR emitter 427, IR detector 429 and visible light emitter 433
may all be ON, but that a reading of OFF for the visible light detector 435 still allows
results in Output 1418 being set to ON. Conditions 3 and 9 are similarly parallel, but in
these conditions the visible light detector 435 detects light emitted from the visible light
emitter 433, thus preventing the pump 401 from being activated to pump fluid to a
patient.

[0073] Condition 4 illustrates a situation in which ambient electromagnetic
radiation in the environment surrounding the pump 401 is detected by the IR detector
429. The IR emitter 427 is OFF, so the software subsystem 482 may know that the
infrared radiation is not coming from the IR emitter. In that event, the software
subsystem 482 receives a "yes" answer to the query at block 1404 and then sets
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program reaches bl ock 1408 the visible |light detector 435 is read. Assum ng
the feeding set 405 is properly in position, the visible |ight detector 435
will not be ON so that the software subsystem 482 finds the feeding set
properly positioned and sets Qutput 1418 to ON so that the punp 401 nmay
operate. Condition 8 recognizes that in a later |loop of the software

subsyst em 4RRBIRRTIIO@IS OR fin Biddic 14080 ARE & 6ds@l, tHR ALk Sbsyisenghi ght em tter
433 may all be ON, but that a reading of OFF for the visible |ight detector

435 still abypewss atblosk(16Q6 4ny egrlugion of thedresenog@f vieblelightppd setsndi ti ons 3 and 9
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[0073] Condition 4 illustrates a situation in which anbjent el ectromagnetic

radiation i R velhor tatfreft deeriedt Rl ndhe févatrambsrstem 82 fdllect ed by the IR
detector  4gdn.qffidy g}gc@e@a%%loé}(zlzlob rSdgh bIRRs 1499 aﬁ@ﬁh%%et%ﬂ%ﬁ%&tem 482 may

know that the infrared radiation is not comng fromthe IR emtter. In that
event, the blofk i Bkto GlifveitwmemysBaher evaluarion ofivisipledight NhwenmpdOt mayquery at

bl ock 1404 and t hepn sets .24 ANMBI ENT 0 in,block. 1404b. As .a result,
P he sof tonr g BFBedf Bagtodd Bella BRICHT Sublenl P ectiltion ichiis el " The
presence of odtusif He@uhp@iiks pRIBEH B Gear b MEHddM iDlbRAY hsd OTHMmidi@tiod 426kght N

condition 5, the saf e%% interlock device 461 is not in ﬁ)lace so that the
initial reatmpigtdightygildingtnees thsuseripmere the PP &t 2 lovgr ight Ipcetipl | R emitter

427 ON wi || "be tjagha|t o LEWARL SR Acr 890K sy TheS OF hiEGe SUbRYE oM 482 Wil

i mredi ately proceed after roug ocks 1420 and 1422 to set
Qut put (at whichdierelid E®essielydbrightarhbienttlightr\Asfshowi er copdisibni @1 thoIR erhitter si bl e

arbi ont 11 it BOARCERO CReRe btk ARG 5L BeA e s Bl S peBeca T or

near a W ndppérly foeiBnddSs thdfienp Al G kdch theQbt 4051 cgthér haéiﬁﬁiib_eéﬂprb]%ﬁlt woul d
instruct the user to nove the punp to a I_oyver.llght | ocation. [0074] The
sof t war e sul9adesk enandmproper sgt that doggyads block visihla light hasdeen loadrdi Hopisvern ~ whi ch
there is ex i 1 Lent: h P i Lilon 7. the IR
o ter - 4ot umuntlfetisiie M cAlTBL BV OB the vt frtoradBthics @ hsble, 11

f eedi ng set Ligf5Thesofig argrubgystemy4 3P psickedsmedecomntbhekddingy whod thelvisiflact , t he set

405 ei ther S ,not been oper | ade or_an _inproper s th does not
bl ock vi i bpg“tflf"ﬁﬁ?f Fas %‘eﬁﬁﬂl‘?ﬁ%&é‘é‘? af%o\%@%é? {nstaah%&we&tﬂmag? € | ght
emtter 433phmp fFiFankdieunvi sible [ight detector 435 detects visible |ight.

The software subsxﬂstem 482 proceeds at decision block 1410, when the visible
[0075] Another software subsystem 484 that could be used to operate the

controller 477 of the pump 401 is illustrated in Fig. 18. In this system for detecting
proper placement of the feeding set 405 including the safety interlock device 461, the IR
emitter 427 is not turned off and on (i.e., it is not "pulsed"). Thus after the initialization
step 1428, the IR emitter 427 is turned on at block 1430 and remains on while the pump
401 1s powered. As illustrated in condition 1 in the table of Fig. 19 showing selected
operating conditions of the software subsystem 484 of Fig. 18, the only time the IR
emitter 427 is OFF is when the pump 401 is not yet turned on. Referring again to Fig.
18, the software subsystem 484 delays at block 1431 after the IR emitter 427 is turned on
before reading the IR detector 429 at block 1432. The software subsystem 484
conditions any further checks for confirming the feeding set is properly positioned on the
detection of infrared radiation by the IR detector 429 at block 1433. Condition 2
illustrates the situation where the IR emitter 427 is on, but infrared radiation is not
detected by the IR detector 429. Once the IR detector 429 detects infrared radiation, the
25



| i ght detector 435 is ON, to block 1420 and 1422 so InstantQutput is set to
OFF and the punp 401 cannot run. [0075] Another software subsystem 484 that
could be used to operate the controller 477 of the punp 401 is illustrated
in Fig. 18. In this systemfor detecting proper placenent of the feeding
set 405 including the safety interlock device 461, the IR emtter 427 is
not turned ﬁgéraﬁ%c@éﬂs(lh a ﬁrstt 1dop td &a@ﬁfe v1sﬂﬂé ﬁ%ﬂ détectdiUs3 a@fﬂb@ﬁ 143380

initialization step 1428 is turned on at bl ock 1430 and
remai ns on mﬁkelceﬂ%m@epunfqle hElﬂlieiestOpl@\m’lethClAéﬁSD land thea twrts ithtsth*Fdl tion 1 in
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subsystem 484 del a)((s at. block 1431 after the IR emitter 427 is turned on
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first |oop 433, fheammémgh\«bﬁi@%gpkévgﬁtted fein@eing turfi@bortin Mabedse, k34 to nake
certain the visible | ight detector is OFF (bl ock 1435) and then turns the

visible |iyhwaeriubtystemsss “dkﬂa@tseqén@él@clih@é to agrp ghe VaSﬂd%lléN eitigpidtk 1437,

t he sof twar he software

subsystem 4 (g&%ggﬁtﬁéﬁyﬁﬁ%éeg&g& 5‘E{&)uftlgg;(ﬂ:tljs'i S ‘%ﬁoc Slbl@h 3 Ial.%’]d because

t he vi si bl ev1k1b@htghedﬂetctoe1435413®r|tcsadtmaﬁmh af chebasilibllight enﬂtﬂé%& shetvs il nst ant Qut put

to ON at bl oc 43 F Zd]m ng no further output filtering, Qutput is set to
ON at bl ock®P449n A0EFERE hurp 401 is pernitted to operate. However if

visible |ight isoetrdechadtions 4£and 68otieitin Hfb3dliwRieisMbsybtemash katadd on of the
vi sible Iight emtter 433, the visible light emtter is prevented from

bei ng t ur neQuight 1443 tq angd allqsving Wépu@ﬁﬁ%\@r@e@tﬁiﬁ%@%ﬁi@dmsmnér oceed to
bl k 1444 k 1446
oc a8 t%&?é?%o%l@%gﬁe :_6)251% deteB1dl 5'3&11110%% F%ﬁ?? il sﬁ% @{t?ﬂm% nbes! to

set |nstant tectlono VI SlI Iellght
det ect or 43%hiph therdetectiomaif ivisiild light by thelvésible hglbklete&tmgms pemehﬂseperatsonsdfom in

condition 3. of Fi . [0Q76 itio 4 and 0 result.in the
ol v o b8 umi frendbongh it recamion as ReraseRpoeRy HRgRARERt 429 e mump 401
to operate QpgRuAae, m@elsfb&q%a&et&% 4@9qlay5atiawmg Ritedr lightkrdde e GRIMSL are

det ected. Conditions and 7 illustrate circunmstances in
light emitter 433 or from ambient. In either case, the pump 401 is not permitted to

operate. In Figs. 17 and 18 other variations may be described by tracing a path through
the flow chart, as shown

[0077] Figures 20 and 21 show a fragmentary portion of a pump 601 adjacent a
seat 602 of the pump, and safety interlock device 603 of a tenth embodiment of the
present invention. The safety interlock device 603 comprises a material that transmits
both infrared radiation and visible light. The safety interlock device 603 includes a
blocking portion 607 that is opaque to the transmission of visible light so that the visible
light is not transmitted to the visible light detector 609 when the safety interlock device
is loaded on the pump. The safety interlock device 603 includes a key 613 that is
received in a corresponding slot 615 in the pump housing so that the safety interlock
device 603 must be aligned with the blocking portion 607 generally adjacent the visible
light detector. In the illustrated embodiment, the key 613 is a protrusion extending from
the safety interlock device 603 but it is understood that the key and the corresponding
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whi ch the detection of visible light by the visible Iight detector 435
prevents operation of the punp even though infrared radi ati on has been
detected by the IR detector 429. In condition 7, the visible |ight detector
435 may be detecting either light fromthe visible light emtter 433 or
fromanbient. In either case, the punp 401 is not permtted to operate. In

Figs. 17 an ot her variations, na cr traci. th through
the flow chsgortt% ?5 Bty ?(g?leo(%ﬁér[sga@?ﬂndﬁmﬁ%W@go'ggg%?ﬁt ongﬁgévmg&fnrgg‘gﬁéh%?ar y portion
of a punp GRdctad &g &Bfingthe podtioriéta safetyl ilRrIpeKGevicaitla paheingy bérised| ock devi ce
603 of a tenth enbodinent of the present invention. The safety interlock
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fromthis ilipheshittens19ilde emitiet hdihes visible lighy sipghl idiethpesfetyiimeriek a safety
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601 infrar HH@% | & thAdbak ] £ Q7 LA thk RoftFg1 kisidm OkRe | S di f fused
and reflecfég)gbt@ a(ragi%h t gﬁwscgft%t yb‘?ﬂgg;r}’ftoélk deei‘?ce aﬁ? eSt gcl:t ede by the IR
det ect or 6 IpantpcdOV evill afow tietpumpdo srathas been | oaded. Next, the visible

| i ght detector i L] check for_.visible light.int punp,.601 wll not
detoct “any becaddlrobt Fien P star biremerresss LR miso i RTRERER w5t e sat ety
interlock dmgigaR s8R iht'@ﬂéckbie@ﬁgwyéfsainl%le@eﬂthgllﬂbodilh&lttoﬂ*ﬁlegi’éé@ldiiﬁ%ﬁﬁor@f Fig.
20, the visible light emtter 619 will be emtted, sending a visible |ight

si gnal i nt olhersafetyznierlock devise 7Qtis made of ematgnd that franspitsjinfrased radiptionsj gnal wi | |
not be tra i L sishl. i . glet ! 1Se. t he present
of the bl o%%%glgs%}%cﬁgﬁg%ﬁ& %ﬁ%’“?%g‘ t@%ﬁ?‘gglrg‘%’g{’ éh%@;g’? VFE"E@H%‘S %ngc’ém Wil

al | ow t he prampmitied apevisible lighOR#dtbr FH)Yuhen B2 saférpwaerbock dadereinicadsd eect i on of a
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wavelength and blocking electromagnetic radiation of another wavelength may be
employed within the scope of the present invention. An arrangement of visible and
infrared emitters and detectors like that shown in Fig. 20 may be employed in the
eleventh embodiment, although different arrangements are also possible.

[0080] The safety interlock device 703 comprises an outer member 704 and an
inner member 706. The outer member includes an upper tubular portion 708, a lower
tubular portion 710 and an annular flange 712. The annular flange has upper and lower
annular channels 714. In the illustrated embodiment, the channels allow less material to
be used, but have no effect on the operation of the safety interlock device 703. A first
tube section 757 of a feeding set is received in the upper portion 708 of the outer
member 704 of the safety interlock device 703 and a second tube section 763 is received
over the lower portion 710 of the outer member.

[0081] The outer member 704 is made of the material that selectively blocks

visible light and passes infrared radiation. The inner member 706 can be made of the
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The safety interlock device 703 is nade of a material that transmts
infrared radiation, but blocks electromagnetic radiation in the visible
range so that the visible light is not transmtted to a visible |ight
detector 709 when the safety interlock device is | oaded on the punp 701.

O her suitable constructions for passing el ectromagnetic radi ati on of one
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presence of wkiek écdipristd 2BHdGS1 (. €T bodd1 EintluliéstiniupPeritibuldrPoitidR80F 8kt a Thus, a
strong lower tubular portion 807 and defines a fluid passage 820 (see also Fig. 24). A first tube

section 815 of a feeding set is received in the upper tubular portion 806 of the body 811

and a second tube section 817 is received over the lower tubular portion 807 of the body

811. The body 811 further includes a light transmitting portion 823 which may be

formed of a material that transmits electromagnetic radiation. More particularly, the

light transmitting portion may be formed to transmit electromagnetic radiation in one

selected wavelength range (e.g., infrared) and to block electromagnetic radiation in

another wavelength range (e.g., visible), as described previously herein. The light

transmitting portion 823 includes an annular interposing surface 830 that is arranged in

the path of electromagnetic radiation (e.g., infrared radiation) emitted by an emitter 805

of the pump 801. The body 811 of the radiation propagation affecting member 809 has a

generally L-shaped, annular channel 814 in a bottom surface of the body. A deeper

portion §14A of the channel 814 is located nearer to an longitudinal éxis of the safety
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reflection of infrared radiation to the infrared radiation detector (not
shown) can be nade regardless of the optical characteristics of the fluid
flowi ng through the tube 757. 10082] Figure 23 shows a fragnmentary section
of a punp 801 and safety interlock device 803 of a twelfth enbodi nent of
t he present inventi on. The safety interlock device 803 has an

el ect romagnetl c di a r at i on . af f 09 ch conpri ses
a body 811.0%H gq ‘ﬂ%%ﬁ ere?ﬁ éé%?hﬁgf’%d? %tﬁd@égh%nd a |ower
t ubul ar porduh%\d B%eaz% R} STh8 rddidllybuRaed FER o BB dée‘i)@ﬁpcﬁﬁ&@l&hgbf 24). A
first tube section 815 of a feeding set is received in the ulloger t ubul ar

portion 806he¢hanhed 8bbipymsa lightaeflectngswefaert 10uaotheannylar gpngl 816 scej ved over
t he | t T Jour t her
i ngl ugggr a lfi'é%géﬁiaorn ag%héér?{}tf%géf%or{@g%ﬁ %h vﬁ&l&honrélg a%&%fagf}‘#eé of a materi al

that trans rmérﬁbeeB@:tTmniagﬂehmmerﬂdnﬁi smwhhdxherq@arrsé ccmsir@dnloy of thadowdri ght
transmtting portion may be rmed to transm.t el ectromaqnetl c radiation in

one sel ect anngh e él%qeﬁerrpgﬁﬁ’é 8(1éA§S located radialyygutward of 8 shallgwer AT ¢ onagnet i ¢
radi ation ig)gsgangl LH%LI i gh?yﬂgﬁtlﬁ'B LADGE chdindl 816‘5}%&9%&9& to ?&iu@@ﬁ%ﬁﬁed

previously her ei n. transmtting porti I ncludes an annul ar
i nt erposi ngmdlfacilantetl@Bﬁbldihgproic&sm envdiok ¢limingtérew jtlatuln depfartaigdiom heragnet i ¢

radi ati on (e, |nfra n nemtt r 805 of the punp
801 The bongPsst e ™ TAALE wetenn tsb e PeroafRtion s e BP G00 has' a

general Iy LehafiRResh X&m@w Withouhdépasing $bth thesdpO6L the Presdak Indekiodf Fbihe body. A
deeper portion 814A of the channel 814 is |ocated nearer to an |ongitudinal

axi s of thexampleand pghous{igitpingy orperringase giBe chanpelgcatidibs eowmetgdr t i on 814B of
th h I n. The radiall
e o e SR A o e MR o iR RS RELALAT. T rad ol

reflecting @mpimtﬁaxﬁﬂlﬁi thé\hmtyhdmealmmuélaslét;mmmﬁiw Bd¥matsrial kolbaisedinthe an upper
surface of tg c% 1 of t he radi ati on propagation affecting nenber 809.
The upper chiEhrBieriadderice 8 ewhat the reverse construction of the | ower
channel 814. A ¢ m@gr TH@&éehé}rboﬁibﬁ%lhﬁ of &%%Bﬁﬂelrsalq'aﬁlétyanMhé’iﬁlhﬁngfghﬁ

shal | ower portion 16B. The shal | ower portion 814B and the channel 816 are
provi ded t dramethecmittenBeF fogthe infrangd deteéthi (matshowtn)e Wiithait bejnpb@wd ssanybut coul d

under st ood efistieh (R BRI R bRTEebOarBRERERE: sl THMRHER Rt e

Wi t hout depadibtiohGo bé mneétaemwﬁmlg vathid the liplite&edhitting\poftion®23 whei ﬂulexarrpl e and
without limtation, one or nore of the channels could be corrpl etely
encl osed byfilisiee Hhid passage 839 during qpegtien of thewrn 891 g heedlestion of 898 or * nay not
extend  CONPHEEtiaRb P uilfin 't P finsmiifify FOHABNEI Srofldd in RiTFefthdiBH | €SS
material to be use

through the interface with the fluid channel 820. This decrease in the amount of

refracted infrared radiation allows more light to reach the detector.

[0084] The amount of infrared radiation which is reflected as it meets an
interface between different media is dependent on the difference between the index of
refraction of the two media. The larger the difference, the more infrared radiation will
be reflected. The light transmitting portion 823 is formed of a material that transmits
electromagnetic radiation, typically a thermoplastic polymer resin. Typical
thermoplastic polymer resins exhibit a refractive index of about 1.3. Many medical
applications require the passage of substantially clear liquids such as water through the
fluid passage 820. The index of refraction of water is about 1.3. Without the channel
814, infrared radiation would pass directly to the fluid passage 820 because the indices
of refraction of the material of the light transmitting portion 823 and water in the fluid
are identical. In the embodiment shown in Fig. 23, infrared radiation passes from the
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safety interlock device 803. [00831 The deeper portion 814A of the channel
814 assists in transmtting light fromthe emtter 805 to the infrared
detector (not shown). Wthout being bound to any particular theory, it is
believed that the light reflecting surface 810 allows nore infrared
radiation to be reflected internally within the light transmtting portion

823 when fluid ills the fluid passage 820 during. operation,of he punp
801. The refPiet ‘L?H%hd?e Vi iramfiR, PO 54 anite fhe b ficeting SW&@%?

transmtti ”thBH’Eérlzé%r&s ﬁ%%t@ﬁ&%'btet%vebxﬂthle‘ﬁéﬁt &aﬁ%ﬁtﬁ{g' ﬁ%ﬂlontsb'_‘; QH&ﬁletdl?&)ef nterface
with the fluid channel 820. This decrease in amount of refracted

infrared raplirtien dlidAadfltiesehamnst 814. Igmared tadtaeam:h rcﬂha@ted@t belight refl@ggi1 The

anount of inf radi a ted a i.nterface
bet ween di f?uéfra ?‘%r?éai’%"s"d% lélkﬁtgcetw% %cpaf%aé?geirgt’:e—[q%e%‘%%n%t‘the i ndex of
refraction fifledwich atm\mavﬁg@handeflaerelﬁactgﬁrofhbtﬁu diof frae esper portivy STAAS kRS r ar ed
radi ation w || be reflected. The light transmtting portion 823 is forned

of a mat eri ghankeh §14 gljoxridnare ?ﬁa&déﬁlfi‘%’ﬁé‘gh‘é{eﬂéﬁ?daﬁiﬂ&f‘ ﬂty’ﬂlghﬁ geRiing a
ther nopl aSt%’&n&Pé%rB%E &@&leﬂlffeTéfBé Ge%ve&:hﬁé ﬁﬁ&le@%%feﬁa&%%@fﬁ{e lfgqts' ns exhibit a

refractive 1 ndex of .3. Many nedical applications require the
passage of ®saissitting pta'tldnyandlaaaabolut @3y isl grestacthammthe vefegence betwegyithe hght f | ui d
passage 820, The..i nde refraction of water is about 1.3. Wthout the
channel 81ﬁwsﬁql?%P%§ ‘}‘3’&%‘?‘? on woul d pass directly to the fluid passage

820 because the }0085]C&enerally ﬂl@ﬁl@ﬁt&bﬂ&ﬂn%&rfabﬁﬂmdaﬁ'hbahyvﬂ‘ferd%ﬁvéehgﬁﬁ
transmtting portion 823 and water in the fluid are identical. In the

enbodi nent Bwéwhanngl §20 gnd thg interpesing wifapedPlatiodveaa hedllysiaigd t he 29 enitter
though the éﬂ‘%“&%{{t IBSE el Bfé%&ﬂ@ﬁ@ﬁﬁmeﬁﬁ%xﬁx@mﬁﬂ‘i s'df %tfh N LY

surface 810 serves as the interface he 1 ght transmtting
portion 8238%naf thehdeattompgnetic mdrdtmmpro@égmomaffacheg mlamhemﬂ09&iﬂ1c lightf r ar ed

radiation is_reflected t he reflectin ace as_opposed to
the int er f al8eHMBRUTAFE ) Eﬂ‘g 3&@33&@ © gYFPO WFeS%Efﬁ‘aerlﬁ?&ex%“f ‘%g % Ted with
air having cdnnd@qlgm triffofitfed b&ﬁo@@ﬁ@ﬂ&dtnot]{oQedu-EBtQm%@Bﬁtrofﬂ)i@ﬁtttbQfé 814A of
the channel 814 allows nore infrared radiation to be reflected wthin the

| i ght transf§teaterder b%@rp?ia@?p gfaBe dateciars Hox gxamglefin apcopelsrrpbemRasimette i ndexes
f f t 3,
gr erateelr’ atC h;ﬁl@trﬁifms (ﬁb he g,?lg of %1'& %?emol’x H‘] ggﬁga{ﬁg{g‘gf gﬂfémaérr 809%)919& ggr s

erence between nsmtting portion and
wat er . [ 008&flecEmgandideys dboet 0.132hhches{d. 386tcm)gn¢tlneframs t8 e intarposing anywher e

DeLveen, 1e Bkl CUREL PO, SNGHIE) P SLRRSIH R hORR SR eV 1

| ongi t udi napelR¥éBthtfwHel ehel thtid 1688 when the light reflecting surface 810 is located
closer to the interposing surface 830) not enough infrared radiation is redirected toward
the detector. It is to be understood that other dimensions and ratios (which may depend,
among other things, on the location of the detector) may be used without departing from
the broadest scope of the present invention.

[0086] A safety interlock device 910 of a thirteenth embodiment is shown in

Fig. 25 seated in a pump 901. The safety interlock device 910 has an electromagnetic
radiation propagation affecting member 909 which comprises a body 911. The body 911
includes an upper tubular portion 906 and a lower tubular portion 907 and defines a fluid
passage 925. First and second tube sections 915, 917 are connected to the safety
interlock 910 in the same was as described for the twelfth embodiment. The body 911
further includes a light transmitting portion 923 which may be formed of a material that
transmits electromagnetic radiation. The light transmitting portion 923 includes an
annular interposing surface 930 that is arranged in the path of electromagnetic radiation
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820 of the el ectromagnetic radi ati on propagation affecting nenber 809 to the
light reflecting surface 810 to the radius of the interposing surface 830
exceeds about 60 percent, the light transmtting portion 823 tends not to
redirect an amount of light to the detector for best operation of the
detector. For exanple in one preferred enbodinent, the radius fromthe axis

of the radiatj it he | ecting
surface is %gdgﬁﬁagéﬁnggﬁ%@%@é 6’§%§§mﬁ¥§ ?%g&rl m?ddogﬂéendlg% érpom ng
sur f ace 830ofithe mbrpopitsing s@fi e 9BC hehargfdred7 The ul)a,mféred bettcmmncb)wﬁ lelpout 49
percent. It is. believed that when the ratio a when the |ight
et ot ng Biitioads By metipidaia 016 ioue rmpod ips e REmblsrfk i dte 530)
not enough jnreaiRéla EEDE dfAR: putnp. Gihe A6HEMD 10GVaY, Vgﬁtly IhQlgeieHeAbeingt 1S to
be understood that other dinensions and ratios may depend, anong

ot her t hi ngisserisa intethe|seat 407 ta chamfered baeqmemwwmag@eth@swmp\mﬂ perdit departing
from the bée?l%?s fx%] év‘fc%gz?{}htile %? d@%@tﬁﬁmmfa@%gﬂﬁé ?‘Riy d&??% Ligghety i nterlock

device 910 o rteen I's shown seated in a punp
901. The saprepagatioi affectiggnerabear 069 Eak(iwh aepaame amnelat clankdeltd] e16. rdi at i on

propagat i on affectin ris 0 911. The body 911
i ncl udes and§pPé a"tnﬁg%}l“éﬁg’ﬁ%}?‘ffaaﬁ 1@8’6" a %{ge WertCB‘HE'F’]a Fabn 907 and
defines a féHAhﬁEwﬂﬁﬁ?t&Q%d%ﬁﬁnufé%ﬁa@@@ftﬁ@ﬁ&i}cbltluhﬁthéﬁﬁﬁir&&ﬁ 915, 917 are
connected to the safety interlock 910 in the same was as described for the

twel ft h enbeobadinent, tm@pbb@}mgei%o is geneadly alhenddlmﬁstheldwegmanmrlaﬂa@m tting
portion 923 Whlcl:ﬂ rmed of eﬁlal th

ns
el ectromagneti c fradi atlgﬁadla'llﬁ Twar(f"l‘fval anserrai l?rnga%r h%ztsgm %tftudes an

annul ar i nt flpakhREgfas 91@c91293ﬂ1ethlgmtreﬂecnaﬁ mafagesobmmltzhee i facaf
el ectromagnetic radjation 30 infrared radiat Iuieg) emited

b
em tter 905Pgsvesnithe i a‘@@&“mg\f’ pr 323 ad@irggthin thgpny CP?W‘é]ISﬁ&)‘él%é surface
930 is Cha”’fﬁ‘émmoﬁaﬁa chand ﬁéh@%@&ﬁ&%ﬁ%@eﬁg%ﬂﬁé&%mpﬁ%ﬁeﬂQaﬁhétiaﬁ safety

interlock device 910 1n the punp 901 as the safety interlock device is
inserted i nWUhla thedight @@Bmgfing pastigru¥R3. ang fpretvt:m ifewn being 1ifensyy g$ 4 tphult of

m sal i gned ei.n erted,l hanf ered bottom end
930A engages lonﬁlﬁut?r%l é&égﬁﬁge%ﬁ%ﬂ? Othlrg %Pevﬁgeepwli%dit he seat. A bottom
surface of the blodss] 9 Ileforiring A6w t@Fig L6, @ Bafetlp P @RIdedte BiDEH fdigtesirber 909
has two separate annul ar channel s 914, 916 The deeper channel 914 is

| ocat ed r adfmpadjmentissheveceied @R aumpiOPL.c Faermbty inkrogkdeyicsn01G hannel 920 s
| ocated on f enbodi ment
RrudE &5 diatdn' i gﬁégﬁon al?@ctg-{é r??%; 3\?({92:0%%@5 %L Hody' ﬁ)tallﬁ%gl

t he upper c annel 920 1s erally wer “c 916.
[0087] The wprgi abblyr putional0d6 veal ladovedr ttmwr aontioh 4007 N mpps add bwep16 f or m
| ght tubular portions 1006, 1007 are attached to tube sections 1015 and 1017, respectively. A
single channel 1014 extends upward from a bottom surface of the body 1011. An angled
annular wall 1060 connects an interposing surface 1030 of the body 1011 to the upper
tubular portion 1006. A lower end 1030A of the interposing surface 1030 is chamfered
to help position the safety interlock device 1010 in the pump 1001 as the safety interlock
device is being seated in the pump. The radially outward wall of the channel 1014 forms
a light reflection surface 1012 which helps reflect infrared radiation within the
interposing surface 1030 and prevent it from losing intensity as a result of refraction into
the fluid passage 1020 during operation of the pump 1001. The downward angle of the
angled annular wall 1060 prevents fluids from collecting on the upper surfaces of the
safety interlock device 1010.
[0089] Referring now to Fig. 27, an enteral feeding pump 1105 is shown with a

cover 1122 in a generally open position. The pump 1105 includes a rotor 1110, a first
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reflection surfaces 910, 912. The light reflection surfaces 910, 912 are
interfaces between the light transmtting portion 923 and air wthin the
annul ar channel s 914, 916. The addition of a second light reflection
surface helps to further reflect infrared radiation wthin the |ight
transmtting portion 923 and prevent it fromlosing intensity as a result of
refraction uri ng. o 901.
e or P IROu DS b RARBRRROER LU DRRRRBIA B8, PleshGEIARY 2

fourteenth 11a8tiadioldiya daet mestldock esie\ed ofthapiriet. 11Dﬁb1safeT>hﬁata1a&1et y
interlock d V|ce 1010 i@cludes a radiation propagatio fecting nenber
1009 conpr i &Vitg 122 Ghaggn glgetiomagretic ypy évor&nﬁwawnﬁ&%’f«t%mgws 12 | ower

tubul ar por el PAE. a1sz%1ﬁmpa5m§ma%ﬁwouna R B arR UildlPESnd 0 11 007 are

attached to tube sections 1015 and respectively. si ngl e channel
1014 ext endyripgbambet 11l bt the sadety orerbogk flesses 1920t Hlae lwmfsenl)lllﬁ is iymoaid¢ ed

annul ar mal% 9%9 %Pqﬁﬁgts an i nterposing surface 1030 of the body 1011 to

t he upper uBatcdH Bo ‘on 1006. A lower end 1030A of the interposing
surface 1030 is [obgoyf emegumls mdseh@u@@aﬁtﬂﬁefbdt(m ehifie@] 3 IRettlogak device 1010
in the punp 1001 as the safety interlock device is bein seated in the
punp. The rydiblslight eittetand ayisthle light fiﬁ@ctehelhﬁ%whlqlmra a«rhe‘f%gto the sepeqsk

reflection guif Pl% a%@%?e b Qoﬁjﬁﬁc%n'ﬁ?rfd &ﬁéh%@%ﬁr{f%{ Al Wi thin the

i nterposing sur ace 1030 an prevent 1t | osi nsity as a result of
refracti on pmpaly lodied bh theghupas 3 hgemlt@@@ndi dctca’I@rs apmoatlllumt@fm thee punp 1001.

The downwar ngl.e qf .the .an d anpul ar rev nts fluids from
ol | ecti g SRR SohsdEs bRHnCSe R Wpitalind Brrip? Reher SRR E eb01 0
[0089] Ref eisrihﬂﬁdﬁﬁﬁveﬁﬁodﬁh&lt) MoreaPeceitaBy, afthéeﬁaymemmeﬁa@ﬁzoss shown with
a cover 1122 in a generally open E05|t|on The punp 1105 includes a rotor

1110, a fi reFpperlyjoaded axthe sepqnd feggss hbl8g IR fom ﬂEPrllRpf‘f@H%mﬂErbe fetectediby e punp set
1116, and g device 1120
of the punp R:ssd.eetQ&M}he sa ?/r:l?lg) %?0&% ﬂl}ﬁé %géﬁgggﬁ%%%% doa?%pla?%%’?r omagnetic
radi ati on pmepbedi2®m thd Sfeeazndl regesEIBEIR lighP hay deélfﬁlﬁndmhffs@tedlmﬂ&t«ai SO

i ncl udes tubin rapped around the rot nd. f] uid cting the drip
chanber 111548 rfERE R Simdes dietiedby BE et epbic BARE et Y1116 o
renovabl e fropdBatititaffediiy thdler tc[ §6R0the T & el 8RO The mhaﬂlde $rophigatioh r ar ed
(IR) emtter, an IR detector, visible light emtter and a visible |ight

det ect or, afpmbgr LAY @HClﬁﬁ’@m&’é‘F%@ﬁmﬂie Hight ffé)éb@ﬁéllﬁbﬂeeléf@é%mlﬂi’l% ththd are used
i conj Unct {igficfah AFER W iRRed NPT ELe:d A8, imicRioRRIY | 0aded on

the punp. The emtters an Btectors are not ustrat ed
receives signals from the IR detector and visible light detector informing it that the pump

set 1116 is properly loaded. In this regard the construction and operation of the pump
1105 may be similar to prior pumps described previously herein.

[0091] The cover 1122 is generally opaque such that it prevents the
transmission of ambient visible light to the visible light detector (and of ambient infrared
radiation to the IR detector) when the safety interlock device 1120 is received in the
second recess 1118. The cover 1122 may be hinged to the pump 1105 so that it pivots
between an open position, whereby it does not cover the second recess 1118 so that the
safety interlock device (Fig. 27) 1120 may be received in or removed from the second
recess, and a closed position (Fig. 28), whereby it substantially covers the entire safety
interlock device received in the second recess. The cover 1122 includes upper and lower
arms 1124, 1126 having notches 1128, 1130 sized and shaped for receiving tubing
associated with the safety interlock device in generally close-fitting relation when the

cover is closed so as to substantially encase the safety interlock device on all sides, thus
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fourteenth enbodi nent, but may be as shown and described in prior

enbodi nents (e.g., as in the ninth enbodinent). Mre specifically, if the
safety interlock device 1120 is properly loaded in the second recess 1118,
IRfromthe IR emtter will be detected by the IR detector. Upon proper
positioning of the el ectromagnetic radiation propagation nenber 1129 in the
second 1 ecessvehfiddvisibld lighOifdm BBMg Bénsehitkddus e, visibié figmaeRetor whén B€t ed  and/ or
refracted, or any conbination thereof by the el ectromagnetic radiation

pr opagat i orsafty werloglgdeviaeneieceiveddn thesecond geceRr. (The pofehegaraydediped wile r adi ati on
propagatio , . S ] S.Sd LB4: I m t he
visible lig nté%ﬁ‘lpﬁateeg&f@m? h@gﬂﬁv?utscp%?él’g‘)%g 0'?[ H%}gébeeg%) gélﬁtvﬁgﬂné%g{snlai’ Pgned in the
second r ecessglytdBivedimthe naclesta wibstentially enmsatbe safety matrdock dovivd dneall R det ect or

and visible.light detector, informng it that th t 1116 i roper |
oo n e el b g SRS Sltgt ok oo T HRe L% o6 BEm 108 Ty
be simlar i N0kGhayikBRSd HESEHP R atieaUE Q&) YRR UBvicd 0093 thdhe cover 1122

is generally opaque such that it prevents the transm ssion of anbient

vi si bl e | i giteondgeqenel B g Besover drheingelesed. oMoresneriadally #he vateh 113Bisr ed

radi ation t . [ Vi 20 is
recei ved i nﬁ%eftﬁiregg tﬂsagtél g?}%ﬁ&é@é@%&?ﬁié P%?@l&r@&/é?sls %@%hqn’%é;mg% hll%ﬁsgé% to the
punp 1105 safdthateriotk gdvicetl$20 Bditldelownamthe gerongd oesedsildtg bythe npiey ainis does not

cover the s ngd recess .Sp that the safety interlock device (Fig. 27)
1120 may beﬁﬁgé’&e{} Cf"ﬁerﬁzlf‘ér‘ig’égﬂ fromthe second recess, and a closed
posi tion (Fig. 28092 Wres ek | 122SMBBERBHealphdt HO YRS atitel 10011106, s ftRt Y

interlock device received in the second recess. The cover 1122 incl udes
upper and | foweed sugh assbyinpationmaldingpsasglegriecnefmaterd. The soves i 2dlsend shaped
for receivi [ | | : [ Ot ' i n
general ly ciﬁxglg g&% ({%?[leﬁsgﬁl?@?%tg{l’ %%ﬁ%g Hn]% Egﬁg{;\? %Ial%/bél %E@{ %rg%gd gog\égés;ﬁrtléo

subst ant i al ind chiso@slee dolver 1922 .eltwill h¢ endecstdoddien h cevep maghbhvesd differentt hus 32

preventing visible light from bej transmtted fo the.visible Iight

et oct or | ahtsTEatons s bt Sour pLbe il Betdon, Modseb@aithothe second recess.
The not chesurddeptode tHat thedowdr I 122 AR be k@bl Gniflddarithah the 3pe DhBdMeseriUch as
rubber, so that tubes of different sizes may be snugly received in the

notches to SHB¥PBNti al |y encase the safety interlock device on all sides

W thout pi neht nojobs G ARMAEUSh RS OER) HRLAPRv et F B Blerddel?. e 0, the

upper arm 1124, I'n~properly ating t y I nterlock
devi ce 1120embpdirhent(s)sthereoftithe eneles "4'1 18" d'shet’ el 'tadEareiigensied gmednchdd. More
speci ficall

X t he notch 1%%12 IS e&%l zI%gtso t,hat the, $9fﬁb%]gj, nterl ock device
1120 cannot Br_ﬁfée PRPHTGF $HE AP TR (P p@mPLiSPE e 10F | 8% devi ce 1120
i's held downabiag' &€ inS@@ed@ HeesdEivekhd Sely thhitBerd B9 be @lldBonal elements

other than the listed elements. Moreover, the use of "up", "down", "top" and "bottom"

and variations of these terms is made for convenience, but does not require any particular

orientation of the components.

[0094] As various changes could be made in the above without departing from
the scope of the invention, it is intended that all matter contained in the above

description and shown in the accompanying drawings shall be interpreted as illustrative

and not in a limiting sense.
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1124 when the cover 1122 is closed. [0092] The cover 1122, including the
upper and | ower arnms 1124, 1126, maybe forned such as by injection nolding,
as a single piece of material. The cover 1122 also includes a depression
1132 and a finger grip 1134 that can be easily grasped for opening and

cl osi ng thﬁﬂ&PV%hﬁ%%ﬁ%y It wll be understood that a cover may have a

di fferent conPigura i'ons within the scope of the present invention.
Moreover, it is to be wunderstood that the cover 1122 can be entirely
omtted within {the f e ' [ i nt roduci ng
el enents of thé”%ﬂ%%@gggﬁﬁvg%p}%ﬁhgﬁﬁgﬁ%mggéﬁgépgﬁia%@%@ iﬁ%ﬁ?ﬁs) t her eof
the arti cl@atroing opantion 6fithe puapidg ‘apperatis @rsapplytfieidiecdc faienehroupindte t here
are one or nore of the elements. The ternms "c rising”, "including" and
"havi ng" at“&N 5t @ﬁ%ﬂmﬁ%e BTPIAE RS A6 R 8FF tovemagRel aigohe addi ti onal
elements —QlhGhell RB8AdRE tb HRiGHIE! SHBRLGT th AN tAS fBBEmAfing UP”, "down”,
"t op" and(ﬁ%ott%zf and variatiénésof theéﬂg{'r&§1¥? made forl%%nvenience,
but does mctrorggiatie radigtignant electr@magneti¢ ediativn deteabr efeeativelyponegstesl.to [ 0094]

As vari h d be.made in.the ab i t hout d i ng, f th
Soope of - THECTREbREfEgh oo AR At isetion RAT S i hat s pRERRY liangke B e
above desgipiid ﬁpaﬁﬂﬁ, 18 P pisBt doRrREGOMBAH G AFSWgTUSd %ieb@ an

interpreted as 1llustrative and not in a limting Sense. at is clained

is: 1. A plespomegnetigradjatéon propagaliempifirgting pemieasseraatpdyith theotondelt andyst em f or

control li ratlion t. I: t 4 to a patient
Chrough « NEaeBERALAPuRlng A HIRALRRRAITS e ot SRPLE AN
el ect r omagadittich fr@ditled doarce odpRE@dmydleyic eaintien | the ptopagdtien affbitingl maylsdtrem of

t he punpi ng apparatus for emtting electromagnetic radiation, an
el ect r omagRBPrigng adrdy fefininet Sutdgrasyge Metamyeyrjcation fat e cansduitdfpe cont r ol

system f or,, g ﬁxﬂh%o@ﬁh*{hﬁ%&ﬁ%@ﬁhi&?%ﬁ% VRTR 3R it SoB ARRIdAG 4 0aded on

the punpi‘ng dppar at us, e punp set “conprising: a condu or carrying
fluid to dighatramntitiingportieh gotjeaimggandralty mdollatioonthp fiophgatigenhafigiect i ng

menber associated wth {he cond i{ and . bﬁ adapt ed for nounting. i.n the

punpi ng. apPAMALLE RO BB {armse of EaisriakbriagRE: FESrRENSR] BHiPhm t he
source of gl pak LARRGREL fortiAinalubRR at B oRE ARSI OMIrALE Bt 4t NehstaRber _
conprising a body defining a fluid passage in comunication with the conduit
for passichennel leraied plosarg thetmasistd dye, fluid passagei tharpths diefposing buitpcarihaxi s, the
hody 1 ncl LhadNe c?eﬁning a reflection surface generally disposed on a radially outward side of the

channel.

2. A pump set as set forth in 1 wherein the body has a generally axially facing

surface, and the channel extends axially inward from the axially facing surface.

3. A pump set as set forth in claim 2 wherein the channel is at least partially in

axial alignment with the interposing surface.

4. A pump set as set forth in claim 3 wherein the channel and reflection surface

are generally annular extending around the axis of the fluid passage.

5. A pump set as set forth in claim 4 wherein the axially facing surface constitutes

a first axially facing surface, the light transmitting portion of the body further comprising

34



light transmtting portion projecting generally radially fromthe fluid
passage, the light transmtting portion being formed of a material that
transmts el ectromagnetic radiation, the light transmtting portion
including at | east one interposing surface and at | east one channel |ocated
closer to the axis of the fluid sage than the interposing surface, the
channel detih? eaerr'iﬁr peiatly %‘@PB%;@Z@’@E%&%H%’S}ﬁdi‘rgﬁt?élé&’%ﬂ%éo %é?o‘?‘aréﬁ ly

out war d sia(}qadugffa(;ig[%esurfaggnnel. 2. A punp set as set forth in | wherein the

body has a generally axially facing surface, and the channel extends
axially inward fromthe axially facing surface. 3. A punp set as set forth

in claim2 wherein the channel ,is at l.east .partially i xi al al i gnment
with the i nt er ol P Fasbrord it AT i s e sedndiadly (Reibrulet B wner ei n
t he chaanjisp@M dt eh bedt kdihe SkisfoR @R fluad pasegpaer al |y annul ar ext endi ng ar ound
the axis of the fluid passage. 5. A punp set as set forth in claim4 wherein
the axially facing surface constitutes a first axially facing surface, the
light tr ansm t &l anfuﬂﬁnrgek ste?for{hhﬁ B?rg)é \Ifﬁéﬁ'éip‘a{e sEQ raéﬁl'llgq cir?‘%ﬂfa%@fs.ond
general ly axially Tacing surface faC|ng I'nan axra iTection opposite to
the first gemsthldy frystd@midadinsshnpeace. 6. A punp set as set forth in claim5b
wherein the second axially facing surface is disposed at an angle to the
axis of the fluid passage. 7. A punp set as set forth in claim®6 wherein the
second axi al | y of AGiifh SHES B fordkSn cAFRS ekl HoURAARPI Galird BialigRRingS. A
punp set as set forth in claim5 wherein the channel 1n the first axially
faci ng supffaceonsistes 8 (tseshantl, pist whdrainriled secambaxdibriecing sirgacsdeomnd axi al |y
faci ng surfaCﬁ] [ias @ se %rr%d.channel formed therein. 9. A punp set as set
forth in SPONfheAanRRbioEnAd B %hannel has a generally L- shaped cross
section. 10. A punp set as set forth in claim9 wherein the channel includes
a first portion extending a first axial distance into the body, and a
second porti on9eAtendi sshaseset @etbria clag il avhesrin thaisbannehhas a geaegbul- gr eat er t han
the first axial djistance. 11. A punp set as set forth in claim10 wherein

t he seconﬁﬁaegﬁﬁ% aﬁggﬁa general ly L-shaped cross section. 12. A punp set
as set forth in claiml| wherein the body includes first and second
generally cylindrical portions extending axially in opposite_directions from

the Iight 10. A pump set as set forth in claim 9 Wherein the channel includes a first portion
extending a first axial distance into the body, and a second portion extending a second

axial distance into the body greater than the first axial distance.

11. A pump set as set forth in claim 10 wherein the second channel has a

generally L-shaped cross section.

12. A pump set as set forth in claim 1 wherein the body includes first and second
generally cylindrical portions extending axially in opposite directions from the light

transmitting portion, the fluid passage extending through the cylindrical portions.
13. A pump set as set forth in claim | wherein the light transmitting portion of the

body is formed of a material that transmits electromagnetic radiation in the infrared range

and blocks transmission of electromagnetic radiation in the visible range.
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transmtting portion, the fluid passage extending through the cylindrical
portions. 13. A punp set as set forth in claim1 wherein the |ight
transmtting portion of the body is formed of a material that transmts

el ectromagnetic radiation in the infrared range and bl ocks transm ssion of
el ectromagnetic radiation in the visible range. .35 14. A punp set as set
forth in claiml? APUEdSH fsatet %%E‘\APFE‘“’E‘H(%“E) P?F@O“a‘ﬁ%'éﬂ’&tpb‘g‘,pﬂp&w&arﬁﬂﬁ’pi ng
appar at us tIOLSH BN ERHLINGInAudiBE S RReistRH aRchapB@RE T OT
receiving tﬁﬁgﬂgf?lg%g%)aa?? on@%&t%g mg er 5fﬁ§t heeptjrrp saet ta%er'ei n, and a
door pi votratdiying thepnepagatom dffestingosinber dfdhe prowesee tterdintand @rdoanpivptelly posi ti on
in which the r%ces%bs .exposed fort insertion of tthe .rgr Egg{ﬁti onsasffecti ng
menber i nt'BOUNE PRBUATSIHE GHTMOREeTH SERESN A% RRFTLPOS] 1984 Wﬁwi TOA°TH which the
door is adapbRd fédnseidsit thé aﬂoby%?ﬁbﬂﬁﬂe&mg mdMRP A hhPRnRVhERHh g menber in
the recess and bl ock anbient Iight fromentering the recess. 15. A punp set

as set forreeess, mnéaalomdlws@ﬁwﬁw%iqhﬁbe penips argpied paupustastislly dlpserthe conpri ses a
door pivot aléﬂaéat%ua%e%gn%?Hw%n%%aimﬁ'esl!eggs t'n?c! blgaygﬂﬁt%tel%%ﬁ %%nent ig%rfge? . ep05| tion

in which th ecess 1§ exposed for Tnsertron o ropagati cting

menber i nk@sand renoval fromthe recess, and a closed position in which the
door is adapted to substantially close the propagation affecting nmenber in
the recess and bl ock anmbient |ight fromentering the recess. 16. A punp set

as set forth inscApumpkevdiaeeiofthtimelainal 4 oherdeirt the puagingSippdratubéurtheef | ecti on
surface to the radius of the interposing surface is |less than or equal to
about 60 COBWHESa doprpivatallymaupted pndhq hlring dor mawenent Betigeft @bPPedlevi ce havi ng

a control (g%é’i%ﬁm LRih g&%&&?ls‘ égg&eﬁ@&f iﬂ*iteh% Hiind ;%&g;é%%g&? gfefeéé'@%it e beft SOUrce

of electromagnetic radiation eratively connec syst em of
t he medi cahtoded ramevabfromarnhé tecery, andlaeddsed pagtiat inovhiadihatdoomnis adapted to

el ectromagneti c. radi ati on detector,. operativel.y connected .t t he control
Sy et om T o g o PR e e e R F L ey WG, oper 1y

| oaded onighhgoRAierial la¥ise, the safety interlock conprising an
el ectromagnetic radi ati on propagation affecting nenber associated with the

conduit and adapted for nounting in the nedical device in the path of the

el ectromagneti gor AdimbisesiseO@th RecIdRHl GBeRin thekRGIJrABEARE bEteadi ation, the
propagation affecting nmenber conprising a body defining a fluid passage in

communi catréftastion susfactieo e natlinst offtler infsapnsingguffhagi iel leshihen ghequaktombayt 6& he
fluid passa emhavi ng an axis, the body including a light transmtting
portion prp8j cting

17. A safety interlock for use in a medical device having a control system for
controlling operation of the medical device, a source of electromagnetic radiation
operatively connected to the control system of the medical device for emitting
electromagnetic radiation, an electromagnetic radiation detector operatively connected to
the control system for providing an indication that the safety interlock is properly loaded
on the medical device, the safety interlock comprising an electromagnetic radiation
propagation affecting member associated with the conduit and adapted for mounting in
the medical device in the path of the electromagnetic radiation from the source of
electromagnetic radiation, the propagation affecting member comprising a body defining
a fluid passage in communication with the conduit for passing fluid through the body, the
fluid passage having an axis, the body including a light transmitting portion projecting

generally radially from the fluid passage, the light transmitting portion being formed of a
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generally radially fromthe fluid passage, the light transmtting portion
being formed of a 36 material that transmts el ectronagnetic radiation, the
light transmitting portion including at |east one interposing surface and
at | east one channel |ocated closer to the axis of the fluid passage than
the interposing surface, the channel defining a reflection surface

gener al | y BRtef s trapsraits leRtimagngsistragirtépns mﬁ ight transeniiéing pARion ing@uding saf et y

i nterl ock |y

faci g surt wes oo biRasinR shrfack 256 18t B e RSB ARDRG RN, Bl

faci ng Surﬂlad:ﬁassag'hgharﬁthsa’fteﬁpysmgﬁlﬁ'fdce),ake dﬁmﬁtﬂtdeﬁﬁmgla reflecdbmburfab8 wher e| n the
channel is at artia n axia nment with the interposing

sur f ace. 23?““)&%3“@%‘?% Pﬁlaéf“;lﬁ%kc"ﬁg’a@&(lefcg ?ﬁaﬁ“e@l aim 19 wherein the channel
and reflection surface are generally annul ar extending around the axis of
the fluid passage. 21. A safety interlock as set forth in claim20 wherein
the axial ly fadiBng ssigtyf iat,eeloclc@:ngtt f(trtlutiesl7avhfererirstheéomﬂ)ahdwa gemetatly axally ace, the

gener al |y TaAnrRE B s Butrbedtiaanmyy v hani b B BB 88 0si e 10

the first axially facing surface. 22. A safety interlock as set forth in
claim 21 wherein the second axially facing surface is disposed at an angle
to the axis of 1Phé safety iteplasls aytet fort. in alagmf 8 heram delcbannehis askgestf orth i n

claim 22 wh con acin rface is generally
ASES) e G ASRSHR LB G Efra -

fI’UStOCOI’le(%a as set forth in claim21
wherein channel in the first axially facing surface constitutes a first

channel, and wherein the second axially faci n% surface has a second channel
formed t her ei n 2024 safatysiateglogk a%&eéqu@dkclagné%w ersint theichaniebing reffeciiRer ei n t he

channel %tﬁﬁéce%?@gén@éllggn iISNARGH t‘f%r &.ﬁld%ﬁé:%ﬂlpgftrxggu%apas% gafety interlock

as set for In c wher el n annel i nc es & Frrst portion
extending a first aX| al distance into the body, and a second portion
extending a di stance into th an t first

xi.al
o oY 2o 3 o e hileber brReforn Catm Sapnei TR Akl HHEANSHOr o n ¢ he

second ch %Bﬁ‘s‘%ﬂtutgﬁéﬁ@t aﬂ@lﬂ}efa@in@éuﬂfac% h@ap ﬁghﬁfa%%uﬁﬁg?ﬁdrﬂ{}n o?t%e bod P RkREY
interlock as set forth in clarm 17 wherein the body includes first and

second geremati$igg &yédond gam*llypa;maliycfa@n@mr@nd faspganrianlakil directpipopriosice

directi ons_ Ih%%ttagl%llly facing surface.

22. A safety interlock as set forth in claim 21 wherein the second axially facing

surface is disposed at an angle to the axis of the fluid passage.

23. A safety interlock as set forth in claim 22 wherein the second axially facing

surface is generally frustoconical in shape.
24. A safety interlock as set forth in claim 21 wherein channel in the first axially
facing surface constitutes a first channel, and wherein the second axially facing surface

has a second channel formed therein.

25. A safety interlock as set forth in claim 17 wherein the channel has a generally

L-shaped cross section.
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light transmtting portion, the fluid passage extendi ng through the
cylindrical portions. 29. A punp set as set forth in claim17 wherein the
light transmitting portion of the body is forned of a material that
transmts el ectromagnetic radiation in the infrared range and bl ocks
transm ssion of electromagnetic radiation in the visible ran?e. 30. A punp
set as set fort39. Arsatdtainteriozkwheat &orth intedaimZdivehessin theechpansil inslugies ¢ fest

reflection_surface to the. radi of .t.he i,nt.erpqsin urface i ss than or
Caual to B S5t 4 B hOY St s e AT PN B L RIS g "
appar at us feasidngia dxemte flto Sedoaypicater thantiedirbt axgh] demat.i on of the punpi ng
apparatus to supply fluid to a patient through a punp set | oaded in the

punpi ng apparatus, a source of electromagnetic radiation operatively

connected to thg. aoafetpinterfykbesst Grth iR piwi@rap frrsatand dhamneghastat i ng

el ectromagnetic radiation, an_  electromagnetic radi ati on detector

oper at i vel 8engighnbohaped GossiHecti®nt rol system for provi ding an indication
that the punp set is properly | oaded on the punping apparatus: the punp set
conprising; a conduit for carrying fluid to_a patient, an el ectromgnetic

radi ation propadadisgietamtesiock ays p cladrg d &ivdiersdn thietiedy freluded Heptiard and
dapted f Lng. L 10 i & d . |
ol oot 1 ommts | Lcﬁg &%’ﬁ?}é{; ﬂg{rﬁipl? ?@#1%@gXépaig%g%%me%e%gw&e%&lms fiofihe

el ectromagne e sour romagneti c radiation, the
propagat i dight affsattting@ortenbee fludhjussage egteadibthyoubdftheicyltndaicdllpotttbnpassage in
communi cation with the 38 conduit for passing fluid through the body, the
flui d passage having an axis, the body including alight transmtting

por ti on proj ectbng sanekald s fliRklin 7 YRENAE livhCrARZHAREportibAGT | | Ot
transmtting portion being forned ofa a material that trans Fs
el ect r omaghebady is faned of @matdrhéthlal mansmits alestnnagnage pdiationm fhadhftatédg at

| east one interﬁgfigg sur f.ace qng ?t Ieﬁst e chﬂpneL | ocated closer to
the axis JfgeHRYPIAFKYIHROUsSHD erlssromagnchit sdimon iy theitiPls (e he channel
defining a reflection surface generally disposed on a radially outward side

of the channel. 39
30. A pump set as set forth in claim 17 wherein the ratio of the radius of the

reflection surface to the radius of the interposing surface is less than or equal to about 60

percent.

31. A pumping system comprising:

pumping apparatus having a control system for controlling operation of the
pumping apparatus to supply fluid to a patient through a pump set loaded in the pumping
apparatus, a source of electromagnetic radiation operatively connected to the control
system of the pumping apparatus for emitting electromagnetic radiation, an
electromagnetic radiation detector operatively connected to the control system for
providing an indication that the pump set is properly loaded on the pumping apparatus:

the pump set comprising;

a conduit for carrying fluid to a patient,

an electromagnetic radiation propagation affecting member associated with the
conduit and adapted for mounting in the pumping apparatus in the path of the
electromagnetic radiation from the source of electromagnetic radiation, the propagation

affecting member comprising a body defining a fluid passage in communication with the
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conduit for passing fluid through the body, the fluid passage having an axis, the body
including a light transmitting portion projecting generally radially from the fluid passage,
the light transmitting portion being formed of a material that transmits electromagnetic
radiation, the light transmitting portion including at least one interposing surface and at
least one channel located closer to the axis of the fluid passage than the interposing
surface, the channel defining a reflection surface generally disposed on a radially outward

side of the channel.

39





