PUMP SET W TH SECURE LQOADI NG FEATURES BACKGROUND [ 0001] This
invention relates generally to punp sets to deliver fluids to
patients by way of a flow control apparatus, and nore particularly to
a punp set having a sBRUMBSERVITI)SECIRE LOANMINGEEATURENg secure

| oadi ng of the punp set on the punp. [ 0002] Adm ni stering
fluids containi medi cine or nutrition to a patient is well known in
the art. BMW&HND% delivered to patients by gravity flow, but

often are del 'aqfﬁ‘(fﬁdI’lh%w%ﬁwﬂ%lﬁt%@éﬁ%ﬁ%l?é@%?&%ﬁ Cﬁéeg%lumg t@g£4 Ay

control appar as a peri el1ver
to the patwayntf adlowecoatrntapphiadd, andhmropardaﬂmyem;a pudppet hayingl at safetypunp

usual l'y co rises a ho that in rotor or the |ike

oper at i vel§f 3 %’ﬁe?%%gerr ’é‘é@tsef‘}’ﬁ%ﬁ’ﬁgif’ PBﬁlaﬁet DREPHE.  The
rotor drives beUZ]I Ad}ﬁﬁikﬂ%?mtgﬂﬁllds%bhtﬁﬂlrfgfmédhkﬁnd%mﬂtr&ﬁ)h &) phtert is well
peristaltic action effected by rotation of the rotor by the notor.

The ot or kioyvnoip dlregart- i pids é@h‘?fé@ﬂlé%fe‘i@ ratienss By grgviy Bovws But ofien arg dplinszed
the rotor

ari ves. ¢n PFpntl & il REBEEES! FROV GARPLGRRAR, bR ok o peftlyB0 .
cont r ol | ewhishdelisteeslditi o ’dmtpaﬂenttatajufomrelletdhetero(ﬁtldiveryamperisttqlﬁ)e}sum]j usually
perlstaltlc not enpl.o rot or e als

order for® f%‘b‘“{sﬁlga@ W%‘f'c{ggﬁ rcggrcqﬁ]%lefl {?ﬁyeli%anqgﬁc} g at 16aSt O3 hnoto?
cor r esponghidigh Wigkhrbbf €Thd &%rl@lﬁﬁz@srmh@ﬂﬁo@h@w QBINE Of ththambliet HHUHD, the
adm ni stration feedi n& set nmust be correct L}K?)I oaded on the punp

the punp B®Eistajtic astiemelieptrddy ratafipm obthegptor iydhe,metor ndle wmator tsé}pe@ﬁvely
i naccur at &)nﬂé@é&q&) aqgta e{}')w s‘ﬂaft a@dﬂ@ets 'tl‘ferﬁ)toﬁ) rwﬁltl% %ﬂ%&ﬁfv@éﬁ&n@rés%

flow al armrequiring e con |t| on to be ’exam ne
r el oaded. thExibitg ang qnlsraq:)&le tﬂlaubatsyemmikdme thedushttheyhmitheet. tAheonpoligy set

i's proper| ed. An cha . havi ng a detecti.on
sysbem | ORI foteh o SR ot Stk B R A o3 Ergb i s
SAFETY | NEERsOKovwaYSTEM FOR MEDI CAL FLU D PUMPS, the disclosure of
which is incorgorat ed by reference.; Fhi;s system uses a_mmgnet on_the

punp set whi cH0Q03] daprder &y thg P to lslf:k ap Acqurste graermt of fluidsemrespprding
desi rabl e, fpyjar w alﬁet Ogéﬁgr\,}&mto 15@ whf tﬂga bt mcm‘J}Hhtfem'\%_&t Aa&De

not require eac
[0004] | ncommetlsabp@dtoncthe plhrap pHelemimy sm/e mmsahgpechmfthephm;g tlgeepunipsmays e d

o T B SO RIS SO SR 0% PEAER

patient thgadahtte f&@ndlﬁ&ﬂtoﬂg: &einire® attbthe két rélbadedl FRistiAg p@bipsiRvekystems 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 desirable to provide a pump set that can be detected but

which does not require each pump set to have a magnet.

SUMMARY OF INVENTION ,
[0004] In one aspect of the present invention, a feeding set is used in an enteral
feeding pump having a control system for controlling operation of the enteral feeding pump

to supply liquid nutrient to a patient through the feeding set loaded in the pump, a source of
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[0009] In still a further aspect of the present invention, a punp set
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a conduit for carrying fluid to a patient and a safety interlock device associated with the

conduit. The safety interlock device is adapted for mounting in the pumping apparatus in the
path of the electromagnetic radiation from the source of electromagnetic radiation. At leasta
portion of the safety interlock device is opaque to the electromagnetic radiation from the
source of electromagnetic radiation. The opaque portion has at least one hole therethrough
for diffracting the electromagnetic radiation from the source so that the electromagnetic
radiation impinges both the first and second detector.

[0008] In a further aspect of the present invention, a pump set generally comprises a
conduit for carrying fluid to a patient, and a safety interlock device 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 safety interlock
device is adapted to transmit electromagnetic radiation that can be detected by the first
detector At least a portion of said safety interlock device comprises a material opaque to the
transmission of electromagnetic radiation that can be detected by the second detector, so that
upon proper loading of the safety interlock device on the pumping apparatus the safety
interlock device guides electromagnetic radiation to the first detector and prevents
electromagnetic radiation that can be detected by the second detector from reaching the
second detector.

[0009] In still a further aspect of the present invention, a 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



[0014] FIG 4 is a block diagram showi ng the el enments of the punp'
[0015] FIG 5 is an enlarged, fragnentary section of the punp and a
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fifth enmbodi ment; s
above-mentioned aspects of the present invention as well. These refinements and additional

features may exist individually or in any combination. For instance, various features
discussed below in relation to any of the illustrated embodiments of the present invention
may be incorporated into any of the above-described aspects of the present invention, alone

or in any combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a perspective of an enteral feeding pump showing a fragmentary
portion of a feeding set received on the pump;

[0012] FIG. 2 is a perspective of the pump;

[0013] FIG. 3 is an elevation of the administration feeding set;

[0014] FIG. 4 is a block diagram showing the elements of the pump'

[0015] FIG. 5 is an enlarged, fragmentary section of the pump and a safety interlock
device of a first embodiment;

[0016] FIG. 6 is a top plan view of Fig. 5;

[0017] FIG 6A is a schematic diagram similar to Fig. 6 showing propagation of a
light ray in the safety interlock dévice;

[0018] FIG. 7 is an enlarged, fragmentary section of a pump and safety interlock
device of a second embodiment;

[0019] FIG. 7A is an enlarged, fragmentary section of a pump and a safety interlock
device of a third embodiment;

[0020] FIG. 8 is an enlarged, fragmentary section of a pump and a safety interlock
device of a fourth embodiment;

[0021] FIG. 9 is an enlarged, fragmentary section of a pump and a safety interlock
device of a fifth embodiment;

[0022] FIG. 10 is an enlarged, fragmentary section of a pump and a safety interlock

device of a sixth embodiment;



[0022] FIG 10 is an enlarged, fragnentary section of a punp and a
safety interlock device of a sixth enbodinent; [0023] FIG 11 is a
state diagram of a mcroprocessor of the punp; [0024] FIG 12 is

a an enl ar ged, [(023pFRRNL1ANYa StaRldifRad bf AmiéfRosddr af hakheiy; | nt er | ock
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ei ghth enQdi.BBps ¢ bOSARL: Fig.. 14 is a top plan view of a punp
and a saf etycfgﬁt esfelveorclzke ev(lﬂce 60f a ninth enbodi nent; [0027] FIG

15 is a state HI0a§F BEI6.dB inamerdargpd, deememary séctivchef powpp efid & kedety iintertock
et and ellSHERPLFEPEBUBB ¢ he ninth embodi ment; o

[0026] Fig. 14 is a top plan view of a pump and a safety interlock device of a ninth
embodiment;

[0027] FIG. 15 is a state diagram of a microprocessor of the pump of the ninth
embodiment;

[0028] FIG. 16 is a block diagram showing a feeding set and elements of the pump of
the ninth embodiment;

[0029] FIG. 17 is a flow chart showing operation of a software subsystem used with
the pump of the ninth embodiment that pulses an infrared emitter; |

[0030] FIG. 18 is a flow chart showing operation of another software subsystem that
can be used with the pump of the ninth embodiment that does not pulse the infrared emitter;

[0031] FIG. 19 is a state diagram showing conditions encountered in executing the
instructions of the software subsystem shown in Fig. 18;

[0032] FIG. 20 is a fragmentary top plan view of a pump and safety interlock device
of a tenth embodiment;

[0033] FIG. 21 is an enlarged fragmentary section taken along line 21-21 of Fig. 20;
and

[0034] FIG. 22 is an enlarged, fragmentary section similar to Fig. 21 but showing a
safety interlock device of an eleventh embodiment.

[0035] Corresponding reference characters indicate corresponding parts throughout

the several views of the drawings.

DETAILED DESCRIPTION

[0036] Referring now to the drawings, an enteral feeding pump (broadly, "a
pumping apparatus") constructed according to the principles of the present invention is
generally indicated at 1. The feeding pump comprises a housing generally indicated at 3 that
is constructed so as to mount an administration feeding set (broadly, a "pump set") generally
indicated at 5 (see Figs. 1 and 3). It will be appreciated that "housing" as used herein may

include many forms of supporting structures (not shown), including without limitation multi-



[0029] FIG 17 is a flow chart show ng operation of a software
subsystem used with the punp of the ninth enbodi nent that pul ses an
infrared emtter; [0030] FIG 18 is a flow chart show ng operation of
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but showifgQid RAIEHE frédett st amt &shliehticino etiRY 8kl BrEReRiI¥etinps (not
shown), 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.

[0037] 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 includés 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 37 and a second lower recess 47
generally adjacent the first lower recess. The housing 3 has an upper recess 49 generally
axially aligned with 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 the housing
3 above the second lower recess 47 receives and holds another part of the administration
feeding set 5 in place. The lower recesses 45, 47, upper recess 49 and curved recess 51 may
broadly be considered, individually or as a group, "a receiving portion" of the housing 3 that
receives parts of the administration feeding set 5 in a manner that will be described in more
detail hereinafter.

[0038] Referring now to Fig. 3, the administration feeding set 5 comprises
tubing (broadly, "a conduit") indicated generally at 55 that provides a fluid pathway between
at least one source of fluid and a patient. Tubing 55 can be made of a medical grade,

deformable silicone and comprises first tube section 57 connected between a drip chamber 59
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embodiment, the seat 91 is generally semi-cylindrical to correspond with the shape of the

safety interlock device 61 and includes an axially facing surface 95 in the second lower
recess 47 and a radially facing surface 99 in the second lower recess 47. In this first and most
other embodiments, proper functioning of the pump 1 is generally achieved when the
radiation propagation affecting member 87 is seated in substantially face-to-face relation with
the axially facing surface 95 of the seat 91. However, the rotation orientation of the member
87, within the seat 91, about its axis is generally not pertinent to operation. In a few
embodiments (noted hereinafter) a particular rotational orientation of the member 87 is

useful, in which cases keying structures are provided. Other ways of positioning the



3 above the second | ower recess 47 receives and hol ds anot her part of
the adm nistration feeding set 5 in place. The | ower recesses 45, 47,
upper recess 49 and curved recess 51 nmay broadly be considered,
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propagation affecting nmenber 87 may be used within the scope of the
present invention. The safety interlock device 61 and the seat 91 in
the housing 3 may be shaped to prevent the adm nistration feeding set
5 from being aggisgent al | yin e QO908bamngt, e f8YBAhddsHR ileRe P IR") emitter
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ot herwi se controlled Tor operation in a desired nanner. For

i nst ance, frothéhqrumpuddicgenvireginentdper, alectoymagoetprrediptien dfzedcong Wwavelength) is

from bag t he.patieni. e.care, gl ver smay select,.for examl
the. amparieresioitp AR nfidhe ey it A o BhoPRo e in fLseFbRITEME
to be delicy&s et idpbosithd that&BeRNGKiIbRS light o rékhingaie/detddtors Pesterably, the g.
4, the punp. 1l has_a controller 77 gbroadly, "a control systent),
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light detector 111 can distinguish visible light from infrared radiation. As used herein,

electromagnetic radiation of a "first" or "second" wavelength is intended in each case to
encompass a range of wavelengths, such as wavelengths falling in the infrared range, visible
range and/or ultraviolet range.

[0043] Other sensors (not shown), such as a sensor that determines the type
of pump set that has been placed in the pump 1 and a flow monitoring sensor can be in
communication with the controller 77 to facilitate accurate operation of the pump. The IR

emitter 105 is positioned in an alcove 113 in the second lower recess 47 of the housing 3 so



[0042] In the first enbodinment, the punp includes an infrared ("IR")
emtter 105 (broadly, "a source of electronmagnetic radiation")
housed in the second | ower recess 47. Referring to Figs 5 and 6, the
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[ 0045] Referring now to Fig. 6A, novenent of infrared radiation within
the el ectromagnetic radiati on propagati on affecting nenber 87 is
schematically illustrated. The IR emtter 105 emts infrared
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[0047] I n one enbodinment, the IR emtter 105 and IR detector 109 are
both operated intermttently to detect the presence of the safety
interlock device 61 on the seat 91. The IR emtter 105 is operated to
generate gopatd & &tfor109 hAy GleBimly 0P BorRith SBH chthefol RedRdsBhde ¥t the09
is operated in a series of detector activations Qrffqlses that check
for the pmeweryadéd fetding sab rnrhenitlee safetii imterloek devirn GlHerecevedvintapspper
105. Typicall t he. number of,.agti [Wel2
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161 i ncl udbaRerpiser Kitip preraisd gneanpateapatemat infrmediadiation pleesofhg R
el ectroma i i 1.0N:.0r i : ]
Qéilgzébrﬁlé)? ?ﬂ%&é&t«f@n& s@ﬂ?ﬁrﬁgﬁ%@toﬁg&ﬁfﬁﬁdﬂ 9r glrﬂgi%% at LRdck fglhlﬁe

reflector yer o ective tape ayer o
pol i shed pesake af flect@haguetichradiatemerond the IBfentitter 165 e Typicatiygthemumber of

radi ation propagatio f.ectin er 167.. 1 n, the enmbedi.nent o hJ.
7a ¢ he 1 RUAREE doms s TR AFE RAD HE gpente oo Jut T OF BUER Qo gk
detector dmdteRl0S RAf & 3IVER Periidll Mind). TOY Exalnplde, it IR debsdicrll DY nla Gavwo
surface 177 of housing 179 in a nmanner such that the three devices

are gener gtivptiqps in ¢ Bagq speend typreprriodang thedR earitterd Og suap bsprrgrammed fog
< ; : It '
unaer st 00%&?&%}@@%&% EOIEI ﬁffra}e@igradlhl%rﬂﬁfr%g l%;]thljez %?_lcoﬂ@ 4 \é'tpshm. %ﬁ%‘t&e three

det ect or erw se arrange en the safety inte
devi ce 16$ecomd tiree péricegthieputnipd Ime atratisd detebter aatifvationsdo emitientdtivations of

emtted fro he I.LR em tter is reflected off the ref|ector 5
and ¢ anctE S TS BT R o b g it eios opd gt BE R Grite? o5
bl ocked f iRARtRE): 10N mAY ofiél_ﬁte\ﬁl 5thel Sreddidhiined ehtemhiaent bdernyWihodt he
safety interlock device 161 is not |oaded in the seat 159, infrared

radi at i ondgpartingtiront tp seApeof thiy ipvertion) Rheik} detecier 107 and the captspliss /7 may be
visible |ight can be detected by the visible |light detector 173.
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[ 0050] Fi gure 8 shows a seat 189 and safety interlock device 191 of a
fourth enbodi ment of the present invention. As in the prior

enbodi nents, the safety interlock device 191 can be renovably

posi t i onedosfiputdddosRadgnlfidg apatitilal aldyfor &apphdibyulal parhes dtvdtivss of
punp by the user or caregl ver. In this enbodi nent, the safety

i nt er | ock thgd¥icatterd>. j ncl udes a Iight pipe 195 ("an el ectronagnetic
radi ation prop on af f BellAGHIRIR ot 101 £RG HRH inferibedsaRt121 88, of
t he housi ng 193“’\%]% t he fg gl ng set aOl S osadgll Oll:l t he punp. aIll
light pi peecosdembadimdef de pyesentrineamtion. aTths@feEy interlpdedevage 124 @if dds
annul ar wal central Jalo] en the I I
and the ugperdRgASE SeSRRdeRiGRLMlbrapial e AenBRHLTRilN, .,

201. As shes\ed aohufat Qurfade 1231 eTHRRMittEre129 2slécantinlaRatbet€ L3 10ih a2ddaliyr e
bot h housed. bel ow a bottomwal | 221 of t he seat 183 The | R {6931 Cﬁ
217 di r ecfasingspragedd2of aient il shoflhnnsing 1 #bandie pesifiqued imditachinfigesAradisiton

205 of theJdh@fik s%%nt%ﬁéckt PBlce191 1B Lig@heHald¥r 4R AROLABOANEN! & the

wal | 207 through theé central portion 209 of the light pipe (around a

central fembatlipetaddiee. 718y IRdéterter Lidiang viséfl¢ kgt defector 13r$ear¢ Reafed #ct or

220 el BAE B0 179 SRR 5uAREIR d5n ey el
the seat a@fildrsurfdve 106 adtefleqniossd thanit rﬂﬂettbmﬁamldamgucﬁeﬁo:ﬁﬂkmmuéﬁ29

signal frgmthe IR emtter 217 is npt trans d.through the li
pi pe 195 figwivrd Fq;tha@élefte&tpr b3pgwhen the safigy tﬂogkﬁe\a%et grecewsé oy

may be pr ‘?9196Fthé E’Jusﬁr%eMBnV@?eh%é ﬁ&f@?lo@l@&eﬁde@l@l i@fotipfoRA {ék‘éC@fved in the
enbodi ments of the invention. [0051 Flgure 9 shows a Seat 231 and

saf ety i nset e klszi%mm@elzmhmanépefdﬁepﬂq brisdistdetiglgfdetentor p3esent
i nvention. Thi ety I I f t
. . foﬁgr y gﬁ §I§II Ja l%thg\%yla Sat ?géan% as lt}?lélf mg@ F&E‘% 161 ofa

conprises an i ed ra ransm ssive na
refracts thivd enrbbdlareﬁdoﬂ*thdpmerm invenitioms M thieemtddimengthé Sufety aftedock device

interlock, de af et terlo i ce 235 has a generall
Dol yaonal 1€ RHEs raliedior b oadle Sl fadi sudee 5 an ARcErP R
235 are ﬁx%bé‘éiﬁ@@éﬁédtlﬁé nlehtRALEY. OtHRGEflectn 865 8BY b8 laybSofk8N&MVE Bipe or a

receive t safety interlock device in the particular orientation
i |1 ustrat lageriof ppllsjled et affixasd tethe semadirdey Abthe elepteumagnptimradigtiprpiopegation

in the de%t‘fg{ gg g@ﬂ@%l 67a§n¥ﬂ eknb%ﬁmg:?fgf I!‘lg egxé ttl’l(;%nl & 1?9? 169Cthe }?ZIete@c

upper (bro oad. a secon and a
det ect or PA] afdrtheaisibfe liglat dfctectst 1 thedre atrargtd irpancalq@os il 75 umaﬂtdfaﬂy faengsi ng

if an admn st n f.eedi set 245 ee ro erI | oad

e punp FRIZCe SR TRHRITE SHL A R Stk A1 e g sitioss e BORAT 3B
t he opposiiig@edhiiEpadlicl Rfeask 8ther ﬁllsftﬁl@é‘r’lstbb&thb R @ffitter @69, Zﬁﬁe&ﬂdﬁbﬁ* 17hahd
the emtter and the detectors are oriented at approxi mat el

degr ees wzlﬁlhlerlgéb«émcwrol Ta ey bsrotharwispprenged h Whap fhersafely I@E@F’éélf ggvicedgl
and | over; slrge%& GEf ke 1393 mﬁ&%ﬁ‘? lﬂﬁﬁrehl dHcth ARG elRu‘E& dleb%reﬂgtg{oh

infrared radiation I's passe e safety |nte vice
t he radi atffdr réﬂatarridsameahsauttairtodw IRSjetdctor 1 2F amcangdersviditdetight is

i rar ed PRCACAECBH oL ok e i e o5 N2, nVEFb e BOCBIAPE: SIS o

oper at i oM @fis hotQodedTn thEREat359a8fr&bd HagtisR isaloY trhndhitttd o6 khIRVALR 10371
are angled parallel to each other so that refraction of the infrared

radi at i onandgmbieng gisibde light caebe datecsadtbydhe visibleright detegton IR3det ect or  241.
When the saf et [“Og(ﬂt erloc ‘iaﬁl%k%ﬁows a seat 189 and safety interlock device 191 of a fourth

embodiment of the present invention. As in the prior embodiments, the safety interlock
device 191 can be removably positioned on the seat 191 and thereby releasably attached to

the pump by the user or caregiver. In this embodiment, the safety interlock device 191
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235 is not | oaded in the seat 231 of the punp, the infrared radiation
fromthe IR emtter 237 (as indicated by phantom arrow A6) passes
t hrough the seat such that the beamof infrared radiation is directed

to only thRnMePLhieH: @gﬂ%@@tagrele%é&na%ﬂ fichanans ﬁgag%{igﬁgéfe&iﬁg tgber

d
controller to disab operation of the punp. TI ensity and wi dth of
t he saf et yeceimedein|thedeatiE8h af ¢hedBmsiag @t when the fediling a¢t@81 I3 loadedwartha pranp.

upper detectpr, . 239 d the | ower det.ector so that |f I

2Bt T s s ali Rl Pikg 135 Iy o VG PEURCRE RS, Bl aphpa o] 57 bt
havi ng a eintdEfcetién 2insweenancingted wialltaid tHehpped etidn@Taghe tréceives a tube
radiation will not be refracted the proper distan t o | npi nge t he
lover IR agt @é}ﬂ‘?}fge@ﬂ&s@\?@}r s shoym lf‘(gpé%jgn‘ge égf’mit?r %%o‘ﬁ@rl efeag)a%@afﬂ
visi bl e | hghhoglel 86bR a KdBin Wwile)of MRYseAiO 8! SRETH erhider 2SRYiteRts infrared
detecting anbient [ight as in earlier enbodi ments of the invention.

100521Fi gradiationushaddo theouter aiplar pogion 302 efthe Heltminecl9S dleay icieflecreal kyfthey

si xt h enbodi nt .of t i i . ]

Gevi e 2o SRRl Wi SoPhERER Ind ANEN POy 2005r BB R OF Sentea
enbodi rr:snﬂuiblpﬁsshgmuwwflofe Hemga‘ef ﬂéb??ﬂ tothel IRfc¥emm>d 21 bl thie iarlzgigdbhmmlar' gl
mat eri a n t external, s ce 0 e safety inter]qc vi.ce. As
in the fi?%onetﬁ’f)BEﬁ%ﬁ?ﬁ,de ?ﬂ‘ée g&l?té’m?' ﬁﬂhe@rtﬁ%?{gtﬂgﬁrﬁ’éi( g?‘fy‘c‘? ﬁgcll 38%s an

el ect r omagRgliyCsehidd bA teRatPI3o R 1d-a8d ﬁésﬁtﬁﬁt&f g E&AREdet 2019 tHeRtsignal
transmts infrared radiation through the safety interlock device. The

ext er nal fremithd IRsemitter:2l 718 notgransmisted thaeughdhelight pipe 1P H) the iR detector 219.
propagati @n. i [ I L 0f i atql .

Bl ookt g i e St Bt RRE thobd ol ok pRGep sk BB el g i
si gnal f r eanidrRmbbBnenistdf ere idGmtism t hat the IR signal is transmtted

t hrough the s interl gck device 273 for detect.io t he

det ect or 287. ﬁgﬁs undengﬂ{B shovst @ feA23lgnd Aist @r‘mfr%lgc%alcﬁ%g&’faﬁﬁh
det ect or gffoddher: BF aleef'mwi iﬂ%ﬂﬁoﬁm}’hibﬁaf&gﬁh&ﬂd&ﬁ@@vi@é 2BV RS enBod@fmemnd

the radial surface 291 of the seat 271. The IR bl ocking I.a%/;er 275 |
prevent s ¢omprisesean infraved rashiatipndranmisaivy meteod that alee sirasis diec iniated aagliation

(e.g., s j i . de .
i ni st P AR g HERERY dheh O debioBCEE LBy IO AR B35 b

envi si onegentialy pplgpdnabsimpef Oppasite sides?36sftieaaetyPiBlerlotk ddvice 235 are angled
el ectromagnetic radi ati ro at.ion, affecti nber , 2 may. have
"R bl ook MR CPraPtET orheGR 2o R IRE BUEHYe PRelar Btvidskaghet inghe
radi ati onppiQRReabhaorfilaedkddig FiEORe tha? {8cttdmdgheiahdiblion #ey@dtediii the
structure (not shown) on the seat 271 so that the IR emtter 285 an

d
| R det ectdssirglBmanner agmbll be Hesgribed. \insiRymeittes 3y angenpecodeteatest238 kbrapdly.
may be pr, f i i ! ! I L s
embod; montatapd {REctiPd Al GGk BRI ol A ERE AL Bt
of this efohsuibingftanmdpitistration tadingtsetR45yhas béengrone)ly daaded imwmthe ipngpp. The

rocess also referr S . - shot...i nj.ecti on no| di ng"...proc .
e pr oc i riigueat difesfis Z1o. AP et A s S PP eI P E R
273 Wi t hirdh negROGiHETBRIREEH Gt tBE britlePihdAhO PAGAST BR dichRe bt fgraimiely
279 conprising an infrared radiation transm ssive materi al

i ght tr akb9idesrsps,with Frepers i ensh pthen ohlyarshe yrpsr I detesiesi238 raanweﬁ{r e | R
bl ocki ng { ARl 241 2. (sﬁ ddna %}ga gﬂéﬂ&éeD ts@ﬁ{amﬂ%;r?%hlm%ﬁ PR TR s p&Sddthrough
fe ?'II S g (0] ude t ? %e

O her variations o I ment may | nc e use O a visib
|i ght bl chkiafigry irterinckalevice 285, the tadintiopias sdicateg at 3mev ASEirafratedant bewtt h

d d j nst Rb i terial, to allow i.nf d.
ot onebmamat vty biver O ek iR st tomarestion O iRt Rion g ce
but preveghds ssdral & thé BdroproEd¥kd?as Shab@ dpafa8iue bf tthtb Euﬂp.v TBEsides of the safety

[0054] Figure 11 is a state diagramillustrati n% e _vari ous o
condi t i oriBteflpgk device 25 are angled parallel to each other so that refraction of the infrared radiation

is directed by the refraction to the lower IR detector 241. When the safety interlock device
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controller 77 (Fig. 4) may encounter when operating the software
subsystem 82 to determine if the safety interlock device 61 is
properly | oaded on the punp. The state diagram has application to

ot her enbad} isaft Baddilih thid deht 23¢ of dRguindethe infrareispdiation forh lite IR ensitter 237
enbodi nent wn i n Fi 11, for the coptroller to provid " SET
L OADED" smlﬁ@cat?q?%v o i RRLares GHpvaaRe KSUh def REGeYR Cf BEdo
mJSt be " GNiatRAGk difLtedktebM§ 1 ugpBEIRVdeRcRr 39, iviith R84LLdifal ﬂo]{ﬂxe Baolfe

"OFF". Any ot her conbination of status indications fromthe IR

emtt er 106disabie ehsration of the@ymandhe dexrisity and wiglhth ofiihe sadety intarlork degeg 235
in a "FAU t k

status w | e%?%l%})ité%tnﬁ eblr}’gté){r]egg 5}#@ eﬁ&)?? tégof E %t(]’gg(grfzé‘ %ylth-gt ifan
i nt er| ock febdingcet iSlisedheving Ialsafpnyemeﬂbclddemca mmﬁe af é m@tmmipﬂvmg amlg"fer@tc e

the f eedi set r | oaded, the cq tr er 77 1se a
e T onoamsE andlot Tiglh SR EdcpRAGREe diatar Mol nu e ecRi ¢ HopS s
oper at i ontPimpik}R cBURPloweNER ddte®iN24Y @lenli®the TBMiHRRT 8 hRopey IdaBdid Us kikibko
that the safety interlock status is continuously nonitored and if the

st atus chéslfalsteriopmot spwn) oapbppresent farase I detacHbg ambientdightss in parkiey |
stop oper d enter an alarmcondition. Optionally,
the IR emgftntbgcgm%ggoﬁg Ve13 t(i‘;ép‘l)tlerat ed intermttently with brief pul ses
of infrared el {m)ISZ]omagnetlFlgureadlshxtwmmbEl?ﬂgmﬂlsafaisnnteﬂcmlt cmncan:eof 4 sixtl

interval to,the IR.detector. 109 so erlock t us
o Comti nbObET et T et HoR ST B N oa ARt O Iy bodnent is
cont i nuougénérAlyRRIild @F the TRstRAMBEGRRAL Kt inthRledl By {éﬂ mtofﬁffra&éa%dlhﬁoﬂ he
safety interlock 61 is renoved fromthe seat 9 all ows visible

| i ght " i nt Blogkiag matesigkon the extoinal syrfacq ofdhe safsy @éﬁtrlwk dwwe iArigdhcafitst y
senses th t I n aI arm
condi ti onkﬁ}f(ﬁg&%ts%g Pat@t? %{1 eteglé:%3 2?3 %%%hésoén e%cgrzélta % |t l(ré;'?éec?%‘llo? tently
wi t hout dppPaagaking aﬁfccang trtwbsr:m?ethaftrahkrnm mﬁmed tadunuon I 0agh tEe gﬁfctg 12

ahoai men(SIOok A LB AEer B T AL b 6o BRBBRASBHE SRR af ot y

i nt er | ockppydatién SBtting ni¥aber D19 id et RbmakRaed AMdiadibh BIdCKRIAR BHARriAPdsQhik al
and has an openl ng. 307 pass g fromthe top surface 309 to the bottom

surface 33ufass isiused tgacqeevs, therinirarsd signalfrop theiIR emiti28§ o that the IR sigand is

t he beam i t

513 vi o o PP Rete ekl ARclbioRL 0% B dhildd YIS bbb ey By
A8a thru WSb)StQOIdahat dredRokmitiert 284 abg IR dstestoe28 7aff thlﬂerdmmmtnmmmsmoned

t hr ough 3 at ed ow.t.he se 327

1T e Bty S nd B i ARRRE0L 3P o3 7P G R e g 25 2% 1.
above t heplﬁaefnest itfrhrod eleb®ikagiets £6ia803 frombutsitt bl ceele@s sOfilseh)Iecha -

321e) are lqcated_in an alcove 335 below the safety interlock device

303. The Teretigthe ks @%te§9r1%§7tweéd§qﬁd3lﬂlétr%tw@ fegsingetat 2pdip loadedips thg peap-
such thaty ﬁ%visfb%é@fh%%p&rﬁgrﬂsq}f%ma&@%rfaée fdttRed < E}\Sgﬁéﬁﬁ a9

307 inpinges on th detectors. It 1s un erstoo
emtter MP%wmmtlmmeem9mmwe [Rbleckiog matéeml there@0 3Inathat evératthe
the IR dete tars 21a 21e coul rlo evi ce

or in sorreée Oﬁlgigne SRRk t[“ﬁ’o%ec OveFrt“ ‘ﬁ&%? flef?@y P 5"&3 this

i nvent i onstrutuwd (Sbttlslhewh) Ghthe 8t LY BEo taBCthe IR anitRt 289 &idlIR&letdc@RD]7 are
detectorsxé % shown) coul d be used in gl ace of the IR enmtter 313
loacks

and | R det d f’s?lfgbl%lzé% deeeios@pt shopmemerbearert forgise inj dgtecting ambigat
infrared gadiahiefief £AH3J lﬂgntg g‘i o313 diffracted by the safety

interl ock device 303 so at t rared radiation fromthe IR
emitter is det[8@3xd by tHae bﬁeﬂeﬂ@ﬂ@akr@v@é%ﬁi ofithis edtbbdinwinemay he

terlock dev 303, t ed 01. nb
of - det ecti8ratsBa 7 e TBG PR Seyng PR SIS e SEbeb RN
Wi t hout deglaing! H@cdss.0Mhé &S dfuded injdidoR iR ERIY the @Me@tmt@ﬂock\%ei&e bhe
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[ 0057] Figure 13 shows a seat 381 and a safety interlock device 385 of
an eighth enbodi rent of the present invention. In this enbodinent,
the safety interlock device 385 has an el ectromagnetic radiation

pr opagat i ithahd €edtionghgh@ithadiatish/propugetiaf affectiil @émhbdr 200 padapisityf an infrared
transm ttgqr;lg infrared radi ation. The el ect r_orrtggneti c.r ac{i ation

pr opagat i GHliARSERIRisSIHEmpetalda g Helt tanpraiseye (Germopiastic BOLyREGeRp) tpgrther
top surfaGgmQhe IQOABAPR e N8 e kS M@%@}H@&E&Jp%ﬁé E@%@? eSihf rtl)tgér IR

The opaque | ayer 389 has” an opening 391 that "breaks” the single
i nfrared vaufitmns ofthisearbodiencht way inehide Rearns of avisiBigdight bloeking maletialdng.,

into a serjes qf .spaged apart. hear .t hr .t f
dot act eq By PalpuREREEy BRALHLET AR Al P i tACHIR B e Rl foqton,
i nt er | ock irdeyéddtectdmaptetio rafigtionyto paBti@dudhithé et ingrlockldeicé bt prevent

propagation_affecting menber 387 is renoved fromthe seat 381, only
the IR det"@ﬁ’tl‘b]r‘g}@@l’?g‘%aé%%gﬁ‘ﬁ@ R dEVES- radi ation fromthe IR emitter

393 Tt w1 Deosggler St 0ofghidal i QR URHRRIN ustrd:ie 4R AL Sondiiafls 5

may be ot her than shown. further understood an IR detector
ot her t hanoiiRIligeT2@in ) 8RS encantes wben eiferating thersaftivarei subsystermiBrte dethamine

one IR detector. .can see the infrare adi at i on_when ronp j.on
ot i ng gty SRRk dbfe b bRirEHy R C0L B gliB" ThES 8 PRATH:

swi t ch t hepphichiioit talotiehebodientgrtatipilbbe ddscritet actegpest BIbafiddaabddiméne.
inthe lower portign of seat 381 and the IR emtter of IRemtters in
the upper AS s 6. Hn®r Seponralle e pprige Pi L LIRS st2ie Ly ¢ the
|i ght det getafir { (AndTRAMBC1dE Q09 Thubire R ah tHalsfe® JFfthd NSibleMipRiAckdcfr
393 and IR detectors 395a-395e. In that event, the el ectronagnetic

radi at i onlpropsidat'OFR" ndnbethengwombinatien obgiaths mdisatiqns dvpsmibe dR gupitier $9HIR
i ght, bu I (] 3 - hahn A P .0 VI8l
[igne, NoUsaar O sV RInC L Qe BOF 1Bl e A T SEANE B LA By e
ei ght h enbadiottentThes FARVLAY istatusemtl pebmpnhesuserTi ehéedktthe loadikg déthie cafet385
is preferabl ed (not, shown) to assur roper, posi tioni_ng, .

[ 5058] Fi giastorh Atvics AT o lprsnt G BRED Sl Grerinly Pote P dbRine seghs o
a ninth e ?Qﬂf@_ﬂ&ed?fhetcbﬁtr(ﬂfeﬁsﬁwill e SINL OADEDRRBhdifidd andinfiRfet Of
a punp 40 hat is illustrated in block diagramformin Fig. 16. The

punp 401 fRsugios of theawenmy Reingasratians ofithe pymp.tbe HyemBETr 4G tmay eperaie y

i nterlock i 4 e | tl

s ae. t FEAGESY ot HEsal HhHcR B85 oMfpluciy iR At andic e bl

i ncl udes ehangdsdrond SYETEOWDEINtod FADI AT, the BontrbHer 77owidlr stefBapecaing érgaog 1

the tubing 455 to punp fluid to.a patient, substanti.all s, .descri bed
- pr ovi oftd SiaRAREREand el sl ge b e e H
an | R det g@h efiefitibses af MifiielleRclrbfbine@ftddiatibn 8ig trafkthifled/tS s8l tBnd intHt¥al
detector 435 in respective alcoves in the housing 439 (Fig. 14). In

this enbotithel deteqier 10R sathat thesafetyzinterlgck sietuy iR ceatinsiondy mopgorgd.eThe

d at+.an; it . i t .
o hor 020 R AR IEL, SRS AU A LS BPES g8
det ect or #85afatyentariockyjed ratovad fimppthe x¢anlt aldyalld®s disiple Eglangto ehavetdss, the

respect ta. h er. her rel ative | es..are al so i b
ooyl 1 e E BT ir  Rnste oo e el SeSpB R A e 12 19
em tter Aghfersa alahdlcohditibh eTIRDESIBRigE ddidtorI i flay oberbRIih@kKitteli Without

461, the infrared radiation emtted by the IRemtter will not

i mpi nge ugspArting dronRhg seape obthis ByeHiophe IR emitter 427 and visible
light emtter are arr r V- HQ: t

i medi ately adqég%sént Si dﬁ%gg?%gﬁ@gsfﬁeyt%og?éggoc 91‘(1}%13(?0&&%2{%??0 %fna
proper |y stoenh edbadimeitefphengrestiiinvédioao iethisi embotinseng itk @ifdte interlock

enbodi , ) bet t itt 427,. 43 d the.safety .
Croor] e icyiss RS isfRa i o arar LB bt A faicHR T GA ShOR L0 Rsing
of the saf&hyhd tB}B SUrkRE BOIIRVhE Bottdin SurfacBaNM Hthé &e\@ceo%eioﬁslﬂﬁ§3@7is about
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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 mentomigaredsp eak kHeybetnn@f itlfrated radiaticat (indirated aAdpfrém ol ehittere3 13

the visible t emtter 433 pr V|desase ond _ el ect netic

radi ati on & @Eﬁ%ﬁﬂ((nem@ a Seaewﬂf@aqeﬁamrs bopsndisnied i AT YO S i1

l'i ght not JpE&SERS a kdkied ofiEY ertéc@tﬁmzﬁhﬁmﬁgpsmIloosiéatbemhe kdat 501 in the
enbodi ment first” pulses the IR emtter until the IR detector 429

lrecgl \ées dowsingg. ulle@@gluhistrawg emh@dlmﬁméhsw emifter Fi3ds logetkd thean adeovaBil i s
| Cant s gRaredbeirety Bl s BhA bR ddolol 381 Yo Bt BBt

t he saf et ylcovd 35Ibelky ﬁe\safe@ misrlmkrdeeleé B93.| TiedReldtectord 3194 a seratgh321 e arthe
VISIb|e|I ht . det ect.or 435| to check. f th visible | t
si gnal hees! et ectistuce sach Barghen aqe& fadiation fhat is; E8 %)ﬁmpgw

det ect ed (rhp@ os ohIHR det@Bre Nt tstBberdd3d Bat % TR SMitk Bl BASuld bOBldw tiR
controller 47g/ activates an alarmthat warns the operator to check

t he al i gnaafely ig¢rlackelevise d0hapdgbat tr B detrgtarndd aridi e equldbe showe thermpfenn 1
to oper at e |- ' . Lent

| ght by ek pelifodf 3ot bAR d8nfaid E Gkt aouRunl REERASCRe ATBLON |
recogni zeinvhationt Aevisible light éromtdeghdandy bfieisipiertjghirdgtediars Gpe slatved codld de
punp 401 detects a u condjtio f. the vj.si l'i ght detector 435
ot Dot s ¢ Hdyn B of e BhenBRuhil SRR debRE2Zpmrle- 1 gt emitrer 433
after the IR dRﬁOSﬁF or 429{n@1‘i‘é&ﬁl§oﬂuﬁéﬁ@of’lﬁgsﬁm%1ﬁfrar5@&dﬁ%ﬁfﬂém the IR
interlock device 461 0060] Referring to Fi

cont rol | epmittgy3 H&ﬁff@cmdd)yd}m ingarlogly deviigeai03 s that g'iegnfm;ﬁebradlatlon from
el ectroni iR 1 #%Qutrté??stde?&? a% éﬂ?d tt(ﬂ 3%}%31-@1% {hg nhtgxrlocﬁ?dévw%303 is

i ncl udes at 1east one so re su use etectin

pr oper postopernliocaieddn thiheedt 86Hi Tig mmbeﬂﬁlSdematde.le{Bﬁ]l)e A4 be 61heriaan on
of the softwar.e subs em 0 i.n controll t he

Dnsen on SiRErEmY HRYRirga i toutleptane HRa RL R o} B piersy Ry Ragho hen
i nt er | ockihd @bk 4eice BS3 i@ﬁl@pﬁééem RiFfairdd rafiatorORorh e IRLHiﬂtteﬂ 304 ALY N
a flowhart illustrated in Fig. 17. This ggrtlcular set

i nstructi the sniddie IR defscter3dlg é‘?fO%CH)é 3 speqadideteston)q bt nok by the ﬁ@&f dtecera 3aka
or ' pul segh; b%g[ %ﬂ% %%t%%k'd@v@%r@ re ?lﬁ#l %{%yrég%(gts%@@cl{%ﬁr@q{oﬁsmg

initializes at ysett|ng sever a :
exanpl e, 3276:0 lafguenpropez ipodifdaniag dA wisshle lightldeghtor émpi $ltoewn) 4089 alkp be ssetd to 0

OFF. Sim| || d Anbi K OFF,
as ar eI ;Tr%g #Plgﬁ{)‘ﬂ?g’fqn}’i@%ﬁg ca W&enﬁflf mv ’lo&l‘ fysefb\n‘gloent

Lock is a featoos7]t hat l$1gdrbmgg{m alseatiB8euadMh sﬁ‘@@ﬁﬁéﬂ@kd@hcb B85 PUHD
401 when it is determned that the IR detector 429 sees infrared

radi at i oncighthsmbodimaricaf the prevent muenticne In hisymbodispens she safgqpinterlock device
I nst ant QUiQUas b ﬁl@ct}&%ﬂég\{ #filio biBbidBlRRA e AHE Hfé{;lb&f 3 §7*}ﬁad%%ff5%"t&1a1

(i.e., whether t I's egi n
Qut put i scaphide bf tnalsmdtting intfracdd mhalmnﬂﬂmteetrommeﬁorad%bn pmpa@tmhet her

bt sot A ERiRmPRbR 357 Ty A By REtri Al Sho BRI b’ RfRY hasi
482 wi | | Brgteweld Badmasiu bt R Tifea@patlﬁkelaﬁaf%m&as i &eching B oU ehat BRaldG e

has been properly positioned on the punp 401. After the
initializ4g %Wfr@@ésad%@ hemmehe] frem ﬁhmlﬂwmlsers%%‘fém@é&a(capn nQysiregef oN

at bl ock s]g e h%%{s_AMartﬂLroﬁg}) nzgé Rk a?ﬂ%é{téq{tﬁgﬁ %g:ctntef Rt& cB $894

interl ock eV| I'S posit so t are atl on
stri kes ttheuglap@ieywhenttbe fadetk 1rdeﬂnckd¢v1cd13385ps oppgdy saatedoh tltehmmpanhmHUe

di at f t t 4 t ed d
Fadi at1 o PO R PR 2 e firh e e oty PreiEhdeBifer 295e
devi ce. SeeRhOMmfiah rhdibficd R HRARANIOS B3I TSwillR waebyd ihat BE heeker of
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[0062] I n the next decision block 1406, the software subsystem 482 can
operate to bypass evaluation of the visible |light detector 435 in a
situation where either the Anbient Lock is ON (because infrared

radi ati onJRa&edet 895£3DI¥ndeHeastlicR thast 38w 1ls filidhed iddefstdoti @h maztewasmher
OFF), or where the IR emtter 427 |R detector 429 and visible lig

em tter 483naRdetgptpr I35 cay seednfared rediation erqaere themwone R detecier Gag S@ﬁhe and

both t he 4
o oneeus (L RRrhdRlor\en b PR PR QEnd S BATH B v R MR

proper |y Doe atnedsossxfieh jzhel cnteatahom kf tHe gioop o AR ddt¢ctark 39 3aH¥9 5S¢ it beindhd fogyht

det ector 43 r.ea ueri ed.at next

deci si on B‘f‘%@oﬁsﬁ gltaﬂ t}§ l%:ror 'Igsnus%ﬁsdmt e%pSFr()%OFt am %%@eess f ‘Af he
next deci sisible lphe kit AZRL vidible lightddidceors (nghshoent) Edubd bekddd hbysladeadf tHReI®N
turned on yet so the_program causes the visible Ilght emtter.to be

turned oncBitteh?Bcand 1R fgtegiors Hpae9°¢ Jnihné cwsmy th elediamasrsiic LAY e
there is 8g§'§aﬁ¥n fidthBer x%\ﬁd Bﬂ é&pﬁﬂ%@f'ﬁ%ﬁuﬁﬁg v@-btlé)l'&ght Vlﬁl'f ﬁa\}é(&tlgyer (like

initializ to O-F so that the punp 4 I's not yet to run.
Af t er t helagled 389) that is apdsjue tdveisibledight nMDEDan@lOﬂ?@r yisible llgdm@etecrtbrecould be -

interm ttent.oper athélig‘)BIP (];d[“itngﬁttals gﬁrﬁrtet @%Ktsaqge CoflE LARA 3¢5 is

operation ofln? provi des si'gnificant power
Sﬁ.VI ngs |pre&mﬂﬂﬁkdyem(méﬁd%m)gcumu&@iopeﬂ'bosm&&xgt u]re is hel pfu{3 when
the punp 401 is operated on battery power 063] Pr.oc a

the toggling st08pBl1400, thigwe & ehavisasieats 2y ap‘g Wt‘@?‘i@gdn@%ﬁeé%ﬁ t{?’ne
| R det ect giruA3molRRas of 8 pHI&R idventich, AEIstR %2 Pls pllﬁ%‘ﬂa?{urnﬁﬁﬂ fac del ay.
As a result, the Ambient Eock stays OFF so that he next

deci si on mumedlm%CkshagmfiEmm Heg. 465 Weg pumep 4 aneuntye fepdingfdt4Pdrat i ve
and the vi n ' t The
oty i rioPTBE R SRR b e B ReE T REe st e 1S,
435 so t haibvtastidilly ¢hd Jagitas det feeding set S skdvm inPig. i3k &\ plhﬁplﬁg d@ﬁcdmpncludes a
t hrough the program steps, the visibl ht em I S now Q

the pr ogr@mr#éiggvedwytaomg@f et hwgioaﬁ%aﬁ%ﬁﬁsaaﬁa bige 351 troampy g 1o

I ndi cat i nﬁhu"eHLaEustQﬁtld?H% QAL RYrEViOG it @iRe1s! Q“hﬁ%{b%ﬁﬁefnﬂfncﬁ%%nng
fluid. However, gprtam may not i nmedi at elXBﬁal | ow t he punp 401 to

operate. JReemittel ‘b?ét @dm Qdﬂi@r 438xa Viaiblei light esnigert3p4aisl a Yﬁ&tbbdtgh’f detecteriddg
may be “Sﬁ%éﬁg&% G1do0& ih S’sﬁﬁfg '4%9 '4}(‘31’& thl's:gﬁlbb&lﬁlteﬁ{‘bﬁa% TR &BEtter 427
equ ocok h%l er of

sof t war e ire at b here be a nu
occurre ncmd tbé IR dimedmsma latdaﬂangéd at4i 6p1hexmgtd;3e90 dagrda\dngkefvmﬁﬂe$met to

final u Var | for establishi n
confi denc %‘ﬁ&‘f’ dftﬁeh‘élPl Wf%%FmHﬁcr fl#ea“g tﬁﬁ‘g?ﬁm dptestor 43%I E?fé’ffng
the ot her aphxilattpwh depred sﬁgw &ith %E&’t REedRNothef dOThBr 18akiGE aAeRrd £1§b
CQut put 1418 woul d be equrvalent to the |nstantQut PUt 1416 in ever

| nst ance, pasHblei Granalnsmeakiogdbe Thicterpat ilaezied siasae o be Bhomitis 5Lsm
401 is aldtk'nﬁ)tviﬁ%e a%se%gg A€ sar.]tg@qﬁ‘teﬁ&?cr Rl E%P hélgﬁﬁ:gggﬁfﬁgﬁ ehﬁtted yth?(IR

permtte routine or c I nter
devi ce 4661111ttelfmiillrlﬁ)t inpipgesuon e I(Raaletdsm@reieet}uheﬁ{ erthittet #HZ7 addlwmlble dpgkd

enbodi nment , is accopplished by continued o raio of software
Subsyst orfibigss P atal ey pemeadivuend teamg oL Daght Sdt e
433 coul dahey kel d&fide Lﬁﬂa‘b}{éntp?oﬁéﬂﬁi%ﬁhﬁﬁdléﬁw um4010 Whorkeés irPrhis and
operating the IR emtter 427 and viSible |ight emtter 433

i nt er mi t t@kariepbedimepts, baphphetvesi thhemitterred2d cdiFeandfthe saety idestogk device
t
el t ounst aigd oDty Al deaARPL AL hiel Wb LGS Bud i SBUEL B

oper at i omoafindllyed.q0Srinchéd dr ziiy;ud@zﬂ@nﬁm)ng?hé aaftty m:teﬂmhktdeoms 46 haf thist | ve of
t he saf et terl ock devi.ce 46 edi n set 40. bei

ot oper |y USRI SareaISHES [ ReREtion a: £ Sraiels Halle eyt Fipiies
showi Ng seAS, A IBRABEL AR Joi FHitefsdTht GisHI light Bipaties InfRt@TBdht@n, on of
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as the IR detector 429 detects infrared radiation (IR detector "ON'),
the software subsystem 482 will not allow the punp 401 to operate. In
ot her words, Qutput 1418 will never be set to ON until after the IR

detector 429 hpmsef | eastTiNGREELigRI Shhitledlth MR drAetbdd 790 difhubedtRg | R
detector 429 has never been ON, when the software reaches deci sion

bl ock 1406sflectaé insths vafetynteilodkalevige 46 hswgh thabthe siggalatrikes the IBrdsteetor43%
h d | it el i | ar |
Lhe o ohabBe AR PPALly QIR 2 S o ORIt o

the visible emt on a a poin
aft er i nf iay @dbodardéra tireanpdciabiynuisétfal inRpemiing iara dd&Xrohasitve ¢re dgbledigltd by

the IR detector_429..1n that case, the software bsystem 4

proceeds PPEHF GELROYIER picgemd ei%@f@%ﬂ%ﬂﬁﬁ#l%ﬁ?@ PR ﬁﬁlt&%ﬁ etz s
OFF (bl oclyphditl farnesiblB Bght vk probdad it ark fooft THe @oAdT sfdbmekthlA22) .
[0065]In the first condlgl on or state of Flg. 15, both the IR emtter

427 and | Rubedisentdirstapbenthe IREmitteT 2 unii fh fector 429 tereingl &sigml t he
IR emtt e&ecélgxé%iﬁgﬂla%g @argy’inéﬂ&l&il@ic!e %fﬁ?%g&&’. néaSnd 'vgibné)f;',%}? gﬁﬁ]ﬁ%?z’

infrared ra nin a previous loop o sof twar e subs

shown i n Fsiagtivatéfl to Blndsa kight kignal dloat is bldaked by drphietyi ihtetlhek devindiday ifshd
405 has not. been. installed. At. decisj.on blaock.1406,. the. an r tq.the
Guer Y wou PR a5k o 5 coreii R Bt St o il aeior' s s

| nst ant Quppiphted thhedlOfof e vivitsle RS SRMal Mdtd@eted IxcRbs dMlentight. IF ithdr
second loop, the IR enmtter 427 is Ioggl ed OFF so that now both the

| R eni t t epondifipniirdeiested (i o5 lightdrog: em Ot gxeswhambientdight) 3 epptrellerfy s
is an indj i i i |

401" (a 1 g pieC i MR b EG Rlka o B0 18 ol oPhE SRARR LR BT
of Fig. 18odssonaiamttht pumpd)L ataperatd umgib leiconditien is coirerdest i e Hiakagend
particul ar_gconmpo t.in the specific diti descri bed. [0066] T

P cond coHERERORER e gatean i deviee AR Sasbes e TRl i HoRos Bt
the feedimg saqs 1048&l MddhsSHIngs May Bé gerAek AR bumpuiod dbrectd atfatt @ddition if
Previously, the software subsystem 482 woul havem{%cl ed through a

| oop in vivibleelfidsiepiontdy dtctsehe visible lightsigpal lamiAg ¥isibletight gnrierdth

at 1414. j i ' fl 6 in
i ch ¢ he RIS Rlee R % BT RR proelcE Rl B e AR 8L Vi <l o

light enitter HW8&]has nothfmin@eEFigekﬁeﬂ@iczmle’fHais a@uicroptocessonHtd that

[ 1 d bl 418 ON, | d he IR
I per a5l pR Sheliadty B8 e oty 125, e BRESHST 477 MRkl L
bl ock 140RBast bfe 0fSvadd ibkysednt 48beiised irddetetBhg the pidpRelposhitcming dTghd faeding set

feeding set 405 is properly in position, the visjible |ight detfector
435 wi |1 Horondke pyg 80% Heperatinn of dha sRiParesUbYysede dapuse ihepntroting the

feedi ng Sﬁﬁnfplﬂ%ﬁé&’orp@ﬁétﬂér e@hds2 805 a@‘fn%ﬁtic%ﬁ%%letsﬁfeg\&n?&l&lb%lvice

the punp 401 may operate. Condition 8 recogni'zes that ina |later |oop
of the softlwsmeorsty pysitiered4®2he pranp, B gmén inerflosRiart jIRsdasedintlig. 142Fhisnd

ot DL S TPl e B b SRR

1418 bei npuked". When the pump 401 is powered up at 1396, the software initializes at block 1398
by setting several items to OFF. For example, the IR emitter 427 and visible light emitter
433 are set to OFF. Similarly, a program feature called Ambient Lock is set to OFF, as are
program features InstantOutput and Output. Briefly, Ambient Lock is a feature that is
triggered to prevent operation of the pump 401 when it is determined 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
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’to ON. Conditions 3 and 9 are simlarly parallel, but in these
conditions the visible Iight detector 435 detects light emtted from
the visible light emtter 433, thus preventing the punp 401 from

bei ng act ity Bég@dpirBhiREMOUthutiisthé findl opgli &ithe sdfNAENIse® Rtideieahiind whether the
illustrates a SI tuation_in which anbient el ectronagnetic radiation in

the envir oHmeAP ssmerrmﬁtﬁélr%@)er%f%ampmsﬂmds detected by the IR
detector 429. 1R em tA?{heﬁatget S stidolmr in 59, (1 6thS RIENGH & (B! eerF‘;

482 may know t he infrare atlon is not comng fromthe |
emtter. Isubsyha’n 46%@11111 be tletserﬂwdfassmmg @aﬁhgsﬁ@mm&mkd@*ﬂw@@ IwS'bygs"

bl ook 1408PPoReberderkt et WRen i, APe b iuedion s iy p et BN 11

bl ock 1406wathsd exrakdpatddoyONTat biloek MO@%@Iﬂ&@uﬂfarédl rsdlblicﬁa ik bightedantthe Qif@y
I nstant Qutput to OFF at. 1422. In condition 5, the safety interlock

devi ce 46 interlock devies,4q]) is pesiiened sa that the infrared f&ﬂla?l@hﬂ‘iﬂ??@ thg safty inferipaly o
of the I Rd%&@%%?%égudﬂ Jtitnd ﬁm&&&&%%%%ﬁ%%l @}'tei’vﬂi’} wﬁpoetaﬁﬁt:tea Q@thlaf\)

detector is software subsystem 4 I mredi at el y proceed
after bl omframl(}@dlathmnagffﬁbbd)mkls‘eﬂm withdn ﬂlwzszfetyonbdocldﬂvmqt Seme obtheck
1418) to Qut  am fur ation.of. h

vurp 402 e rediiin SO RS B0 B Bt B Sl TAE
| i ght con@oﬂwawpatsedbr&ilyrﬁt glatk 0401 Uittet ﬂleﬂlhenﬂwerMSog:glaﬁ&nhnidnh@rrema{e
a wi ndow in ght woul d

use i ndi cation of bri HRJ} ent
i nst ruct tllfaéets%rr“zﬁ&t h@e’élﬁ?etoaa%n%lfatlﬁ (’Iq tnrfs?é%é liaéﬁtwn is
[ 0068] The daeét&dyaffﬁe SaHReMS Ly 48R 48§th@ﬁ Efbcé‘éﬂ@ @JJA @ec%iondtﬁé&clwofi gvh%re it

condition in which there Is excessively ight anbient |ight.

shown in qusigh wihetherzthe Il detedorf#tis ON auﬂmthendha IR etaitterct2gris 9PH oaﬂ@ bot h
ON, whi ch ,i din n

posi ti one émsméntltq ﬁoccka ts, O\f\? thé ?a%e Fvgxgrte thctgsnafe?%mttegp gﬁévu%héﬂir 1 qgg ol)g c}{[ been
properly besititadd, the IRadletedmmpesr ONegbutitielR dhniesr 42Ttis ONamM thd Ambleat ook hid

GFF, "tho DFE Bhiefore e tavech g dpss Bgedtioa lppl IS [t Sthgvords,he

sof tware ﬁ%‘@é{é’c‘ié%‘iﬁ@ sdeh QERLL radhiti SR biR IR eniti0C40 7 1A 1sVYH&BatN%%f proper
visible light detector 435 is ON, to block 1420 and 1422

| nst ant Qupgsitioning of ghe safetomierkogk] deviee. ﬁm«‘rﬁom.@reé}mﬂw tlmhmblent Lock to OFF

[ 0069] Ano I

the cont r & sk 04 Bifor RS AL DR S IRb AR S MRER L S BRELRU
systemfodecuim:ﬂﬂmmglom oper pl acenent of the feeding set 405

i ncluding the tylnt rliock device e IRemtt r 427 not
Lurned off andiBfEl) e e ek oS Sk aps e et byt 4dFead
initiali zagdra@to%y@@ssmzﬁauamﬂh&lﬁmetl t defledfori435 i ﬁﬁﬂtl&ﬂwﬁére Ritee he
1430 and remains on while the punp 401 is powered. As illustrated in

condi t i onAmbient bogk is N eeenusingared gadiationi weg detsried be dete?i@rr‘b?ﬂ Wgn the IR

fﬁgdll }:\’I gnmét{l?tgr AW%F%{HE‘NE&% iﬁ%ﬁﬁtﬁe@ ﬁZ?flﬁdif%cto} %%9,[ &rﬂlewﬁ lﬁH dﬁHBtter

Ref er r i ng4¥gae all OBF Filigthe @&semthesesahtbvm Eo&kub QFs?‘taﬁdbdﬂiz’ehejHl a;mteau? and
IR detector 429 are ON, so the software proceeds to read the visible light detector 435 at
block 1408. The properly located safety interlock device 461 blocks the visible light detector
435 so the reading is OFF. Thus when queried at the next decision block 1410, the answer is
"no" and the program moves to the next decision block 1412. The visible light emitter 433
has not been 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
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bl ock 1431 after the IR emtter 427 is turned on before reading the
| R detector 429 at block 1432. The software subsystem 484 conditions
any further checks for confirmng the feeding set is properly

posi ti onedjigRed BeuslEARSthOB1Sf ati1a 5, Wcsogragliradiing o kyp 14080, ITRe detrathar
429 at block 1433. Condition 2 illustrates the situation where the IR

enitter 42perpiononf thelR emiter 44 7cmd coprlibenabeperation of theatwlle Hahtsprited3s R
det ect or §?o%de99§ﬁi(§fn ﬁb@egs%ﬁlgg ﬁ{ %&%ofﬂsmeb&rﬁwa amgferaaﬁe e%@m
m proceedas to [

t he progr Irs read e visible Iight
det ect or mnmemwllmratcﬂmlmtewmr n the VI sible Ii ght det ect or

is OFF (bl ock and fhen turn visib e r
at bl ock 1436. }(ﬂﬂ%gier a de @§eeg9gma§5{?q§%@$§h gp\/\t)g?gﬁ ‘%ter ﬁ%%w
484 proceegdfed OFRasE®O MR dkte@pr 435 rékis OFF WigenSoik '@A&[e‘a a% miuwﬁteemezasmy As
confirms that visible light is blocked at 1435 and, because the

vi si bl e | iagepultethe ﬂm:haen&@gclg says oo thatpdhemtheqiext degisiandlack 1406 1s reached
| nst ant O“tl‘féé%xs&/& 19.1%:1% 1n%9&ﬂfig%§t§% 4 ochﬂg llﬁﬁ f?? g8s E%d@l‘btnce agam at

filtering, t put set to 142an e punp 4
permtted14e8. oﬁersafeey intdolaely devidef46\ isgil blogks thghmbilfshgheﬂ@e@t@d“éélso @he vigible

viibl e 1 ognesor soPE YR BR R P Brbid i FopRoternt il "¢

case, thecm@ferss B rﬁWQﬁNs‘é&Eé@t@@Anﬂmb\l'es Ph ecee the TastaltOsutltd ON tdbldokrld 16,
the visible light emtter and at block_1446 to

| nst ant mﬂﬂs\%ﬁatlﬂg)th@jﬂie PRSP é’f@l F]éﬂ\‘kbli’e fiogies feoneraghior BWP‘I‘?& e‘t iV ves st
det ect or ﬁfb% d;{?&% hrid nBﬂn?ﬁehﬁaYc%r LS F’% 6)‘73%1? 401 33 QleBatt | AOIndRHeH bithe nxt action

shown in Conditions 4 and 6 both result
in the sobtonhﬂeliisumyisﬁlmmngmﬁhetlmdi@forexheﬁ‘mal @n@at isgiven Herdngircesihng

t he punp 40Q tooerate terl ock
devi ce 463°8¥ 681@ EHEg 2 9@8%1?@ tﬁagttgreeﬁ ]gm%tfe% %Icg% ér{t;:th‘[r?n;tances
in which thent@ipati4ofbehg vt ONebelfirg e flagl ohpum4ssbsl et ol QN1 Vdsdwct or
435 prevents operatl on_of the punp eve t hou nfrared r tion h

been det edgedthgy fonfstaplishing %lﬁé?m&z@the lr,%ﬂgﬁtf’ pl?ogratrﬂﬁo‘ﬂﬁllg oyed.

l'ight det eptpr orﬁéﬁlaH@%u%t ARE &M d doﬂgi 1l dnhiBéd fnivettith kO MetdiRput] llfﬂ M@uld be

light emtter 433 or fromanbient. In either case, the punp 4
not permi mtwl@rmtcoqbeimtownumgé in qvmametaqc@ & pigher gase] quice th@@uw 16b8

descri bed. h fl

[0071] Fi gffr atﬁ%p‘gli&gé]glvsvaao ragmt? Kt 3}5{1 \ggr %%t%on (gqhes%’%‘médi

adj acent p.erﬁﬁtaetd ﬁﬁﬁxtmé fdrfbheqmigxp nadke seva fliet spfeityninearlook Kevdesdod eerﬁﬂﬁs of a
t ent h enbodi nent t he sent__ i nventi The saf et terl oc

devi ce 60BOEIARSAR B srruind OF PRI BT (0P ROSCAIISREE continued
radi at i onoahgionl o¥isbRark s %rsteﬂihQZSI’tfl?ﬁlyo Vi sBde8 Sat BRWGSle GO cnfidrudes

a bl ocki ng portlon 607 thaf is opaque to the transm ssion of visible
| i ght so edidd be tuenedioff again toicghservespomst. Yariows ays elcppeesting theJRempiter 427

A A S A R A R S

recei ved invemtionor r espondi ng sl ot 615 in the punp hou5| ng so that the

safety interlo vice 603 st be.a with the .blockin .
porti )c/)n 607 ge@gﬁg]l Iy adjhedhpe f‘%e‘iﬁt%‘i ‘%Ptéﬂ?rf’ Q’fﬁse&eé?lecérlcﬂ?l“a‘?cr‘?gfrh‘ehmh
i 11T ustrat gd 6RadIsIRYtemi438 WRYd %@%n't SpeRationQ EHeSHudp 401 s THtcbEnd eI

the safety interl ock deV| ce 603 it is understood that the key and

t he corr esqditipnpindidatve efithe safety dntprdocktdauice dhlapidbe fending soteddS wpt hedig
departin fro hi.s_i t| t

pogl ti ong%r1pper Séi 1(—'} Oyr/lecipn g‘r |p§§1t? g ?e%nc%ﬁgatfé:o IH&E%% lggﬂdl}@g%géxg{a}“ n

t he scopecaiditionethat &metur fivte el 1ﬁxlplementat10n oi[ tﬁé) E’We imstrb@ioaaforhy in the

interlock device 603 is_loaded in th u
software subsystem 482. The condlrtllons s%oev ”Pe not 1ntended to be exhaustive, but

DX

representative of likely conditions to occur in the operation of the pump 401. Until such time
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infrared el ectromagnetic radiation fromthe IR emtter 616 is

di ffused and reflected through the safety interlock device and
detected by the IR detector 617 to verify that the set has been

| oaded. Naxthe IR ldetestosd 29l detelctsgiﬁaretéﬁaératlat (IB_QBte\Mof I ONh)eﬂie sbfoware ssbispdten

i ght t 01 | 1 det ect b ti f
tha bt ookt REwBERR afiow st 1D eS Gaerat- i oibcrenta Oagwt LSl SErebe sto
bl ocks Vi giNohRil hit@hibe TR detddis 4090201 T8RS oneE détbded ﬁﬁareﬂ Retiationl itRe IR ght

emtter 619 will be emtted, sending a visible light signal into the

saf ety i nelepeteciodes neisr bea ONiehenithe softeare rgaphessegision bigak| 146 thaymswer

of the bl St bEulor Sad 468 oRisfah WALbroRRUTE I en? BPOERER i Bleabl i 88 Ner

will allow ©Re ﬁuﬂhrly,ahomenbmtmnt@rmz&]lﬁmgweetuﬂﬁd sinatist14 ubtilegoinitatiery
ection of .a 701. i ngl ydi nqg a t 702, and nt er

Sovi bo 7ouBrR ARt i edRistier 427 By e e BEL BN T Rt PLAR et

safety i ntRelREOIERYE GBsyetbd 48D frBekRdPfrorm dB@LieH bl@bk 14wt to i I&&m1§1§le

infrared radiati on, but bl ocks el ectroma(gnetl c radiation in the

visibl e reamier 4B is RFF (bloek 1420) prcthe ilrstantQwpytas st @R bleckd 423). a
visible |ight ﬁﬁkgﬂ or 7G4y &H&ﬁuﬁ%ﬁ{dm OPFQF | LB AEVIC Eitdr 493080
Ions tor’passi ng

on the punp 70 her suitable construc
el ect r omafhédteatorrd2@iacet OBR ’ﬁHus ong ovar dbeaqipleifi the iR @okitard27 had been ON,

el ectroma ne dlat noth l ength may be e e

i thi n_t nEngb g 1 s Ao At st Y e DIghe STEFE o

and i nfr ag@dysedth Hszﬂﬂl‘é\vﬂﬂﬁl Fiéel”ﬁCTlﬂ!E SrolildteRcdrhiat e:&iﬂ?iMJLfltl{k febding £0408hashe
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annul ar fé& smgmd Ibzbﬁ, theReeraittaud 23ris tdggled © Hraw® thaspew batidtht tRvemitenand 1R

channel s | ustrated o nt.. the.chanpe | .ow |
atortal (oo QQaf OBt TabR REERRd: T Al PGIBLat A FepRg o30S
saf ety i nisebt @ cdex ieepufih34014a FHalist condition s EWE hot thize the@Wonditibe BN i ghe
set is received in_the qu)er portion 708 of the outer nmenber 704 of

the saf et ipblef Eig b2 ié rarapt ©dndiere aeferalicableds ipactisefos ke pprigigulppepmponent in

received i oh@WEh alRfibdon 710 of the outer nmenber. [0075] The
outer ne er%e7c0 |Os ma{li ‘ftl the material that selectively bl ocks

visible |ight [Bf6b]passes "Iihnfsccaonédorrcmmmf Fmg1 15 Thtbe ifingt of theeoiipbtions G wbimh

vt or o) e fetiR A0 B Bt 60 eI PRl Brerfiug B Ba BV R

el ect r omegibgistegn 4820Walld Bivel oy cled errbuphraAbSslin vl getha Rikitad tht leﬁnﬂ;elil a33 would
visible range, and is also preferably highly, refl ectl ve. th

i | | ust r at RAYC Begaduinee AR at 1414- iThiserionpresm ?%ls|r§prﬁ8&a@ déy CP%“%W which
material @si Bl 14?7 aﬂlﬁﬁ%‘fec?ogﬂw BdloN sou‘f“fﬂetv?sﬂl@llélﬁleﬂﬁtt r 38 hhd VMR Vet

menber 706 can be fornmed as one piece with the out er 704, Such
as by a deesh ehargiaest soahatd?utputwmlydrallpwod esldockAldid B to bnsett Fo/ONt frethe wecond

At ached PR AR atHe; 3 aod TR el TR GRT. GEBRRLSBRRa-ERS bioo

wel di ng. Hoe theWisibleMghbddtect? @35 § 0S| AdsQni(g théfebdifg 6RAUDS & prowe:ly i0f
the infrared radiation that enters the safety interlock device 703,

and is dirosbiendhewisihislieht Aetestor 432rval nokbr QNiserthas Hersofmarersupsystem e’
section 7hfs tlﬁ%éﬁllgéoiég }éﬁ()})eﬁ}n Sittonba A4 Je% t 1t4'11§3td @N%B g%.?fr%ﬁrgm%m

defines an "inner y r gion” I1nt event
refl ecti ngay mp‘erm eCondititingl icorgniZEh thai imredrtenioop ef the @Gftwm‘nlsmsvsemki& thes s
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[ 0076] When i ntroduci ng el enents of the present invention or the
preferred enbodi nent(s) thereof, the articles "a", "an", "the" and
"said" are intended to nean that there are one or m)re of the

el ement s. tJON. tGnaBionCD vt 9 Stiersgmlarfyipﬁtallbﬂdbm’tg" ontigvhawe vatbée light

i ntended to be inclusive, and, n at di ti onal

el ements GFREPT ‘madﬁteeﬁélghm Y1§Lgﬁi£gb%}9‘£?f Top Ug B VNG {fip pummp

"down", M@Pﬁoﬁmémgth‘éﬁ\’va@éﬁto%ﬂﬂlp\fﬁidt%ta'ﬁfiéat()f these terms is made for
conveni ence, but does not réquire any particular orientation of the

conponents. [O0MOFAs vari Gmshmwh@lastrat@m siugipnrimybichambleat elogiomagnetic
w t hout d riing.fr t v i
T e R M R )
acconpanyﬂhglmemiueﬂgz? slﬂ)ﬂﬂ, sdthe lsdsﬂxearam&isymlerﬁ%i hlhylkjﬁd’vathat/the aifchreddt i n
alimting sense. is clainped f eedi set 4§é)r

use in antadiatiopinot e@axnﬁgroah% RSP 1p ehavee thgww§ ystem

control I i RgeQBes 8lek'OfhsRbr thhike ﬁﬁ?ﬁa&%ﬁoefc%@l Mtﬁ&f@étstmmlddmwm 1n
nutrient to a patient through feeding set | oaded in the pu

feeding sblock #dbi disragesudt, ﬁl@ﬁdﬂiwarefsdrsy@qnﬂw hepeotee 2 ogk KOG aty Pekuaton
a patient; of the presence of visible light and sets InstantOutput to OFF at 1422. In condition 5, the

safety interlock device 461 is not in place so that the initial reading at block 1402 of the IR
detector 429 with the IR emitter 427 ON will be that the IR detector is OFF. The software
subsystem 482 will immediately proceed after block 1406 through blocks 1420 and 1422 to
set Output (at block 1418) to OFF without any further evaluation of visible light. The pump
401 may also be configured to indicate there is a BRIGHT ambient light condition such as
might occur if the pump was placed in or near a window in home use. The indication of
bright ambient light would instruct the user to move the pump to a lower light location.
[0068] The software subsystem 482 is also capable of detecting a condition
in which there is excessively bright ambient light. As shown in condition 7, the IR emitter
427 and IR detector 429 are both ON, which is indicative of the feeding set 405 being
properly positioned on the pump 401. In fact, the set 405 either has not been properly loaded,
or an improper set that does not block visible light has been loaded. However, although the
visible light emitter 433 is OFF, the visible light detector 435 detects visible light. The
software subsystem 482 proceeds at decision block 1410, when the visible light detector 435
is ON, to block 1420 and 1422 so InstantOutput is set to OFF and the pump 401 cannot run.
[0069] 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 is 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
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a safety interlock device connected to the conduit and adapted for
mounting on the punp in the path of infrared radiation froma source
of infrared radiation, the safety interlock device conprising a

propagat i gpcRiiBCiich theMRERfer 40T isiHinBd oRPefBletr&didRADEX détedtor9af bldck
material that transmts infrared radiation and blocks visible |ight

and an i nA&32. nidwtseltwere sibsysiem484 consditions auntnsther gheeks dor qonffming the feeding
b i) _ . oonTety Tt .
subst ant i gly lér;gégr{yga%%ﬁohégheoﬂttﬁée B%é&f&n%?%%}e'fi%lémowgbg%é ﬁ@‘d%c?&%%é on

affecting nme ange Irection of propagati on, erei n upon
proper | obdckh@43ist CQdnditioalellystiates drelstvdtiod ewhermaehoIR ¢thittepdihis bhus mffrated

interl ock device i,des [nfra radi gt t first tor.

associ at e@%ﬂ\ﬁf’ﬂ IS[‘?PE d%mt%dr B tﬁ’f’ ilggFtﬁé‘)‘!p%:?lp %e ﬁﬁ?%ldlﬁéfﬁlof/ g%e‘%%%cgst ipfared he
infrared fachtioh, (ROpRBANPHENRAS B airst IBdEiolréddihe ¥ikiBIP 1gBRgdEdNE 435 &t block
second detector associated with the enteral feeding punp. 2. .
The feedi Mpsiemake ceréain the visble Hghs|dgteptonis WHET (Blogk Mﬂ_%)i and dhenrtamp e vistble
substant i ghl\ GRaqys O&\P%}%kc%&tlﬁ‘é)ém.gﬂgrtd Rl AHbRBELL P37 f?netsgﬁwéﬁje§ﬁ$§k]§erﬂﬁg4
i nfrared ranges. ) e feeding set as set forth in claim?2
wher ei n t hecéadnéra seeodstloop & witich theisoftwart swhsystem 484 donfifine tHag eidibledighbis

t forth i ' wher ei n. t.he i bound ' i
ol + shed Darreds FA aha bediSh e VisndSiott Sine SN G HonalF B O e ey
wher ei n t igtagii@fut BRONESR bIdal 144D. ORSihiRg nb Mathef B6HUMERrELOGPRA et to ON
6. The feeding set as set forth in claim5 wherein the, propagation
af f ect i ngat A42 andythe pirap 40 bispsamittedhto qoewats: d1ovaves i€ HtSIbtl?]E%lgﬂSrﬂeé?ﬁ@H.

7. The feggi 39%1?% 1433) ?xﬁ#r tb Qétgiatiwoﬁh@irigi‘oﬂe,l Péifiilr iﬁ?tlfé%s‘?nl%le ffitter

is adapted t use rared radiation within the outer r
is prevented from being turned on. In that case, the software subsystem 484 will proceed to
block 1444 to turn the visible light emitter 433 off, and at block 1446 to set InstanfOutput to
OFF. Detection of visible light by the visible light detector 435 prior to activation of the
visible light emitter is shown in condition 3 of Fig. 19.

[0070] Conditions 4 and 6 both result in the software subsystem 484 setting
Output 1442 to ON and allowing the pump 401 to operate because the feeding set and safety
interlock device 461 are detected. Conditions 5 and 7 illustrate circumstances in which the
detection of visible light by the visible light detector 435 prevents operation of the pump
even though infrared radiation has been detected by the IR detector 429. In condition 7, the
visible light detector 435 may be detecting either light from the visible 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

[0071] 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
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8. The feeding set as set forth in claiml| wherein the safety
interlock device includes a key engageable with the enteral feeding
punp to orient the safety interlock device in a predeterm ned

posi ti on Wwhekingpeorite d0Dgenkeladly pdjagent the visible Bght deteetodi Inghesiitistfaed use i n

an enteral f{eeding aving a control|l. systemfar controllin .
per at | on CEPOUHENCHE KL L r 8 & aTIgs 90 ARUMERIGE ARG IIPIRCE HPAfE0 Jusi
patient t hr@uesobdhaf 86 Wby shdSRE cdrRasMINgRIN: BES B3tilPbe 6thé shaRd bifsiaat
conprising: conduit means for carrying the liquid nutrient to a

patient; Wwithout deparignd foerk thietaventionr Othys struatees foe keydegitha gosiéan ofp efely
punp, saig.li d i i Lt .aeans and
adapt ed fglgér%gﬁ%\?ﬁeéngﬁ e a?uﬂr??g“?‘ﬁ‘gpﬁgt“%}f h&o(?ﬁill r?’%ﬁ gfg’v%ng Iation
froma source @O72nfr ar edWhadthatafem intsdoclt devite6030is koadedhinghe purpy 6&li ng

a propagation affecting.menber i.ncl udj an er.,. er, forned, of a
ot er | al - PSR EHT FORLPR ol I Pofiensh 6 AiBRE Sar ety highed
and an i npgLafdBRRAodkedch Rt AEd @dledtdl Y thOTRIBSSI Y 1996 Q&ifl ARk the set has been
substantially reflects the infrared radiation within the propagation

af f ect i ngloadashd¥ext, thectisiblgdightietasiar 669 Wilhchsek frr yjsitdatighiin thamameiof ] uilbn
I . i . LU

reans. gui Aarerny PRl O LoBalen TR BRI oSBT SElk shRLARIGAG: |

t he ent er ddvidees®d ithag) blouksvidiyleilighte rin die embodinkemc bf Fig. 20n theividislatigltt emitter

esoci at O VEPerHE et e b fght iAo B M oS SReE B0 T

use in a PYBRIRAt APRAKA HSt HaaMhasited R {ri@ibleSIY%Eh"t _@%fbc{t&%wfb@%z{u@é Jtaiitl‘i@
ul O a pat]en

operation of the punping apparatus to supply f ]
t hr ough t Preseptipiighe blockingper¢ion A0% and tb@?ﬁﬁtrﬁBSYéﬁsﬁ)eﬁféh%@%mH il phlowdhe
conpri si ng: it for carrying fluid to a patient; a safety
interl ockﬂgnel\?ﬁoccog&g%éoci ated with the conduit and adapted for nounting
i n the punpi ngl08far at us Higure¢ A2 shpatsh foigmehagt seotiegefatpumpr 78d ivadludimg a

froma source. of electr neti.c di.ation, the safety.jnterlaock .
devi ce bei Ry aastiale’s Bieionhdsce 1O r 8t FEtngneIRhupsy b R efseent mvention
radi at i onTiRf sagety intedlochactedeETIBiSimadd6k A0 2B 2 thad @hnsutstinfeedHatliatibg but
el ectromagneti ¢ radi ation of a_second_ wavel en%t h different fromthe

first wavelpesiglestrompaets rdigtion igthe pisibls BagR yoghefthe Heiblediest i nphirapmited

d ev»i ce on,LAgsinY ﬁEﬁtQﬂte@%P 26 iHen b Safety interlock device is loaded on the pump 701.
Other suitable constructions for passing electromagnetic radiation of one 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.

[0074] 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.
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safety interlock device guides el ectronmagnetic radiation of the first
wavel ength to a first detector operatively connected to the control
system and prevents el ectromagnetic radiation of the second

wavel engt h frofmorsjachi ng Eheshed Rtntbet PRIi0 madPefths mietiyl thansketiety tlocks

the control _system . 11. A . pu set as set_forth in claim10
wher ei n t Hisiblq light anghrasses dftareq wdighiomr Hie ipnsr megier 7%%%&@9&@@6 grme

el ect r omagpetih CishRAL AL REMER br bR dFREADhaWRNE TRRGVEY, tR 8RR Sledibky706Ns

S
at least one of the visible range and the ultraviolet range of
el ect r omagubetaitiallyagpaaits toglectromagnetic mdiatign thpingreted aangs @nd plsp iththe misible

e i

13. A punpes@ér A8 iShudd offthéisanie matadiahad thewhet sembadlod, mafiewlitd intcelot.ock

an i et B BPoTRATOR U 61 L0 E ST R i e 4 b o by o

[ ﬁg' 2ta:‘ g?;i/uail %nfieg:;cilolé 81&&521\%0(@?%&? tA difionily, RN dufer bR Hhal MrhBerdhes, g4
could be made as separate pieces and attached to each other in a suitable manner such as
bonding or welding. The inner member 706 is positioned in the optical path of the infrared
radiation that enters the safety interlock device 703, and is disposed between the infrared
radiation path and first tube section 757. Accordingly, an outer surface of the inner member
706 defines an "inner boundary region" in this eleventh embodiment for reflecting infrared
radiation. The inner member 706 inhibits the loss of internal reflection of infrared radiation
that might be caused by the presence of certain liquids (e.g., water) flowing in the tube 757.
Thus, a strong reflection of infrared radiation to the infrared radiation detector (not shown)
can be made regardless of the optical characteristics of the fluid flowing through the tube
757.

[0076] When introducing elements of the present invention or the preferred
embodiment(s) thereof, the articles "a", "an", "the" and "said" are intended to mean that there
are one or more of the elements. The terms "comprising", "including" and "having" are
intended to be inclusive and mean that there may be additional 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.

[0077] 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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di ffuses el ectromagnetic radiation of the first wavel ength to gui de
it to the first detector. 15. A punp set as set forth in
claim 14 wherein the safety interlock device internally reflects the
di ffused el ectromagnetic radiation to guide it to the first detector.
16. A punpVhadds daimegdiist orth in claim 12 wherein the safety interl ock
device refracts el ectromagnetic radiation of the first wavelength to
guide it to the first detector. 17. A punp set as set forth
in claim12 whbrei nAtfbeslingaset fyr usatieph entkrat éoeiding puntpelravirlgl 3/cangsfol exstesn

o L O RRShAPLAHIR Bl K Y GBI B10, by
i n clai m thfouphelieifesdiggbel [6aike in/the pluap) the keedidygisetomprising:

a conduit for carrying the liquid nutrient to a patient;

a safety interlock device connected to the conduit and adapted for mounting on
the pump in the path of infrared radiation from a source of infrared radiation, the safety
interlock device comprising a propagation affecting member including an outer member
formed of a material that transmits infrared radiation and blocks visible light and an inner
member defining an inner boundary region that substantially reflects the infrared
radiation within the propagation affecting member to change the direction of propagation,
wherein upon proper loading of the safety interlock device on the pump the safety
interlock device guides infrared radiation to a first detector associated with the enteral
feeding pump by internally reflecting the infrared radiation and prevents visible light

from reaching the second detector associated with the enteral feeding pump.

2. The feeding set as set forth in claim 1 wherein the inner member is

substantially opaque to electromagnetic radiation in the visible and infrared ranges.

3. The feeding set as set forth in claim 2 wherein the inner member is white
in color.
4. The feeding set as set forth in claim 1 wherein the inner boundary region

is a polished surface.

5. The feeding set as set forth in claim 1 wherein the outer member has an

opening that receives the conduit.

6. The feeding set as set forth in claim 5 wherein the propagation affecting

member is adapted to pass the liquid nutrient therethrough.
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conprises a reflective surface adapted to reflect said

el ectromagneti c radi ation. 19. A punp set as set forth in
claim 10 wherein the safety int erI ock device has an angl ed surface
shaped to reflect radiation of e first wavel enghh at an angle to

i npi nge the fifst dbi%deging set s Set Jorth an st keyhergin dhg opisy ipembgr is

claim10 fRit8 ditfiRe Hftfapdd/ralili6H WRAH HEYIEENGRRGRT | SES an

el ectromagnetic radiation propagation affecting menmber having a top
surface, a bottom surface and a side surface, the top and bottom

surfaces bei nggcovergdfesliihp sé dsa¥efortQfin BRIEN I vHlerQR ARUATHP idtélfock device
radi ation of the first wavel ength and the side being free of nateri al

opaque t oinclidrse iken cogagenlle fviths thevgatesal faesting pump to oripnt. tha splghypingsloclas
set fort hdé\ﬁce%? 8?%&%@&eﬁ%@'ﬁi9@%8@m%ﬁt@d @#&eﬁg i ng apparat us.

22. A punp set use i n punpi ng appar at us ng a control system
for controlling operation of the punping apparatus to supply fluid to

a patient throggh tﬁqeéaﬁ{g)(fa%r 45@@1@%‘ ehtdral gﬁgrﬁgh@%% &l systn

punp set conprising: a con or carrying I ent;
a safety fancenttadiike opevatom o dlxoeitertleideding purhp & wppld’dlqmuhmdna‘daqnaeahdrw

ety | ® Tontt
adiat | ontposh o BERPEde PR B ol E FEd o lsoMsfShene ot ety

interlock devi@madis nieamfortasiingthe digsidimitrthnentd guggnet i ¢ radi ation
that can be detected by a first defector associated with the punping
apparat us, at PERQFK ;ne3ps fardRcagine dhe edimgetel, on R PYTBB a4 Piglock Mheans

conpri si Ngeigy MinBEb@to QRPEUHBUE %emeaﬁdraaaa@a ?o?'n‘ilﬁmﬁﬁ &h Bl Jutiphd kd l!ga@h
radi ati on that can be detected by a second detect or associated wth

t he punpi ﬂfgmﬁtpqgéur@dl@tmn fsem tarsqurce o6 infaresipediatiorn diid gnteflodkiteeana fcemprising
I nter | ock gf Edtion’ é&ﬁng%&Q M&ﬁ@gwﬁu{e?% e?tf ndedt§ OA ‘éen‘%pra?e

gui des el & gne icr I-on tec or "and preven

el ect r omagasits mﬁahedtradmudmaid Blalksbelsﬁ&i Bghtemdbin inher membaddd‘eﬁ@cmor

fromr eacpnlngrg bgt?r?da?ye Crgg?lgn dt%at substantlally reflects the infrared radiation within the
propagation affecting member to change the direction of propagation, wherein upon
proper loading of said interlock means on the pump said interlock means guides infrared
radiation to a first detector associated with the enteral feeding pump by internally
reflecting the infrared radiation and prevents visible light from reaching a second detector

associated with the enteral feeding pump.

10. A pump set for use in a pumping apparatus having a control system for
controlling operation of the pumping apparatus to supply fluid to a patient through the
pump set loaded in the pumping apparatus, the pump set comprising:

a conduit for carrying fluid to a patient;

a safety interlock device associated with the conduit and adapted for mounting in
the pumping apparatus in the path of electromagnetic radiation from a source of
electromagnetic radiation, the safety interlock device being adapted to transmit
therethrough electromagnetic radiation of a first wavelength, and adapted not to transmit
the electromagnetic radiation of a second wavelength different from the first wavelength,

wherein upon proper loading of the safety interlock device on the pumping apparatus the
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23. The punp set as set forth in claim?22 wherein the safety

interl ock device conprises an el ectromagnetic radiation propagation
af fecting nenber including a blocking portion adapted to bl ock

em ssions of el ectromagnetic radiation from said el ectromagnetic

r adi at i onsaiety p@gﬁ@qusﬁef@&eis islpcirempenctia radiatiop | of dheofirst wakelength tofa fipse
menber . f

sai d saf e?eteﬁt(r)]rt gP %été dgc\? ?gé?‘?dz %a gétcgﬁi(%l gfsteeyegd %ﬁg@%ﬁwﬁ%@n%
punpi ng ap’plmtlan uef ftior spamidt wenélemgth hﬂeors afea¢thing rit sedond k deteatorc @pemtively
pr edet er m_ned to(” tl‘ﬂt at i tor11 on t he punpi ng appar at us. 25. The
purp set S&REHPd 1OJAF RGP &Y™ 22 wherein the safety interlock device
conpri ses an el ectromagnetic radiation propagation affecting member

including a material that diffuses el ect romagnetl c radl ation recel ved
fromthe sourchl-of &IBERR SHaghest torthal gleimy Vs whergin; denfyst pavelength is
el ectr Orm?eﬁ‘l%idl? ih @l 1ﬂfrht%a rﬁr%etotf%leur&ﬁﬁ nage %ﬁa@i'bn and the seccrd: We;Ué%nEt'ﬂ
set as se inclaim?2 erelnt e safety interlock device
conpr i sesgengradlydu tat teastgmetoif ¢ther visibletriange gnd dhagliaiioket adrize of elegtroreagnetic
adapt ed toq a?f ract the electronmagnetic radiation fromthe source of

el ectromagne P& radiation to the first detector. 27. The punp
set as set forth in claim?22 wherein the safety interlock device
conprises an e|ectromagnetic ra jion propagation affecting nper,

i ncl uding a reh ect PP LAY @&gowqh@ ikl wheigind ¢ Bl dntpdrieEetne
first detgehed of a material tRE filfR€olR ¥i18 Bbht@fd B8AsniiRMihRarbd rddidio) 22
wherein the safety interlock device conprises an el ectromagnetic

radi ati on propagation affecting menber including a |ight pipe for the
passage of the I ec ro| r i t . t

29. The punp se 3 as‘& spe1mg&?%%‘|§?tnfg§ 4 cl?tgxé 19 me?enfl %a safé:g ﬁl?érf?)ck device
interloc kccﬂ@tisee ag oufer ilses fmrﬁl&lrmgtduo nﬁgﬂmhgm ahachnamnanlawrabagmsmm

af fecting Ierlal that is opaque to visible |ight
and allo Onﬁrvb?ﬁg?rl |a8& ‘g?ar%rﬁ BHM¥Y radiation therethrough.

14. A pump set as set forth in claim 12 wherein the safety interlock device

diffuses electromagnetic radiation of the first wavelength to guide it to the first detector.

15. A pump set as set forth in claim 14 wherein the safety interlock device

internally reflects the diffused electromagnetic radiation to guide it to the first detector.

16. A pump set as set forth in claim 12 wherein the safety interlock device

refracts electromagnetic radiation of the first wavelength to guide it to the first detector.
17. A pump set as set forth in claim 12 wherein the safety interlock device
internally reflects electromagnetic radiation of the first wavelength along a path to guide

it to the first detector.

18. A pump set as set forth in claim 17 wherein said safety interlock device

comprises a reflective surface adapted to reflect said electromagnetic radiation.
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30. The punp set as set forth in claim22 wherein the safety

interl ock device conprises an el ectromagnetic radiation propagation
af fecti ng nenber having at |east one hole therein sized and
positioned to diffract el ectromagnetic radiation fromthe source of
el ect r omagnet i £9-r adf U@t as set forth in glpim A0 pihgssinsthe safely iptsdogkqdeyice has

punpi ng agrp%g;w%uﬁge@ Bghped %”%ﬂ%‘t r?c?iﬁtlﬁchnbf{ e ﬁfmtv&a@leﬂeh%g A4S ?’?%‘9@0

of the punping apparatus to supply to a patient throug

punp set Impidgsthe first detegfanpi ng apparatus, the punp set conprising: a
conduit for carrying fluid to a patient; an el ectromagnetic
radi ation propagation affecting menber associated with the conduit
and adapt ed f o20-mouftiumyp sab as iset feethpn edpimpldawhergin the spfety jnéarleclofdevice
el ectroma G radiati . r el ectr ' i_ati.on,
the. pr opanaisss aftr Ul rERT RN BiSoRlanth RIERNP AN HaDRlenh (6
a mat er i aburfaogta battom suréree a8d usidecusfaveg el op ghd boftorh 3erfaces being covered

el ectromagneti.c radi ation and an i nner. bound regi on_ t hat . .
Subst ant | SRR 1PF PRI PAGHG A TR GIAIGR of e B CReVEIREGH SR side being
radi at i oONfree of materia dpaddeo PAHIRICHVY tiRNIrS8VaveRhEM. I N cl ai m 31 wherein
the inner boundary region extends substantially around a | ongitudi nal

axis of the conduit. 33. The punp set as set forth in claim 32

wherein the inper bayiedy yetrLeo forttsindethinnad ibYcoaibinafio rwithe tHeRefumping
34. The punp set as set forth in claim33 wherein the inner nenber
and the offP8RWenber are forned of different materials.

22. A pump set for use in a pumping apparatus having a control system for
controlling operation of the pumping apparatus to supply fluid to a patient through the
pump set loaded in the pumping apparatus, the pump set comprising:

a conduit for carrying fluid to a patient;

a safety interlock device associated with the conduit and adapted for mounting in
the pumping apparatus in the path of electromagnetic radiation from a source of
electromagnetic radiation, the safety interlock device is transmissive to said
electromagnetic radiation that can be detected by a first detector associated with the
pumping apparatus, at least a portion of said safety interlock device comprising a material
opaque to the transmission of electromagnetic radiation that can be detected by a second
detector associated with the pumping apparatus, so that upon proper loading of the safety
interlock device on the pumping apparatus the safety interlock device guides
electromagnetic radiation to the first detector and prevents electromagnetic radiation that

can be detected by the second detector from reaching the second detector.

23.  The pump set as set forth in claim 22 wherein the safety interlock device
comprises an electromagnetic radiation propagation affecting member including a
blocking portion adapted to block emissions of electromagnetic radiation from said
electromagnetic radiation propagation affecting member at a selected location of the

member.
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35. The punp set as set forth in claim33 wherein the inner nenber is
substantially opaque to el ectromagnetic radiation in the visible and
i nfrared ranges. 36. The punp set as set forth in claim33

wherein the in nber is white in.c
as sot forth ifcl al i BEMALASHS TR H'ﬁ‘@f} Q%M}?ﬁﬁﬁ?@ @&twt?rio"g device
pol i shed sudha@8 for ker}r,‘gd en%%em-gﬁ‘@wﬁh“ﬁfé : hﬁ? apabarhOfok Polilofih @i Sfety

wherein the outer ne S an openi ng recei ves the conduit.

39. The piniploskdevise et predatermingd qrieataﬁm:eqn theoumpimgtdppapiuspagat i on
affecting nenber is adapted to pass fluid therethrough. 40. The
feeding set as set forth in claim1l wherein the infrared radiation is
twi ce refl ect e2s.bef Diiecploep b adattcforthdn biinh B2 Whereii thidedadty diterlock device

comprises an electromagnetic radiation propagation affecting member including a
material that diffuses electromagnetic radiation received from the source of

electromagnetic radiation for guiding the electromagnetic radiation to the first detector.

26.  The pump set as set forth in claim 22 wherein the safety interlock device
comprises an electromagnetic radiation propagation affecting member adapted to refract
the electromagnetic radiation from the source of electromagnetic radiation to the first

detector.

27.  The pump set as set forth in claim 22 wherein the safety interlock device
comprises an electromagnetic radiation propagation affecting member including a

reflector to reflect the electromagnetic radiation to the first detector.

28.  The pump set as set forth in claim 22 wherein the safety interlock device
comprises an electromagnetic radiation propagation affecting member including a light

pipe for the passage of the electromagnetic radiation to the first detector.

29.  The pump set as set forth in claim 22 wherein the safety interlock device
comprises an electromagnetic radiation propagation affecting member including a
material that is opaque to visible light and allows transmission of infrared radiation

therethrough.

30.  The pump set as set forth in claim 22 wherein the safety interlock device
comprises an electromagnetic radiation propagation affecting member having at least one
hole therein sized and positioned to diffract electromagnetic radiation from the source of

electromagnetic radiation.
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31. A pump set for use in a pumping apparatus having a control system for
controlling operation of the pumping apparatus to supply fluid to a patient through the
pump set loaded in 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
electromagnetic radiation from a source of electromagnetic radiation, the propagation
affecting member comprising an outer member formed of a material that is transmissive
to a wavelength of the electromagnetic radiation and an inner boundary region that

substantially reflects the wavelength of the electromagnetic radiation.

32. The pump set as set forth in claim 31 wherein the inner boundary region

extends substantially around a longitudinal axis of the conduit.

33.  The pump set as set forth in claim 32 wherein the inner boundary region is

defined by an inner member.

34.  The pump set as set forth in claim 33 wherein the inner member and the

outer member are formed of different materials.

35. The pump set as set forth in claim 33 wherein the inner member is

substantially opaque to electromagnetic radiation in the visible and infrared ranges.

36.  The pump set as set forth in claim 33 wherein the inner member is white

in color.

37.  The pump set as set forth in claim 32 wherein the inner boundary region is

a polished surface.

38.  The pump set as set forth in claim 32 wherein the outer member has an

opening that receives the conduit.
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39.  The pump set as set forth in claim 31 wherein the propagation affecting
member is adapted to pass fluid therethrough.

40.  The feeding set as set forth in claim 1 wherein the infrared radiation is

twice reflected before being detected by the first detector.
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