PUVP SET W TH SECURE LOADI NG FEATURES BACKGROUND [0001] This invention

rel ates generally to punp sets to deliver fluids to patients by way of a

fl ow control apparatus, and nore particularly to a punp set having a safety
interlock device for determ ning secure | oading of the punp set on the punp.
[ 0002] Adm ni stering fluids containing nmedicine or nutrition to a patient is

wel | ~known in the BMMP SE] WITEHRE LOAPBNGHREARUREN s by gravity flow,

but often are delivered to the patient by a punp set |oaded on a flow
control _apparatus, such as a peristaltic punp, which delivers fluid to the
patientB RGHNDI I ed rate of delivery. A peristaltic pump usually
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feeding set | oaded in the punp, a source of 1
[0003] 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 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




infrared radi ati on operatively connected to the control system of the punp
for emtting infrared radiation, an infrared radi ati on detector operatively
connected to the control system for detecting infrared radiation and
providing an indication that the feeding set is properly |oaded on the
punp, and a visible light detector for detecting visible light and providing
an i ndiiaftiedmadidtaim dpeentivelydiongecsat toithe cmitro syosen bf thegadedfoo amittieg punp. The
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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. Upon proper loading of the interlock means on the pump, the interlock means
guides infrared radiation to the first detector and prevents visible light from reaching the
second detector

[0006] In yet another aspect of the present invention, a pump set is used 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 pump, a source of
electromagnetic radiation operatively connected to the control system of the pump for
emitting electromagnetic radiation, a first electromagnetic radiation detector operatively
connected to the control system for detecting electromagnetic radiation generally of a first

wavelength and providing an indication that the pump set is properly loaded on the pumping



wavel ength and providing an indication that the punp set is properly |oaded
on the punping 2 apparatus, and a second el ectromagnetic radi ati on detector
for detecting electronagnetic radiation generally of a second wavel ength
different fromthe first wavel ength and providing an indication that the
punp set is not properly | oaded on the punping apparatus. The punp set
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[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



[0009] In still a further aspect of the present invention, a punp set
generally conprises a conduit for carrying fluid to a patient, and an

el ectromagnetic radi ati on propagation affecting nenber associated with the
conduit and adapted for nmounting in the 3 |'~ punping apparatus in the path
of the electromagnetic radiation fromthe source of electromagnetic
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fragnentary section of the punp and a safety interlock device of a first
enbodi metftil AHeABPINI. 6 is a top plan view of Fig. 5 [0017] FIGBA is a
schematic diagramsimlar to Fig. 6 showi ng propagation of a light ray in
the safety interlock device; [0018] FIG 7 is an enlarged, fragnentary
sect i on BRIEY PERGRATHOMNOSTHIE DRAWINKS devi ce of a second enbodi ment;
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[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;



device of a fourth enbodi nent; [0021] FIG 9 is an enlarged, fragnentary
section of a punp and a safety interlock device of a fifth enbodi nent;
[0022] FIG 10 is an enlarged, fragnentary section of a punp and a safety
interlock device of a sixth enbodinment; 4 [0023] FIG 11 is a state diagram
of a mcroprocessor of the punp; [0024] FIG 12 is a an enl arged,
fragmentary 46e23]driGofl 1 & psinte diapdara of absitpprdeteot oftke pdewpt ce of a seventh
enbodi nment ; [8025] FIG .13 is an en] arged, fragnmentary section of a punp and
a safety intd ‘P%&@I%é%ﬂ%awnlarﬂe‘ii iy g af 2 Pppasfl apalsty mlerfogky ¢ op
pl an vi irelale RECTE ty interlock device of a ninth enbodi nent;

[ 0027] E}Ig& efgagag@ sta‘g(gdllzl?ggram of a m croprocessor of the punp of the
ninth enbodi[0é28];FIG002 & arFdrfargdd fragn@ntahoektich afjs poms hodvaRgfety iheeldtlhg set
and elements of the punp of the ninth enbodinent; [0029] FIG 17 is a flow
chart s (o4 Glbé‘rggfh%b%'ﬁmﬁn%oftware subsystem used with the punp of the

ni nt h enbodi tdat I i nf ] - [:sqa flow
chart show ngﬁy&rﬂg "|lodﬁﬂgﬁgéﬁrgpﬁﬁeér%éﬁﬁ%ﬁf%@%%@%@%ﬁ%@@ can 1ielﬁtll}sed W th
t he punpentfodithentni nt h enbodi ment that does not pulse the infrared emtter;
[0031] FIG 19 is a state di agram show ng conditions encountered in
executing t hd0027hdtlbud$ isongaisfdiagiem o6 migoprosaisey ek Bapympva thanimhy.  18;

[ 0032] Fl %Odﬁﬁeﬂts a fragnmentary top plan view of a punp and safety interl ock
device Of A tenth enbodi ment; [0033] FIG 21 is an enlarged fragnentary
section takenoeispriad. 16& 2802l didfrakm ﬂlovﬁﬁ)%':a ferathel 8P eléthéats d2thk pudi of

enl arged, fragnmentary section simlar to Fig. 2% but showing a safety

i nt er | octke gisth erabesfimgni; el event h enbodi ment. [0035] Correspondi ng reference
charact ers '@&}ﬁ%ﬁg&%@{%ﬁ%@h&ﬁs SihE ob RSO0 o€ sRRY bR ustd G ©F the

draw ngs. DE
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-



[0036] Referring now to the drawi ngs, an enteral feeding punp (broadly, "a
punpi ng apparatus”) constructed according to the principles of the present
invention is generally indicated at 1. The feedi ng punp conprises a housing
generally indicated at 3 that is constructed so as to nount an

adm nistration feeding set (broadly, a "punp set") generally indicated at 5
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punp notreferedbe.l ocated in the housing 3 and shown schematl caIIy in Fig. 4.

An el ectri cal cord 27 extends from.the housing 3 for connegtion to a source
of electrical®NRler for Th?eﬁ%@l(f?e@%m&ﬂ?érf%‘?f\}%q WCS@rPIWiﬂ%&IH‘iHh on, a
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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



feeding set 5 in place. The | ower 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
adnministration feeding set 5 in a manner that will be described in nore
detail hereinafter. [0038] Referring nowto Fig. 3, the adm nistration
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punp. [0039] As shown in Fig. 3, the safety interlock device 61 connects
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f eedi ng set The, saf et interl ock .device 61 has.a.central..axial bore 81
o al | oicioe TRt Rty op dediend S ara A e bl BB T IR e second
tube seGhteARIORvIcReR habia@entpal axibBore&18b YloWHIRS NG bf Aald Ktwbech thasirdfubeupper
cylindrical portion 83 that receives a portion of the tube 57, an
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at t achi ngdiktih c}%ﬁz@aﬁoﬁ WPt Ghdrber 89 tﬁdi%xféﬁii@ﬁaﬂia’ﬂ?fo%f\b&ﬁ_'frcﬁiﬁﬂe%peﬂ t Isto
be understood that the saféty interlock device 61, and in particular the
menber 8¥lindricabportiowpaud atlewer cyintltieal gpdrtioni 8 thaitis vavcived di thg ssemd3ypbeand/ or may
be attached t he adm njstration feeding set in suc way. t.hat. |iquid
does. noeoHee 3 h Sufienes et e srdnot Begelne Butkig R o fbbet ¢

radi at i QRJBSRBAARE RN BRI EBRDST. B4 ih ?aﬁibﬁl%fitlfe%é}ﬁbér%‘?%%ﬁ% on a seat,
i ndi cated generally at 91, forned at the bottom of the second I'ower recess
47 in t lsepgpatepfroin the administration feeding set 5, and/or may be attached to the administration

feeding set in such a way that liquid does not pass through the safety interlock device. The
electromagnetic radiation propagation affecting member 87 is sized to be received on a seat,
indicated generally at 91, formed at the bottom of the second lower recess 47 in the pump 1
when the administration feeding set 5 is properly loaded on the pump. In the illustrated
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



when the adm nistration feeding set 5 is properly |oaded on the punp. In the
illustrated enbodinent, the seat 91 is generally sem-cylindrical to
correspond with the shape of the safety interlock device 61 and includes an
axially facing surface 95 in the second | ower recess 47 and a radially
facing surface 99 in the second | ower recess 47. In this first and nost
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as the bending of electromagnetic radiation rays around the edges of opaque
obj ect s clarepmagndtighadistionuys stoynd thepdgenel apegus objests. cReffrgdion is wiklersitadect i on
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as it passes obliquely fromone nmediuminto another 1n which the speeds of
pr opagattindersigpé agifhefchargstin 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.

[0041] 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

system") including a microprocessor 79 that allows it to accept programming and/or to

include pre-programmed operational routines that can be initiated by the care giver. The

microprocessor 79 controls pump electronics 8¢ that operate the motor 25. A software

subsystem 82 is used to determine if the feeding set 5 has been positioned properly on the

pump 1.



(e.g., nedia of different densities). The anount of refraction is based on
the index of refraction dependent in part on the density of the nmateri al
facing the nmedium [0041] The punp 1 can be progranmed or otherw se
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in the punp 1. In the illustratéd enbodi nent, the IR detector 109 (broadly,
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ol oot r oG o AL ARhOr A e ARREtE BN 2 YRS PUUCRFBIA HERD sope of
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t he surroundi ng environnent (e.g., electromagnetic radiation of a second
wavel engdetedted $o 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 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



detected to indicate that the safety interlock device 61 is not nounted in
the second |ower recess 47 in a position that blocks visible Iight from
reaching the detector. Preferably, the visible Iight detector 111 is
configured to detect electromagnetic radiation in the visible range, but
not to detect el ectromagnetic radiation outside the visible range (e.g.,
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through the el ectromagnetic radiation propagation affecting menber 87 and
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primarily through internal reflection. Other effects on infrared radiation
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causes %ﬂﬁﬂgﬁhb@howa a§1lembst§tw1ﬁa&&z%y elibfésé E%xcﬂ%tf%l?é &hitfes ] PPSid hened in an
al cove 117 in the radi al facing surface 99 of the seat 91 and the visible

| i ght deletectony 1(391111 mqhmsﬂ)mr@nsdspondlag albrevE 31187, 1Tﬁé0r addgmnebprotcgtion. 17,
119 recess the mtt d. the, | n VISIb ete ors 109,
111 1o pIoeeR: thaReyioh sy E Dt ik Geke il B ey dfoth SEbRaE: i ng
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the emtter and the ectors 109, 111 within thelir corresponding
al coves 113, [0044] 119 fdn th&:lﬂ]u’snramaﬁrspambedlmenmhe 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 is 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 111. The propagation affecting
member 87 is preferably constructed of a material that transmits infrared radiation, but is
opaque to visible light. The propagation affecting member 87 may be monolithic or may
have other constructions such as an outer layer (not shown) that transmits infrared radiation,
but does not transmit visible light and an inner layer or core that is transmissive to both
infrared radiation and visible electromagnetic radiation.

[0045] Referring now to Fig. 6A, movement of infrared radiation within the

electromagnetic radiation propagation affecting member 87 is schematically illustrated. The
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Mor eover, the alcoves 117 and 119 help to shield the detectors 109 and 111
fromanbient electromagnetic radiation (which may include both visible
light and infrared radiation). [0044] In the illustrated first enbodi nent,
the IRemtter 105 is located approximately 90 degrees fromthe IR detector
109. When the feeding set 5 is not |oaded in the second | ower recess 47 and
t he el edRreatimgndticmitsdniratd enlipicdpagabhotovaid detsidegpMeerinembeBF7. 1 Bhenl®

recei ved on the seat Qég the infrared radiation fromthe IR emtter 105 is
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portion above the centerline CL in Fig. 6A) is believed to be of snall or
no use |0ifiﬂ}§r1?@6?mbﬁr|$@’ £mallgh‘the§a3gﬁakesdhpamreoréfdebé'uthﬂgmé@berc&?e@t ajgcationdhgt R
det ect or. ray Rl he tion aff t|n
renber 670t 96 e teeRy o ETPe B o e T B P RRPeeR Rl Bid o

reflect 2&6@@1@&4 thlﬂe{r@nbfEﬂteﬁs;itg\bﬂr&mr@@faafa@bh)ésaagaéuaﬂhé mdhebet 8Nehidf the
menber 87 unt| reaches a boundary B (broadly, "an inner boundary

r egi on" Jocatiemndcedsdinglyi die IBoie@ecszrr 169 i 1& lbre emhirbp@smqmé heggy oRin 4 @ngebf ected

pack Louel a5l e, ARG TERDEL Sl 8 A00d et contag,glod e Ty 1
nmore r eHE%@éﬁ@o@WIK SRfed IM"%S SN beoéxpE&@d BAPEE réfectibh.nal | y, the ray
strikes the interior side of the member 87 at a location that is about 96
degrees away [0046in t he | ddwtboondarf Bt dfehd Eeetmmdgnetid B@iatioh pregmghieéan f ound t hat
a affecting member 87 can be made of the same material as the remainder of the member. The
material at the boundary B may be more "polished" (i.e., more specular) than elsewhere to
increase its ability to reflect electromagnetic radiation impinging upon the boundary.
However, it is also possible that the central part of the member 87 could be formed of a
separate material. In that case, the member 87 would be formed of an inner and an outer
member, such as described below in regard to Fig. 22. In use, the administration feeding set
feeding fluid bag 69 can be hung from a suitable support, such as an IV pole (not shown).
The drip chamber 59 can be placed in the first lower recess 45 and upper recess 49 in an
operating position as shown in Fig. 1. The first tube section 57 is placed around the lower
part of the rotor 37 and the safety interlock device 61 is placed on the seat 91 at the bottom of
the second lower recess 47. The seat 91 in the second lower recess 47 is generally located so

that the safety interlock device 61 can be placed into the second lower recess at a location in

which the first tube section 57 is substantially stretched around the rotor 37. The IR emitter
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particularly high |l evel of intensity of infrared radi ati on escapes the
menber 87 at this |location. Accordingly, the IR detector 109 is preferably
positioned here, or in a range of around 75-105 degrees. Another higher
intensity node is found at a |location around 49 degrees fromthe IR emtter
105, as woul d be expected fromthe reflection. [0046] The boundary B of the
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t he same materi a s the remainder of the nmenmber. The nmaterial at the
boundar ypr@%@}%l?d%ﬁﬁﬂg 8P %%@'tﬁﬁ safgty Infeglpek dgyaea ftlals yeqensd IBROERIEr e to

I Ncr ease, ot $ahi kil r C i Lald.0nqE NPi:Ra] on the
boundar st TBAveioH oh the & AF el Rl AIEAANEL I ind ACLAIeP oS TRBIa RO )

87 coul cldaerofmapned radiadon pepagaion afettiig mémbérn87 NEle das®mahétiomdiadon 87

woul d be forned of an inner and, an quter nenber, such as descrijbed below in
regard tRsopggtionaifecting member gAmity fieinisered radisiondaigi isgnissier wheledhtrg 1 ui d bag
69 can .. S I I t ). The
drip Ch%@@c@?&ﬂ%@ﬂ%&?&@gﬁ%‘r %ﬁ%ﬁﬁeﬁ'ﬁpﬁ%ﬁ%@?@&{ﬂga@??%ggg%sggfgdgnﬁ ' &%%g\re@r ecess
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is placed around the lower part of the rotor 37 and the safety interlock
devi ce electremapugticqadiptiomprogagation pligetingraember & subsilantially af slgbhdngleswer recess
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affecting nenber 87 substantially at right angles thereto passes out of the
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radi ati qgadf,(g@l{bdt_ he feeding set 5 has been properly |oaded on the punp. It
is understood that the IR detector 109 is preferably wunable to detect
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operated intermittently to detect the presence of the safety interlock device 61 on the seat 91.
The IR emitter 105 is operated to generate a pattern of infrared radiation pulses. The IR
detector 109 is operated in a series of detector activations or pulses that check for the
presence of electromagnetic radiation from the IR emitter 105. Typically, the number of
activations from the IR detector 109 will be greater than the number of pulses from the IR
emitter 105 for a given period of time. For example, the IR detector 109 may have two
activations in a three second time period and the IR emitter 105 may be programmed to
generate one pulse of infrared radiation during the three second time period. During the three
second time period, the pump 1 has a ratio of detector activations to emitter activations of
about 2:1. It is understood that the pump 1 may have other ratios and that the IR emitter 105
and IR detector 109 may operate in other predetermined intermittent patterns without

departing from the scope of this invention. The IR detector 109 and the controller 77 may be
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the el ectromagneti c spectrum Upon detection of the infrared signal, the IR
detector 109 sends a corresponding signal to the m croprocessor 79. Al so,
when the safety interlock device 61 is |oaded onto the seat 91, visible
light is blocked by the menber 87 fromreaching the visible |ight detector
111. When the set 5 is |loaded, the visible |light detector 111 sends a

si gnal tonfigeredifer epogizss oparfi@ultag and doroatimpichiatguins iphtternlof gbtivatisnddicked
and the tﬁum 1.may _be operated. [0047] In one enbodinent, the IR emtter
105 and PRIJEMESdI5909 are both operated intermittently to detect the

presence of gl ety i Lerd PoleVicPl il ity Hdiock toviclhe) by e tter

105 i s operat to generate a pattern o rar ation pulses. The IR
det ect orset@8l ¢rsbaiacmtofdhd presens aviertorof Tibaafety miterbckidesice dRE obthipul ses t hat

check for the resence of electropagnetic radiation fromthe IR emtter
105. Typiebadigpe s o ElesaPmegnetis s K ROPRASHR AN E FIARRCE APAIIEGS wi || be

greater ke ) & for lven
peri od o%r‘@tﬁll@lrférel.H or exgrhg)?ei,?ﬂ% ﬁgé?@eggggﬁgéﬁi%gmﬁla%%vgégilé\g ra%%l I vations
i n a thriaeingeodme 132 apedti 100 of hdudide]l 4R el pddtionkdSo divgctiafrpred gadaadond t o

generate one pul se of infrared radiation during the three second tine
period, EWardige sHetyiintedack dademtl i insesipdan raymer peths diwgt embediment, b the of

det ect or i [ th0 bt ' ' : I s:_under st ood
hat 1 el 2 TOURTR dofufing KRS LA, Bie RO 185 e tbba i "0 4°) 2

det ect orredfdgtiveylcowrear el 39nnah heiallp fedet erficaedl onheseattivenThpatgled ns

W t hout departing fromthe scope of this invention. The | R detector 109 and
t he contangplagpurface dgy ipwllegtivesnfthayl iedests infragesogdiatipm from thadRieautteri29and f or
exanple jir [ tter | yatl ens.: | itter 8]

i gure. AGHEHL & meRRUEER s SAeh IR R rkbrock bRyl BT iag o s BT

enmbodi nerdl dffthd ReusiigelRIgNtWheviBB kafety. inibheclsddvedeyl A1t ol gofertiersiedmlthof this
enbodi ment has an el ectromagnetic radiati on propagation affecting menber 123
with an seahifiledisbinambienilight seeba detectathley the vesible dight detertorsi35ecat ed in an

al cove 131 in di al | y.. f aci surfac 2 of seat ,191, of si-ng 143
and is positi @ﬁé%]at o di rgl(gprelc’}#gléqy%saa ;egg}gqngr? Sa?é@m%ﬂ?%edeg%@gt%y Ofﬁt er | ock
devi ce 1Bikdetbadisient bfthe FRABRIInAMtibAE I hissdmigyanaskt M8 safetynintdiRck geHesi ment
of Fig. 7, the IR detector 133 and visible light detector 135 are located in

respect i \d in¢lodssasreflgtor 1o the sntemnal zadial striaderyd ap glectiomagurticodiathen seat
nnul ar sur reflects

R T T M AN R RN 1Y

when t heapafotbilidhRE AdiA GeeMb @R bahinder 6056 )BFoRR e raBaion propagation
affecting member 167. In the embodiment of Fig. 7A, the IR emitter 169, the IR detector
171, and the visible light detector 173 are arranged in an alcove 175 in a radially facing
surface 177 of housing 179 in a manner such that the three devices are generally vertically
aligned and parallel to each other. It is understood the IR emitter 169, IR detector 171, and
visible light detector 173 may be otherwise arranged. When the safety interlock device 161
1s received in the seat 159, the infrared radiation emitted from the IR emitter 169 is reflected
off the reflector 165 and transmitted to the IR detector 171 and ambient visible light is
blocked from detection by the visible light detector 173. When the safety interlock device
161 is not loaded in the seat 159, infrared radiation is not transmitted to the IR detector 171
and ambient visible light can be detected by the visible light detector 173.

[0050] Figure 8 shows 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

13



191 of the housing 143. Wen the safety interlock device 121 is not properly
received in the seat 191, visible anbient |ight can be detected by the
visible light detector 135. [0049] Figure 7A shows a seat 159 and a safety
interlock device 161 of a third enbodi nent of the present invention. In
this enbodi nent, the safety interlock device 161 includes a reflector 165
on the extlkedesd liglagigd 195U iveectiimanetd ediationpepatation #ticthg akmber'gpagat i on
af fecting nmenper 167. The reflector 165 may a layer of reflective tape or

b

a | ayer'g§ivesbinithegeat h8S af thﬁﬁﬂi‘%%’é&il?%wb%thﬁé‘?ﬁglﬁfrmﬁ BF istlpaded|oacthe BEBNet i C
di ati g ti t] : ' hg. TA,

the 1R orPiERBHR8 tclBos i AHRIRGAGT 203, RO HRAAMTER 267, B8, T4 /o

are arr argedl portian2@d baweerlths ahgled watldind lthe/ufpae pdtion 201 flag eeckifés @tubdeousi ng
179 in a manner such that the three_devices are generally vertically

|
3I i gned Ardidhg fediag sttt achs hewadn Fig 8; the IRgmiteradd apﬁéﬁldateémr@ﬁ%ﬂreleg, | R
e . il q
eteCt0rhﬁﬂ§%$£3%e¥MJf%@k%ahbﬁﬁbl%Z?%%%&ﬁ8§7%bg%%e?ﬁﬁ%ﬁ@%&ﬁ%%ﬁiggéggﬁg

When the sarety inter evl cée S receive

i nfr ar edradadbRtipwirdedilid @derfanailat pertibiR205bf thenighbBipk 395 efat BatRekbtedby theche
reflector 165 and transmtted to the IR detector 171 and anbi ent visible

| i ght i sangiadgarelgr wall 204 sireesh da coiral pertiongi0810é the light pinst(atovsd 2 £ggralwhen t he

f i pt.ar| ock i i | d, i nf
"ad at i o pufiiee PRI Rre Pale rdhfl  ARIR A K935 o e pBMRVRR, ) o
l'i ght cago7as Webpsdsad sty of e 1uihs pipee Whdhhe @lﬁ‘agqm@ﬂoég&vi&é)@a% nbi gure 8

shows a seat 189 and saf eti/ interlock device 191 of a fourth enbodi ment of
t he preskaperbynieatetionrihe wat | 80 inHbe naded pesitioditen fesdingset 200t BroJRisignat | ock

ol casant g ait B RRBET D! 7 Rl ARG R Rube Sl L5 w3 AR

enbodi ”EﬂtvisiEIBﬁgﬁﬂie@éc&’orgﬁ&tesfhb%}(nﬂ?% oResdift Yorhkelifl Qbldei@sy AnbietlighPhd@ 195
("an el ectromagnetic radiation propagation affecting nmenber") Treceived in
t he seateatlgy egtbodieentioefghainvesiiormhen the feeding set 201 is | oaded on the

. The Ii [ 195. i d t I ion. 2 | ed
Do ar vl 1 DESIPahG & Figuiicy SHosar it g AatD iR BRise 835 ofF A0yt he
upper Ptk b tiRAredRE Biv¥RorR TH@@@fe@%%ex@@ckt&é%icfe%gig@%i§%b8&lﬁwnﬁs shown

in Fig. 8, the IRemtter 217 and IR detector 219 are both housed bel ow a
bot t om walnpredaroinfiated radiatio 8@nsmibseve Raterialithdral @I fralits tetisfraned raign

21 2 on BB 0 h e out et syl ar, ordl o 205, o b LA, pipe 105 Lhal
o, 10 bIPRIRE A DA s HOVh UMD s el
opposi t epasalbb toodach loehek.i The sqat P2l is\Neged tohrecadad tht yaficht iaterlock deldévé mehd 91 is not

particular orientation illustrated in Fig. 9 so that electromagnetic radiation is refracted in the

desired manner, as will be described. An IR emitter 237, an upper IR detector 239 (broadly,

"a second detector™), and a lower IR detector 241 (broadly, "a first detector") are positioned

for sensing if an administration feeding set 245 has been properly loaded into the pump. The

upper and lower IR detectors 239, 241 are positioned on the opposite side of the seat 231

from the IR emitter 237 such that the emitter and the detectors are oriented at approximately

180 degrees with respect to each other. Also, the upper IR detector 239 and lower IR

detector 241 are spaced apart a distance D so that when infrared radiation is passed through

the safety interlock device 235, the radiation (as indicated at arrow AS5) is refracted or bent

downward so that the lower IR detector 241 senses the presence of infrared radiation and

sends a signal to the microprocessor to enable operation of the pump. The sides of the safety

interlock 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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properly seated on the seat 189 in the | oaded position of the feeding set
201, the IR signal fromthe IRemtter 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 enbodinents
of the invention. [0051] Figure 9 shows a seat 231 and a safety interlock
devi ce 235 ixdotdodded ihtheaediQdil i the pingt, e ipfrmsd nadiathoretadindie IRl'b:inﬁtes aﬁ’ét y
interl ock devic of this enbodlrre npri ses gg‘tlnfrar tion

transm $331) C?FSSQYIP antomeAroy 48) paspesd Oélghﬂmeﬁtf%uah thedheam H %l'F nsmitted
t hrough rwalo%ﬁg QfrY téd‘t]eéﬂl?ﬁ‘g)%?& ﬁ@detéfég 3215%311 st@ &4 ag&l%‘ﬁi&% shas a

general 'y pol ygona site si e safety Inter devi ce

235 ar e t@dghide opgratiad bfedhepompadhedéﬂimy anahedmeﬂthés’ﬁfetysntkﬂmﬁuﬂetvmeaéﬁel ve the

safety i nterl ock devi cg in the particular orientation ill uitﬂrje})[éd in Fig. 9
}' S

S0 hgt I betwigan die ies deteclenadad thalopse detagte ﬁﬂéglll as
W e éepﬁ)qjsed)‘ﬂa\h% {fifﬂls?lggl% %éé?%ﬁﬁgﬁoﬁ(agn&% ?lq{a(&{ngzafacﬂff(:QEP aaly, a

second and roa rst detector")
are pos |dbnsimy@mhd/ofr md&gmslet@trbﬁla@metﬂdammai wil mcarbefremhtmgths giopeddistaase been
pr operly | oaded intq the he wupper and lower IR detectors 239, 241
are posit@ 'Bege ohthedeve; t@@fﬁ%@vw fithfegding sot3s prapedileaded) A dsplet er 237

et L R e T

| ower Imedeﬁmtsmftﬂémvamﬁnﬁpaced apart a distance D so that when infrared
radiation is gassed through the safety interlock device 235, the radiation

(as indi cat ed¥®¥2]ar r ow ASgured Oshewsa st 20} ansbyafcty duarork ¢ vis 2t7ﬁé)fatsﬁféhl ower

i gnal - coepEich SR PRt Ga PP TR Pl Db B a B TR Rt oo B b o1

the saf %Eﬁ{eralll)n&ﬁﬁlh@fbkthélﬁl/s!t%&b%&nﬁn@b@tﬁﬁélﬁ@’es&dﬁ?ér'ﬁB of nfRdedradidiioh Sso that
refraction of the infrared radiation is directed by the refraction to the

| ower | Rlagéinganaeriglon theearmphairigs ef tghelsaﬂe@rm@cllocldéweee Amnztbéfur% not | oaded
nthes t231 f t drad on fr e.lRemtter 237
(s 1 martRpamiey T Salets RtERoc dokiss 2T s AR s B PaE EABaR Chat e
beam of pidpfab@iRchifdca é%ﬁfeh%m ﬁh{@&ﬁﬁﬂsaﬁra@éﬁ bﬁdia!ﬁ%nlﬂﬂﬂﬁ%h 1R sdrfect or 239,

whi ch sénds a signal to the controller to disable operation of the punp.
The densntefjockndtviediThe @Ktenhléres!@etusfaderﬁ%rdf toieledwnpendBoradatibect s t he

't an PERIRROTGEECles GEBRORATI Hares o R ATPUR oR RoGRpE GRS B a
ol at o e f el PRI, AR ] AORLRE IRty 3‘85?8%.‘%%?%‘5‘?%%@%%2 | ower
| R det ediansmi®4d thevegh th safhty ieeldik dedet 2 13sfopdetpaidmbyl thadR detedtov 287.blt és

understood that the IR emitter 285 and IR detector 287 of this embodiment may be positioned

at any angle around the radial surface 291 of the seat 271. The IR blocking layer 275

prevents infrared electromagnetic radiation from outside sources (e.g., sunlight) from

reaching the IR detector 287 when the administration feeding set 295 is loaded on the pump.

It is envisioned that portions of the radial surface 281 of the electromagnetic radiation

propagation affecting member 279 may have IR blocking material thereon. In that event, the

electromagnetic radiation propagation affecting member 279 is preferably keyed with

structure (not shown) on the seat 271 so that the IR emitter 285 and IR detector 287 are

unblocked. A visible light detector (not shown) may be present for use in detecting ambient

light as in earlier embodiments of the invention.

[0053] The safety interlock device 273 of this embodiment may be

constructed by a "co-injection molding" process also referred to as a "two-shot injection

molding" process. The process includes injection molding the safety interlock device 273
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| ight detector (not shown) may be present for use in detecting anbient |ight
as in earlier enbodinents of the invention. [0052] Figure 10 shows a seat
271 and safety interlock device 273 of a sixth enbodinment of the present

i nvention. The safety interlock device 273 of this enbodinent is generally
simlar to the first enbodi nent but includes a |ayer 275 of infrared

radi at i onith the@idctidgagidtRmadibtiomplopegatich affeaingsmehbae 79fcohilpeishafaatiyfrarad er | ock
device. As in the first enbodinent, the safety interlock device 273

i ncl udesragiatien B@qsm%w@ﬁeealr(w dtgihbﬁansmlaﬁp\éﬁgth@mp asfie @elymiey rerdiegetero t hat
transmt LB d e. The
external‘ﬁlﬂllgl IF ggcr ﬁ 9%@0&%%%%?%%&1%%{& ttlc h&&ﬁ‘{?w‘%ﬁc} %\ﬁlﬂ)ér%opagatlon

af f ect i nguiaBomsT B4 embadifrﬁee,ﬁenfay@mlmda‘than&cbﬂﬁdslalel lipht blookingatemdl €s.pal  as
this surface is used to receive the infrared signal fromthe IR emtter 285
so that themnaphste gabimer sesin mined ith ted dypkipeiend ofia [Relaeking materiabloellgsi ce

ot or D5A sl b O BEHS prSeb At IR A BleaklG ' any

angl e ar@sip@ 1tgmeﬁbﬁ;qja§gm%sg{r{,@ﬁhaaaw@é t he seat 271. The IR bl ocki ng | ayer
275 prevents infrared el ectromagnetic radi ati on from outside sources (e.g.,

sunlight) frol#54leachi ngFighes hlﬂsaétaé@d@gramﬂummgtﬂ@vamw spadiienstbe f eedi ng
set 295 js. | aoned that.porti f _the radial
sur f ace SBOBRTHERL ALBR BB hep darar e IS oo RE s AP e MM oo
279 may jpgiafely Pl@okk A8vidBE eld Iﬁrb?éﬂ}%m onl the btidp. GHERiate diBGam has

el ectromagnetic radiation propagation affecting member 279 is preferably
keyed wiapplicationde pibeeehedimehiswht voH beldesgibad irpspest ta tha firstisebloRinegnit.t t er 285

and IR d tor unbl ,etecto may
be pres lﬁﬁgllﬁ %églgcqqnﬁghgﬂg,p&\pdea,%ﬁtggiﬁ eSS éﬁ’ﬁﬁ g nts of
the i nVGI!RténQi&er f@ﬁﬁ]lRﬂé@ec&ﬂﬁ%@%ﬂdsﬂB@“@Nﬁ En@&\é's%‘a@uﬁf:’thé)%siﬁﬁé Eglﬁ@é%ioﬁmnt may
be constructed a "co-injection nolding" process also refefred to as a

"t \lfvg S holtlﬁmqlse ot f QBF" rddhylpthgt cqmbioatis of‘EMuspndlcetscmmfrmill thedR dmitteci(omR
273 5
ad at | I ESHEpRG Al sy eBeliard Th sy %&“@ﬁ?%@%aﬁ%%n%f?ﬁ?a&%ﬁ *vsf bt or

transm ShE1dRUeE "RAU " Statud W rolb AR T&Sh ¥RedRE TRRIRSIfik: D9 resin)
together wth the IR blocking |ayer 275 (e.g., an opaqu€ thernop astlc

pol yner inteslbel) deviteher andawillgireems thefpundty k freminpdiatiept Ovey ther{étdmgsettl’jes use of a

o g BB B Sl SR BB gL ™

el ect r onpangbh 6f iRHudly LD atdl &f‘%ﬂé‘pﬁrﬂﬁ Hefie kit 65 nRGhopleyd ce but

pr event
continuously so that the safety interlock status is continuously monitored and if the status

changes from "SET LOADED" to "FAULT", the controller 77 will stop operating the pump 1

and enter an alarm condition. Optionally, the IR emitter 105 may be operated intermittently
with brief pulses of infrared electromagnetic radiation being transmitted at a set time interval
to the IR detector 109 so that the safety interlock status is continuously monitored. The
visible light detector 111 may continuously check for the presence of visible light so that if
the safety interlock 61 is removed from the seat 91 and allows visible light into the recess, the
visible light detector 111 immediately senses this condition and signals the controller 77 to
enter an alarm condition. The visible light detector 111 may operate intermittently without
departing from the scope of this invention.

[0055] Figure 12 shows a seat 301 and safety interlock device 303 of a
seventh embodiment of the present invention. In this embodiment, the safety interlock
device 303 is made of an infrared radiation opaque material and has an opening 307 passing

from the top surface 309 to the bottom surface 311 of the device. The opening 307 is
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visible light from passing through the device. [0054] Figure 11 is a state
diagramillustrating the various conditions the controller 77 (Fig. 4) my
encounter when operating the software subsystem 82 to determne if the
safety interlock device 61 is properly |oaded on the punp. The state di agram
has application to other enbodinents, but will be described in respect to
the fi r sonfeggupatiiorteedk the Bears boimfrardd fadigtiod linditated kha7chomrthe IR emiter pidVi de a
"SET LOADED' status, the status of the IR emtter 105 and IR detector 109
rrust be“@duf agHen e 2 seransud spaced paarg begmey (ndigaged ateffadbribp8e)that afgist be

t a{%Hﬁ el tter 105,
IR det @gt%%trg& ?gésgg%mdvf?% F&Kﬁ { et glé? g;&%ﬁ@@ggﬁ)l ts %Qﬁ 3bf{|‘£@% st at us
bei ng i housimd ¥27. Ay thd@luseaad émbbcﬁmntTﬂhe IREﬁhﬂteBlStlanuswwlﬂ in gleovad3lt he user
to check the | oading of the saf ety i nterlock device 61 and will prevent the

punp 1 AP thpetelyimiglodndeyigeni03rand dhalR detectorsi(321ay 39 el arp locgteddn ant he

cont o Lejnd Tyt 36008 SR PRI e oS Wi o pBge | o0 o

c o nt | n U@pm:b& apart & Bgtantheuchah4tiye inﬁ{aﬁ:rd| rodikitiGd @ibtis diﬁracmﬂ tiy hOdkSnihgBOTi t or ed
and if the status _changes from"SET LOADED' to "FAULT", the controller 77

will st @ppl@g@%cm tha dR CRsCiondt 15 undarstasdithat thgnl Reeraitier 3 bhepuld & bel@mth%nm ly,
the IR gﬁ‘e {eﬂ&a?dm e 2R &Q%ﬁ%&ﬁ@l%@ét@&&?s%%‘%b 3341&[} QBAV% §gs of

infrare romagnetic ra tran m |rre |nterval

to the iﬂ?emﬁiketéme oitﬁﬁsm éthatariahgerﬁa{t%mouﬂa@rahmgkﬁ@ha}ﬁeu@op@of:mnstl nuously
noni tored. The visible light detector 111 g conti nuously check for the
f

pr esenc&vgntien. si isblp ﬂlghit ergigter ik artay of vireble Sight detgotnre (naishoww) doyld karoved

1 ont - adeathaledt o B RPN ud A SR on ana w1 gnal s the

control I er 7{pgss] enter Iﬁ&@érﬂfd&l‘hﬁ&ﬂ%‘fﬁ@@ th8 enf¥dred Rldeatioh $him etirct or 111
may operate intermttently w thout departing fromthe scope of this

i nventi lette[rG(bSQ]ffrEqbtg@ble ﬂmzsaﬁ’mmer@@eiamceem mﬂlatﬁafeenﬁyarﬁdw@hatmﬁrmvu ce 303

caf oty Tl uBR S qebEen o EoRkaRRtR o R Rl SPher Peorlelo RSN GRE "
mat er i abrapRely mtearbn%@waﬂ 90 BOThdRathed 1 dtbQBIst I8 al30Pe fd hRGehe3 @Rt O t he

bottom surface 311 of the device. The opening 307 is 16 configured to break
t he beashwfn inthisaméwdimetit atithont dapading £t thetsc@yr) offtho preséns imRnemi.t Wehen313

e O SRS, 35T Sty SREGE 2Pk RS A cotp oL g (P

I ocat ed ehRd IRE3&Ar 3394 gl')rﬂadlﬁ?ea seh&&t?&eﬂ&t@@ fout hﬂt ﬁ)}‘ﬁle 'oltﬁe'r' %E{e@{’b?sdnla

enbodi mrent the IR emtter 313 15 [ocated in an al cove
321b, 3214, 321e. The interfock device 303 is preferably keyed (not shown) to the housing
327 to assure proper positioning. A visible light detector (not shown) may also be used to
detect ambient visible light as in earlier embodiments of the invention.

[0057] Figure 13 shows a seat 381 and a safety interlock device 385 of an

eighth embodiment of the present invention. In this embodiment, the safety interlock device
385 has an electromagnetic radiation propagation affecting member 387 made of a material
capable of transmitting infrared radiation. The electromagnetic radiation propagation
affecting member 387 has a layer of material 389 on the top surface of the member that is
opaque to the transmission of IR. The opaque layer 389 has an opening 391 that breaks the
single infrared radiation beam A9 from the IR emitter 393 via diffraction into a series of
spaced apart beams A10a through Al0e that are detected by respective IR detectors 395a
through 395e when the safety interlock device 385 is properly seated in the pump. When the
propagation affecting member 387 is removed from the seat 381, only the IR detector 395¢

sees the infrared radiation from the IR emitter 393. It will be understood that the number of
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above the safety interlock device 303 and the IR detectors (321la - 32le) are
| ocated in an alcove 335 below the safety interlock device 303. The IR
detectors 32l1la through 321e 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 bel ow the

saf ety ilIR dettavark 388a+38% 136Bbanthet than shdven. [1Hs detlter inders®ad an 3R tetecoubthebe

above th t [ rl ock device in some ther angenent wi.,t hout
Goovet | g Bt ettt M8 eaR 5 A adbunn pomorc ARt Sl et SR rt T and

array Ofmﬁ*al%ul?luﬁathdlﬁk}he%% %?6ﬁgal&d“é}fecﬁﬂgm)nb@f’3%ﬂs*?@mo%?ﬁﬁ'oﬂﬂt‘hé)ie%??s jof the
IR emtter 313 and IR detectors 32l1la-321e 0056] In the enbodi nent of Fig.

12, the Ond carash svatbhahe onerftation dfibe giRup eﬂ{R ﬂe!nctﬁfsi%%af‘j‘l%adxt bdinitjie tdveersaf et y

|nterlock devi e3 S h the infrared radjation from e IRemtter is

det ect edPBioR hgﬁe?r@cti’%fée fieéofmﬁmétﬂ%l%h%ﬁpﬁqﬁé’omﬂne"rl #aHevitce 303 is

proper | ngl@feqtg%@eﬂﬁte& 'aﬁd R n%ﬁgﬂt de@@ﬁm@ &{m‘g@ cO8laRLR éu@;% Aotk R MRy be
ment

other than shown in this e out parting e scope of the
present ¢mitent93omd Rhdetectdrh 895238 @, dnkhaﬂevemethaemcnrsmmgnenpmhﬂm infrared

d f he | R 3 b l e | R 321
(br oad yPrORSGBEBRETET BESHE coBERle ALESBY1Rg v&lﬂsﬂlm%ggﬁhaaﬁ Tosite 3210,
210, S2gq opukephatholabes ﬁp%waeo%reg{?d leXEl daghoshauni. o the

housi n t 0 assure proper SIti onin ector (not
shown) nmcdaiﬂm ebghth%ﬁﬂaoﬂﬂnendaﬁ eqtr1oareb1bedﬁnent§ﬂtlieenﬂerlgdsk deged 3R5car |l i er

enbodi nent the i nvention 0057] Figure 13 shows a seat 381 and a safety
interl oclkrefféajq%]éei@éé’ﬂ@ﬁhawn)Eﬁ%ﬁﬂﬁp@?ﬁbﬂ?wn%f the present invention. In

hi nbod h f I
radiat on pr oRSSSk i on-af [ BT M SeAReAgt) Shd o Mt AR AR RERFLUETREER ' O

transm tiinthgnibdidirade df drdiredendidventha. dlhectatalhgngdrt 6f 4 peth@#0Dthaplsopagat i on
af fecting nenber 387 has a Iayer of materi al 389 on the top surface of the
mermber  tiHastrated indleck Hagram:faen in Bigs h§.s Shopump 49 Rmovnts adpedingsqt40er 389 has

a0 onent 163k IRk 4% SAKE S inBAS Sl 4t e TAShALLORPRATAD from ¢ he

IR emtter via o a series apart” beans Al Oa

t hrough s%'b@nﬁd]@tthaﬁzﬁnéjﬁtﬁéf&dldgysef ssieat invBg | R ﬂ@t@fpﬁ%’@evﬁ%@3 ihdlidus@gh 395e
when the safety interlock device 385 is properly seat i n the punp. Wen

t he prorpagéﬁwﬁvmbﬁ@mqﬁfy%rrﬂ“élﬁ rglgy 43 Geancangoadithe tehing #2d @emnmﬂmdt@m y the
the, | 393. It

L R B SR A ARl o R BP0, L o
than s hOBM‘eml'ttbr 137, b 1R Refecton d29 st Agibleaipht Enfiet ﬁ%’ Qind Qi€ ble lighﬁ(ﬂletédﬁ)ﬂEStSECt or
395c can see infrared radiation or nore than one IR detector can see the

in respective alcoves in the housing 439 (Fig. 14). In this embodiment, the IR emitter 427

and the IR detector 429 are arranged at an approximately 90 degree angle with respect to

each other and the visible light emitter 433 and the visible light detector 435 are arranged at

an approximately 90 degree angle with respect to cach other. Other relative angles are also

possible. Generally speaking, the IR detector 429 is located relative to the IR emitter 427 so

that in the absence of the safety interlock device 461, the infrared radiation emitted by the IR

emitter will not impinge upon the IR detector. Both the IR emitter 427 and visible light

emitter 433 are arranged generally perpendicular to the immediately adjacent side of the

safety interlock device 461 when properly mounted on the pump 401. Moreover in this and

other embodiments, the gap between the emitters 427, 433 and the safety interlock device

461 is preferably small in relation to the diameter of the safety interlock device (e.g.,

nominally 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.

18



infrared radi ati on when the propagation affecting nenber 387 is renoved from
the 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 |ight
emtter and visible Iight detectors (not shown) could be used in place of

the IR emtt@os$93 and TR Aiglaradtiml SAhedd938s [H emithat2 B wediffusddiid
el ectrona netl c radi ation propagation nmenber woul d be capabl e of

t ransni te e@ed/méh%s#ewulgmloclb@ﬁw%ﬁé stich thabthe signrbstrikegythe [Rdoteciondd i s
opaque to, yi gl Pee sgir‘%os dlyﬁéofﬁ%}flgﬁoad%&%ﬁgéeﬂg@ %ldasaf%tg hﬁt?ﬂ&tke&e%e 4gid be

used in this el s’Tn prior e nterl ock devi ce

385 is tnrs%hﬁfoabﬂlant keyePedialBt us%h@\imb)petr@u@mtarcﬁﬂ@fd@ﬂeﬁmmetvi@tﬂe tight [ 0058]
Figure 14 shows a seat 421 and a safety interlock device 461 of a ninth
enbodi neqmlttélf43t3h§01§ﬂé%%$ﬁ00nd19]§ﬁ&f¢lb@gneﬂfﬁéad#éml signal (esg pablue bight) thatinp 401 t hat

is illus i ramfor iN 1 nmounts a

f eedi ng séf&ﬂ for, vhsglfle&ghgn% ?Sﬁlét 3 H%Ié)ogpsgl}e ct°§}tr° %yp%égg%@%&ew ce 461. The
f eedi ng e@odfiént TRYt pakes BeIR ciitted I uritl) TR Rt S0rt420 ré@@@s%@hgﬁﬂl 5 shown in
Fig. 3. A punpi ngladew ce 423 includes a rotor 437 driven by a notor 425. The

rotor 43vcegmiviemiGabibe seiettintsiingk degee 461ps mﬂdf:qi ulNext, &eanmbl&thgéh@mltter 433

bst ant.i al | d d t | ud
an 1 R dnrgeie SEREE PR SienpL R EK o Be B BerRR ot BeRiP Al WIS ' Ana"R
Vi si bl e dafe@PintéiRIcR Gbtice f’&%rrebﬂy [REREGH théSeal400V e 'vﬂnBlé‘ﬁgHtQié‘Eéc&Q 4389 (Fi g.
14). In thi's enbodinment, the IR emtter 427 and the IR detector 429 are

arr angecbmrat@dioapmlbﬁor ﬂmxeﬂblegtghusgn@enét@d@ememss expizot light. 1eeither ot her and

th bI h 3 d t. ble |ight t 4

L angedoutition i GetSd 6 2L a0 SRS 485 3 Bt i ep EERIEE b ot dTE e,
Q her r eicﬁ%t&@axﬁﬁl%ﬁﬁm@ﬁvﬁnﬁ|t§@ope?ﬁ§§i!o@h@ek e @.ﬁ%ﬁhéﬂt of Iﬂfeai*éhd[lﬁig_l séthl©5 |a5d
detector 429 is located relative to the |IRemftter 427 so in the

absence dsks hitaallonfthe pumpt4@|1 lto operatenintibthd @dnditibre isi cofrected.d Thahloakmg@mfe mtted

bytheIR .e ot nthe Both the IR
vt or e hight e ersare i OBk APt PSS b RiaTEL 8t g hat
per pendiglikdls foldddimd! @Bﬂhﬁhﬁ&%eﬁﬁbﬁ%n tTh%'ﬂﬁﬁgﬂfO ltcté?ectssa’?‘fa%l%ohdﬂﬁ@ﬁ frock
devi ce 461 when properly nountéd on the punp . Moreover in this and
ot her enbodisicnlight deteetogdps detcote the tisibledight signal febdy theadgblaright éreiteafidd v
pr ef er abl inrelation.ta the dianeter of the

saf et lyO;: Eeoideisciir ded (B (itegts the prg hap {pegalspsinieronb dere 4 ut 0.13 mmj.
The, ST RECE S ma sty ) e cPIRPALITPind epjagiitlsn o
i nt er | oclontels ipompdicctionick d86 thatbparateithd motor ¢B5. Ehe cpasdles47 Tinchrledat
radiati Olgast %r?e software subsystem 482 used in detecting the proper positioning of the feeding set
405 on the pump 401. Operation of the software subsystem 482 for use in controlling the
pump 401 based on whether the feeding set 405, and in particular the safety interlock device
461, is properly positioned on the pump, is given in a flowchart illustrated in Fig. 17. This
particular set of instructions operates so that the IR emitter 427 is turned on and off or
"pulsed". 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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[0059] The infrared signal emtted by the IRemtter 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 enbodinent are especially
useful in operating in a dark roomsince the visible light emtter 433
provi deso begepanping). eOtitpatiggihefina onguli af tho soffwarealsed for gleterminel wieethear diiet ) t hat
substitutes for visible light pot present. in a dark room The control system
of thi sPu@HﬁQ&IWItﬁdﬂQPP&ﬂ%@gP pingRlvidi tter 427 until the IR detector
429 receives gehgnal &l L had i ' feykce 461 is
| oaded. Next ,[ the visi bllég{qﬁ?gﬁt&te%%st%ﬁgg P?fé@a%{l?t\@ﬁéﬁeﬂc}ﬂ%go send a |ight
si gnal shaystem 482ocikdd deycrited asafehy thantheshiegkindelock devicd 46 F hasdteensaf ety
interlock device.is correctly located in the seat 421, The visihle |ight
det ect opromﬁmgsmalb‘@r% 8 PP AL o e fhertpia ?%ﬁoﬁllé9$ai‘bﬁiR§%‘FFél43$ﬁﬂ to
det ect 853 b | A M1y tC L Lo S - e L. l'i ght
from emgﬁ%er A@gﬂogélg@ecgh;%%bl %I{eﬁtdork?)&]ﬁ%tgl?@%%%%% rt%) Ilgejrgﬁlg&%i' qg%:? isgfg%yes an
al ar m t aerlovkrdesict 461 dpgositioned ko thahtheknfrived addi giviendkeafthd fufet deeilovk set 405
and does not allow the gﬁpp 401 to_operate until the conditjion is

€1

cor r ect davicerihe poprgatiga o aﬁwém@iqt}cgﬁfomhet%ﬁ@a‘i?éwill!Pﬁ@“chzf@woc}haﬁi ce 461
oy bo ErEPRTRbL S aifthdod B RRRM Gt X st Su@fhck Svid Bfnettind |0 PUP

| i ght deéifesédradhdion deitett safetieinieristbtevitd gt stiskegniad TR dasetbn42%iHiebl e | i ght
emtter 433 after the IR detector 429 detects the presence of the safety

i nt er | oéfftwagipaeses friefly addosk Reatter the IRempfter 4276 tagetedcgnandghereadsthenas a

m cr opr t r ] | eqlr oni . rate the
not or 43%.%3%%” gggg%trﬂgﬁkelr@% d?{!re\crflﬁ%é@ t gst %ﬁ}&e@gt’ ﬁgaﬁéﬁg%%ci]%%aglggﬁ system 482
used i ndegtied). iTig sofivvaity QPSYstdIRd82 theRiphttedds thhalctRRAliHIGLKSBIN4 Wide N t he punp
401. Operation of the software subsystem 482 for use in controlling the

punp 40 guerissahedier fiediRidateotoret2Pd e Bhandsaithenths IR grtter#274s GFEirdle t he safety
Sl e ARL T | Sl C Ui & .
1 ovehar prip 98k iGN th TPGSPFhert (P Sirte, ARERAUMAE B IPorobBa (TS

oper at eposifloiddathe TR &letedBtoR IR ILONABIL thS IR bfied 407 0N M fthOAmbidwLeeis. Wien
the punp 401 is powered up at 1396, the software initializes at block 1398

by sett (g séweafere, the answerdo Grrjuesoat degigiogibdock: @4 iR ot {1 etherpordsndievi si bl e

light emtter are set. to, OFF. Si.m | ar | a ogr.am f.eat ure | | ed
anbi ent T geee 4228 Stk dlralation Pyt el 87 PR LS R o
Qut put . pBétigtihy of MERARAL intePlokk Usvide. f Bt dofiSvatdi@bn ks ther AGBRREDodkOo [TV ent
operation of the punp 401 when it is determ ned that the IR detector 429

sees i nhtbklpdd]4Mdi(whichns fip oange Soor deingidhieed edrditian) end prosa¢dstte pneth@. The

I nst ant Qut.put . j s enporary or prelimnary output of the software (i.e.,
whet her %‘Hgoﬁghﬁkjﬂiqgl s to be allowed

[0062] In 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
Ambient Lock is ON (because infrared radiation was detected by detector 429 when the IR
emitter 427 was OFF), or where the IR emitter 427, IR detector 429 and visible light emitter
433 arc all OFF. In the present case, Ambient Lock is OFF and both the IR emitter 427 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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19 to begin punping). Qutput is the final output of the software used for
determ ne whether the punp 401 is permtted to operate for punping fluid.
[0061] At the outset as shown in Fig. 17, the function of the software
subsystem 482 will be described assunm ng that the safety interl ock device
461 has been properly positioned on the punp 401. After the initialization

1398, t halohRdeniid exftekdie delay e 416N ptatram re@fisad slep THOGL The Ditdemlekdd so
that infrared radiation is emtted. If the safety interlock device 461 is

posi t i oneRgraiiontof the Rnemitter 4247 andd qoaditionplarperation joé they aibledieht gmitier 437 ock
devi ce, ' . i at i t ' 427 will
be. af 1 edIE AR Banel sdibfes i b Rth S BibBd0l T ORpRT PUBRLTE N e

saf ety iwheattheplmgevi ¢eopetats@onbattdig powad.rared radi ation exits the safety

interlock device and strikes the IR detector 429. The software pauses
briefly at bl W8f311401 af Pweeedies brkdarihertegelinmzatepsl 400gtedl conttantl 7tinBeWr eads

1t AR s B S Wb o

infrared radiation 1858 ware r oceeds

to a decigiqlf tid Aftbickd Q4cRBYLOFF so eHaeivhes thahRkh@icisidieblblk tiEie k@ichdR9 is ON
and either the IR emtter 427 is OFF or the Ambient Lock is ON. I n the case

wher e t hbe sagvearys qgaitein the kifumativeantighe yisible bglardetectosdsh is isad dnce dgain 48

d 9 i b he I.R em 27, i s. Anbi L i
crr et fona® sty Bifal v T g a nd iebls AR grBECP IR0 e e °
ot her WOl detebtBr isldFTUetiBEkOhe 4128 1ORShERRA thdhrogfagfsteRd iRtJigplellighm t he

emtter 427, which is indicative of proper positioning of the safety
i nt er | ockmitter4els nTWednsofthevarogranh meveresto sabthadpitamOutpat o O adblockdtdl ock

Nl o BOUARSOEIIS o tion J
anot ner SR BAHS BARDBabafohiobR s Svid PrnseRls bRl BoRTEOEE" e
sof t war eyrspiaayiaheAbIARnceiaflely ARg#ahepip by PRSspebM@! NI indRent&f inliRenent Sbike

| ight detector 435 in a situation ere either the Anmbient Lock is ON
( becauseblpelf HeBeautpaidiliaringmayals: whed befoesith findeQeiptibis iz, Woe mstanee, It

itter 427 OFF) , Renitter 427, |R det 429 and
vi'si bt e orgnte o e SO DL RR et STt b eectie NG ) ent Lock i s
OFF and IQQtEﬁ'tdulﬁglt '1&21@13&5@ S&t télé)_'N Bétdre thEAHALGSEHA 1418% &6 ON. $atidyse sof tware

proceeds to read the visible light detector 435 at block 1408. The properly
| ocat ed agdrghmys fortestabbshinglewiftlenettin the Hudd wutpue of/ths ipbdgramicghld Wengdoymd. 435

th ' ' F. Thus wh ied at. t t deci si I 410,
e ans i thedhoc gt ittt Dot i P BPLLL b YL S hedaiePi GH SO Ok 412
The vi S'éﬁhﬁralénﬂg)lttgé st %u@}ﬁ?’mﬂﬁﬁ e{?ﬁg iR ! H{élﬂ{ai{ ikey Sicethe HHUPI LG am

causes the visi l1ght emtter to turned on
is set to ON, the pump 401 is allowed to operate. Once operation of the pump 401 is

permitted, a routine for checking to make sure the safety interlock device 461 remains in
position can be executed. In the illustrated embodiment, this is accomplished by continued
operation of software subsystem 482, It is also envisioned that the visible light emitter 433
could be turned off again to conserve power. Various ways of operating the IR emitter 427
and visible light emitter 433 intermittently can be employed within the scope of the present
invention.

[0064] It will be appreciated that there are several circumstances in which
the software subsystem 482 would prevent operation of the pump 401 by detecting fault
conditions indicative of the safety interlock device 461 of the feeding set 405 not being
properly positioned on the pump. Reference is also made to Fig. 15 showing several
conditions that can occur from the implementation 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 pump 401. Until such time
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bl ock 1414 and noves to the end of the programwhere there is a delay 1415.
The InstantQutput and Qutput were both initialized to OFF so that the punp
401 is not yet 20 allowed to run. After the delay at 1415, the program
returns to step 1400. The intermttent operation of the IR emtter 427 and
condi tional operation of the visible light emtter 433 provides significant
power savihegR deatectrel?ftdetaetsafifrated raliatond0R detEbios "ONAY, thessoifsvane sybkysdtem when

A N N T S

det ect orOM 3ntir R the PRI 420 Ha§ afldist bREE dltectédthfrafddghdibfien. dgkRYIR AS 2
result, the Anbient Lock stays OFF so that when the next decision block 1406

i s reachigttcior 29 hassvaver beend s whemthe heftwdrkireathes deeistoroblptie 1 406 sl amswem ht

detector .435,is,read once agajn at  1408. The safety. interlack deyjce 461
sti 11 bigllibe "feinyt e Brogra: guf Prweebiohe aabole foqw wirs st Citigh FYAsERect o
I's OFF. t&@ﬁk%i&h&l},'tﬁé%sﬂbﬁ&&n&ﬂ% PR AG RHAAERTh i ﬁﬂ%uﬂtiﬁ‘% tp\éin% bRke |1 ght
emtter 433 is now™on so the programnoves on to set the InstantQutput to ON
at bl ocknitatébradidtiodifoomb thed Rt duaittet 427 s pertdettibby thelR detdcowdd@9t tn thper at e

for punping_fluid. Hoypever, e rogram may not inmmedjately allqQw the punp
401 to Gp%r HesOTpars ﬁs@éﬁ%égf ArophRds d%fefﬂ%wocls%ﬁtoltm%e Sistiieit

filteri ¥ ep=NY) t ' t@fﬁ]ﬁiﬂ' | ' yyist ance, the
sof t war reéﬂnng%4r3§g%??gqgl? ??‘)%D ahllgfgélltﬁﬁgg? t ertéS %eit%bﬁﬁ@%lg?l?%?i%bcurrences of

the Instant Qé¢i)t 1416 Ihehafirss ednditionN shad of Bigt he boitnthk [Rehiutdr 422 h8di s set
to ON. Varjous algorithns for establishing confidence in the final_output

gf the pRSGlSHr 462 e (B%F-epﬁllsé%"’é(cﬂc‘:m@fpftel’fémﬁleﬁgﬂleHmlﬁﬁﬂzﬁ&adfheP@ EN:ng coul d
e omt &Efith'e 'TR‘%&JTEQII 935 Qid Mg .dg'é{,tolﬂfraljeﬁ Jrgdi}.{@cwnig raqﬁevig%llgﬁé@ g?pﬁ esb%jvtra%ﬁt 1418

| nst ant Cut put n~every instance. In el case,

s set tsobdghleni 482 ghuwp idOig. i13. ahisov@dd becusfer extagnpléifabe fiedingtstd05dfast he punp
401 is permtted, a routine for checking to nake sure the safety interlock
devi ce Agtbgearinsiplled; it dssision;beekcl4Qbnihe anweante the quenyt weuld haye beeat aq’, so

embodi et b B> b 3GEOIRYAINGE. Y £0BL R ARSLAD L. 81 G4 1BPCT

subsystem al so envisro e visible I'ig

coul d be seedndddomfitic BOahet 92T BREQIWEOPTWE that M8 housthedR entiftercpd! Rt | ng t he
IR emtter 427 and visible light emtter 433 intermttently can be enpl oyed

wi t hi n tdetscior 42 a0 hes shosadn condiign hs iTbis is powdisatipn thet the faeding gt 485 at ed
woul d provet BESEP TRl SR BOTE Sandal) ol obng M PeRiggRRAT IR, "
i ndi cat itatfte 6f Figh®5 Bah&inyto iRBRAeQoKasiichle oft fihc@e fobehefl fReiul cdfipodd imot
bei ng

the specific condition described.

[0066] The second condition of Fig. 15 is the first of the conditions in which

the feeding set 405 and safety interlock 461 would be detected. Previously, the software

subsystem 482 would have cycled through a loop in which the visible light emitter 433 would

have been turned on at 1414. This prior program loop is represented by condition 6 in which

the IR emitter 427 and IR detector 429 are ON, but the visible light emitter 433 has not yet

been energized so that Output is not yet allowed at block 1418 to be set to ON. In the second

loop, the IR emitter 427 and IR detector 429 are OFF, but when the program reaches block

1408 the visible light detector 435 is read. Assuming the feeding set 405 is properly in

position, the visible 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 4335 still allows results in Output 1418 being set
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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 tinme 21 as the IR

det ect orto42N9. flenditibss 3 ahd nedsimidilaparalic]( bRk id dteee tarditidAN the vistbkée Bgiftt war e

subsystem 482 will nqt allow the punp 401 to operate. In other rds,
Qut put 1@1@%43}9‘#@\9&31&?@6%{6dt%m %qn\gﬁbkeﬁléf E1BIAcE f1e% (RSP LOTR DEAMis at
| east ongg ﬂ&h%flﬁq‘c?@&w{o%ﬂ%@%gg@ﬂtiér{t- the IR detector 429 has never

been ON, when the“software re I'sion block 1406, the answer wl | be
"no" and the [@063F am w | Copdiciomddiltstrateha sitagtionfintiicH srabiem dléctionsigasic Cut put
1422 set to OFF, Simlarly, the visible emtter 433 will not be turned on

at 1414 TgAtafipn i thgeRyirgmeesit surroindgedie paap 401 svdatecsa hibe IR detctor 429427 has

b det b t
285 pr oo S gfihet 97 L OUELE Mo riiG sibdyctlis? RS Tnobilfa e iRy ©05V5 e
OFF ( bl o@biatidR &)nosBemingefrdm shicali éaitiett Inl thatSe@bnt! the Sbftwald bkysleh?232 [ 0065] I n
the first condition or state of Fig. 15, both the IR emtter 427 and IR

det ect orreagyesH é’e@ﬂmswvm%thﬁayera@&glppk 1304 anddhen sty AMBIENRLO#K todpNAR7 had
b N, | : e S ;

Do onubipBladie AR AR ora i 20k S baRk L LRI GIPLAR]

occur, fefrthepasgice of istthelifiredt Rgs RtandObtphe® OF0At RIREN Ih BSAdidres] . theAt

deci sion bl ock 1406, the answer to the query woul d have been "no", so the
pr ogr am SREY interieek dewice A isnat duplace soLthavihe sitrreading pedd] 403 afitee Bnd of
the | oop 0 t Wtter .4 i Q F hat now
poth ¢ nedy SoRTRPRE 1k Bl 02 QUL G ARG GITERT, Toeshfintdlsh, 1

This is ambsyshehas Wﬂmixﬁlhadiaf\?gepﬂ)@ﬁdialﬂ@r Blotk 40 thicugh®lodks 1pb@eRl DRBe pu
401 (a "fault" condition). note that the condition XX in the table of

Fig. 15 $e8Ontrah{at blpckddil ©eto Olowitheiplany: Awther evalpationrafwésiple dighh eThsarumic ul ar

conponent,.i N the,.speci fic conditiagn descld 066]. .The second.condition
of B Ao Pay YREYE Biiglahlfa GRS ftes SRIRRATE oY M RBadE] Mt R05 and
saf ety imtgde bQsk iﬂﬁé—pﬂ!ﬁﬁ kths PErcB@ L6 REr a RiRoOinHovhe UsBE ThOTidMeHti8n ofUbSYSt em
482 woul d have cycled through a loop in which the visible light emtter 433

woul d  heright besbient lighterbuddhinatrugt4hequser i mope the pumpdgrdevwtnlight lecatiepr esent ed
by condition Remtter 4

the visible | ﬁ’g‘,}lﬁ o ¢ 1 eFhGsphiaE Sy 91&4%5652@%0 I&??’@B%f"?pé%%éﬁéﬂg Ratidy %glht oS
not yet jaldigvetheatlis BkQekvdld b8ighCarRfiealoht. OA oW int RAJIRRAIN the IRAMMtert he | R
emtter 427 and | R detector 459 are C]:I‘—c=y but when the programreaches bl ock

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



1408 the visible Iight detector 435 is read. Assuming the feeding set 405 is
properly in position, the visible light 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 nay operate. Condition 8
recogni zes that in a later |loop of the software subsystem 482 the IR

em tt er bk 143 RafkattRe ITROEmARD 4N ikt bihéefdrg Pdadiigi the B8R d4Bonddo altlode ON,

but that a reading of OFF for the visible |ight detector 435 still_ allows
resul t s 132 dhepioftwige sibsstery 484 conditiens any furthss ghecks der @niinging the Eedingi | ar | y

par ol 1 eley ikl hAGSS:cGUAIhS LAPSICRNR b SLEHR A 1,88 5LGR $35y det ect <

light em e Visi hus preven I'ng the p np

401 frobldekilngs. aCbmdaﬁmeﬁ 1mlmum§ﬂqef ditubtibrf Whére Pt IRedthittef ADBElonComdnfrired 4
illustrates a situation in which anbient electromagnetic radiation in the

envi r onfRsitions pefiistacky hyrféeﬁ%ﬁlﬁteqf@a@% Qagedbe HY dpipeton 429 fetgets aftaged 420.
The IR 7 1e¥tfo hté%z?érimg?g eedSin. ahf?rs énﬂ?{?gd ﬁ-%bsﬁy E]{qu,hﬂg%n %43{5” \“Icgc?}at i Lge

infrare radi a 'S *no comng even

sof t war @434 siisieastrtdithe VR Hg& d@tecw?% OBFP Btk 143 5H hrdGHET rdtthdhRitle 1404
and then sets AMBI ENT LOCK to in block 1404b. As a result, the software

subsyst dehtsgattps BEs@ ot block142% 4&9‘63 éfﬁg'y ahbipakat43dnthe spitware sybsstenc #8841

vi si bl e ht .and set n onstlo t he

it ery PlcBRls 18R SeRBh Il AR kit by 8 Gonrs ERT I g | 0
bl ock 1aRRkeaf attIIZL@S b&lb&ﬁh%ﬂl@ﬁ/ﬁﬂﬁ@hghﬂdmﬁt&eﬂﬁs ﬁfﬁnﬁ&@beéﬁ\? aOM38iskis be that
the IR detector is OFF. The software subsystem 482 w |l imedi at el wroceed

after bi[ltﬁéﬂntqult%t oy agl;logk &)H@ls Asspmingep fuather ewputddieriog: Quipul igseidp 1418)
to OFF { t f
al s be tLUTh Gt piak Y B aRbi@0 Sontids Beberbl ity Pt Ratbd  on”

such as (i g1 4BlocRq434) prior kD SctRMTB &ﬁﬁleﬁisﬂﬂ@ﬁﬁh tenfitte Y, (1R ViAIBRAWIt BmliRFe USe.
The indication of bright anmbient |ight wou instruct the user to nove the

punp t oisprevngad fmng Ibcmgctmtad on. Inj thaG@]se Thesafofarowsirtsy sesifd tvathpi@zed & al so

capabl e, pof t di.t here | cessi vel

anbi ent bf ﬂﬁfﬁ?s IS|1 bgtﬁcﬁn?liﬁ é%h ffﬁé‘a é’lgﬂf ??‘gér(to Sﬁgysgﬁﬁ)‘]{qﬂ‘tg‘ét ect or
429 ar edw fDé%&étlo%W&Hl@ 11glﬁtd:ly(%ﬁé VPIOfight et RR DB N Grisel «£APatRAI dfdhe Properly
positioned on the punp 4 In fact, the set 405 either has not been

pr oper | yisibbalght emiter 1ashowrpmcqmad1twat3 affiag. 1@oes not bl ock visible light has
el S aOBAT vt or "SR R g KePLRAS: b B Sl AR5 o
482 pro 7Sk I 435 is
482 PrOpRSHY 121 AROkShaqUBb ARk it DRI LR Ykl %@&%ﬁ‘%gﬁ?%lﬁdﬁa%ﬁﬁp

cannot muerlock 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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[ 0069] Anot her 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 off and on (i.e., it
is not "pulsed"). Thus after the initialization step 1428, the IR emtter
427 i s thleoki matien 6@ gaoleraly3djzmoat the maibhslight datectoe. Irhthe pllugrattdl i s - power ed.

As ill ted i j1i 1in the tabl f.Fig. 19 shqw l.ect ed
oper at | iogta BnESDF | 8 brdsponricrini ot s sy tedrek St RTUbH y
time theg LRSS Bht the Keﬂi %nc%ﬁﬁ cbﬁeéﬂ&ﬁ@in& Rt BYSBould Bd oftr Bipey 8id digsned on.

Referring again to Fig. , e softwaré subsystem 484 del ays at 23 |1Cl
bl ock 148thomf departidgefrérR tisinviestion 2Qthies sttucturesifoo keyiag dreepasiai afg safety | R
m 484 .condi ti ons any

det ector. 429 at black 1432. The software subs e

o e i Anetdanie 1 LT g bf TS PELER e SRR O B BeaTbiRPRaaRT i anad’ on ¢ he
det ect i f d i i 433.
Shart]on O Ibpraiar od T e iRlafy iiIoRaBRAEE 6O DL 16adtah ik GG

Condition 2 i trates sl tuat’l on where t S on, but
i nf r ar ednfrarad elatiranagretio eddidaindfede dheblR drhigtet R distdéffised ad@ BfleCrrdehiohgh | R
detector, 42 ram ds i.n first

detects nfrared radiation, the pro .proce
| oop to e 1y peock %V@eﬁng teqiet o th Liudsicdier ai/ge ReTibuBat (e SeHdRE Desdr ¢ ai n

t he vi si | : i o : it Si bl e
ght oncadRd; NyBE isiSBie ot ferGhih 09 PRICHAR Bl vi BN HollPR i heiRp 0P wil

sof t war eno$ ddisst ahe beehide ofpthe deaten dbhHtha biekimghoktbapo(7ofithe edfety imtedodld war e
subsystem 484 confjrns that visible light is blocked at, 1435 and _because

the vi sidsvise b Hat Blorks wsibleslsohts I ha smbedinat oNig: 20, shgvisibleslight se¥tiett cut put -
to ON at I M : £ QUL il i { tt
o Ot 51 SRy 3fhed, ORUT L Gelife eIkt B kel EILOPARR AU, T, Bet (O

vi si bl e +idiblblighssigiedl @6l @di be rar®mitteal ioheoeikibledigzht dpietior 60Pbaatitevetthon of t he
visible light emtter 433, the visible light emtter is [lnre_vented from

bei ng t wresept iihe blacking porigaH07 apd thegonial wstennehtbe punp g4 will pllpwdbeed t o
bl ock 1%%%0%&%{% the visible light emtter 433 off, and at block 1446 to
set | nstan tput to OFF. Detection of visible light by the visible |ight

detector 435 [pe7yr to aczti'%matzizcsﬂowﬁaﬂagmemhgi bgor 6OPuBPTO! GichidingshHown in
condition 3 of Fig. 19. LS{CO?OI Conditions 4 and 6 both result in the

1
sof t war sed (193 yandesafeqginteriackidayice i plan alaventh emicydimaat ofithopiest itvsniemp 401

ot cot od teca ekl BeufE b okl of Al oo R RBeliAoun B ° ©

det ect i Mlockk eMi@bhhgnetit ghtfiatin ihlige VikibldthRgd dodthit tHE VRSO KIS nbY teMMERitEd
operation of the punp even though infrared radiation has been detected by

t he | R deaiside lightaletactprd@R aihendie 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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visible light detector 435 maybe detecting either light fromthe visible
light emtter 433 or fromanbient. In either case, the punp 401 is not
permtted to operate. In Figs. 17 and 18 other variations may be descri bed
by tracing a path through the flow chart, as shown [00711 Figures 20 and 21
show a fragnmentary portion of a punp 601 adjacent a seat 602 of the punp,

and safety i ne@rms)ock devihe@ubderedibed 70£M1HaROTERY MiRRE aPhat REctiPEIG DRITKs
invention. The safety interlock device 603 conprises a nmaterial that

t ransmi visitdolight apd passes thivagedt ratdiatan.afbe innst ibember Higtcan branasigiodthe sameer | ock

devi ce 603 inc S bl gcki n tiQn 607.that is ague to th .

T Steslal gy e B8R gnftek o S o Ok Al il e &, BRATG hedrdel P08k 1 1 e
to the vilstdakiglly bue @?él@@t’i‘(ﬁﬁagl@@ﬁc whiieftioh e tteahfhnéd ritigRrahe Glsods Meoksible | oaded
on the punp. The safety interlock device 603 includes a key 613 that is

recei vetangp, anddvalse ppderdblidrighly saflestiee. i In thdlupimatpd pwbedimgnt she naer t he safety

interlock device. 60 t be aligned wth the 2 ki.n rtion 607

gener al Py L08R E e Te.iieant Pl M dhtrgfertPor TR PP uBS i @l

enbodi MgRE indePRekB¥r FlecanbeFoRrhat dsie Pibce Hi@NHE Bitef MRALENPO4S 3@ 46 tyn er | ock
device 603 but it is understood that the key and the correspondi ng slot 615

coul d bdudtitjestighapatusing pricesss Additidnatly, the patet ambinheromemhérs 704t i on.

Q her str ures for keying the .positi,on o safety. .interlock .device in a
punp. mago i PRERE A RIS ESscaatatheig e liin R ULaRs BRETGEA When' t he
safety bﬂﬁcﬁﬁ% BEHeldRE OtheGRisrinSenhiRRGBE id gbskifdBe i Re BBdcal Pﬂtfhrc@ tRinfrared

el ectromagnetic radiation fromthe IR emtter 616 is diffused and reflected

t hr oughradidiensbdftenters the eafetyciktedovk deviemt)3d endistdispobyd bdtwedrRhdanfesedr 617 to
verify that. the _set, has been_ . | eq. xt., the visible Light detector 609

W | SnEEen b SR PR ieh 75 he bRl e Sirge qEtE i B ause of
the | ocaps eyt ah MEink! ReHRk bh! BNhRQlevefithldhfboahi&l Yor RHESUNRGKradgVi ce 603

e
that bl ocks visible Iight. nr @he enbodi ment of Fig. 20, the visible |ight
en tt er radit@nwiThe ifyer ewirttee @06 mbildise asyointimel kéftpotios ofjmfilarddradiatidre saf ety
interlogk device 603. The visible Iight signal wll not be transmited to
the vi Sttt Bﬂgf}téﬁfﬂ‘&ﬁéﬁéﬁg‘bﬁ‘rpfﬁ%‘cﬁe sriah %@-gwpwgré_rﬂ@“alﬁg e Bib 7 ng
por ti onTHY 2306 NA1cCANH b rakaAITRn bt YRt decdlibOof fifuppUrP 1O
operate. [0073] Figure 22 shows a fragnentary section of a punp /701
i ncl udi pan e medmtegFARss afdhe vafied] yharattenstos bf thevluid 1@ gathreugh ehestubart h

enbodi m;g,} of the present invention. The safety interlock device 703 is
made of ‘material that transmits infrared radiation, but bl ocks

el ect r omagnety adi at i i I Si ihSd hght is
not transm tﬁﬁe@dto a vfbg?%ﬁqgﬁp%mgséc@bglg% gf?g,gggége Qﬁ%r&%ﬁgg?}iﬁy}gﬁ#ﬁ%rl ock
devi ce embbdiagetis)aheretle thetamiclgOh", "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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O her suitable constructions for passing el ectromagnetic radiati on of one
wavel ength and bl ocki ng el ectromagnetic radi ati on of anot her wavel ength may
be enpl oyed within the scope of the present invention. An arrangenent of
visible and infrared emtters and detectors like that shown in Fig. 20 may
be enpl oyed in the el eventh enbodi nent, although different arrangenents are
al so posE¥HATelS CRAIMEDTISe safety interl ock device 703 conprises an outer
menber 704 and an inner nmenber 706. The outer nenber includes an upper
tubul ar portion 708, a |ower tubular portion 710 and an annul ar flange 712.

Th I fil h
e annul ar fil a0gg iRSetIpGle ANH én%rfe?‘ﬁ\%“g‘gé hﬁﬂaﬁgﬂ%ﬁtrﬁjsﬁ}steﬁl%f e

illustrated enbodi nent, the channels al rial to"be used, but
have no cefifrdbhg operttien cniiihe attecuh feefligtengabetpply tieid mikerdév a patich®3. A first

tube section 757 of a e ding set is received. in_ the upper ion 708 of
t he out é}i’mHglhg@i- eflg‘ﬁﬁ aﬁﬁé the BRYD; %?W?%@Rn@@\?flé@e i BeP‘é(e econd tube
section Zhdcled th %éedn%l ?elin bhGe h&ﬁ‘@ ffor iﬁ'&'ﬁt’i nﬁgfrycg 124iafid)} a qrember. 25

[0075] The outer IS ma rial at seﬁectl vely bl ocks
Vi si bl e radigjiiin chamd:tqramsmve]ryfcban@dedrtadhmmml syEtemm fmmhtecﬂmgrhén’are]ﬂﬁdxaam be

made of the sa materi,al as t ut er .nenber,. or of di fferent erial.
Hovever 20 REVIdiRg AN fdigatipn Hisgt hesfgecg%gthmam&bamﬁwuwee@ KRRt ¢

di at I
21 2 R0l B GPLGGUG GBS, od gl 20K opF o =0
menber Hodpekly ldm’dd onfthd penp,ahefoeding setadongisinge out er menmber 704, but is

white in color. The_ inner nmenber 706 can be fornmed as one piece with the
out er menber areRduitfpsgarxingghesliquad aytricpl le@nagantor ext r usi on process.

Addi tionally, Ef%;/nlgﬁzgrf(‘)tc E%aé ?0 ea ﬁ;ﬁ%oz&ﬂt anﬁ%%ap%g%ﬂn?ﬁn@%% tﬁ%

separate pi ECES In a sul I'e mann suc

bondi ng pampvie kg prgh oflthe infrured rademioa froftheissureo sf infaneladitibheahe pifetgal pat h
of the infrared radiatjion that enters the safety interlock device 703, and
i s di spadedo M%ﬁomésmgfarmewaﬂ@%ﬁf%ﬁmsm%ﬁ Inghyling %@utﬁhrﬁémb@rcu on 757.

Accor di gl 9 AREER EH:AGEOTebAS LRSS, IRTISIs AB1dskl ARPyAfine) NNeT

boundary regi on hi's e even |nen ectl g |n ared

radi at i gfembtheefifing tn iREDBSUndAHy ﬂe@fbhhhztt%ulﬁdﬁﬁm'aﬂﬁ seflkcts thé Bifiaedd fadfatiegt i on of
i nfrared radl ation that m ght be caused él t he presence of certain |iquids
S

(e.qg., wethér Shefreppigaton #ffeckiag membey grchangh dlrﬁfits(tl?r%frfg‘()l?@tl%twltﬁﬁﬁ@f
infrared radi ati frare di.at i on detec can be
e T cqRPRPleREt BRding of I Ry Ricifock 3808} bO et i b s RO BbvieS 21, Do
the t Ub%uid%@ infrared radiation to the first detector and prevents visible light from reaching the

second detector.

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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[ 0076] When introducing elenments of the present invention or the preferred
enbodi nent (s) thereof, the articles "a", "an", "the" and "said" are intended
to mean that there are one or nore of the elenents. The terns "conprising",
"including" and "having"” are intended to be inclusive and nean that there
may be additional elenments other than the listed elenents. Mreover, the
use of "up", "down", "top" and "bottont and variations of these terns is

made for conyenience, but does not requjre any. particular orientation of the
conmponents. | ogtl%l?] eeddng set ﬁ%ﬁ?ﬁwﬁawgfé@nbfowﬁamgéhﬁaa@r e s adaMEd 40 + hout
departi @;ffusgri%g@?ad%fgﬁqvig{mEﬁé%dté}\{ﬁé}ﬁg&_n, it is intended that all matter

contained in the above description and shown in the acconpanying draw ngs
shall be interpreted as illustrative and not in a limting sense. 26 WHAT

IS CLAIMED | & 1. feeding set for use in an enteral, feedi .punp. having a
control syst BT debdinict 87 thﬁ‘g"ﬂb‘ﬁ‘éil%m bivherem e s ﬁ‘iYe‘F“éfrlogléa%{igf‘gmﬁ to
supply Liwgui I | | i : din the
urp, 2 aan e gyt S h0 o ATH B publ B 4t 18 AR Ao SE AT ot r ol
syst em gtedeclempudpotitdon eviet iougtedrinrthe palnpadi ati on, an infrared radiation
detector operatively connected to the control systemfor detecting infrared
radi ation and providing an indication that the feeding set is properly

| oaded on th : L .Si i . . i i sible

| Tant and pr oureagngat Br ikt n U FHER RivhEE SRtk uBA o 0 1) ©

| oaded ebntiditing upgratidrhef the esternd feedingpamprib sipygdy liguidadidt té opatéar r yi ng t he
liquid nutrient to a patient; a safety inter]ock device cgnnected {o_the
condui t tiREeThthadecsing wf lasgechin the PBP heourgsrfslactiomsengsig mdigtion prRerptiehar ed
radi ati og, fLomMb BE c%ﬂ%f;sgsfé[m bfthe @;u%g £b,PHhi8 golﬂfraﬁeﬁ??(ﬁgécﬁ} ¥n iﬁbe&?& | ock
device conprising a propagation affecting nember includi ng an outer nenber

formed eidigidiedetsctdlopthidivell cangsdtiddso it dontretsyseeh &ridetcanginflagslicadidtion bl e
light and an inner nenber defi ni&gnan i nner boundary reglon that

subst aneh@proyidieg prindicatipe thapthedeeding ssiisproparly lnpdad on tha puppoprsyaYisible

ot oper TG P EORRSIGOE A8 FEnoRab A BRRRY Gt RRabLdpt 0
interl O(f)kop_éﬁyil@eﬁled_gﬁiﬁdﬁﬁnﬁ@ftﬁ@feeﬁﬁ_ngaaio@hip@i@ingp the first detector and _
prevents visible light fromreaching the second detector. 2. The feeding

set as set f&prdyi|meansdonsarryiecthe liguidhwirionbéra paliebtr i s substantially

interlock means for locating the feeding set on the pump, said interlock means being

e

connected to said conduit means and adapted for mounting on the pump in the path of the
infrared radiation from the source of infrared radiation, said interlock means 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 said
interlock means on the pump said interlock means guides infrared radiation to the first

detector and prevents visible light from reaching the second detector.

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, a source of electromagnetic radiation operatively
connected to the control system of the pumping apparatus for emitting electromagnetic
radiation, a first electromagnetic radiation detector operatively connected to the control

system for detecting electromagnetic radiation generally of a first wavelength and providing
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opaque to el ectromagnetic radiation in the visible and infrared ranges. 3.
The feeding set as set forth in claim2 wherein the inner nenber is white in
color. 4. The feeding set as set forth in claiml wherein the inner
boundary region is a polished surface. 5. The feeding set as set forth in
claim1 wherein the outer nenber has an opening that receives the conduit.
6. The f eedidicatmatthashesgimp sattisiproperty bhdedonthe pempidgepppraopagat 4 sseoad f ect i ng
menber is. adapted to _pass the |jquid nutrient therethrqugh. 27 7. The

feedi ng Skciramaghaticraison qrteqies foy detirimeslsstropaststicapdigiamasnerallyfant ed to

di ffuse is%&ﬁ%%@el%ﬂ%ﬂa%ff&@nﬁ%& e ﬁ%ﬁw%lﬁ{tgé}?%gﬂg@%v'd%g Mdfoﬁﬁ%}a ghgt %@Le ;‘5

set forthin claim erein the safety in evice inc
engageablpampisthis nbeprepty hladédadihe pupyping dppaanisethie puhg sat@hyridsing:er | ock
device in a pr edgt.errri ned posi_d;i on when nounted on the punp. 9. A feeding
set for use i B 8RdWhHECaIYIngdidig aRasthavi ng a control system for

controlling o j . i 3 Wellilo P rient
Cola patont ARl bk W ReERBEHed Wi o R ATHRPLE rhd g it

el ect r ompgngingappadigtin die @tectht ¢kbytomagriie eddialidndrdh ehecntgealf syst em of
the punp for emtting.infrared radi aii on, an_ infrared, radiation detector

oper at i vé&lopiremAsRHE aeliation, Hie sabty pugrlogl dewiss being adanted fofansmit ar ed radi ati on
and provi.gi i-ndl gat i o i ! paded on the
purp. - and t&Pgn B EARILOT P Bl WaSILERE Y oPicd SoBbRRRSY A0S

provi di ngleattomaghetiatradifidnéllthé e ohd edi¢lgngR whein@bon Roperdoading ofied on t he
punp, the feeding set conprising; conduit neans for carrying the liquid

nut ri ent seigtyanisaloriedevics e delpyatbingannaratusithe sadely iinigrletkeddvicedividgsset on t he

e L R i e LT P

t he sour gRc@bmbgietiakaiiatichbfabé Sitond datkelbmitle ofCiadBRg theGormd deiddtbra
propagation affecting nmenber including an outer nenber forned of a material
that transmts infrared radiation and bl ocks visible light and an inner

menber defi ni n_inner boundar regjon,that . substantijally reflect.s the
infrared radi g?i %hpwl? Bt AS F%E"%F ﬁ“p%ll%lg? l(g}’-]’hngPletE? %ﬁssw ir?B%t:h.l? %el%:eﬁagﬁglg t he
di rect i oheOih frRfed RAGRIFRIctrIMBERIR rAPMoPHARRE sdcoAdivadelohgth & Senetally gk hOCK
means on the punp said interlock neans guides infrared radiation to the
first désascensrofdlmivipiblviengesand the pliravialejmangerod slecwamhgnagictradiagenz ond
detector.

12. A pump set as set forth in claim 11 wherein the safety interlock device is formed

of a material that filters out visible light and transmits infrared radiation.

13. A pump set as set forth in claim 12 wherein said safety interlock device
comprises an outer layer for filtering out visible light and an inner layer that transmits both

visible light and infrared radiation.

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

clectromagnetic radiation of the first wavelength to guide it to the first detector.
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10. A punp set for use in a punping apparatus having a control systemfor
controlling operation of the punping apparatus to supply fluid to a patient
through the punp set |oaded in the punping apparatus, a source of

el ectromagnetic radi ati on operatively connected to the control system of
t he punping apparatus for emtting el ectromagnetic radiation, a first

el ect r omagnetli/c A puhptét@an setdbek irnclaip £2 ahereal the calibtyciateeldck detibeintandliyol
system for detecting el ectromagnetic radiation_generally of a first

wavel ené‘%flrl\ecé%f‘ée%‘io&%ﬁgﬂ?tﬁgraé@tl% Of thatustori Rl ohges gide ftdo fhedyet | y

| oaded Qi tfa¢ Punpi ng apparatus, and a second electronagnetic radiation
detector tor detecting electromagnetic radiation generally of a second
wavel ength different fromthe first wavel ength and providing an indication

that th toi t (ly | d nth i [ at , th

(net e | PUTE SeL ks oo LIRSS o TR 2h, WP MU 0, APERLSL s the purp

I nt erl ogk, ARVl CE ASERE AR ﬁ‘?a[g?dttﬂf‘efﬁw élec%%a%ﬂ@tﬁ)é I%giafti%. mounting in the
the electr

punpi ng apparatus In the pat onagnheti ¢ radiation fromthe
source of electromagnetic radiation, the safety interlock device being
adapted to transmt el ectromagnetic radiation of the first wavel ength, and
adapt ed not t18- fpapyrEet as b lorlhyiaclaigndgrearein thesmulely inarlepk deyicedas and

wavel en [ [ t e [ r : j.ce on
he. punir st SR Rl B Pl B oE theet Wil eR Gl BbRT) BifinBEMIECE, PO
radi at i diastletektoe. first wavel ength to the first detector and prevents

el ectromagnetic radiati on of the second wavel ength fromreaching the second
detector. 11. A punp set as set forth in claim 10 wherein the first

wavel engt h i nerally.in g nfrared.ran of-.el.ectr net | jation
and t hegsec 0289%%5% ﬁ%ta?\ S?tsfg ‘3@ ll'lneélgllnf WFVHG%&E? é%fgﬁ %ﬁa@loglf”ﬁ?ﬁgé é/oﬁnsé rgsfq‘se range
and t he aHlelecayingg@diic &Qdi&ﬁ)rpéroﬁi%ﬁbﬁ gﬁeamgrﬂm&nmea@hhﬂhg @nop htfack, Hbdtpnset as

set forth in claim 1l wherein the safety interlock device is formed of a
mat er i alsutfdegtanglial sidersyrfocs. the top lhé bpfiterhsudangs beiag servared withradees of swieaial on.

13. A pu set ,as set. forthdn clajmil2 erein said safety interlock device
compr i SoBRak b RS IRloh o o ol o Bl MR R AU b8k PG Rt Sl LHRRART [ayer
that tr apssfdnSofied first Wasdlbhgh! i ght and infrared radi ation. 14. A punp set as
set forth in claim12 wherein the safety interlock device diffuses

el ectromagnetic radi ation of the first wavelength to guide it to the first
detector. 1 u

i nterl ock dg\?il @@p?'ﬁ%gﬁ%F ?‘% fg'slt%fr{ ‘g%:]%lglé ﬁb%‘i‘%%’éﬁd“ e@%h’%ﬁ%ﬁgﬁ adi ati on
to guide it to the first detector.

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 pump, a source of electromagnetic radiation operatively connected to the
control system of the pump for emitting electromagnetic radiation, a first electromagnetic
radiation detector operatively connected to the control system and arranged for receiving said
electromagnetic radiation and a second electromagnetic radiation detector operatively
connected to the control system and arranged for receiving said electromagnetic radiation
from the source of electromagnetic radiation, 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 the electromagnetic radiation from the source of
electromagnetic radiation, at least a portion of the safety interlock device being opaque to the
electromagnetic radiation from the source of electromagnetic radiation, said opaque portion

having at least one hole therethrough for diffracting the electromagnetic radiation from the
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16. A punp set as set forth in claim12 wherein the safety interlock device
refracts electromagnetic radiation of the first wavelength to guide it to
the first detector. 29 17. A punp 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

punp setolée sethatlthé ElRctrdmadrtifyadiatipdmpinges Botll thafigt ¥nd scond aakctolevi ce
conprises a reflective surface adapted to reflect said el ectromagnetic

radi ation. 19. A punp set as set forth in claim 10 wherein the safety

interlock deyjce._h n d rf ha .ect radiati t he
first wavel e%‘*’g‘t‘ﬁp ‘éﬁ’éﬁ‘nﬁﬁgﬁ %hﬁén ?%Jpqlgggvﬁ%ﬁeég&gis%%# e\lt“gec'%g}a.%gfg% H%Q%ﬁaﬁrp set
as set bedqub td the@lRirdinhBnoteatdiation Stheabety i nterl ock device conprises an
el ectromagneti c radi ati on propagati on affecting nenber having a top surface,

a bottom surface and a side surface, the top and bottom surfaces being

covered with ayer _of terial ;0 ue to the diatjon of. t |

wavel engt h a%%%ﬁée{mgisgleasggﬁ tﬁ&hf"? 813“[8? glr"?heléernilaesg%%q%%;léeols H%aéi iogg ir%art]é'ri t he
first waeharetif thedlectforRAbietis fidi-Adn $Rim felsbiirck Bnd@ h #yet dPmbRriglosALtd ON

wi th the punping apparatus. 22. A punp set for use in a punping apparatus
havi ng tectasiroplgesiistradintion of the seures. Ithelgy ergervmgitbmhele thaseinpunpi ng appar at us
to supply fluid to a patient through the punp set |oaded in the punp, a
source of el ectromagnetic radiation operatively connected to the control

system of t hes pARnfiet fFiuké iTWpahsiak %ﬁﬁ@&_ﬂ@h&\ﬁng gdbmbd] Qfsterd thi r St
el ectromagnetic radiation detector operatively connected to the control

syst em esrdrodlingaorgediohf thespenning gprseitds tosluipply fhnditpreepitient taeughitbapemp a
second el ectromagneti c.radi ation detect.or eratively. .connected to the
Cont r ol SJRERPLNE PYPIERIRRLF. ? SRR 91 Rjetbmheus e BHAE ABTFE Ak at i on
from t hgyBRuted & Bb cBhelsy QBRYTERd ﬁuﬁﬁﬁ% 8hpaPdtus fo? @nPMAR chBlromaBRiticS| Ng: a
conduit for carrying fluid to a patient; "a safety interl ock device

associ atadghtinng tfitshelectomoagnetiaradizidapietedtol opermtively compectedtttiéhe qoatrpl ng
apparatus in_.the ‘g%itnh of, , el ectromagnetic rad n fromthe.source of

.h jati
of oot r oMU Preading R dpficalion i dhe Bl sat FROBIT REIRLELRE PHRPINE ock devi ce
bei ng ORAAHRuL Gnd RSecofll Sl irOMBGNEL rfuikitll dbd ot bF QRdiing e’?&%ﬁﬁgﬂéﬁc
el ectromagnetic radi ation, said opaque portion having at |east one hole
t her et hradiagionftbe poinp fsetaomprgighe el ect ronagnetic radiation fromthe 30

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 the electromagnetic radiation from the source of
electromagnetic radiation, the safety interlock device being adapted to transmit
electromagnetic radiation that can be detected by the first detector, at least a portion of said
safety interlock device comprising 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.

26. The pump set as set forth in claim 25 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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source so that the el ectromagnetic radiation inpinges both the first and
second detector. 23. A punp set as set forth in claim22 wherein the safety
device is nade of a material opaque to the el ectromagnetic radiation of the
source. 24. A punp set as set forth in claim?23 wherein the safety device is
made of a material that transmts the el ectromagnetic radiation fromthe
source and aZ2lallerpuwip swte sétdortlo padaien 2 owhedem sideatfety irtguietk devicads at | on of

t he source, e |layer having the hole therein. 25. A pupp set for use in a
punpi ngaéﬁﬂa%f@fﬁey AP Wﬁf?{rtta? PUPRINE APPAFLUS %‘BWPF@PNnﬁéﬁ%ﬁé?t&ti on of the
Punpi g i AeMGHHeYie if2a BHRRIefmirel ofhch@iich PRSIl Siafbdie purmp set | oaded
in the punping apparatus, a source of electromagnetic radiation operatively
connected to the control system of the punping apparatus for emtting

el ectromagnetjc . radiation, first electrompgnetic radiation detector
operatively &8nHERERP 1528 bt Terghfrydpim iii‘gﬁ%rmnf § SHPEVIEFIREK S5Vi¢hdi cat i on

that ¢ heoRHR S ldsofih ORAK ok A8 S oA SIRUIR' RAnbARAAIALU S m Al 2, Seoond

el ectronmagneti ¢ radiati et ect et ect ronagnéti c radiation,
t he pumphas diffisesgdedtsinngnetic ediution rededred daimt shenguifck uf dletoraagirtit enligtion saf ety
interl ogk device a?soci ated with the conduit and adapted for nounting in the
punpi ng feryading the dlsstromagpetioradiation o tae &yt deieaighet i ¢ radi ation from the
source of electromagnetic radiation, the safety interlock device being
adapted to transmt el ectromagnetic radiation that can be detected by the

first detect@p, T pungnsdt agsqdoitth iclgin ZawbereBahebafelyriherlbeclevdayi ce
conprising a material opaque to_the transm ssion of el ectromagnetic
radi at i 6ATPASES apgleclemasaciiciradiatign pIpagaen Aticeimedperaber adapted g refetiher oper

radi; : OUTRLE f
|t or | ogpe gt e R B R R A RRETRL HBGhBE ¢ or e

prevents el ectromagnetic radi ation that can be detected by the second
detector fromreaching the second detector. 26. The punp set as set forth in
cl ai m 25 whepBi hhapranpset et et ifortlein deim ewherein the padetygnislagk é4véea r omagnet i c

a2t R A AL S b RIS e LG RBh B 1fng ROLA(RY 02Dt o0

to bl ock emssions o romagn rom sai ctromagnetic

radi at i esfldat hb2BRErbMAe @ik eedihtich @RADAFst aéte@osel ected | ocation of the menber.
31 27. The punp set as set forth in claim25 wherein said safety interlock

device is adapted for keyed engagenent with the punping apparatus for
positioning the safety interlock device in a predeterm ned orientation on
t he punpi ng appar at us.

31. The pump set as set forth in claim 25 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.

32. The pump set as set forth in claim 25 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.

33. The pump set as set forth in claim 25 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.

34. 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
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28. The punp set as set forth in claim?25 wherein the safety interl ock
device conprises an el ectromagnetic radiation propagation affecting nmenber
including a material that diffuses el ectromagnetic radiation received from
t he source of electromagnetic radiation for guiding the el ectronmagnetic
radiation to the first detector. 29. The punp set as set forth in claim25
wher ei n sttieadedfigthe punipgng agarslay iaceurce ofpletid@fagatie tREitIopnpegngively radi ation
propagation affecting nenber adapted to refract the el ectronmagnetic

radi at i GANRGCEhte e copirpbeysiam af the PrEREGAEPIEtUs den emitiing ¢lectiomagnpiict

detecto rridi on, i glegﬁlg%aglﬁttic iRk c{e?e!’ctoq oSQraﬁLél& %@?ecﬂ‘a% %@cotnlﬁ%l ?)%{e% y
interloc evice conprrses an el'ectromagnett ¢’ radi ati on propagat’i on

af f ect i rigr previdery doriadidglioigthat the bluptseris bvpeflgidaded oh b ingsihg )
radiation to the first detector. 31. The punp set as set forth in claim25
wher ei n e RUBR $E COMPKEIBE] ock device conprises an el ectromagnetic radiation
propagation aff | hery L ncl uding. a |light pipe for the passage of the
el ectromgne%icgggllg%flgtcg%ﬁ?‘gg%ﬂ@af]?aruggt’det ector. 32. The punp set as set
forth in cl aiameRirshes®itid rhdigti Ghropdoatith afft@ile @b Assoeigd Wik thean

el ectromagnetic radiation propagation affecting nmenber including a materi al
that is copdifjuandragapted ifon raoyntigitin thecpumpingepparausifiths pash obthei nf r ar ed

radi ati o her et hr ough. 33. e pu t.as set. forth in. claim25 wherein
[he oar el rBRpgd Ao o T B Tor e Shpd Riie b ot taCpBhFiion
- pr opagatafestiif h&ebérSnipRIvRe anAvdr Mebnfter kSRR 0P BSnatéledl ehat el fishigivead and
positioned to diffract el ectromagnetic radi ation fromthe source of

el ect r oleghempgnatigdadistionand3m inperfhonpdase redien thaswbstantallynegeeigtheppar at us
havi ng a c?nt r ol Sysl.em for controlling operation of the punping apparatus
to supplSFHPIRE TS ™8 Pt ent through the punp 32 set |oaded in the punping
apparatus, a source of electromagnetic radiation operatively connected to
the control system of the punping apparatus for emtting el ectromagnetic
radi ati on, aiellecpurpreeinesétdortadi cainoid dbereut the ivse bowridagy segoorextended t o

the control system for providing ap.indication that the punp set is
proper | yulp%gﬁléﬁyaw%ﬂglgfﬁ%ﬁwglyﬁ@gﬁtgfﬁg{lfuﬂt he punp set conprising: a
conduit for carrying fluid to a patient; an el ectromagnetic radi ation
propagation affecting nmenber associated with the conduit and adapted for

mount i ng i n BheTuppnmesetap petrfattum ¢laint Hewpete the inrdee bowldagt regimagnet i ¢

radi ation.fromthe source of el ectromagnetic radi ati on, the propagati on
deﬁnedoby an inner member. 9 propag

37. The pump set as set forth in claim 36 wherein the inner member and the outer

member are formed of different materials.

38. The pump set as set forth in claim 36 wherein the inner member is substantially

opaque to electromagnetic radiation in the visible and infrared ranges.
39. The pump sct as set forth in claim 36 wherein the inner member is white in color.

40. The pump set as set forth in claim 35 wherein the inner boundary region is a

polished surface.

41, The pump set as set forth in claim 35 wherein the outer member has an opening

that receives the conduit.
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af fecting nenber conprising an outer nenber forned of a material that is
transm ssive to electromagnetic radiation and an i nner boundary region that
substantially reflects the electromagnetic radiation. 35. The punp set as
set forth in claim 34 wherein the inner boundary regi on extends ,
substantially around a | ongitudinal axis of the conduit. 36. The punp set as
set forth in 42 dihepdmpeeeaseich fdrtieinichivar3doshareianhe pregagntion saffecafy membdry an

i nner nmenber. 37. The .punp set as set forth in claim 36 wherein the inner
menber dﬁg&pﬁr@%@p@%ﬁulﬁgbﬁgg O4E8 forned of different materials. 38. The punp
set as set forth in claim36 wherein the inner nmenber is substantially
opaque to el ectromagnetic radiation in the visible and infrared ranges. 39.
The punp set as set forth in claim36 wherein the inner nenber is white in
color. 40. The punp set as set forth in claim35 wherein the inner boundary
region is a polished surface. 41. The punp set as set forth in claim35
wherein the outer nenber has an opening that receives the conduit. 33 42.
The punp set as set forth in claim34 wherein the propagation affecting
menber is adapted to pass fluid therethrough. 34
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