PUVP SET W TH SAFETY | NTERLOCK REFERENCE TO RELATED APPLI CATI ON [ 0001] This
patent application is a continuation-in-part of United States patent
application serial nunbers 11/366, 225, 11/366, 224, 11/366, 227, 11/ 366, 226,
all filed in the U S. Patent and Trademark O fice on March 2, 2006. The

di scl osures of these applications are incorporated herein in their
entireties by reference PUMEAEIONIIH SAPEIY INTERLQEK: i on rel ates general ly
to punp sets to deliver fluids to patients by way of a flow contro

apparatus, and nore particularly to a punp set having a safety interlock
devi ce f oREFERINGTITOYREBATED ABBUIGATIENt he punp set on the punp. [0003]

Adm ni stering j.ds..cont ai ni ng nedi.cine or nutrition.fo.a patient is well
known in the e{_H'é.JhFI Eﬁlagatieaﬁapggfg@q 15 8 cRgiRugtipuyn-aat Qfﬁi}‘tiﬂ g@fetgyatfm'bw, but
of ten ar e appiphaii¥e i@kl hembhs 19AlenS, ny365,m£rp1/§@§,zbﬂqqg%6%g?alf hipwigontrol
apparatus, such as a peristaltic punp, which delivers flurd to the patient

at a cont the U &dPatanteandf Traddnark 0fficeton Mardhsd, 2006.c Theidisclosured dfithesenpri ses a
housi ng that..includes a rotor or. the like operatively engaged to at |east
one ot or 2PRHGHERS ale egrnoste Wé“‘r%tﬂi‘ﬁﬂﬁ‘r“ir‘?;@'é b |refCEP Ry ough the tubing of
the punp set by the peristaltic action effected by rotation of the rotor by
the notor. The notor is operatively connected to a rotatable shaft that
drives t hBACKGROUNRBI ch in turn progressively conpresses the tubing and
drives the flui t contralle rate through the punp set, A controller
operates the r{Bg‘bﬁ t%h‘ér‘?‘(i’étlf’%ée??t@ﬁ%ﬁnﬂ@ e pump yets 0 delivise flpids &9 patienisunps not

enpl oyi ng r . I ver an
acour at o EhSuRiot ey Sutfol SDMus clbhithe bEHRR o Phuhd S MR bdaBE, 12 o
into the puteiockideeicadon detaiining eecurd Radinp of grtpumisiet betleguhget | y | oaded on

the punp. If the punp set is msaligned in the punp, the punp may deliver
an i naccur at e [8883Int Administgripg {lyida copfpiningimesticing er putrion g pstientis vell ow f 1 ow

al arm req I Cc Wt t.Qy: }:0 4 e Q d. Existing
o O P R IR P D D Bl AR o™
exanmpl e ofieliFded ta iefitcby Dpurip sk leded 0n aglosd efitiosa s, isticlCa3-aaS Si gned
U S. Patent No. 4,913,703, entitled SAFETY | NTERL SYSTEM FOR MEDI CAL

FLU D Pumstaltiheurap.sehiels delevesst flyif ite theipstiemi aba pentealled rivg of délsresncd. Thi s
;ﬁfr;[)eml ;J Seeﬁs}'{f?%tig@ﬂﬂg hsu%ﬂytcgr%pggergpa hsoeugin\é\t['lila% ri1nc:i11§de§3j %trce)t%} grd th@fik% ioi)gr%{iéerly 'n the

engaged to at least one motor through a gearbox. The rotor drives fluid through the

tubing of the pump set by the peristaltic action effected by rotation of the rotor by the

motor. The motor is operatively connected to a rotatable shaft that drives the rotor,

which in turn progressively compresses the tubing and drives the fluid at a controlled

rate through the pump set. A controller operates the motor to drive the rotor. Other

types of peristaltic pumps not employing rotors are also known.

[0004] In order for the pump to deliver an accurate amount of fluid

corresponding with the flow parameters programmed into the pump, the administration

feeding set must be correctly loaded on the pump. If the pump set is misaligned in the

pump, the pump may deliver an inaccurate amount of fluid to a patient or the pump

generates a low flow alarm requiring the condition to be examined and the set reloaded.

Existing pumps have systems to detect whether the pump set is properly loaded. An

example of such a pump having a detection system is shown in co-assigned U.S. Patent

No. 4,913,703, entitled SAFETY INTERLOCK SYSTEM FOR MEDICAL FLUID

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

magnet on the pump set which is detected by circuitry in the pump. It would be
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desirable to provide a punp set that can be detected but which does not
require each punp set to have a nagnet. SUVMARY OF | NVENTI ON [ 0005] In one
aspect of the present invention, a punp set used in a punping apparatus has
a control systemfor controlling operation of the punping apparatus to

supply fI désitable t@pioaidecdpuni s i cilibe BioqeFRIt WIRSHIESEksInAt faQird BAH NI
apparatus, a source of electronmagnetic radiation operatively connected to

t he cont r BAMB §&it@ havsra MABNSbunpi ng  apparatus for emtting el ectromagnetic
radi ati on, and an el ectromagnetic radiation detector operatively connected
to the control systemfor providing an indication that the punp set is

properly SOMMARMOFIBIVENTION) apparatus. The punp set generally conprises
a conduit for carrying fluid to a patient and an el ectronagnetic radiation
propagat i on afl0803li nkn ererdseect of hediresentinvgntion; hpurop sefuised araipuoiipg ed f or

nounting | ' rat us i n.the th Qf, the electro etic

radi at i onﬁlﬂj raf)a%ll&te]haglds%gh{}gle%g@% fg)f 8%{[?03 ?Pé’?a? nPﬁ&‘?%?‘FBWIE Wr‘gsggagat i on

af fecting gbﬁli'd@@ htii $hro geibisei 08dedan e hinRAs 8 L) 2GBAREINI cat i on
with the scuoﬂ; ui t1 fogppassi ngu Iuig t rsough et hg b%%y.ﬂﬂg'h@glﬁtg?g%passage has

an axi s afirledieomagasti radiatioe sperativakhcommeetad i theicagfrgloy stemrof the wjneming ng
general | y_radi al fromthe fluid.pas e. The light transm.tt.ing portionis
forned of apd’mseﬁpi[5?11@%?@??%{%%‘%{1@”@?"3@% WT&@W&%& ragidtighd i ncl udes
at | east @dector defitiveR ddenddiéd RARe A4t SR%EMWdrproRaREGh ihdicitia hadye to lie
in the path of electromagnetic radiation emtted by the source of

el ect r omapwep 5% is properly adedhemthe pempingmappetatiss The papgrseygdnecaliyed on t he
punpi ng appar at us. T%eglgi Eht A rﬂnsm' tti ng portion further, inpcludes at |east
one chann®fMPEESE SARAUIOR Farpying Huidde apatigntand an elerlomagnelic sadiatign « he

| nter Pos! BopagiioA Aty ftfibdlastRidd WA heYonlliPaf] SEHIATBOABLIMe R’ 21 | ON

emtted fro% the sour el ectronmagnetic radi ati on passes ugh the

i nt er posi thg psmpircapparatiisiintle patinef thh alenwbmagreéic eddistiondingg et soarceadi at i on

bei ng reflected interrﬂraal,l ?F& the light _transmtting portign for, .

re- di r ect flerirquargngiic @dationo Hig REapagatioaRteriingmamberearPrittes bodiedeliing, set is
properly t : ol . : r ect of the
i nventi on%l ﬂgﬁs%g seage lr|E E@@P@@Eﬁ%\ggﬂIﬁ{ﬁaégﬁén%?oggﬁ@n(ge@?@éﬁfﬁg@gleggﬁ Tol system
f or cont r Bhe floig papegahasan ofis srthabodicmcludesa light teinsmittingpertion

el ectromagneti.c radiéhﬁi on. ﬁperat Ive] y, connected to the control , system of the
medi cal  BRiFcHBe geperally rdiay fompthe fhkdipassagec Thy dight frasmitiing papion’is

el ect romagpaLy or %ﬁﬁite?'fai it g{fﬁcsgﬁfs%ﬁec{rﬁg@éﬁ%‘f%ﬁ%&@f;ﬂﬁ%l‘ﬁgest:R 1dadForicONt 1 Ol

system for providing an I'n I on
interposing surface arranged with respect to the body to lie in the path of electromagnetic

radiation emitted by the source of electromagnetic radiation when the pump set is
properly located on the pumping apparatus. The light transmitting portion further
includes at least one channel located closer to the axis of the fluid passage than the
interposing surface wherein at least some of the electromagnetic radiation emitted from
the source of electromagnetic radiation passes through the interposing surface and into
the channel, the electromagnetic radiation being reflected internally of the light
transmitting portion for re-direction to the electromagnetic radiation detector when the
pump set is properly located on the pumping apparatus.

[0006] In a further aspect of the invention, a safety interlock used in a medical
device has a control system for controlling operation of the medical device, a source of
electromagnetic radiation operatively connected to the control system of the medical
device for emitting electromagnetic radiation, and an electromagnetic radiation detector
operatively connected to the control system for providing an indication that the safety
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2 interlock is properly | oaded on the nmedical device. The safety interlock
generally conprises an el ectromagnetic radiation propagation affecting
menber associated with the conduit and adapted for mounting in the nedical
device in the path of the electromagnetic radiation fromthe source of

el ect r omage@lock is aﬂy Raded Siethe ARG ddace. Bilef Aty NerlRIERhera@YPr i SEs a
body defining a fluid passage in comunication with the conduit for passing

fluid threUgprisenan gl@gtyomqgngtlp leﬂlmgmtlmﬁfmﬁngmesn@ndsthlatekiozdyh i ncl udes

passage. RO RREhiR B ginga) IR RET Byt B it TR (hat

t ransnmi t seletteshd@ERGARIAtON ffo%ﬁitlﬂtsb%e @B@ebtﬂﬁh&gﬁn@ﬁc ?&dleltfacﬁs The ﬁ?oﬂa@ﬁtﬁfnpoy ng
surface arrange w th respect to the bod ie in the pat

el ect r onagfifketing Hreadqeawmnn@matmém dpiininge fhl@hpaseaggfm ebmotmmatigmwith¢he

radi ation t he saf nt e kK is | ocated on th i cal

devi ce. Tﬁg&fgﬁ Pas?‘P%ﬁé‘ﬁ thqulg ﬂb ‘%%J%Fgﬁ%‘{]%%%%? a3 gRaxigangd gﬁgl%ﬂbne
channel | ﬁ&ﬁﬁi@ﬂa GLRSAnshftih ﬁor’@éh %r(ﬁ@ctﬁ‘r@egenérhﬂj'(] BP0 the id pBGage

I nt er posi ng surface wherein at | east sone of e el éct romagnet ic %adl ation

emtted f¥ lgfﬁéragsmlt’@@ pirtieh écformehofrremateriakthatdtinomitp akbsemagnetiogh t he

t f to th h I h | ect t t
o1 oot echdaieB ARG AoHaEs ol R D PR T AR B et Rabapodit  on ©o

the el ect foqraariﬁé pzﬁh of él‘ébt%rhéghe%}d%l%ﬁh ey 15 e%afu%E ¥f ereétf‘cr&%%ué S

properly |l ocated on the punping apparatus. [0007] In yet another aspect of
t he presemdlatlnn&dmndm safetp intprlovd zspBIpelr}y loge‘mdroalthg/me(bmﬂrdeyms a'h@ughtl ng

appar at us, havi. a contro t cont oII rat|o t unpi n
abpar at usURB s RYFRR i hergheluicha: faeC e it [lyedset o et P L ne
punpi ng appRArAtdse tﬁn%ﬁ@fnﬁ#@&%ﬁé@ﬁ%%ﬂ%ﬂ%ﬂl&asf &ﬁ’ﬁé‘éftﬁé‘ eea?&ﬁ%gnréﬁé y
connected to the“control te € punpl ng appar at us can

el ect r omagdition et ﬁmmmlrre, scan aiieleetrombgoatin gadibtion pasisahioaph dret ector

operative connected to. the contro tem can provide an |n ation that
t he punp m?%ﬂ%ﬁ%%@?rl@dr%%%& Ok h@%ﬁﬁﬁ%&gns satign s ref] §° np set

general | ym‘féi‘ﬂl%fg’éﬁg Et%\%&hhtlﬁ%g?rﬁ% o Qll%&ﬁBrﬁoHﬁ%gire&gidé%@E %ea”d an

el ectronmagnet | | on propa lon affecting me d with the
condui t aﬂidlaﬂildﬁﬂ'e'ﬁdtof' othenmthersafenginterldchés propaiynpcapd an dicsunping he path of the
el ectromagnetic radiation fromthe source of electromagnetic radiation. The
propagat i 8#P33$S ect i ng menber conprises a body defining a fluid passage in

cormuni oat | on b} ! EyetSABHH dopl ALCRATRLAR: bl ifint B Mg Dachody. the
generally comprises a pumping apparatus having a control system for controlling
operation of the pumping apparatus to supply fluid to a patient through a pump set
loaded in the pumping apparatus. A source of electromagnetic radiation operatively
connected to the control system of the pumping apparatus can emit electromagnetic
radiation, and an electromagnetic radiation detector operatively connected to the control
system can provide an indication that the pump set is properly loaded on the pumping
apparatus. The pump set generally comprises a conduit for carrying fluid to a patient,
and an electromagnetic radiation propagation affecting member associated with the
conduit and adapted for mounting in the pumping apparatus in the path of the
electromagnetic radiation from the source of electromagnetic radiation. The propagation
affecting member comprises a body defining a fluid passage in communication with the
conduit for passing fluid through the body, the fluid passage having an axis. The body
includes a light transmitting portion projecting generally radially from the fluid passage.

The light transmitting portion is formed of a material that transmits electromagnetic
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includes a light transmtting portion projecting generally radially fromthe
fluid passage. The light transmtting portion is forned of a material that

transmts el ectronmagnetic 3 radiation and includes at | east one interposing

surface and at | east one channel |ocated closer to the axis of the fluid

passage t hafiatidh@andih@idast Rastone iteMHosihB uigianing lat Radtiong ehannel Rthggt i on
surface generally disposed on a radially outward side of the channel. [0008]

Vari ous r elosere @uwf the flyid paseage dhanthe interposing surfacel dhe channel deffiseapove-
ment i oned cts t he present i.nvent Further f y al so be
i ncor por alregﬁc%fﬂns e ggarall lﬁP?sSﬂgﬂaé C}ig@f% raprd side ftg h Hsenti on as
wel | . These re[oonsper\tasloag%ﬁnaﬂﬂmfslesm%fth@féawrsssndf@d/u%a%nwﬂfe\ébs%al ly or

in any conbination. For instance, various features discussed below in
relation mnamyedﬁsmdtwf the pesserttineengnoBurthen featwts magp apodsdmtorparatedint i on may

be |ncorp ed int above-descr.i bed cts t he present

i nvent i on tb 8P dé@fyeg%ﬂﬁﬁhﬁgquﬁﬁ fipga a@%ﬁﬁ?@%ﬁ“&'ﬂ SHSENHRAW NGS
[0009] FI @ddﬂiohzﬁ fEaties ﬁﬂ%kisv&dmidmy%mrﬁw ofnﬁﬁﬁldtﬂﬂ PAEThs BRI AL oy
fragmentary portion of a feeding set received on the punp; [0010] FIG 2 is

a per specfféapgendistuseedobalqry if Geddiich t6hGy ofithe sllwtrated ewdodioments oftthe present

adm ni stratiop feedi set 001 4 1S ck dia m show ng t he

el ements &FVepHn B‘Gﬁi}? 9“‘10539I§f Hytes Oﬁl@" ﬁhové’rﬂeé?rgt@g asP"rcéb‘%ﬁ? B ecti on of
the punp mnﬁo§%i&{e)brlﬁﬁ)ﬁgdrmﬁatgﬁw ce of a first embodinment; [0014] FIG 6
is atop planview of Fig. '5; [0015] FIG6A is a schematic diagramsimlar to

Fig. 6 showi ng propagation of a light ray in the safety interlock device;

[ 0016] FI section of a punp and safety
interl ock%ﬁf@wﬁéﬁgTMWh@ég[ 0017] FIG 7A is an enl arged,
fragmentary se a sedn [ a0f a third
enbodi nent ; gidg?]‘ @f(I;G 'S aﬂ%g ?earge?nyefr%lafgéncg%%gﬂg ggdé%”:ﬁ of a punp and
a safety fiagtmnﬂaqclkorﬂewbﬁaef@ﬂmg stonecdibeceorbihdipomipt ; [ 0019] FIG 9 is an

enl ar ged, fragrrent ar section of a pu and a safety interlock device of a
F
fifth embodi neHio10 IG. 2 is a perspective of the pump;

[001 1] FIG. 3 is an elevation of the administration feeding set;

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

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

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

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

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

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

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

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

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

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



[0020] FIG 10 is an enlarged, fragnentary section of a punp and a safety
interlock device of a sixth enbodinent; [0021] FIG | | is a state diagram
of a m croprocessor of the punp; 4 [0022] FIG 12 is a an enl arged,
fragnentary section of a punp and a safety interlock device of a seventh

enbodi nent; [ q068]] FFI&. 123s h an eflafRlafkaRtbntdry 3QRAR uﬁ‘fjﬁc{nﬁ Qsafy @ punp and
a safety int grl ogk devi ce of anageghth er?b%r%i ment ; [agJOZ ] Fi g.a&f{}zl is atop

pl an vi evintsrlogk devipe efiseyenthfeatbpdinmngr | ock device of a ninth enbodi nent;
[0025] FIG 1§,}5,,2 t.e .di agr.am of . a m croprocessor of the of the
ninth enbodi ﬁg@] [ﬁggé? 1%@339111%‘33,5&%1%11 E‘?’fﬁﬁﬁl‘)gﬁfé‘w&ﬁiﬂaﬁ Sgt%ggedi ng set
and el enepfeslotk déVie oA Relth chibddidhdt:n ermbodi ment; [0027] FIG 17 is a flow
chart show ng operation o% a software subsystemused wth the punp of the

ni nt h enbodi mdA824]haFigpid sestopplannfiew ofa pemp tané p safleQORGF 0Bk GeviddBofis a fl ow
chart show ?l?wgs)oﬁ;ati on of another software subsystemthat can be used with
t he punp Yt M enbodi ment that does not pulse the infrared emtter;

[0029] FIG 19ohssi2 Ficl18 ;8 agk ' . {5 t i
executing thg[ ?ngt ructi or%s g‘? t e&?@ﬁf\%&%&@ﬁ%@%@?égﬂ&g%ﬁ# ﬁtﬁ |ﬁg1{.]1 18;
[ 0030] Flémb&limest; a fragnentary top plan view of a punp and safety interlock
device of a tentfﬂenbodi nent; [0031] FIG 21 is an enl ar%ed fragnmentary

section taken 8P#Hg FiGd 633 ablockdia showying pdepshng sef and dlompats ghthen| ar ged,

f ragnment I L0 Fig. 21 but showing a safety interlock
devi ce o?ﬁlgnnﬁgf%\%gnﬂlttﬁhgbn%%g}engnt; [0033] FIG 23 is an enlarged, fragnentary

section of a {o07]anBIGdf7ds ¥ flowndhartishekind@pe@tion bf aséfeart shbsysladise@nt ;
[0034] FIG _ 24 is awgtﬁrspecti ve of a safety interlock device according to
the twel Viththemwen ofthe nintlpersBodimens thatpuises ap indfared efsidtersf r agnent ary secti on

of a punp and [ﬁ@iﬁt YFIG. 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;

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

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

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

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

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

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

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

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

[0037] Corresponding reference characters indicate corresponding parts

throughout the several views of the drawings.
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I nterlock device of a thirteenth enbodi nent; and [0036] FIG 26 is an
enl arged, fragnentary section of a punp and safety interlock device of a
fourteenth enbodi nent. [0037] Correspondi ng reference characters indicate
correspondi ng parts throughout the several views of the drawings. 5

DETAI LED DESGR.EDIDISCRPIgONRef erring now to the draw ngs, an enteral
feedi ng punp (broadl punpi ng apparatus") constructed according to the

, "'a
principl es of [(Wésbrégfénﬁng nowe it the dravengsg ementetal feeidingi pratpe@raerdly] "a The

feedin . risessa_housj ener al i .ndi cat at 3 . that.is.
const rgcltolgtggpslgg ggpatr u%ﬁ%?sg?ﬁ%eggﬁ%ﬁfl@g?%Héé’r'imfn@g iﬁ%‘%@?“@bm&eﬁ% 53 "punp
set")  gegaeallyindiostd AT febdifi§ BEmPicBMpribesatbudihg ghherdily IndRGteARREECH at ed
that "housing" as used herein may include nany forns of supporting

st r uct ur ethay(is gensitweted 5o af fremawitrag adindtisteation| feedingset Goroadlysd “puanpt se€hr uct ur es

d st that d I th Ki ) t f th
purp 1. heplmngearEe FlhefEiE SHED- JEVIEN rerrLf SroRel Fhousi ng 3
that is cirdhélngayabcldis Rladgy fdtthsiofk 'gosﬁum@ { t: ! eration
of the punp. Bg?t %ns 1f%n t ﬁe sﬁﬁgfe&%d t heﬁﬁ?&s(ﬁf’gkg‘°§@$ég§ugﬂg?@ﬁ8§‘gvi ded

for use ilimitatinmmulti-partstanstiresrngi strivctyrds il dombi encldse @mhohee thewprking 1t wi | |
be under st ood t hat aIthough,’:I he ilb)u trate teral, feeding

.punmp 1 isg an e
punp, t he"PRRODERTS of e iR, pummp, b alse has ¢ ISBFW@{&W@? 31"96]%%&6‘1“ &6 staltic
punmps (n i ' ; Is ' | PRt : sane
gener al ?%/%%ﬁlgg%%ts% F%agg:' c%fgi#@ﬁhlﬁg:ﬂn&rg{?ﬁé? gﬁl%ug)_ assi g%éhdﬂ %g%llgg? gnt No.
4, 909, 797the puinp| SaittBHST ERA. tHoRside\dErhe dRdlai\§CEeenIHARI R Pfor GHAMBER, t he

di scl osure of which is.i.ncorporated herein by reference, [0039] The enteral
f eedi ng pWOHIHIgLﬁnBWéFaHPH%FrJ tion Srow the pumm L I(‘Nﬂ’él%&&ﬂ%““@iﬂ’él’f ally at 23)

conpri si : t [ trpai | hematical |l y
in Fig. ZQ t@ﬁ%%é?ﬁ%&%@(ﬁ‘?%ﬁ%ﬂ%ﬂ S llr;%?:l]ﬁiti ﬁ,ghﬁgﬁg%ﬁy\%ﬁﬁ%r} ﬁ%sonnect I on

t o a sourappliodtionl te othier ¢ygles pbpaxistdlic plrps (@0t siiowdd, indhdimg maddicatinfusiet 1 n
addition, a battery gnot shown) may be received . in the housing 3 for

power i ng PHEPShpURB b hessmeprptralfyng asdesembad hezein iy shewin in getasagnseda ot or

(general Iy d ?Qifﬁﬂns.%,édg,g@e ; ng&ﬁmﬁmﬁvggsﬁ@ggWﬂ@mwg@g the

punpi ng unit e rotor I nc es an I nner an ou 41 and
t hree rol CHAMBER( theldysctnzarei of vitichis insopporited hbein®erférbitcel nner and out er

di sks for rotation about their |ongitudinal axes relative to the disks. In

the illustratelf039] The enteral feeding pump 1 further includes a pumping unit (indicated
generally at 23) comprising a pump motor 25 located in the housing 3 and shown
schematically in Fig. 4. An electrical cord 27 extends from the housing 3 for connection
to a source of electrical power for the motor 25. Alternatively, or in addition, a battery
{(not shown) may be received in the housing 3 for powering the pump motor 25. The
pumping unit 23 further includes a rotor {(generally indicated at 37) mounted on a rotor
shaft (not shown) of the pumping unit. The rotor 37 includes an inner disk 39, an outer
disk 41 and three rollers 43 (only one is shown) mounted between the inner and outer
disks for rotation about their longitudinal axes relative to the disks. In the illustrated
embodiment, the pump motor 25, rotor shaft and rotor 37 may broadly be considered "a
pumping device". The pump housing 3 includes a first lower recess 45 above the rotor
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
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enbodi ment, the punp notor 25, rotor shaft and rotor 37 may broadly be
considered "a punping device". The punp housing 3 includes a first | ower
recess 45 above the rotor 37 and a second | ower recess 47 generally

adj acent the first |lower recess. The housing 3 has an upper recess 49
gener al | yreaudsed 43, 43| ispee ebcvis'dy drhdQuivetiTtcesPIPMmay BEQAS HOcdRfileftq, Shoul der 51
at the bottom of the upper recess for receiving and Hol di ng part of the

f eedi ng sidividually ofay e grouwpe iasescggingportinn” (o6 thei hoysidg dubateetdnessprsmd | ower

47 [+ . | th t aof t dni.ni stration feedi t
5 pi ac e B EROR A, S SBRRhe e e PEeliel Rt el ved 1ecess

51 may brbhadingftdie considered, individually or as a group, "a receiving
portion" of the housing 3 that receives parts of the adm nistration feeding
set 5 in a manH940] hRefewiing ndye tajBige,itheadministrotien tretimiglset heormprxatt er . 100401

Cor onal v B bl s Sondt® ARG RbteRhA 35 568 prRvadcSis ol galoy 1 i
pat hway baiveaes 18dst beashur @ fREVASE ﬁﬁtieﬁ{. CI‘:ugin%rS% AnRRHhRBLF a ERBAS 55 can

be made of a nedi cal rade, deformable silicone and conprises first tube
sect i on 5gradastumebleisdionoe andicatnprises fitsh iibe seEBnficonnedédbetweat edtipck

devi ce, | | ndi cated at 61. .A tub ' 63 .i ted
the saf oty rHEEsY Bl gy Relboktiyidh BRFUM PdeTed SThe Aderig S to o
connect or secidit B3 AcoAn@MPRAE %H?Qﬁ@flﬁéédevﬁéiétlgﬁh%t fu?f)utffl% 5y Et{lj@ﬂg%? a

gastrostomy device (not shown) attached to a patient. ir e”section 67
I's connectogtcaamnedor, sudhets adfarbadenhedtorty, Siitable far bametoroto aysstrogomy | i qui d

d to the dri mber 59. As | tated, p t f diff t
Const ruct See (asHauRs auhed 6t s Bl Lo b sretonioaah FEweGed ot rBlet Shown)
b \ t T b

may be Usﬁgtt%lﬁn%% b ¥ b?é"?yi Of miAEH Hbid %ﬁ g{?ﬂ[ﬁﬁrﬁccgj%ﬁl%gy 59. R?Rfs?e?[gﬁflé dcan €

configure automatically recognize set 1's | and to
al ter it sstatepgnaip sems éfalifferefitocomstractionfinag bk uesdl, farexbiyipleherepatificatiohaet punp

set. Stilil&@f rther, the punp ;If%can be configured to detect with sensors
whet hor 8t FIMgY mayihe Wkt iq vl #q/er enresbihe pumprseupedl sPutiel phke [ 00411
As shown | ' : | I 21m o Lrst tube
section S%gr:%%d ﬁéag@g@%ﬁ%ﬁ!ﬁ%ﬁo%ﬁeﬂ%ﬁ% of hﬁﬁé&g%%ﬁ%pg?&r%[ﬁrgﬁsl feedi ng set

5. The sadgirptioni totconfoerako dry calkdddr biathe pagienlar phmpxétalStidiofuethér] tHe@uadpl ow t he
flow of fluid between the first tube section 57 and the second tube section
63 (see, Frapbegonfigneeddadatest with ssnsersvhgiher the firgtitubiseciian 5 pepropsilyi ndri cal

portion 8§151Fah9&oﬁﬁfé%u¥rﬁn§ a portion of the tube 57, an

[0041] As shown in Fig. 3, the safety interlock device 61 connects first tube

section 57 and the second tube section 63 of the administration feeding set 5. The safety
interlock device 61 has a central axial bore 81 to allow the flow of fluid between the first
tube section 57 and the second tube section 63 (see, Fig. 5). The safety interlock device
61 has an upper cylindrical portion 83 that receives a portion of the tube 57, an
electromagnetic radiation propagation affecting member 87 that extends radially outward
from the upper cylindrical portion, and a lower cylindrical portion 89 that is received in
the second tube section 63 for attaching the second tube section to the safety interlock
device. It is to be understood that the safety interlock device 61, and in particular the
member 87 may be separate from 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 S is properly
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el ectromagnetic radi ati on propagation affecting nenber 87 that extends
radially outward fromthe upper cylindrical portion, and a | ower
cylindrical portion 89 that is received in the second tube section 63 for
attaching the second tube section to the safety interlock device. It is to

be under ska@d ditht phi@. $RftRtNuitAtRY dntodifaN | 66 séit 91 3 gkdethiRakhicul ar the
menber 87 may be separate fromthe adm nistration feeding Set 5, and/or nmay

be att achdadrienl i eorsespond withahd apé et safeydnterlncks devicead wand intlades anqui d

does not pa hr ou t fety interl ock i.ce. ..T . ect ti

Fad at 1 ort R Bpagag Bitecs Paeaf il Baft ek A Racally s e ePoR D B o
seat, | NdihgaéREdISNaTaedsy 47t Indkhis frof {HRIGn &k ofREABSAIRIhRS prlop& fupGfRity | over
recess 47 in the punp | when the admnistration feeding set 5 is properly 7

| oaded olnpﬁtgemufm.is generdlly achiegrsd wher thegadiatiompnopagatine affectingdfiernserg@ner al | y
sem - cylindrical to cor ond.with the .shape o he safety_Lnterl ock
devi ce 611sgﬁq§ecfwcq g@%tlaiéfeﬁ%i{g’éﬁaﬁmiﬁwlr’(‘dab@g?ﬁ‘@ y ll?gwsut"ﬁ&ggéef)ﬁ’ﬁ Iogwer

recess 47s.apoh aHpRENR! thy rétaGdd\GrishtftioR O 1Rmbmber §7C wHBRARE st V8 aboBCIRSS 47
In this first and nost other enmbodi nents, proper functioning of the punp 1

i s gener akliyisgehérelly dotestinenh to opeditmni dma fevo pabadinentsdhoted hemafteryaer 87 i s
seated in suybstantially face-to.face relagtion with the axially facing
surface 9BATHEY ?IHQtat‘QE%ltOWT‘Ea“PBﬁE%r",’e"["?f’éilfyEﬁ‘éﬁe #nd’?’}flahf%i‘f’%ﬁx‘&ﬁ t he menber

87, Wi thi grichfeSHBbrotlded2MRHE: WS of PSijfomi \dBAR 85 0
operation. In % fe\tk/)vrenbeodi rrenrt S y(%r?o?gol ?\érﬁ%?ﬁgﬁ)@%ﬁ%ﬁgﬁgﬁ?@%%l ar};;’gt ational
ori ent at i may bé usddewittanitler scBe o6the pefsert inventinini The sdete dntkdyekndpvicstaluct ur es

are provided, O her . of, sitioning th [ ffecgti nmb 87
Ty be. usEH e SO H1 Ehedentad SMBHE YRRSHRPTICHE FERIIFSO8 FSE Fht or | ock
devi ce 61 . i | \; : t he
adm ni st r?itﬂi% gﬁb e?%%%ﬁ%ﬁ%hsaz‘% dllsgoc%%ég%ﬂ gg)ls ﬂr)llggeél?:(t:l eﬁ'i6 gﬁ:ﬁy‘@g@&%@g@gﬁ%ﬁgkt o]
prevent tthat derotdiavethe-safenpintatuick deede. Ny theilkistrithd embodinmint, hisvafdthe saf ety
interlock device. In the illustrated ﬁn‘oodi nent hhe safety  interlock

devi ce 61inigslock dayicos] apdsegbRbarsigeperally pyiydrical injshangrhyb & 1pHpdergtogdsthat

under st oo er st - : e safet
't or | ookoHe ege:dk 4 e BBED hfy By yslihs BAAMER) iBlock Relipind Be bty 7T
conprised of a[goAREr The sdfb@tinteHoclddsit 61ti§>cMh?ﬂiiﬂdQ)f|airﬂélériablﬂhatQ@@ﬂahue
transmts el ectromagnetic radiation in the infrared range. In one

enbodi nmento visihle light Beteapih wansgute eépét,rpmégmwir@,dmtef?m@rtb@Ir&t@MIﬁegﬁ- Inp visible

SR L AR ANCI R ol i b piggessi o
pol yenes {Rilé hendiiny MRhsmBside to iNHared TRdigtidraby probessingd &ihdércondivions ehiche
formati on of visible-li (%ht_ -.ab_s_or tzi ng pol yenes in the
cause the formation of visible-light-absorbing polyenes in the polymer, e.g., PVC
material. In order to promote the formation of visible-light-absorbing polyenes in the
safety interlock device material, in one version the injection molding process takes place
at an elevated temperature such as between about 207 C and about 216 C at which the
material degrades to the extent that the visible-light-absorbing polyenes form. The
injection molding of the safety interlock device 61 can be performed in a single shot
injection so that the safety interlock device is formed as a single piece of material. High
temperature injection molding may be accomplished, for example, in an Arburg
Allrounder Model 270-90-350 injection molding machine.
[0043] An alternative to actually molding at 207 C - 216 C is to expose the
component or its precursor material to an elevated temperature such as between about
193 C and 204 C for an extended period of time sufficient to impart the desired effect.
In another version, the material of the safety interlock device can be a thermoplastic
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safety interlock device material, in one version the injection nolding
process takes place at an elevated tenperature such as between about 207 C
and about 216 C at which the material degrades to the extent that the

vi si bl e-1i ght-absorbing pol yenes form The injection nolding of the safety
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g.,
visible light) and transmts infrared radiation in anot wave %ngth range
(e.g., infacHited). For exanple in one enbodinent, an infrared colorant is
added to PVC ( « kN amx ratio of. abou % ,.and the cgnnector is
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propagati Qn..of electro netic radjation by diffusion, diffraction,
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reflectio ' i ' L : -as the
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rough sur fadtssionthrdugh agraisivueatrisdiumn Ditfratien ty gemeaitigtunderstoadiagtticon t hr ough a
translucent medium Diffraction . is generally understood as the bending of
el ect r onaBHEingofelestramagneticapdiation tays aroyad Higgdgeool angguriebieds-ect s.

Ref | ecti og_jS.. r t . J i I f travel
of parti clehSSRIFLRRRER bEffol il i 1B0AECh SRl SRR B, | CF

ent er t heragluns eRge whlcAM@ings ok B eurflelbRE dbd3gos eritéBthe suthiefncagtdvidling S
understood as_the change in direction of notion of a _ray of radiant energy
as it pastegelipsting ganfaces Reffastinn suadestopd avthg sbangsin direitisngd matien of peeds of

propagat i 0 £yl thERS M itsbs obfTlly8h ik WA SN in S ASHL! E MhicrTHlg amount

of

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.

[0045] 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 80 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.
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refraction is based on the index of refraction dependent in part on the
density of the material facing the nmedium [0045] The punp 1 can be
programed or otherw se controlled for operation in a desired manner. For

i nstance, the punp | can begin operation to provide feeding fluids from bag

69 to the pati Ty j PRl EcRY unt of
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i nt er | ock("HRVidetecter 189 lacatedrin the seepnsldpwerntecysy 47 proparatively earagetedrisdhe nent
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IR emtter 10 d..previ.din n, . lndi | .1 he,. trolle t he
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infrared radiation but it is understood that el ectromagnetic radiation

sensors t pthisdavension. dhadR deigples 197 distirgsiishesringraeed rediation fomoetherdypdse used

it hout d ti f t.h . t hi,s . At The | t 109
di st nou ShaEoRfear BEFHagioRfs En iRl ot Ry ST Be? " P SEPERERATT o
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det ect or ﬂiglgtﬁe%quﬁ%bf!g;)qlﬁ%es:a: sggrﬁal }%ﬁhﬁ?t{uﬁ%ﬂ%g '}7 Bhey Ivgﬁie ﬁgl?tlfﬂ)rr]r?‘;het o the

controlle

surrounding environment (e.g., electromagnetic radiation of a second wavelength) is
detected to indicate that the safety interlock device 61 is not mounted in the second
lower recess 47 in a position that blocks visible light from reaching the detector.
Preferably, the visible light detector 111 is configured to detect electromagnetic radiation
in the visible range, but not to detect electromagnetic radiation outside the visible range
(e.g., infrared radiation). A second electromagnetic radiation detector could be
configured to detect electromagnetic radiation in other ranges, such as in the ultraviolet
range. Thus, the visible light detector 111 can distinguish visible light from infrared
radiation. As used herein, electromagnetic radiation of a "first" or "second" wavelength
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.

[0047] 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
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surroundi ng environnent (e.g., electromagnetic radiation of a second

wavel ength) is detected to indicate that the safety interlock device 61 is
not nounted in the second |ower recess 47 in a position that bl ocks visible
light fromreaching the detector. Preferably, the visible Iight detector
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to the elgaieQPRpARLHE thAfteRihieMaPlabatal IGRerdfettidnnariRAPSdiathh of the
safety interlock device 61 (see also, Fig. 5). Wen the safety interl ock
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t he menbeposit®ined imart dicevef 1173h thendadiilyraring samfico 8% of thersbadil rand tthe) visible
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refracted 1s m ni m oes not contri bute ared radiation
si gnal sephysteyl ¢dneact WRhdkd popagatibl affecting. memiedri8dc tAldoughnsteshowny ®deat i on in

signal strength). The IR detector.js ositioned i.n an al co 117.in the
radi al | y Pagiciyindoymayenstpsg fag té“e%ffﬁ%@ﬁi@nﬂ{b[ %dgpgtpgﬁé)g, he]gmth‘&et ect or
111 is pogLt.i ' ) sl 1 cess the IR
emtter 1@&&%{3@%%&51“%%%89&/@? %?"g’ lllggﬁﬂggﬁeﬁgﬁgﬁ t'jse%ti%% Mﬂéf%?% m;cr otect them

from physlcers 1¢Pahdtt9 hélpho shieldphodnendrs 409 afid &tk from ambiger 87. Al t hough

not shown, a clear . o . . . i . L.
electromagnetic radiation (which may include both visible light and infrared radiation).

[0048] In the illustrated first embodiment, the IR emitter 105 is located
approximately 90 degrees from the IR detector 109. When the feeding set 5 is not
loaded in the second lower recess 47 and the electromagnetic radiation propagation
affecting member 87 is not received on the seat 91, the infrared radiation from the IR
emitter 105 is not detected by the IR detector 109. Also when the safety interlock device
61 is not received on the seat 91, visible light from outside of the pump 1 (i.c., 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 single piece construction rather than a two piece (inner
and outer member), the single piece molding is one-shot injection molded or may have
other constructions such as an outer layer (not shown) that transmits infrared radiation,
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pl asti c w ndow nmay encl ose each of the emtter 105 and the detectors 109,
111 within their corresponding al coves 113, 117, 119 for additi onal
protection. Mreover, the alcoves 117 and 119 help to shield the detectors
109 and 111 from anbi ent el ectronmagnetic radiation (which may include both
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87. Th ) . ' |1 : | qul
mredi at ef 18 Blopelioh Hicking b ARAS Aa5hal'sH RTARIA At B 1 one
i s denot ethan beihp eefibcaedibagk. The raySinaviels devierall towarl theoddtee of tHelm&hisr and

look at a ray R of radiation that is a bisector of 'apﬁr oxi mately one half
of the cohbuntitiirepghes pboprdary Br(becadlyatanianestboundary sedier) arpand thefaxialng r ar ed
radi ati on| ' f r f Jthe.cone .(i .,e., that
portion %@g\%%{r ﬁ’een@ée%?eg'r IT}}lgga}gEP?snreE?Cg?&)% t?‘ggljgetr‘?gel\‘;eea&hg%ee[n of 8Zmal | or

no use i nwhérei gdod Pe@entapdbf the rgnis refrpdlYack Rfwdi@tRGetRE At 8@ boindaie | R
detector 109. The ray R strikes the side of the prop;gation_affecti ng
nenber 87Bathe say Rhif @nce snare saflected baeletosvardiihe sisletnd the member 8% Hinallyetheg

57 unti 1 T Stk ARG Iee B f G SRE R0k b A B R R e i)

around t hgo@th@location of the IR emitter 105. It has been found that a particularly high level

of intensity of infrared radiation escapes the member 87 at this location. Accordingly,
the IR detector 109 is preferably positioned here, or in a range of around 0-105 degrees.
Another higher intensity node is found at a location around 49 degrees from the IR
emitter 105, as would be expected from the reflection. In another embodiment of the
present invention (not shown), an IR detector is positioned about 60 degrees from the IR
emitter (i.e., nearer the 49 degree higher intensity node).

[0050] The boundary B of the electromagnetic radiation propagation affecting
member 87 can be made of the same material as the remainder of the member. The
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
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bore 81 of the nenber. The ray Rl is reflected back toward the side of the
menber 87 where a good percentage of the ray is reflected back toward the
center. At the boundary B, the ray R is once nore reflected back toward
the side of the nmenber 87. Finally, the ray strikes the interior side of

the, membedo fdns i 06269 Ofh b YiingRork B itarAOnifoF SBoh A TY pERTubIN | ocatfon

of the IRemtter 105 It has beéen found that a particul arl | evel of
i nt ensi t yshotvn).nTheddp chambentSO san bs plipasintthefirse idvear résesad5 sl wppentsaesson.

Accordin t he 1R det.ector 109 re o d

fange of /i eterais PELGPR BSt piE GHE Y S tpf 7 e Rering at a
| ocation fmeQsnst paft cFeRy Res ﬁrﬁﬁ‘tﬁéqﬁfétﬁmt@ﬂﬂdktcﬁhclg5 is BRcdOH MeREt@XPECT €d
fromthe reflection. In another embodi nent of the present invention (not

shown), aat thedaitomeof e secsangd@wcn rocessi4 Ab e se@09bleguheeecohd¢mw¢rrrecdsﬂ47 smtter
(i.e., nearer the 49 degre her ensity .node) 50 The undary B of
the el ect PG ?qaécq,sg&ﬂ%tttﬁ% %P’d'ﬂ)tﬁﬂ%‘itlﬁ %chﬁfﬁflé’@f‘% @la[cﬁgfﬂs n be nade
of the sapRePRiceisaah l@c%.tﬂ)ﬂ?n Wﬁﬁﬁ'tﬁgjﬁﬂ%t fibe E&@ioﬁ%ﬁ@ﬂubs%ﬁal#fﬁf He&l at the

boundary B may be nore "polished” (i.e., nore specular sewhere to
i ncrease arpendathelrotoy 37.0ThelR emitteellﬁfzamcbﬂhgnecttmcm%da)atntmmtmdw)gl ng upon the

boundary. we I s, al so I.bl e th t ce tral t he nmenber
57" coul 3 RS HGEhsek r S pieserie ChHRAFPRETY L e RS S, IR Ittber 57
woul d be r , | hed bel ow in
regard tosf' F‘lgtg‘.ﬁqzlg&kadr}vhcggq IS ggg&r:%lﬁ%gﬁp(%%?@ggg%ﬁgﬂlgﬂé%t%aﬁelé Ing fluid

bag 69 cainfiaedsigigl fromnthalR unmmdnlléS $sudimpatetd, to ﬂtwdiecaﬂ)nmgnét\é fadiatiof not shown).

The drip chanber 59 can be n.the first recess, 45 _and upper
recess ABFOPREalAn PEstg Inanﬁﬁ 1t ?%‘ﬁ trewewﬁtncﬁafgwgon Bropagition pHfestingyhe

section 57 afety

I nterl ock g‘\? F@Ae&@%qh@{ﬁﬁac eﬁhféﬁo{l ﬁ%@gt% gtﬁé rgof Q{rhae%@?ﬁ g ?etﬁg}?{n%%] %@q%% g&anc ond

| ower r ecskiffdséd andh ihtaﬁalﬁy Beletted (dve Fe@coand bA)efome oLt idffared radimioar al | y

| ocated so that the safety interlock device 61 can he placed into the second

| mger r ec®bighds redirpgied pptgiard andympinges the quierdroundary of therglestrompagnatic
t ant T IR
subst ant | %89(1 ?Fo%tagﬂ?oql %fferé:ﬁtfgglemgr § PLftstartdall an?l%l sttilglrehog&gse@%qt

det ect or erm y or contl nuou resence of

the propepfthe Eléaﬁl@ldaér&ﬁdIrilﬂat&ﬁiperag%@ﬂaﬁangﬁm‘nﬁiey Bomeof deleselpitigce 61 s
received in a proper operating position on the seat 91, the infrared signal

from t he infragad radiation ®5inre§ted |twé@’déh|e FRodeteriorsl 096 {Fhe R glstactar iy pariodicalin

B ect oo g Ak TR GeRls o Ty BEIARMIANG et i8R0 e

el ectr Omﬁf@)‘ﬁbﬂlﬁ ldaﬂé’d & tReMpump. It is understood that the IR detector 109 is preferably
unable to detect electromagnetic radiation having a wavelength in the visible light region
of the electromagnetic spectrum. Upon detection of the infrared signal, the IR detector
109 sends a corresponding signal to the microprocessor 79. Also, when the safety
interlock device 61 is loaded onto the seat 91, visible light is blocked by the member 87
from reaching the visible light detector 111. When the set 5 is loaded, the visible light
detector 111 sends a signal to the microprocessor 79 to indicate that visible light is
blocked and the pump 1 may be operated.

[0051] In one embodiment, the IR emitter 105 and IR detector 109 are both

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
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Is diffused and internally reflected (see Figs. 6 and 6A). Sone of the
infrared radiation which is redirected outward and i npinges the outer
boundary of the electromagnetic radiation propagation affecting nmenber 87
substantially at right angles thereto passes out of the el ectromagnetic

radi at i oNRIEARRREPGS RP a@hdeGekidE oFRARE For SQINDIO fthd I JQSG8P1 (Wmay Rivear ed

radiation is directed toward the IR detector 109. The IR detector is
peri odi catwoyactivgignnatied threelsatend tims petied pndbthe AB @nvfter 106mayelt pragiasiniegn when

t he feeding set 5 has, been r rl.y l.oade t he p. lt.is_understood
that the PeRgeERnEPuSST mirdrERdiasi 9ottt et 3ol BBic reriatc PR e |
radi at i ongBaee sbcBnd¥BiR!RASE,thé ButhP e hab & kit Fofl detdtor 8@ Ridns &f erhiftBr

el ectromagneti c spectrum Upon detection of the infrared signal, the IR

det ect or actiyatisnsed gbeutol.r  spanldistapdshagribd purop 1 meyrhiave opheocatiws and #t Al so,
when the safety. interl devj c 1 is | oaded to th t 91, visibl
e e R o g RS o 0D bk R B R AL L, o
111, WienpdaghsSgithout HSpak@RoRsh thd\&opé Sf lisinld:iidh. T@l@mlfaualet_o%lég sl a

signal to the mcroprocessor 79 to indicate that visible light s blocked
and t he pumprollem®ymby be penfigueet fof 68641izing agndicatdrpaidnfenexamiieirtdgulani t t er 105
and IR detector,. 109 are t opera intermttently to detect the presence
of the saPUEP PLACHY RS Oggﬁh@e“' ite’bi‘pesghe seat 91. The IR emitter 105 is

operated to ge af ep “%af R | 1fr .l |
detector 109 iEWcs)p rai?e |%\ a sag{e?ﬂegloeﬁlﬁggta eegg gl?érlaogg id\eglltc ?g%‘s‘%?&ﬁﬁ{‘d;es t hat
check f orembslimpritafelncpresdnt alventiom MHgsafdte intatbchtdevioe iZbofthive | R em tter

105. Typi cal I(ig, t he nunber of actiyations frgmthe IR detector 109 will be
greater t¢apediment elegtromagnedis radigiipn nrapapstipnraiieating anembes 123 with agj yen

i od of _1J : LR:detiggt : : Iiwvati
ot e bRy sBRRTRZS, ThER R Do O B BB S T

gener at e faoimgputfac: 132 oMfsear ¥d ofddusing 048 shdis positibmed tbrdirectdeftared ti ne
period. During the three second tine period, the punp 1 has a ratio of
det ect or Hétatigatewad theosadsly fnterlockgevicg 421 dna sigrilappggperes the fisst j s ynder st ood

that the %g@d&uéglﬁ@Xn %V&Q&%§%§§%¥§a@@4Rt£?e%t r}lﬁ? g#%fs[ﬂel}% {@{t gg&g?to?nd IR

det ect or operate 1n o eterm ne terns

wi t hout depmirk ilewatddria fespbaivealyreoi3z MBS id avaddllyofacingRerfads lddtofcheaseatl 09 and
the controller 77 may be confi gured for recognizing a particular, and for
exanpl e i 19leglheangledsanular purfrce 428 issgtlecdive so that gaelleeteininarediradighion [ 0052]

B I I
device 121 is received on the seat 191 of the housing 143. When the safety interlock
device 121 is not properly received in the seat 191, visible ambient light can be detected
by the visible light detector 135.

[0053] Figure 7A shows a seat 159 and a safety interlock device 161 of a third
embodiment of the present invention. In this embodiment, the safety interlock device
161 includes a reflector 165 on the external radial surface of an electromagnetic radiation
propagation affecting member 167. The reflector 165 may be a layer of reflective tape or
a layer of polished metal affixed to the remainder of the electromagnetic radiation
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 ina
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 is received in the seat 159, the infrared radiation emitted
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enbodi nent has an el ectromagneti c radi ati on propagati on affecting nenber 123
with an angled annular surface 125. The IR emitter 129 is located in an
alcove 131 in aradially facing surface 132 of a seat 191 of housing 143
and is positioned to direct infrared radiation toward the safety interlock

devi ce 12froimrthalls esittedl 60 REAECES offiige fellE&br 1 R IBRAtted 1B IR €Nbodi ment
of Fig. 7, the |R detector 133 and visible |ight detector 135 are |ocated

in respecH§te@on) dapdambient viste lightis blocked frgmfd&tﬁchgn b)a tlfeaasbte41ghof t he seat

191. The agf n S.re ectlv fl

i nfrared ra% %ﬁ%ﬂ%ﬁ?@##ﬁpﬁt lzl%%fi%"rwel% 158\% BE‘E fat | aé or 133
when the safation id Ndterahofitted A& IR db?elztdranﬁﬁ@hmsfénpﬂsﬁo&ehgaﬁ%anﬁgl of the
housing 143. Wen the safety interlock device 121 is not properly received

in the sedgteeted by thesiisible lighbdasenton §7ght can be detected by the visible Iight

dovi ce 161 of WA EEoBHE S haenbrooand Bleesivtirh dees ot Sfmitumins
embodi mengmbddiResrdfhd/ plefd? ivetioleXt fahd Biold dHbdiEGsnts. tﬁ@géf@% Giferddo on the

external radial surface of an el ectromagnetic radi ation agation
af fecti ngdff‘lvimb@rl chg be rathevably pesitiamed bﬁshmgtt Bd amdlth:;reby tdleasaiﬁjr ettacthvda tape or
a layer o{ d net al afflxedmio t.he | nd % the ct r.oomagneti c

radi ati on E? BBIBB ?’ ths-ussF PREATPE{YeT ‘i‘rﬁ]é?e‘ﬁ ‘mFWf ga Hb’é’éﬁr fichFe Fig. 7A
the IR enmgt @eludba n%ﬁthﬁpa ﬁsot@wabafo Zgiaen@ﬁq B vdp% }&1 At t; detector 173

are arranged in an cove 175 in a aC| ace of housi ng
179 in a member’) wgeived frothe sént 189 Dé&ledleusmgﬂ;%awhen grerfeechhg set 261 tsiloadedy

al i gned and,paral | to.each i s understood the IRemtter 169, IR
det ect or Tﬂlp Sd]’fl’fglhgpllpls % Ef“bP“tE‘? POEICHY rW%‘lﬁ"é’rranged When

the safet Xl]ﬂumr%\?alll%? sievd E&ltr]aﬁ rh%n Q@@ﬁét\ﬁ%g‘l fh@ ah?l%flﬁga?ltaeg lfl]h{éﬁel nfrared

radiation emtted 14 fromthe TR em fter 169 refl ector
165 and tpatismi2il it teoeltvbcea fuRe 2d3>béﬂtecfee<ﬁﬂg15eaﬁdl.aﬁbsmn ini Bigl8,ehd IRght i s

bl ocked fromd ct] e Vis light detector 173. Wen the safety
interl oc ke’H’éR‘iT gifﬁ %G?rhql&?ﬂ%botm‘ ??gq’ae@é’f &S@Om el 22 o the s ation i s
not trans [ an be

det ect ed elwsr{l%riﬁ&ﬁ& g?!eirgglé;%d@%x i|g8§%thgogiﬁ?e ér &é&la seat 189
and saf et 2/05 asﬁthe hglulplplewmaﬂ@ feflected biyahe aryledearipaihir mﬂltzoofthﬂohgh fhieesent

i nventi on. in thgwgrl or enbodi ments, the safety interl ock deV| ce 191 can

be renmovafinF abB%‘Tl?lil of the lightepige farounsipa eeatral flhid @bgsag@Z Eadsfargbeing ached to

Lhe U kB8 & HE TR HeteEdr 399 ¥§ the dnd1etiinfulGREAGFBh thel dPpoSit fheof Nt erl ock

the light pipe. When the safety interlock device 191 is not properly seated on the seat
189 in the loaded position of the feeding set 201, the IR signal from the IR emitter 217 is
not transmitted through the light pipe 195 to the IR detector 219. A visible light detector
(not shown) may be present for use in detecting ambient light as in earlier embodiments
of the invention.

[0055] Figure 9 shows a seat 231 and a safety interlock device 235 of a fifth
embodiment of the present invention. This safety interlock device 235 of this
embodiment comprises an infrared radiation transmissive material that also refracts the
infrared radiation transmitted through the safety interlock device. The safety interlock
device 235 has a generally polygonal shape. Opposite sides 236 of the safety interlock
device 235 are angled paralle! to each other. The seat 231 is keyed to receive the safety
interlock device in the 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

15



191 includes a light pipe 195 ("an el ectromagnetic radiation propagation
affecting nenber") received in the seat 189 of the housing 199 when the
feeding set 201 is |oaded on the punp, The light pipe 195 includes an outer
annul ar portion 205, an angled annular wall 207, and a central portion 209

bet ween t(beoadigl £ drstdblectdr’y aidyositidned forROinOM ar hdmitigiatiof FQidyassed t ube 213
of the feeding set 201. As shown in Fig. 8 the IR emtter 217 and IR

det ect or XPdhag beerpronenhylpgdetl inta e/ pamipotlihe wpperiand 2owerdR detestare 339, 2489, The

IR emtter Z.directs infrar radi ati ward 0 t.he er, annyl ar
portion afﬁg%sol%lg?ﬁ#eoﬁ t?‘% kP poﬁ?}f)g%f@gﬂ\eﬁﬁ?t%% Llfo&? fh&li?\ee&mgf/r ﬁ?fasu hgfaéﬂwannul ar
wal | 207 édittet'gtdl the detetontt Arabriged AOpprRn@tlyt 130 delfrll w@thﬁ@spgé@ﬂ@lé% a
central fluid passage 218) before being reflected to the IR detector 219 by

t he angl eethetnrilbathevaprier PR deigetor B0 asblower IR deteonn?4 ! arpspaced hparpd pe.  When

the T ondetisaiad s Mo hekn Ealefranfdtls SHHAabel BRGRE PSR R
emtter 2435 i rafigiion {a@ﬁ'ﬁdﬂ:été@ﬂ abTORON I) s rdTPactddbe Rl RRviktRd @ tHabthe! R

detector 219. A visible | ight detector (not shown) nay be present for use
i n det ect lomgr Biridéteetor 24 lgsensesshe presence pEinfrandsioddiation and seinds heighalvtethe on.

0055] Fi 9 sh t 231 f A devi 235. of
[ reh enBrmasE s eRibppesai fieRinEn NYRIE Sapeiafed meivacivirdyi ce 235
of this ehedhpREbaGABREEESoRE dothirab@sktoR Ut fld i ftalcdRRARHHSE Weedtad €1 i al

that also refracts the infrared radiation transmtted through the safety
i nt er | ockbyltheirefeactith ¢o thaflewsr IRndatedtardédl. Féhdnabe 28BtyHnsrlacigdevaread 35yis pol ygonal

hape. ite sides 23§ of. the safety interlock _devjce 235 | ed
par ol el e e e Spat Soh 3t om0t o OB R, FEERPE (o

interloc kinﬁﬁ:‘é{eﬁ@)y:}igaﬁteﬁ R h%}‘bﬂseé’tﬁhﬁl@h fid @Bt dulch Wik BRIREmI IT ififrled © SO t hat

el ectromagneti c diation is refracted’in the desired nmanner, as will be
descr i bedtadimioh i® dirdctetddo 0BB7the apper IR pletectoR2 3% tvautlosend3 9 sighaldadhey, "a second

detector”), and a Jower IR detector 241 15 (hroad]y,, " ' detector”

poSi t i one%omﬂe%@ﬁéﬁaﬁg qneraéwnggﬁ‘ferﬁ@m ;T}}eﬂ?gl?lg’em%%ld%gf&égs eﬁag gge(r)]r ) are
proper |y 192 dbibeas SSRihe dfbiol PRy ERnt AU dbRoFDI6 b the foler 241
are positioned on the opposite side of tﬁe seat 231 fromthe IRemtter 237

such t hat détbeor 41 sotthit ibadfeetiag datieatedimvage safdrentteibchtdenjoprade vhs el y 180
degrees with respect to each other. Al so, the upper IR detector 239 and

| over | R mategiat bavinga diffeesns gensiy ang/ar width, the glegfemagnete radiplionilinof nf r ar ed
20 0 R, RS, SR AR Ao e o o

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

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

[0056] Figure 10 shows a seat 271 and safety interlock device 273 of a sixth

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

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

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

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

radiation propagation affecting member 279 that transmits infrared radiation through the

safety interlock device. The external radial surface 281 of the electromagnetic radiation

propagation affecting member 279 is free from infrared radiation blocking material as

this surface is used to receive the infrared signal from the IR emitter 285 so that the IR

signal is transmitted through the safety interlock device 273 for detection by the IR

detector 287. It is 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
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| ower IR detector 241 senses the presence of infrared radiation and sends a
signal to the mcroprocessor to enable operation of the punp. 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
| ower | R 2Bt €THeIR Rédkind\49r 2 T5epreadngs Mﬂmu@lécaelﬁagﬁeﬁcqsdﬁé fr§m diigd 0aded

In the seat 231 of the punp, the infrared radiation fromt IR emtter 237
(as i ndi wresd (bg., p‘lﬂi’rﬁh@rﬁm r@&hmﬁ)hqias@@wrkﬁ&?mﬁemtheamamtmmm that the

beam of r dlre ed to. o he .upper..| R gdetector 239,
whi ch sen%’ggl 82% 2r?rglls d?cﬁ% d’HF’rpol renY‘SIOBf"iﬁ'G Boré‘ﬁgg‘é{t#l ‘gﬁs’t‘ﬁ%"epurrp
The densi 291 e wledﬁr&nsgnehbeacﬁaﬁfoﬁtpvo dpRliGH AfRGkin %@nﬂﬁr 29l heGd ik L he

di stance D between the upper det ector 239 and t | ower de ector 241 so

that if ahlofﬂ@égimﬂg‘ﬂ‘@bther@nu§@dlahamnhgh®elsraﬁmn%gnem mdiatiok pdepagationmade of a

mat eri al ent |t dt the electro etic

radi at i onr}% lpg Hbefn%eﬁél;é ﬁtgfagfy 15%83 %‘ﬁ@g{lﬂfes&ﬁh opRg $%8E2 0%t he | ower
| R det ect gt ¢ IR @¥fireri 7518 IR R I8 B S dnﬁlore&ézpeA 'stlﬂleﬁ thdete%tdf'(ﬁértb' e |ight
detector (not shown) may be present for wuse in detectin nbient Tight as
in ear| i eshosmouyhempresent for hee ingteatingambie 00 aFingrarker bhbolionsiteofseat 271
and saf et?ﬁ . nt eél ock device 273 of a sixth emnbodinment of the present

i nventi on: 811?ety i nterlock device 273 of this enbodinment is generally
simlar to the [0SRt TRERAL TR0 KAeviea ey Y / ' d

radi ati on bl ocki ng]smat erial on (t)he e(‘afxt e?ga ﬁ%%? g%cgﬁloeﬁ“ﬁﬁ)gges%ér{é[r%&l&ﬁt erl ock
devi ce. Wwalw-infretibn nxidiegbordiess atsp réfamred af astay" tivoishot iafekticlemohing? 73

i ncl udes an el ectronagnetic, r.adi ati on propagatiqn ffetl rrenber 279that
transn t stﬁ?SF ol b PrEBR e e st BRRT MO e sgift:t,v interlosk

ext er nal a at i on

af fecti ng rre alEﬂ g@%ﬁ?gﬂ% ﬁi’é&jfa g%t% aﬁter%g% gpjzf%{]ﬂﬁgk%&l ﬁaﬁ% grlgal as

thi s surfmdiatios tmnmﬂisme maeeial/@.d. Héght nhmmleﬁvsmgﬁmplimwmblym&rhallgm tter 285
so that the IR slglgSP is transmtted through the safety interlock device

273 for dogether with By IRRlogking laxerd5de-8a9m oppque; thermoplastt pelamersivhe | R
emtter Zé‘t-'h

anl o ar oo tddag L Ghectited oy Ihoag HRALE SRV ugf sitdig O0FT 51

| ayer 275mpreﬁule(retgs, therimoplatic polgnier mgignixed evithadd dy¢)dnstéadun aaURBlskkingsour ces
(e.g., sunlight) from reachi ng_ the IR detector 287 when the adm nistration
f eedi ng s@ﬁtengtolaélowaa@éradswc paagngtis radiatiqngto pags thrawgb dhe sadsty peedackns of t he

oL SRS e S P RERMBP Gy aPA B, Pr PPt on et

el ectr omagnet I [1)0'58]j| Bigufl lpfsamaﬁﬂagmm illustrating the various conditions the
controller 77 (Fig. 4) may encounter when operating the software subsystem 82 to
determine if the safety interlock device 61 is properly loaded on the pump. The state
diagram has application to other embodiments, but will be described in respect to the
first embodiment. As shown in Fig. 11, for the controller to provide a "SET LOADED"
status, the status of the IR emitter 105 and IR detector 109 must be "ON" and the status
of the visible light detector 111 must be "OFF". Any other combination of status
indications from the IR emitter 105, IR detector 109 and visible light detector 111 results
ina "FAULT" status being indicated by the controller. The "FAULT" status will prompt
the user to check the loading of the safety interlock device 61 and will prevent the pump
1 from operating. Once the feeding set 5 is properly loaded, the controller 77 will sense
a "SET LOADED" condition and initiate operation of the pump 1. During operation of
the pump, the IR emitter 105 may operate continuously so that the safety interlock status

is continuously monitored and if the status changes from "SET LOADED" to "FAULT",
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affecting nenber 279 is preferably keyed with structure (not shown) on the
seat 271 so that the IRemtter 285 and IR detector 287 are unbl ocked. A
visible light detector (not shown) nmay be present for use in detecting
anbient light as in earlier enbodinents of the invention. [0057] The safety

i nt er | ocktl@devhielle? 73 vall stdp Gpedtid@dhé Bithp MaMd Bfte£RNShi 660Dy @

"co-injectiaon noldi nﬁ:é‘f process also referred to as a "two-shot injection
™

mol di ng" OpferalysthefRenpfterckdsmanbs epsstied mtesarttantly vithdbnef putses shif et v

i nterlock; | ' . ctromagnetic radiat.i on propagation
af fect i ngmqrr@r%dgeﬁe%%%aﬁ%%r%agﬁﬁaggﬁng HAPS gaé a?aa%ﬁ?g‘ﬂedﬂteﬂaiﬁ%ﬁle i ve materi al
(e.g., |iddector B9l thatithesdfbg ineRbasdtatds RoHAIMIoussThohitord R ORcNgEibi th the IR
bl ocki ng |.ayer 275 an opaque thernopl astic fggl mer resin). O her

S1

e.g., an
vari at i ondglgrdetestos lihﬁwmﬁmuwaly cheek fion ehetpresenescoiofisibleight ko that if ghet

bl ocki ng | . g. r l.ast i CoPolyrer resin,.nm xe ith red dye)

i nst ead o?ﬁ%%?été%ﬁk(()@kﬁg ﬁ%mév tfg(l?')rﬁgfe %egtcgall malions élstlsgﬁ hg}‘éé'for%‘nﬁﬁﬁﬁﬁi c

radi at i onthevigible Sightdetetgdt 1hamedddaitaly sétsed thcdondHRMIang shuhisRREMRRbIY Si bl e
| ight from passing through the device. [0058] Figure 117s a state diagram

i | ['ustrat ¥ hip e apalaraeondiioni (lihevisibla lightatstactas| il & mayoperitgintetinitheanly
encount er e er.at i.n he software subsystem 82 to determne if the
saf ety in%?‘gc(%g@@{}%grg%b eisg‘)pﬁrog\é@? MY°M8%ed on the punp. The state

di agram has app0sopt Fiird P2 SHoMara REPRAI MBRESLy iﬂt&lovéfililévi?@;%@ﬁg debEfni N

respect to the first enbodiment. As shown in Fig. controller to
provi de aemBEIEmemIiRE preserdinyentiom elnshiatembodimenhdhd fafetiintedockldsicand | R

det ect or . MusS e "ON' and.the status of the visible |jght detector 111
must be " Ss Rt o B e b Bt materitl gad hosan eRepingr ARG ne | R
emitter 188m th&opausasos09anapston Hirklce BhIQPfhg‘r?!i%{/i_?ﬁ.t The & ! _}_Iﬁéa%"}l kS 1na

"FAULT" status being indicated by the control . e "FA status w |
pronpt t baafiguend to braskdbkbeaneo! infraiedgadidtiarhgndieteat ot ATtfeorh delRdenittere 61 and

will prev the . puop . 1 fromoperating. Once the feedi set, 5 is properly
oaded -t R U ARG it iiTer SESee Al teams (A BRISS 2 ARG R APOAME | i {1 at &
0peratlona1@fde&eﬁdmzmeﬂies QR fete Bold L@B.nwﬁmﬁfé elobthe 58801 i er 105
may operate contindously so that the safety interlock status 1s

cont i nuoutheyhonsing 827.ebh the dlustrateti embbdimesnt the dRgadsttérdmh ¥ Bledted GAREDC0¢e0
n& er an

al arm condih i STk dehise AR 8l TEQR el 8- Bl atiaaene
L0 A Tt 15 R i, g ROt a0

321e are spaced apart a distance such that the infrared radiation that is diffracted by the

opening 307 impinges on the IR detectors. It is understood that the IR emitter 313 could

be below the safety interlock device 303 and that the IR detectors 321a-321e could be

above the safety interlock device or in some other arrangement without departing from

the scope of this invention. A visible light emitter and array of visible light detectors

(not shown) could be used in place of the IR emitter 313 and IR detectors 321a-321e.

[0060] In the embodiment of Fig. 12, the infrared radiation from the IR emitter

313 diffracted by the safety interlock device 303 so that the infrared radiation from the

IR emitter is detected by the IR detectors 321a thru 321e when the interlock device 303

is properly located on the seat 301. The number of detectors 321a-321e may be other

than shown in this embodiment without departing from the scope of the present

invention. When the interlock device 303 is not present, infrared radiation from the IR

emitter 313 is seen by the middle IR detector 321¢ (broadly, a second detector), but not

by the other detectors 321a, 321b, 321d, 321e. The interlock device 303 is preferably
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detector 109 so that the safety interlock status is continuously nonitored.
The visible light detector 111 nmay continuously check for the presence of
visible light so that if the safety interlock 61 is renoved fromthe seat
91 and allows visible light into the recess, the visible |ight detector 111

| medi at ekeyed et @Bow) t6 tRORSlistig@2 720 Bsseieditahe fbbiﬁoﬁﬁh@t Olisile light 1o enter an
alarmcondition. The visible light detector 111 ma?/ loperate intermttently
e

wi t hout ddgiester (gt shewim mag alsedsarsesd totdstest ambient visihle ligho89ih darlipar e 12 shows a
seat 301 lLnt.erl ock device 303 of a seventh enbodi ment of the
pr esent i%’\"/ngor@%%lﬁ.gxﬁr}\wtlwl’egggﬂ‘bodi ment, the safety interlock device 303 is

made of an infoa6ed Fiadicatd HOWRAMSITRNE hisdferyRRtbridaR ddcOPENGME 307 passing
fromthe top surface 309 to the bottom surface 311 of the device. The

openi ng 30ghthsmbedimang of de presentrinedatione Ithimenodiméntathe dafeydinteriock

i ndi cat ed_at fromthe IR emtter 313 via di.ffractiqn Lpto series of
gpac ed ap‘gq'v ceb@? o ui gi&f’té?ﬁ‘%%leﬁf rgg%ﬁﬁmpmr?pag\é@n dflﬁeﬁmg Qeéﬂlfélt” gié{néae Bﬁ 1’1
series of inedigl @?aae%f&&ﬁsnﬁutﬂyiaﬂ&*ad%’dlatfonl MRkl uBRlagMs a8y 301 in

the housing 327. In the illustrated enmbodinent the IR emtter 313 is |ocated
in an al cpropagaion affeding member3B8Etys a layer ofoviteda 388 @n3bStoprsdrfatecoflte det ect or s

321a - 321 N t ' | . 35, bel h ty interlock
tovi oo soRempnee BoRUE T e b inReRR SRR Tho Spaits e ee 3B Birayaeting i st ance
such that3gjhgat H}éil@rtﬁéjsiﬁ?Q i@ dr@draldRon lbear AY £ GG HRARPYmitRE 309p@NI Ng 307

i npi nges on the IR detectors. It is understood that the IR emtter 313 could
be bel ow diffeactiah @ty aiseties dfspkced apart beBOGEA dethtdugh A e thR adedetattallsy 321

- 321 | d t fety inter,l devi ' h
a7 1 angenci PRI HBLOC et Do P e e s i Ty Tk SRYERCESR A vi si bl e
light em ti601p0dedlih 8 Rimp | Wb ﬂlelﬂr%;htgaf#(%ﬁ%cﬁﬁ menfl 38PRWhotQul d be

used in place‘of the IR'emtter 313 and IR detectors 32l1la-321e. 100601 In
t he enbodiromnbe seat 381y onliyahe tRdetectbr 39edecstiie atfraved fadation fionl RedRi tter 313

diffracted b e saf interl ock device 303 _sp that e_infrared radi ation
fromthe M eém-tlémﬁi‘gé}%&é%@%‘gﬁ’&?&‘?%m%ﬁ %ége‘%lt?ﬁ%rs§é§aa3§ 02389 e when t he
i nterl ock A i r of

ot act or sCHSREE D, 1 ¥ SRIHP BAdotsbAF & B d@kibr ik itthn B defodGadtRET |

depar t i ngsekrinfrartd eadsatioper aforé tranphe SR detectonvandee oire intMared rhdietiomiviker ock

device 303 is not pregent, infrared radiation fromthe IR emitter 313 is
seen by t e Preragation atfegting memben s s repeigd fom thessgatohd - ébteé@p@iw, but not

B T e e o L S

posi ti oni ofkeat’88dianidthelR egiiter or IR emitters in the upper portion of the seat. A visible
light emitter and visible light detectors (not shown) could be used in place of the IR
emitter 393 and IR detectors 395a-395¢. In that event, the electromagnetic radiation
propagation member would be capable of transmitting visible light, but have a layer (like
layer 389) that is opaque to visible light. Moreover, another visible light detector could
be used in this eighth embodiment as in prior embodiments. The interlock device 385 1s
preferably keyed (not shown) to assure proper positioning.

[0062]) Figure 14 shows a seat 421 and a safety interlock device 461 of a ninth

embodiment of the present invention. The seat 421 is part of a pump 401 that is
illustrated in block diagram form in Fig. 16. The pump 401 mounts a feeding set 405
including tubing 455 and a safety interlock device 461. The feeding set 405 may be
substantially the same as the feeding set 5 shown in Fig. 3. A pumping device 423
includes a rotor 437 driven by a motor 425, The rotor 437 can engage the tubing 435 to

pump fluid to a patient, substantially as described in previous embodiments. This
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detector (not shown) may al so be used to detect anbient visible light as in
earlier enbodinents of the invention. [00611 Figure 13 shows a seat 381 and
a safety interlock device 385 of an eighth enbodi nent of the present
invention. In this enbodinment, the safety interlock device 385 has an

el ectr orragﬁe@dlﬁleﬁtaﬁuaaéscuh IR QRGP I 08n Ak HeetbP@oBhg Brlh%%ﬂ a
mat eri al d&?ble of transmtting infrared radi ati’on. ectromadnetlc

radi at i onanqy vpiklsadishs detaetoeddd ingesnsntier alos/es rathe olsige 3D (Fignl4yr imfhis389 on

the t t the t f IR Th
opaque. | a5iarRBeh e 18 erlFEET a3k S (PR Bodabe btinectiBERR. | i 7o ol )
radi at i onagpeaiimARly 90@RdréCarlgie Gith rdsPectISach cﬁher(lhﬁftﬁeaﬁ&b%rh% Wity SEri es of

spaced apart beans AlOa through AlOe that are detected espective IR
det ect or s43339431al the\visibdgliggsletegtos 435 hes mngeq/atuantappﬂoaukateng\mateg&sangls

| th h t t mber 387
Pempved’ ifBed b B8P ot Bt RIGRRE S POl G n%{qug’e?ﬁ;lgsar "
radi at i onthfe TRWetebRr UBD 9Bt dtéErelada 1o IHe IR"eHmélf‘clzl?%%a?tHR?{ir Eé%c “U”ber of

| R detectors 395a-395e may be other than shown rstood an
| R det ect #fetpimenlockidenice R6dathe infrared3@Bimtiom emittodebyi thé l&eenherrawdllalbt on or nore

th ] R.det ect t f d | at ] th t
T ect 1 ngRMePoaghe iCBeERE, dicth LB et af) Sxgielidabaemiies 8 O%%g? ch”the
orientati :&ﬂm@&d %&'ﬁ%r&gf &HIJUBI@@HE%&&&&@?%Q@&? sid@ oPfhe' sgﬁ‘é}hﬁltérf?)

portion Seat 38l7and the IR emtter or TR'emtters nt er portion
of the se@wce/!@&h\ﬂidulmopdr]ygmumm mHMpmmqbélﬂllsﬂ\Mreod’drghthlsimd&ﬂhars (not

shown) coull?q#)e use Iace t he ég% r 393 and | R detectors

395a- 395 Fis- 1 ‘?/%?H et’("ﬁ"él Fé&“?edﬁﬁ%% nd the; satetpiterfack dagise poh menber
woul d be r er (like

| ayer 389§%'?ﬁg¢aglly§]}%aglégggg%%ﬁ ]{?lr{g? 1@e%gﬁj{ﬂeg%ﬁe@\%¥£@gﬁ‘(ﬁ %Leaél\n sible light
det ect or wouinelly 0.60% setes or etbbuSO &3 gimb)h M@fé'tyrmmrloab devicp4dblosf taizbodi nment s.
The interl ock,.devi,ce 385 i.s fera (not shown) to assure proper

posi ti oni %b"d[“ﬁe‘ﬁﬂ tfw?sguﬁ%velt@ IE Hed ﬂé;l@@ét U&TEPP&%F tg dgblstlight. fingthesck devi ce
461 of a ghi %rtheﬁﬁm HePice Ab1 gtﬂgrs E)tle !1%1‘(%{%)%9:35 Jﬂgreﬁ?:?&lati 11is part of

a punp 401 t Iustrate gramformin The punp

401 nounts a f@8E8hgTheinfratd SIgmcbmﬂteagaytthdoIm@nft&Mmc& tﬁffﬁs’tﬂ%h& i nterl ock
device 461. The, feedi ng set 405 may be substantially the sane as the

feedi ng s&flegted o SafﬁtYPPE‘}ﬂOQk dovien Afdi sugh that thesignabstrikescthe B detgetont or 437
R T
device 461 of this embodlment are especially useful in operating in a dark room since the
visible light emitter 433 provides a second electromagnetic radiation signal (e.g., a blue
light) that substitutes for visible light not present in a dark room. The control system of
this embodiment first pulses the IR emitter 427 until the IR detector 429 receives a signal
recognizing that the safety interlock device 461 is loaded. Next, the visible light emitter
433 is activated to send a light signal that is blocked by the safety interlock device 461 if
the safety interlock device is correctly located in the seat 421. The visible light detector
435 is operated to check for the visible light signal and to detect excess ambient light. 1f
either condition is detected (i.e., light from emitter 433 or excess ambient light), a
controller 477 activates an alarm that warns the operator to check the alignment of the
feeding set 405 and does not allow the pump 401 to operate until the condition is
corrected. The blockage of ambient light by the safety interlock device 461 causes the
controller 477 to recognize that the set is loaded and the pump may be operated. The
pump 401 detects a fault condition if the visible light detector 435 detects the visible
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19 enbodi nent includes an IR emtter 427, an IR detector 429, a visible

light emtter 433, and a visible light detector 435 in respective al coves
in the housing 439 (Fig. 14). In this enbodinent, the IR emtter 427 and
the IR detector 429 are arranged at an approximately 90 degree angle with

respect tlighesighaldidie theariclblehiphy bitlel 233 hfidittheIR Bétedtor £83daqrds thbe Vi si bl e
| i ght detector 435 are arran%ad at an approximately 90 degree angle wth
C

respect tmesaehoighesaletydntgdpck devagsi46d. angl es are al so possible. Generally

speaki ng, d tor 4 ocate etothe IR ter 427 so
that in the agg’hﬁ%]ee%‘%c?ﬁlg toﬁﬁ é? F P ]55317?&‘% TRIABATOCTSRY ‘ﬁﬁ}t‘t”’ér ed

radi at i oncoaffblstpRethpeditdick 86 Mat bperatdithd moR 425, ”Wh@%t#b‘l’l@f‘ﬂ'hﬁmiu@eﬁﬁt ector.
Both the IR emtter 427 and visible light emtter 433 are arranged

gener al | ylegsé ﬂmamﬂth subsygiemri82 juserbini detesting thejpsiepen positidring bf thedeshinget y

I nterl ock i C erl mount ed o the 401. Mdregver in

this and SF%@/ @ﬁﬁ’ p\%) tg) GUSQFIW@%W ?%gsggycon&‘g@mgnd t he

safety i Qh@?hxﬁﬁ Mo@@ysea%n%mdrih@fe@aﬁg a&lans Sarfﬁl ih phﬂlchﬁk e afety MedrRk di anmet er

of the safety Interlock device m:% nom nal | y 0. 005 i nches or about 0.13
¢ pofn

m) . The deatcetdpl inpeopicoyipositivnesko pt sigevenam didiwebart illustrated s Rigssi ve to

f d t bl d th
it et ookl ol bfeet set b6 ERGHon Pasris % Fat ¥k il dbd  wryhamind "©
radi at i orbffap%ifs]ed'T "WheR A5t #0108 Boweitk e 1%, Ui RaSintddizediR 7 1S

b
diffused and ‘reflected in the saf e? i nterl ock device 461 such that the
si gnal sthlodes3%8Hy slemngesbmhtemwﬁg)%d?mtehmp]eeﬂheri@ egutter423 and vpidper | y

| oaded. Th t d lock d 46 h d t
especi 4l |1§g LSBT A% B PR LT Haf RSB SHE SAHMEAT YIS P F gt
em LLer 43 QYhGso fasOERUF SERHORRPRROGrIA SRR Tk s 0. 2 bl ve

light) that substitutes for vis t not present In a dark room The
control sfestenthetis tmggesedampodnen’empereftlomsif theupuegs4@ hehéRit énddi¢rarineAiatunt i | t he

| R detector 429 recejves a sigpa ogni zi ng at th f et. erl ock
devi ce 46heiR F@&‘&ég” rggx infrar rasl}aélpﬁ W?WC%QFF%‘B?“ the 38 ¢ X‘arc‘@ vated to
send a |i 461 if
t he saf etglﬂ:lt n mlf(dtééa%/ 0?%‘&%5 %élgﬁ?%/rplgg@g{ gfdtyl mﬁe sea’[gﬁéﬁ&ql}

vi si bl e | gy 4@leis€t@beallov4éiﬁtollﬁgﬁmmﬁilﬁg) Cutphdcthefmal durputwif shddotwarg ht

signal and tq detect excess anbient ght. If either condltlﬁn I s detected
(i.e., |igwetferdstarmine whetherghe B‘Fmﬁﬂgb@ﬁ’e&ﬁmeém opgratfor pumpipg Apide| | er 477

activaes an oSl ' Reine WHad ASVAREEAL 91, hORRRRGK o e sBbgament of the

feeding set 40 oes not 0 operate until the
condi t i onsubSysteéxp U8B GMilele dddecibéd mkmgg thit therkifettintt gkt ddvicetd6e haabesny

interlock device 461 causes the
properly positioned on the pump 401. After the initialization 1398, the IR emitter 427 is
switched (or "toggled™) ON at block 1400 so that infrared radiation is emitted. If the
safety interlock device 461 is positioned so that the infrared radiation strikes the safety
interlock device, the propagation of the infrared radiation from the emitter 427 will be
affected so that infrared radiation is diffused and reflected within the safety interlock
device. Some of the infrared radiation exits the safety interlock device and strikes the IR
detector 429. The software pauses briefly at block 1401 after the IR emitter 427 is
toggled on and then reads the IR detector 429 at block 1402 to determine if it is "ON"
(i.e., that infrared radiation is detected). The software subsystem 482 then proceeds to a
decision block 1404 where it queries whether the IR detector 429 is ON and either the IR
emitter 427 is OFF or the Ambient Lock is ON. In the case where the safety interlock
device 461 is properly positioned, the IR detector 429 is ON, but the IR emitter 427 is
ON and the Ambient Lock is OFF. Therefore, the answer to the query at decision block
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controller 477 to recognize that the set is | oaded and the punp may be
operated. The punp 401 detects a fault condition if the visible |ight
detector 435 detects the visible 20 Iight signal fromthe visible |ight
emtter 433 after the IR detector 429 detects the presence of the safety

i nt er | ock14(Mb ¢ho"48a oted WoAds, RRITRIdetedthrid09 hhdsee tnfrdrbE radition Ftdnethe4 77 has a
m croprocessor 479 that controls punp electronics 480 that operate the

not or 425emitige4 b e isdrdigativeioh prapgepositioningefsthe safetydoterlnel éevscwb@mst em 482
d d t t n,th
201, Cper Syt B S o RABLenPRL AN ok’ DDA FERICAT: oG Band! Roff)' (e ™

punp 401 iitsdidedtonditidn)and pfmeécﬁeﬁlaﬁxghaeiecé% blgukdi 408, particul ar t he safety
interlock device 461, is properly positioned on the punp, is given in a
flowchart ill ul068l el the nrvﬂgiemsm bloakj k40pthe seftivare syksysiem 489stan wpetatens

oper at es t hat | R d on. and ul sed". When

t he punp %’8? F% eﬁ)’%f\;'\lgtrl%%oﬁ@ R’ ?b}gégl?t 4 ﬁeg OE 4? 5\%? %ltlfartﬁofll %efe’z%@e& bl ock 1398

by setti nanibanelatk ist@NEbdcausdiffraicd radXRIPV A, detdeted Uy ®idcidranodénansd visible
light emtter 433 are set to OFF. Simlarly, a programfeature called

Ambi ent Lkummr é%'t’ wag QFERPr veherethe IR ﬁagﬁtqﬁaﬁel& dateston 429 amd tvéxiblp lightand
CQut put . Br| fea une revent
operation IB\‘ ﬁ?}%ll—ﬁﬂgﬁpfe?m}tgaﬁet&\ “ﬁ@&‘ﬂf QH Fﬁ‘g&ft&%& Et or 429

sees infrahRer ﬂ?ﬂhlﬁfll@dbtédt&m@ FOON: 8o HeBFrwlahaprobdds {d%eemﬁetﬁflbléaléht The
InstantQutput is a ten‘Eorar or rellmnary output of the software (i.e.,

whet her t detectondid atblockd 408 Bhe altdpgnheh)cafod safgiynintsolopk depice mtlpimksnbe t he

final out of. .t sof use, r tgrm whet, 401 is
ber i ¢ eV biIctiat AFisee 35 hhe fErdine R OFH cHue e ke hefe R deBienn | -
Fig. 17, Biaekfwmﬁe%s%rfshﬁofsa{&m@gﬁo rawi%@oég @lThé id WelibioR®1digaa1 b bed
assum ng that thé safety interlock \% ce 461 has been properly positioned
on the pufthe 41@11:)1&: liglt emittdret 33 hias ncalibezmturmd drBjBiS,sotﬂaqarbgtamauJ‘seﬁsrthﬂﬁiixbiles

swi t ched for lﬁd") gﬁlat lgl‘a(c sotha ‘5 red radiation is
enitted. Ng ttemétt tetda Pe fymedoRal Ble 2pd miges i 61 of WREEOBEOVIESC { he

I nfrared Kk Vand| I tion of
the i nfrarSd §ad ey ety foe o GNBhnd OgRORT, bR hERIE NICRARR
infrared t}mq:uatpﬁtm is sotdyet hllicedt mndnrﬁﬁbeﬁlbddlawat b4 1P, theepregrfamt rgturmet tor | ock

Stri kos 1 HED 100, dBieckiegm Riepboperion Fhouly B st 428 ) i pra ORFOR 0140
e A s 7 R R S AR 2,
det ect ed) 401ThEhis fdatwwa ichedpiinb whtretie $8ptdidis ppeeated ds battera power.
[0067] Proceeding back to the toggling step 1400, the IR emitter 427 is now

turned OFF and the IR detector 435 reads OFF when it is queried at 1404 after the delay.

As a result, the Ambient Lock stays OFF so that when the next decision block 1406 is

reached the answer is again in the affirmative and the visible light detector 435 is read

once again at 1408. The safety interlock device 461 still blocks the visible light detector

435 so the visible light detector is OFF. Unlike the first loop through the program steps,

the visible light emitter 433 is now on so the program moves on to set the InstantQutput

to ON at block 1416, indicating that the pump 401 should be allowed to operate for

pumping fluid. However, the program may not immediately allow the pump 401 to

operate. As indicated in the next action block 1418, output filtering may be used before

the final Output is given. For instance, the software may require at block 1418 that there

be a number of occurrences of the InstantOutput 1416 being set to ON before the final

Output 1418 is set to ON. Various algorithms for establishing confidence in the final
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deci sion bl ock 1404 where it queries whether the IR detector 429 is ON and
either the IR emtter 427 is OFF or the Anbient Lock is ON. In the case
where the safety interlock device 461 is properly positioned, the IR
detector 429 is ON, but the IRemtter 427 is ON and the Anbi ent Lock is

OFF. Thergigit Qfﬂfc%?%%ﬁldt& dnhilofHde'On @ik ofiRe h&ﬁcp Bug;lupﬁlfe:%ilg deftfpd s " no”

In other words, the TR detector 429 has seen infrared radi ation fromthe
em tter &pmtteduin whichsaserihe Qutruy &4 b would beeqpizelens torthapstahtQuiputsidf @ity

i nterl ock_ dev. of tware t.he t.Lock t O:F at bl ock
h0an (ot e hEses. IR githid ohtéonea S Buffh Pafe'5 SR R o B M T r onseds to
anot her  dgiohwell @nofirae K Okde Eperhi@dbétithé puthP @0 N fersiRfeldSh RiutiBk dsrchdd@fy the

sof tware subsystem 482 can operate t o bypass ‘eval uati on of the visible
| i ght detteeake sug3he wf@tysmt@d@alq deviogHél ecreainfhisy pashion canibe enecuteasc Hn the ON

(because .|,nfr d| at| was_ dete detector. 42 en the IR
enitter 9 th W@ Féct thfﬁ?‘@?ﬁ‘f%‘&fme eration pIsalVee 429 and
vi si bl e |guBdYistenPRA. tRYs a‘?ﬁﬁerﬁis‘i‘oxﬁ:ﬁlth@ﬁl% viiBleli}ht BhfReas3 6538 be MFRLLHE LOCK is
OFF and both the IR emtter 427 and IR detector 429 are ON, so the software

pr oceeds ageinrteadnsehve pavesrbMaribugweys dfeperatiog thedB cmittht £ andaagble Tight properly
| ocat ed saf. nt erl ck devi 1 b)ocks the visjble |i et ector 435
so he s et G flemagesd R e Fort of e ptese bk Bk 1410,
the answer is fope§] apdil B@a@h@&ét@&%ﬁé‘?ﬂﬁﬁeh@sé@al%ﬁ%&n@'ﬁﬁée’%h&%hf@h%é( 1412.

The visible Iight emtter 4 has not been turned on yet so the program
causes thaeﬂwam dobsystdm §82 wenidtfirevent opdratidnuofribelpump 401 by detectinglfduland noves to

t he end of I t her y The I t ant Qut put and
Ut put - wBdBoRh TS e el epodbddise i ot Rigndoel 4B ROPEL ol | owed
to run. 0. The

I nterm tte%ﬁé rlgtpﬂ?)‘% g%?é‘%“% F?%%%{lﬁl?g%g@@%&g%éfj? P%‘?ﬁlaggg‘g)eg@at i on of

t he vi si Woaditioghthaeednt deenr ﬂaﬁ tba“ mmldamta:tuchrdﬁthc:mftwqwmtmstmus igrendiin
operation of the punp 401. This f(g urg i s hel pful when the punp 401 is
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again in the affirmative and the visible iht detector 435 is read once
agai n at splipare sphsysiem éB%vwﬂhp@trqlk%ktha@vmeéO gaLorarate) ImpherwordscOytoyf b e

o e A AP bR el e splthed o 1t
t he progriafrafd\+afatidh. IO tHRAR deftdriigd das Aviepbéen ON, when the software reaches

decision block 1406, the answer will be "no" and the program will proceed to the end of

the loop with Instant Qutput 1422 set to OFF. Similarly, the visible emitter 433 will not

be turned on at 1414 until a point after infrared radiation from the IR emitter 427 has

been detected by the IR detector 429. In that case, the software subsystem 482 proceeds

from decision block 1406 to turn the visible emitter 433 is OFF (block 1420) and the

InstantOutput is set to OFF (block 1422).

[0069] In the first condition or state of Fig. 15, both the IR emitter 427 and IR
detector 429 are OFF. This may occur, for example if the IR emitter 427 had been ON,
but the IR detector 429 did not detect infrared radiation in a previous loop of the
software subsystem 482 shown in Fig. 17. This would occur, for example if the feeding
set 405 has not been installed. At decision block 1406, the answer to the query would
have been "no", so the program would have set InstantOutput 1422 to OFF and passed to
the end of the loop. In a second loop, the IR emitter 427 is toggled OFF so that now
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to ON at bl ock 1416, indicating that the punp 401 should be allowed to
operate for punping fluid. However, the programnmay not imediately all ow
the punp 401 to operate. As indicated in the next action block 1418, output
filtering my be used before the final Qutput is given. For instance, the
sof twar e ygay the @R Wntiferdind IR ek clot U390 LRAGFE REERWIR cBndiuBRe! This ieagur r ences of
the Instant Qutput 1416 being set to ON before the final Qutput 1418 is set
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patient.

[0071] Condition 4 illustrates a situation in which ambient electromagnetic
radiation in the environment surrounding the pump 401 is detected by the IR detector
429. The TR emitter 427 is OFF, so the software subsystem 482 may know that the
infrared radiation is not coming from the IR emitter. In that event, the software
subsystem 482 receives a "yes" answer to the query at block 1404 and then sets
AMBIENT LOCK to ON in block 1404b. As a result, the software subsystem 4382
bypasses at block 1406 any evaluation of the presence of visible light and sets
InstantQutput to OFF at 1422. In condition 5, the safety interlock device 461 is not in
place so that the initial reading at block 1402 of the IR detector 429 with the IR emitter
427 ON will be that the IR detector is OFF. The software subsystem 482 will
immediately proceed after block 1406 through blocks 1420 and 1422 to set Output (at
block 1418) to OFF without any further evaluation of visible light. The pump 401 may
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InstantQutput is set to OFF (block 1422). [0069] In the first condition or
state of Fig. 15, both the IRemtter 427 and IR detector 429 are OFF. This
may occur, for exanple if the IR emtter 427 had been ON, but the IR
detector 429 did not detect infrared radiation in a previous |oop of the
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emitter 427 is OFF is when the pump 401 is not yet turned on. Referring again to Fig.
18, the software subsystem 484 delays at block 1431 after the IR emitter 427 is turned on
before reading the IR detector 429 at block 1432. The software subsystem 484
conditions any further checks for confirming the feeding set is properly positioned on the
detection of infrared radiation by the IR detector 429 at block 1433. Condition 2
iflustrates the situation where the IR emitter 427 is on, but infrared radiation is not
detected by the IR detector 429. Once the IR detector 429 detects infrared radiation, the
program proceeds in a first loop to read the visible light detector 435 at block 1434 to
make certain the visible light detector is OFF (block 1435), and then turns the visible
light emitter 433 ON at block 1436. After a delay at block 1437, the software subsystem
484 proceeds to a second loop in which the software subsystem 484 confirms that visible
light is blocked at 1435 and because the visible light emitter 433 is found to be ON at
1438 sets InstantQutput to ON at block 1440. Assuming no further output filtering,
Output is set to ON at block 1442 and the pump 401 is permitted to operate. However if
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429. The IR emtter 427 is OFF, so the software subsystem 482 may know t hat
the infrared radiation is not comng fromthe IRemtter. In that event,
the software subsystem 482 receives a "yes" answer to the query at bl ock
1404 and then sets AMBIENT LOCK to ON in block 1404b. As a result, the
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blocking portion 607 that is opaque to the transmission of visible light so that the visible
light is not transmitted to the visible light detector 609 when the safety interlock device
is loaded on the pump. The safety interlock device 603 includes a key 613 that is
received in a corresponding slot 615 in the pump housing so that the safety interlock
device 603 must be aligned with the blocking portion 607 generally adjacent the visible
light detector. In the illustrated embodiment, the key 613 is a protrusion extending from
the safety interlock device 603 but it is understood that the key and the corresponding
slot 615 could be other shapes and sizes without departing from this invention. Other
structures for keying the position of a safety interlock device in a pump may be used
within the scope of the present invention.

[0076] When the safety interlock device 603 is loaded in the pump 601 infrared
electromagnetic radiation from the IR emitter 616 is diffused and reflected through the
safety interlock device and detected by the IR detector 617 to verify that the set has been
loaded. Next, the visible light detector 609 will check for visible light in the pump 601
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before reading the IR detector 429 at bl ock 1432. The software subsystem 484
conditions any further checks for confirmng the feeding set is properly
positioned on the detection of infrared radiation by the IR detector 429 at

bl ock 1433. Condition 2 illustrates the situation where the IR emtter 427
i's on, butilliriot dee@dng ddéaské ONthe Sodalbn ofi@k fdcRhgPorfidited PRt eatQr 429. Once
the IR detector 429 detects infrared radiation, the programprdceeds in a
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In eit hermfgarggﬁmrés b‘eﬁﬁ!ﬁt%%i@e#@ssmntﬂl&@%ay pemployed indhei gs. 17 and

18 ot her Latd : | | atthrough the flow
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of a tenth enbodiment of the present invention. The saf et% i nterl ock device
603 conprinB@Ednembes/86 dhe pyist membersineludes angimmer wbplar sertieadb4a loWeand vi si bl e

light. Tr}ﬁblﬁﬁr p?otréfoﬁ ﬂ(%rlcf)zﬁﬁngﬁlﬁ ?lgng6e0131 2i. TG lfiqﬁﬁlaxaﬂange 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.

[0079] The outer member 704 is made of the material that selectively blocks
visible light and passes infrared radiation. The inner member 706 can be made of the
same material as the outer member, or of a different material. However, the inner
member 706 is substantially opaque to electromagnetic radiation in the infrared range
and also in the visible range, and is also preferably highly reflective. In the illustrated
embodiment, the inner member 706 is made of the same material as the outer member
704, but is white in color. The inner member 706 can be formed as one piece with the
outer member 704, such as by a dual injection or extrusion process. Additionally, the
outer and inner members 704, 706 could be made as separate pieces and attached to each
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bl ocki ng portion 607 that is opaque to the transm ssion of visible light so
that the visible light is not transmtted to the visible Iight detector 609
when the safety interlock device is |oaded on the punp. The safety
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menber 70
selected wavelength range (e.g., infrared) and to block electromagnetic radiation in

another wavelength range (e.g., visible), as described previously herein. The light
transmitting portion 823 includes an annular interposing surface 830 that is arranged in
the path of electromagnetic radiation (e.g., infrared radiation) emitted by an emitter 805
of the pump 801. The body 811 of the radiation propagation affecting member 809 has a
generally L-shaped, annular channel 814 in a bottom surface of the body. A deeper
portion 814A of the channel 814 is located nearer to an longitudinal axis of the safety
interlock device 803, and a shallower portion 814B of the channel is located radially
outward of the deeper portion. The radially outward wall of the deeper portion 814A of
the channel 814 forms a light reflecting surface 810. Another annular channel 816 is
located on an upper surface of the body 811 of the radiation propagation affecting
member 809. The upper channel 816 has somewhat the reverse construction of the lower
channel 814. A deeper portion 816A is located radially outward of a shallower portion
816B. The shallower portion 814B and the channel 816 are provided to reduce material
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I nner menber 706. The outer menber includes an upper tubular portion 708, a
| omwer tubular portion 710 and an annul ar flange 712. The annul ar fl ange has
upper and lower annular channels 714. In the illustrated enbodi nent, the
channel s allow |l ess material to be used, but have no effect on the

operat i onamf fabﬂﬁateﬂfeahgldmgtmmte@glbudewmbe HiBinatsdiviiftedut dépapenSREhitRN 757 of a
feeding set is_received IEté’E’he upper portion 708 of the outer nenber 704 of
t he saf et %%ﬁ?éﬁ%ﬁﬁ’@n&e@. s undersipod daas pther condimieations of gB3otimgoreecei ved

over the LioWsEls ey tHeQBf(Y &ﬁth&fn &epgmﬂg anggp e of[tIQ jgr%%ﬁn ﬂ}%egﬁ(%negl?ﬁgeggggezcm

i's made of themaerla at sefect

i nfrared exahpl¢ ahwithitwe llmnm]bnmfebﬁrm&é)ﬁf ﬂﬁmh&ﬁlemﬁﬁl@lﬁe édihﬂ)letéﬁrnﬁ mat eri al
as the outer r of a different materi al However, the inner nmenber

706 is sum%%"gggﬁh@meﬁsaak@f tb%hébté@miamwm@n,raadloamaamm extemd infrared

range ang,alis S refer.

reflective. ﬁ#ln@yh%}ol ustb?}g fné e%go%lls rre%td,lgt ﬂgwiqﬁ%é]?at fﬂgcéﬁe b l?\éh ®rade of

t he sane safttgrintatlocksdevive 8@Gter menber 704, but is white in color. The inner
menber 706 can_be fornmed as one piece with the outer nenber 704, such as by

a dual injecti f088} dEhe ﬂEPé’FbHOFBP@@é%Ofﬂuﬁdah@mwh&Hyssmmtra@sméhn@h@tl nner

nmenbers 7 epar tta to each 27
other in gégllfﬁ%)g‘gﬁ%yhg%goetrh E@gfg r«‘?@dé ‘R a‘?‘ﬂg }@m%ﬁ?ﬁt g‘?‘ﬂﬁéF WPWenber 706
i s posit patiedlar thedryeit ytbdlieadd that t'he Q@hﬁt@ﬁedtﬁh ISQFREE gl@ﬂilféb‘s%br& Dftar&nt ers the
safety interl ock device 703, and is disposed between the infrared radiation

path and Fadiasiontq bereflseted dnfernzly withinctbe tighigransmitfing powion$aB fwhee fluid t he i nner

mber 708y daf bound hi s el event h_enbodi ment
For ref | off s T p&ass PD3ucPE SRenof GRoimpablelie SERMATAUE the | oos
of inter naifraf@lfrh@@tm@mtﬁfn thé‘11@ﬁtrtﬁﬁ1sﬁ1ﬁﬂh§§)bﬁ6n@D?Eesmtgmlegereﬁ@éiﬁ)‘ﬁd by the

presence of certain liquids (e.g., water low ng in the tube 757. Thus, a
strong r@roughitheinteface mlﬂletheﬂurdaailaamal 820.t Bhisdecrieaserinthechmaniit af i on det ect or
(not shown characteristics of the

d dl th t |
fluid fl oﬁ%ﬁ?géaﬁ?q‘gﬂ% a?iff"é rgws,%%?e fi@ﬁé‘bfeao H{?(r: 80 shows a fragnentary
section of a p 2?Oih@&ﬁoﬁrﬁfo?liﬂ‘fraréd‘iaﬁfalnﬁﬁ lsvh%vlg e a@ftkrﬁeéty‘ﬁ'ﬂ fth

embodi ment of the present invention. The safety interlock device 803 has an
el ect r onaiperface bcmheatllffmerp rnqumgmtdbmndammhe drjfemmb betvaeA thedhdehofconpri ses

a body 811. The b 811 nc s an, u r tub ortlon 06 an | ower
Fubul ar  pOERFG She it nibe Tefinr B acaghe B e gl 2y | A
first tubse reffl%&% om@ﬁgmqfanem B b&Eor 883 issfoﬁﬁ&%fvmaeeﬁafthst ARG fes t ubul ar
portion 806 of the bod

electromagnetic radiation, typically a thermoplastic polymer resin. Typical
thermoplastic polymer resins exhibit a refractive index of about 1.3. Many medical
applications require the passage of substantially clear liquids such as water through the
fluid passage 820. The index of refraction of water is about 1.3. Without the channel
814, infrared radiation would pass directly to the fluid passage 820 because the indices
of refraction of the material of the light transmitting portion 823 and water in the fluid
are identical. In the embodiment shown in Fig. 23, infrared radiation passes from the
emitter though the light transmitting portion 823 and to the light reflecting surface 810
which serves as the interface between the light transmitting portion 823 and the deeper
portion 814A of the channel 814. Infrared radiation is reflected at the light reflecting
surface 810 as opposed to the interface with the fluid passage 820. The channel 814 is
filled with air having an index of refraction of about 1.0. The deeper portion 814A of the
channel 814 allows more infrared radiation to be reflected within the light transmitting
portion 823 because the difference between the indexes of refraction of the light
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and a second tube section 817 is received over the |ower tubular portion 807
of the body 811. The body 811 further includes a light transmtting portion
823 which may be forned of a material that transmts el ectromagnetic

radi ati on. More particularly, the light transmtting portion nay be forned

t o transnirdnsmiiting ponignal afy, AUt 6.8 BiErddferGR the AlRFERE bARVEheROfidhr ange
(e.g., infrared) and to bl ock el ectromagnetic radiation in another

wavel engtFRnsEyag partign andwatds) e) | as descri bed previously herein. The |ight

transmtting p ' el n.annular d.nterposi ng, surface 830 that is
arranged in t@gk%)]g?ﬁgfge? al I egiﬁ ggﬁﬁéﬁ%ﬁ‘ﬁé%@% éa]trejl C%ngpﬁgberfﬁ?gﬁﬁgg‘he

radi at i onfluié@ chdrneti82yardthe Mitérpedin@Afaco 830.NHoe vt i8 e illiktgatkpdy 811 of the
radi ati on propagation affecting nmenber 809 has a generally L-shaped,

annul ar c¥Rindaners whentheragigtof the redius fom the langitudivalaxivofibe feid chonnel i on 814A

f th | 4 i . tQ. I tudi [ f th fet
Pht or oo R hEdealond AR AR bRinabaliPrhetsRiE bR S o 0o s T ocat ed
radi al |y refledtingrsdriade 8106 deeRaTus PO fHeiiBRrpothe sﬁﬁﬁ'c%e?d%%x@é@dé@fa@ut‘%” of the

deeper portion 814A of the channel 814 fornms a |ight reflecting surface
810. Anothessenhthalight tiansmitiéng saton 823 tepdamasdo mdinget amppeouns of fightéo ik t he body

811 of th disat ' ff ' b 809. Th h I
816 has SEIRI IRLomPAR ot dios ARunPlE R romgiereg RtRBIagha. A
deeper pahé rusTESi theSaxiPEhE thdiAh Frdpag MU iRE nRmHRABOPHRe B

g;r ig% %{tt i on
816B. The shal |l ower portion 814B and the channel 816 are provided to reduce
mat eri al 28ecing shrfadd is abowt 0t 132 ingied (h33 pemrasisthe badiuscto whedinkeepasingi nat ed

ithout d ting f t ) t i ti o il . d t ood
that ot henrats bk dnSR A0S pghdor TR REAEOAY RSBl diism t hout
depar t i Nohelie B thiOwEHARE rffo it (B8 Sher RY f?ighib @ﬁectﬁ%lrsgrﬁfz‘@m i€ 1@aqW t hout

limtation, one or nore of the channels cou e co tely enclosed by the
mat er i al aéset teethg ingerposing senfacet83Apngenvuginnfrared radiatieyis nedireetet] eovdard

conpl et el round the body. The chanpels. 814, 816 al.low | ess terial to be
doeh ©n s BEEPE L Nt eRtoga TRE S Smepons rrRuonBEHEh mBbAETOH. 814 o
t he chan o i | ] | I 3 ' to the
i nfrared rhgﬂé%%g({} l(l)‘?%?lrk}%%’ %g ﬁl(i)hwrﬂ? )Egﬁb\ﬁ/vmtftﬁ%éuga%éet?ﬂ g& agol%r'fﬁgq g"ﬂgﬂ'&%tﬂ%ﬁ F 218’ ar

t heory, ithe bmabedt senpeaf thegiredeneinvegtiun. ref | ecting surface 810 all ows nore

infrared radigtion to be reflected internally within the light transmtting
portion 823 Wn@ﬂs‘ﬂl u%\aai%gy, infeglogky devips P 1Y of athustpentgembodimeny li)g@i‘%tmon of the

R A T e AT N e
radiation propagation affecting member 909 which comprises a body 911. The body 911
includes an upper tubular portion 906 and a lower tubular portion 907 and defines a fluid
passage 925. First and second tube sections 915, 917 are connected to the safety
interlock 910 in the same was as described for the twelfth embodiment. The body 911
further includes a light transmitting portion 923 which may be formed of a material that
transmits electromagnetic radiation. The light transmitting portion 923 includes an
annular interposing surface 930 that is arranged in the path of electromagnetic radiation
(e.g., infrared radiation) emitted by an emitter 905 of the pump 901. A bottom end 930A
of the interposing surface 930 is chamfered. The chamfered bottom end 930A helps
position the safety interlock device 910 in the pump 901 as the safety interlock device is
inserted into a seat 902 of the pump. If the device 910 is slightly misaligned when being
inserted into the seat 902 the chamfered bottom end 930A engages the pump 901 and
centers the device with the seat. A bottom surface of the body 911 of the radiation

propagation affecting member 909 has two separate annular channels 914, 916. The
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through the interface with the fluid channel 820. This decrease in the
anmount of refracted infrared radiation allows nore |ight to reach the
detector. [0082] The anmount of infrared radiation which is reflected as it
neets an interface between different nedia is dependent on the difference

bet ween t fpeichaxnd14 4 f S
pErdlRin 014 iClobACd FAMIBTinkA SR dHflbfer HARRdIAIGRIRLRP ght

difference, the nore infrared radiation wll be ref ecte
transmi t t $higngl SRiinlecaied oh an tipperestrfade of thabatyi 1. thahte rﬂlustrmm ts

her nopt aSRpdifiaf e Rep gt 05 it denBrag ol R G e Bedioimt 162 5 Nany
medi cal  appl i [WSSPWhé ﬁ‘di&ll?r%uhbﬁd&%%%B&e%nﬁ'a:lp@ﬁaﬂﬁélk@Ul391@ ﬁﬁll%ﬁtq“' ds

such as water through the passage 820. The i ndex of raction of

wat er i s Hfsetionisuglacasit1Roit2. t"ﬁm lcghamfbbtlolﬂsmfacesrﬂhOaBbZianeadnea’awemn woul d pass
directly to the. f ass eth |ces refraction of the
mat eri al e(f%w Fhthp h’éhtttr tpf’ Wé‘%gg AR 81 V8 dmwa% finﬁclﬁ ﬁi‘ifﬂ 16id are

i denti cal Thd mdstmﬁfmeém ht $EHRMA0h Surfdcd hels to fubfh Sses
fromthe emtter though thmée ghtotrans?m ?l%?nog po?ﬁeglgaégg 2(‘;[R)t(?lhe | i ght
reflecti ngltbmrthab@tamsmMng;homen 923 anad;pmhmt iitnframn flasieg ﬂn@mﬁe}ems 4 fesult bfyht

transmtti ortio 3, and t ortion 814A of the channel 814.

| nfrared ’ieﬁg?tgq JFPH?'E%PEH’%&%(@SQ OW%PH féﬁ?@‘(‘:"f‘l’ﬁal- surface 810 as
opposed to thepgogkp’ RGNk hBwlib ®; | i's
filled wth ai r ha]\il ng H%n eggo gf rbgférj%c on o %%gﬁ;gh?.]gw%@g%éger
portion 86mwodmmmtheshcnhannelmc8mda pUMmP B0 Inoihe safety mitetbckddviaé 1010 t 0 be
reflected. V\f thin the light transptting _portion 823, because the di fference

bet ween t WEUdRtRIadiation Profagatian affecting Fﬁ@bﬂ' HHO comprisingnkady lt% r?élrt i on and

air, abouf t V\ﬂ%p

t ransm tti r{g lgl(l))}llta?ggﬁg)% %\%ttgtglr%l 1%%8%%]36%5%@gﬁ1y th %’Ef I gcti ng
surface 8thiBukanportivas BOM%’Earbaﬁw&md td tube sédtlundI@Mﬂeﬂma,&@s@@dvéﬁﬂez&

i nterposing suyface 830. However in the illustrated enbodi ment when the

ratio of tipge thmnﬁklQlﬂcﬁﬁetnﬁéupwﬁ@ff%ahattoraﬁu@af@foftth%quyuli(alcwmmled 820 of
the ‘el ect y QRBINAT %gggg{u?efc S%IR{C E)PH? eafdz,ﬁ%tfkﬁ%%of&g%? uf{%% 5; the 11 ght

reflecting surface he ra I'nt’erposi ng 'surtace ?0 exceeds

about 60 tub&llat:pdsttmntlb@ﬁIAghWeﬁdfrﬁrls)BnAtolfﬂgnﬁﬁmdsﬁig siddcd B)BOSs Bigimitedr edi r ect
an anount of light to the detector for best operation of the detector. For

exgrrpl e it f@hzapqﬂtemethe éﬁ:féﬁﬁ@dp%mvwe kO3 8 in theinuanpr Y09 as e safgty inderlacke f
e about BIGH Bahk 80 GBS b THE Ao oubert i Qe3R8 endofitt B s B0

a light reflection surface 1012 which helps reflect infrared radiation within the

interposing surface 1030 and prevent it from losing intensity as a result of refraction into
the fluid passage 1020 during operation of the pump 1001. The downward angle of the
angled annular wall 1060 prevents fluids from collecting on the upper surfaces of the
safety interlock device 1010,

[0087] Referring now to Fig. 27, an enteral feeding pump 11035 is shown with a
cover 1122 in a generally open position. The pump 1105 includes a rotor 1110, a first
recess 1112 for holding a drip chamber 1114 of a pump set 1116, and a second recess
1118 for holding a safety interlock device 1120 of the pump set. The safety interlock
device 1120 has an electromagnetic radiation propagation affecting member 1129. The
pump set 1116 also includes tubing wrapped around the rotor and fluidly connecting the
drip chamber 1114 to the safety interlock device 1120. The pump set 1116 is removable
from the pump 1105.
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surface 830 is about 0.268 inches (0.679 cm, for a ratio of about 49
percent. It is believed that when the ratio is larger (i.e., when the |ight
reflecting surface 810 is |located closer to the interposing surface 830)
not enough infrared radiation is redirected toward the detector. It is to

be under st ood [0088] OTkepurt MEFSinORgestiiinfratel FR) (e%]h@ﬂ“amg%%ﬁout anong

other things, on the location of the detector) 'may bé use departing
from t he"lﬁbr@dwé“s@mﬂ'@bﬂéd @Wlstm@h@htéb@tou Mmhldmare[ﬁMdl}t tétleadeednd i nt er | ock

device 9 nth e ne ' ated in a punp
901. The]rgc I:etl @%H dlﬂ@\%@“ oage:t fiwg%&%ﬁ'aﬁné lﬁgﬂsadi ation

pr opagat Imﬁp@fﬁlesdddﬂﬂl tnem[a QQQeMﬁHéi@amc't&ﬁ’ﬁre%o@ﬂﬂ?étrgt%&m fhge body 911

i ncl udes an upper tubul ar portion 906 and a | ower tubular portion 907 and

defi nes doprteganth embedimget, basmaybe astshawd apé dosedbed eprienibodiniis(e.g917 are

t th f rlock 9 d bed f th
vl 1 o dledind 2ol SR SPegheaby it b ra R o AR tting
porti on Gidpetyi 16hdedal tRescbond Reesef 188, MRURI He IR@ﬁmeNrﬁQ@agéigct oy the

el ectrorra netic radiation. The light transmtting porti
annul ar ilRtdetgséasi fpogproper pogBoning af the sleatromagretic iradittien Ipmpzkgaubn

S8 of ¢ ot 1885 AR sBpafieds bt 18 UABE GG Phusrd ok iRt 050 1o
chant er edind/onecfEdeasdl 6F & M&%ﬁ@ﬂkr@&% tH@éleétrmHég%ehé 9&?1 Jt ‘é saf ety

interl ock device 910 in the punp 901 as’the safety |nter device is
i nsert ed frppagatiorsaffectiog meapiber hedipachithe IRfto tthaedeﬂiwtorc ahe Iﬁ)dlatmrs;trbmgahyn

m sal i gned nser.ted i seat 902 the chanfered bottom end
930%0\ e%g?@ﬁ?ﬁﬁsﬁﬁggj‘%gs%wo%i‘i@?@q tﬁﬂ’@Jhﬂé‘s ¢ hight gmiittez e thep ngOt t g(r)n9
surface f1i00 er

has two sé%glr th epan%u I ar cr%nﬁiaollhs gﬁ%k%&fgmﬁbﬁ 8 g}a%f(laérrgc gﬂéggl{mQM S

| ocat ed rracblwaisls;gnah\zﬁamit}mfIthwecKithWIe hghtrd%&ictoréﬁfoﬁﬁmghaﬂhat tebpompl 920 is
f he b dy 911. In the illustrated enbodi nent,

| ocat ed on upper f

t he uppersekﬁgﬁr’rggr"gg Vi %a%ﬁ‘g @rtalsmgaa F}leré’BStWCEIHnPWEOP?ﬂGé?n efithapenpo16.
[00851 T I annel s 914, 916 form

l'i ght rgﬁpg?ﬁ)’?ﬁ %ﬁ?&t@@@%%fﬁéﬁ%&n%ﬁar?ﬂ% eﬂﬁect i on surfaces 910, 912

are interfaces008Ht Bercovtel 122d6 gederadlysopatjiid sugh pieat it peevedtsdhand air within

t he annul ar channel ;Eng“ 917? The addition of a second |ight reflection
surface HEANBIsEIgn{Of amgent yigrolealightite, the yisdble light datector (and efambientdnirargd

transm ttaeﬁgn thprgﬁ g@@qﬂr&rﬁx@%@&gm&ﬁ&& &e(?/?ceriQianstr%?éS{/%]&/mq}%e a result of

refraction | n assage ng oper at 901.
second recess 1118. The cover 1122 may be hinged to the pump 1105 so that it pivots

between an open position, whereby it does not cover the second recess 1118 so that the
safety interlock device (Fig. 27) 1120 may be received in or removed from the second
recess, and a closed position (Fig. 28), whereby it substantially covers the entire safety
interlock device received in the second recess. The cover 1122 includes upper and lower
arms 1124, 1126 having notches 1128, 1130 sized and shaped for receiving tubing
associated with the safety interlock device in generally close-fitting relation when the
cover is closed so as to substantially encase the safety interlock device on all sides, thus
preventing visible light from being transmitted to the visible light detector when the
safety interlock device is received in the second recess. The notches may be lined with
an elastic material (not shown), such as rubber, so that tubes of different sizes may be
snugly received in the notches to substantially encase the safety interlock device on all
sides without pinching the tubes and causing occlusions. The cover 1122, e.g., the upper
arm 1124, may also aid in properly locating the safety interlock device 1120 in the
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100861 Referring now to Fig. 26, a safety interlock device 1010 of a
fourteenth enbodinment is shown received in a punp 1001. The safety
interlock device 1010 includes a radiation propagation affecting nmenber
1009 conprising a body 1011, an upper tubular portion 1006, and a | ower
tubul ar portion 1007. The upper and | ower tubular portions 1006, 1007 are
at t ached stant] wbess EL18 aaribe dcﬁrle&sdmﬁg]xﬂdséd Masp epdcifwally, thAnoghnglgischannel
1014 extenpds upward from a toms ce of the body 1011. An angl ed
sa@@a bt eriank

annul ar &P thesa dRyies %&n@&aﬁ%@é"‘lﬂbébe potch. hgh‘bsdh? 1011 to
t he er, n
surfggg f?)f?e, 'S %ﬁ%ﬁ?’é& gm&gﬂﬁgﬁg"‘}&gﬁﬁ? %E&%%%Q%:flg%/t)?nte oc Iewgce 1010

i n the puip4 dbed tlesovirel I9Afietipsddat er |l ock device is being seated |n t he
punp. The radi of the channel 1014 forps. a lig

|l d [
reflection sur 6%%& Q'ﬁ‘f\%%&ﬁ ]\é\lﬁzﬁéf’]ﬁgmlgéhﬁf wrper an loxves armsabi 24 | 6, Wayl"?Pn t he
I nt er posig &%eﬁ%ﬁtﬁ%ﬁbj&&&u %(H&lﬁé%%&%l% 120 b A35kBgal "[th‘é%#zéryllﬂ? aﬁor esul t of

refraction 1 nt passage ring operation o 1001.

The downwasiadesagleprefion Me32 anigl fskeanripl1284 wat tanlRGQsily gmepddsiof b]wndfg from
col l ecting _on the upper surfaces of the safety interlock device 1010.
[ 00871 Randrlosing thoeeven | By, It w7l beypndessteqdighat %@mehglaps daye 4B shown with

cover 0 0 cIudes a rotor
1110 a fi rsgmhtjr;loengevggﬁtﬂt%g %{%e&ﬁ I%?\%Iﬁa PP% C 1‘?? a punp set
1116, andmnderso6qiht (HRCRIEr Imloanbeemlit@lyotnﬂﬂe@u&mim stcsﬁea;rfltm:ﬂfregb@w ce 1120
of the punp set. The safety interlock device 1120 has an el ectronmagnetic

radi at i onnygngpRgat i on af f ecti ng member 1129. The punmp set 1116 al so

i ncl udes tub| a daro nd_the roto andfl i dl connec drip
chanber 1114 180841 EEm Al PemkRh 3l nEd e atn iR I LeRRr TS | <
renovabl Eémtfoﬁﬁﬁ@ritqﬂ}?thléwaip thd OBicles ta'l, GAB 8 thd" i dPeaTa” a;%(}ﬁtehdsal toGhgan it i nf rar ed
(IR) emtter R detector, a V|S|beI|ght emtter andaV|S|bIeI|ght

det ect or ,thert hregtnewminestie af the slijnaanést Thegemtsd' comptisivg”,"nshuding! 2ad and are used

. t i de t t 111 I ded
the punp. YL o v Erteadn b thelt8 it nd bt T 2 bl Be Bl RRimets St eent n
enbodi mendher Bhtn thBYstbE cRMeAROWlordhebrA8s 6éd dredp? MdewhQ"topraaditaohe (e. 9.,
as in the ninth enbodi nment). More spemﬂcallz if the safety interl ock
1}

devi ce 11D0 vadatiqns of theks tefmaibadaderfor tanvsriented butedses gotlreq@ire any farigawlarhe | R
emtter will he detected %}‘the | R detector. Upon proper positioning of the

el ect r omeR§IFBEAHIEN PLUE SOMBPANI S pagat i on

[0092] 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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menber 1129 in the second recess 1118, IR light may be diffused, diffracted,
refl ected and/or refracted, or any conbination thereof by the

el ectromagnetic radi ati on propagation affecting nenber to direct the IRto
the detector. The radiation propagation nenber 1129 bl ocks transm ssion of
visible | WIATAS ODMAIMED IS ble light emtter to the visible |ight detector
when positioned in the second recess 1118. A microcontroller receives
signals fromthe IR detector and visible light detector informng it that

the punp set 1116.is properly loaded. In this rregard the construction and
operation of tﬁ‘e‘&djuu%’ ‘J'%ﬁcg'élsﬁgnya B‘émgl?%ap%qmql%ﬁ?)w’%? c?)‘lfFPBﬁ%‘é’B??’i bed

previ ous| yodtellitigbpet108 A theRunsiveapphiatis t!o?suﬁ;ﬁ? PR do¥a PIRALArGUGA Ihd hat it
prevents the transm ssion of anbient visible Tight to the visible |ight

det ect or pempsefloadediinthe nuntping anparatusda seuremofi edectiomagpetitetadiation) when t he
safety int erltocE/ devi ce iLl%\O istrrec iveg in the second ecestﬁ 1118. The
cover 112" ec%“ﬁ%‘&‘{ © £Rral S¥sicm b geynping apharalis for SMtIng eon an open
posi ti on, elahifdRdpnedid rad@RDnNA! cl6AMMaghbit: HARADA dEE8S SpekdithfelyforinBatd e
safety interlock device (Fig. 27) 1120 may be received in or renoved from

t he seconthe copitesystemrfar proyidiegan indisatiorothay the gumpakt is whepedlyodded on the
substanti al léi covers tgﬁe ent | r‘fet safety interlock device received in the

second r eRWURINE $RRATAYS, Spe BUBD SetoMpHs gUpper and lower arnms 1124, 1126

havi ng not ches, 3drfdit fdASRryihZ AGidadd patiéed for receiving tubing associated
with the safety interlock ‘'device in generally close-fitting relation when

the cover is @i dsetbmagnatic tadiatiobprepagitiin affestingyembarassadiateg withtthe | ock
device on al|l.side t hus reventing visible |jght fro {ng transm tted
Lo the vi sotiguis3nf gagertsLiE bt i he b Badubyahd tmeatib bt ce | o T ecei ved
in the Seag%xﬁﬁﬁﬁ&adﬂ?ﬁn%ﬁﬁﬁ%oﬁmf oP@leJ:tkcFlﬁ‘&bn\é‘li% Padiffoneinerdaghminer i al

(not shown), su as rubber, so that tubes of different sizes may be snugly
recei ved affiedting nvmtteh esmpnsisg b bdndéfalinga Enclagmesaghén safimuyicatnrewlitbtie devi ce

oo Sl TR R 52 BT oSS o R ] '
oo .| il S8 iR o nEse s ISl Core e

i nt er | ockpakeages thelipgAOtramsntingpestsort being fphmed of noktehial fhhtisartsngts saf ety

interlock device 1120 js. held down in the second recess, 1118 by the upper
arms  1128legfuRagnstc E%Sl&%’roniti‘?ilgggt’%‘}%’é@ﬁg ppatganclydine ablsast o8 22 i ncl udi ng

the upper s fdoliQuel: B % Wpthe SURN (A5 MYid phisaEd | 0N
nmol di ng, 3@ OgsfllcP g gﬁ%?ﬁ%%ﬂ%&%%in ag%clﬁﬁgd %l{))ve?aelf%z al so pbsEEd
than the interposing surface, the channel defining a reflection surface generally disposed

on a radially outward side of the channel.

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

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

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

axial alignment with the interposing surface

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

are generally annular extending around the axis of the fluid passage.
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i ncl udes a depression 1132 and a finger grip 1134 that can be easily grasped
for opening and closing the cover 1122. It will be understood that a cover
may have a different configurations within the scope of the present

i nvention. Mreover, it is to be wunderstood that the cover 1122 can be

entirely om ttRdAwuidp set dwet S30E climtWharERIBO ixiall R Myl @ffacd 0091] When
introducing elenents of the present invention or the preferred

enbodi merfngYytutes @ fitraxiallydacipg penfacs, the light taamsmitting portiendf thediady famtleri nt ended

to nean t : r he el.ements. The .terns "conprising”,
ot odi rig e el AR ol adhe iRl SRR b A AR oo PR L ner o
may be addithé Brsvbxielefaeiigsurfaédier than the |isted el ements. Mreover, the

use of "up", "down", "top" and "bottom’ and variations of these terns is
made for conveni ence, but does not require any particular orientation of

th t ' - d b de.ip th e W t hout
depar ting fron PRATESOE EF AR ORI GR S sedSp PR e i S s S ot L or

cont ai nedlisposédiat antadgR todiasadid off the Auilshsslgewn i n the acconpanyi ng draw ngs
shall be interpreted as illustrative and not in a limting sense. 33 WHAT

IS CLAIMED IS: 1. A punp set for use in a punping apparatus having a control

system for copnt i peration of th UnMpi Nng _appar.atus to s ly fluid
to a patient %r%%&h‘p[%te% Sﬁﬁ%ﬁihslgtcpaluggd@?ﬁ?ﬁ%%%"ﬁ%‘%&’ %ﬁ‘ﬁ'ﬁrs ,‘ga sour ce
of el ect rexme@efiustocasit#tih Sipeoper ati vel y connected to the control system of

t he punping apparatus for emtting electromagnetic radiation, an
el ectromagnetic radi ati on detector operatively connected to the control

system for prayigding an, indigati.on,that the set. .i oper,l.y | oaded on
the punping %p‘ngﬁWsSFt ?S‘nsgi %ﬁﬁ}dn§5f?§on1§ﬁﬁbn&agn@dﬂalﬁpérS alé’arryi ng
fluid to facipgbi@ite cofstithle s Firq FRANRL, afd hWtiedt !h@@ed?fnﬁ&%ﬁﬂ?!fﬁ’d?n?ﬁrﬁ%' ng
menber associated with the conduit and adapted for nounting Tn the punping
appar at ushas g se¢nmdghannedformed thestinct r onagneti ¢ radi ati on fromthe source of

el ectromagnetic radi ati on, the propagation affecting nenber conprising a
body defining a fluid passage in communication with the conduit for passing

fluid through ¢.hg phngket 4Rt fdrihiif cRARAIAUREA YA Chaithel B0k § gehdiSiPLIY
including a light transmtting portion projecting generaigl y rddially from
t he f1 ui cshaped cross section.

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

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

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

generally L-shaped cross section.

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

transmitting portion, the fluid passage extending through the cylindrical portions.
13. A pump set as set forth in claim 1 wherein the light transmitting portion of

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

range and blocks transmission of electromagnetic radiation in the visible range.
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passage, the light transmtting portion being forned of a material that
transmts electromagnetic radiation, the light transmtting portion
including at |east one interposing surface and at | east one channel |ocated
closer to the axis of the fluid passage than the interposing surface, the
channel defini bl A pusiplsecis senforthih @lemdsARbAbInatioh SRASRSpuRping adial l'y
outward side of the channel. 2. A punp set as set forth in 1 wherein the
body has 2PPJEE: HeiprmpineanparatescGomprising¥ hovsing rdduding a eeresnsizedmudends

axially i . Lal.l Y. | rface..3. A pu set as,set forth
inclaim %ﬁ?‘%?ﬁ%@@%ﬁ%@ﬁ%éﬂaﬁﬁﬁgs em% ??ﬁtﬁ? PWB ﬁmg%eg’l’ a4 ¥ gnnent

with the doureivotdiyngomited aethehouding EfinGRincatbdiRbed A bftni posiioainwRicaher ei n
the channel and reflection surface are generally annular extending around

the axis OF 1958 is expeses fardaspationof the prppgation affecting membérgntorendirembedl m 4

wherein t | | . nstitutes a first axially facing

sur f ace, i’?ﬁrgqﬁ %k%s)é,[ Jrlglrcés%g%etﬁ :H;?féﬁlgg a ﬁ@lﬁ%éf?e {f(hoé ‘%%dd’*yl“‘f‘f}f’ Isﬁlé?amléﬁ}'rﬁﬁ?"si ng a
second gethe pedpayativni #ffeciing Aeiber Mthé feessiaad bltdkiahbieht BghedroichRehj e _
opposite to the first axially facing surface. 6. A punp set as set forth in
claim5 WkEFS8i n the second axially facing surface is disposed at an angle
to the axis of the fluid passage. 7. A punp set as set forth in claim®é
wherein the second axially facing surface is generally frustoconical in
shape. 8. A purp A@umpsesatsel ithlincRirfi13iwReRitMIR Rinbid SpbAR RIhiN the
first axially facing surface constitutes a first channel, and wherein the
second ax¢oaprises adeorivataiameunthd on shehwusing fotrmaventent betwedn ehepei n. 9. A

punp set . set. rthein claiml rein_the annel has ener al L-
haped o r BuiREda g ok et Moot o e G AP e R e S TBrubt (e
channel i aHdeemavaliffonh theRédss,ARd Q1R88 bHGtich fnl Wisith thel dor i RhABGR | Nto the
body, and a second portion extending a second axial distance into the body
great er tfkstantiadlyfalosstthepiopagation nffacting mdmbex ip thepresmss andbloek ambienh i n cl ai m
10 whereiln tti'e sergond t;flhannel has a generally L-shaped cross section. 12. A
punp set RN S0P GRIFENG METREESS 1| wherein the body includes first and second
generally cylindrical portions extending axially in opposite directions from
the |ight

16. A pump set as set forth in claim 1 wherein the ratio of the radius of the
reflection surface to the radius of the interposing surface is less than or equal to about 60

percent.

17. A safety interlock for use in a medical device having a control system for
controlling operation of the medical device, a source of electromagnetic radiation
operatively connected to the control system of the medical device for emitting
electromagnetic radiation, an electromagnetic radiation detector operatively connected to
the control system for providing an indication that the safety interlock is properly loaded
on the medical device, the safety interlock comprising an electromagnetic radiation
propagation affecting member associated with the conduit and adapted for mounting in
the medical device in the path of the electromagnetic radiation from the source of
electromagnetic radiation, the propagation affecting member comprising a body defining
a fluid passage in communication with the conduit for passing fluid through the body,
the fluid passage having an axis, the body including a light transmitting portion
projecting generally radially from the fluid passage, the light transmitting portion being
formed of a material that transmits electromagnetic radiation, the light transmitting
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transmtting portion, the fluid passage extending through the cylindrical
portions. 13. A punp set as set forth in claim1 wherein the |ight
transmtting portion of the body is formed of a material that transmts

el ectromagnetic radiation in the infrared range and bl ocks transm ssion of

el ect r omg@in itickiditigat LAk dn’é_iﬁﬂ@ﬂm}ﬂnﬁisﬁx‘f&eraﬁﬂQ?Ieaﬁ%néﬁhaﬁepm& glos@S Set
forth in claim1 in conbination with the punping apparatus, the punping

appar at udo gergis &fi the flaidnpssaga ghanthe intirnesing susthee.ghe chanteldefiningtraped f or
receivin he. pr.o ationqaffecting ne r of the .pu set therein, and a
door pi v%?g?cl%fl)g ﬁ%‘gﬁ‘%&f“gﬁ“}’ ﬁgpﬁggsognagraa%ﬁy %W@ﬁ@ﬁ‘fi%gﬁwﬁﬁm& open position

in which the recess is exposed for insertion of the propagation affecting
menber into and renoval fromthe recess, and a closed position in which the

door is adapt dd. thosafetysntgrie¢clats spt firdisn 17 vihsrgin Sisdwdy ihana geresally axgallyenber in
the recess _.and hl ock .anbi,ent .1 ight fr. entering the. recess. . A punp set
as set fofﬁ?lﬁg FW%’F&P%%ZP}W%‘?J 5?“%“‘%%1 l%@dﬁ?ﬁg%ﬂﬁé‘?%ﬁgi)f ‘t"ﬁéplgfasci?orrpri ses a
door pivotally nmounted on the housing for novenent between an open position
in which the recess is exposed for insertion of the propagation affecting

menber into ak¥d A eafetydhteflodnast sebforthon skajmd8dvhereih deechapualiis atdeast n whi ch t he
door is ad d to ,substantially. close the.propagation affecting nenber in
t he reces%a%gahg lﬂlaﬁ@kglme ﬁwtglt‘%ﬁli‘fe??s&ﬁsé'ﬁ{ag‘?i ng the recess. 16. A punp set
as set forth in claim1 wherein the ratio of the radius of the reflection
surface to the radius of the interposing surface is |less than or equal to

about 60 per GéntA sdfety intedagleasyset forthrih oblimfl@rwhesen ithe chanseliapdrefléetiorce havi ng
a control systemfor .. cont 5}’%' I{?ng. oper ati on Of‘éf:t?e nmedi cal device, a source
of el ect roHaGHAEBESTallY AUl extspding arquad \he.axis e the fud pastagecont r ol syst em of
the nedical device for emtting electromagnetic radiation, an

el ectromagnetic radi ati on detector operatively connected to the control
system for pr di dd safetyrinferidcicat seoforthhatclaith@0satiestin thendaallyofaking surfacsper | y

| oaded on the nedjcal.device, the safety interl.ock conpri,sin n
61 o0t 1 oreEHISS AU AN AR pHEgAce s B DA PRI 6 BHE OLLBJREN AT ¢ t he
condui t tEdch iy aR G Facihd Sur Y by QNI a5l URediRR dpRbdeO! the
el ectronaa‘{gb%g?ggﬁra faﬁ%ér}ﬁelf‘ér (R)rm %!Ig %%Lg]ce og elgelctr(?nagneﬁc r gi atei on, the
pr opagat i tonhefifseatialingfacmpsarfaconpri sing a body defining a fluid passage in
comuni cation with the conduit for passing fluid through the body,

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

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

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

surface is generally frustoconical in shape.

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

has a second channel formed therein.

25. A safety interlock as set forth in claim 17 wherein the channel has a
generally L-shaped cross section.

26. A safety interlock as set forth in claim 25 wherein the channel includes a first
portion extending a first axial distance into the body, and a second portion extending a
second axial distance into the body greater than the first axial distance.
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the fluid passage having an axis, the body including a light transmtting
portion projecting generally radially fromthe fluid passage, the |ight
transmtting portion being fornmed of a material that transmts

el ectromagnetic radiation, the light transmtting 36 portion including at
| east one interposing surface and at | east one channel |ocated closer to
the axis of the fluid passage than the interposing surface, the channel

defining a re%e tipon surface ?e?erajl di sposed. on a radially outward side
of the channel ¢/-18 S2IRUEHEIO0K A B ok la cdaimset wheseinihe second ghanngl hesehe body

has a genggldily 12k ¥rosf 8B, Surface and the channel extends axially
innmard fromthé axially facing surface. 19. A safety interlock as set forth

in claim18 wherein the channel is at least partially in axial alignnment

with the interpgpsin urface 20. A safety interlock as set forth in claim19
wherein the ch@ﬁn‘élsg% deeé*%IC%é‘f Feélﬁ"‘%é’di‘r Hmel Tayaergiarihe hpdy inglydes Bt ek endi ng

around t hgcaxd éerféfal%'h,?lifxﬁxtﬁ%as p@i@ﬁ?%en&%%a)ﬁ‘alfyafnet#o%i{g (ﬂfécﬂ&%fsl f?‘g??ﬁet forth in

claim 20 wherein th Xi a Ing surface -constrtutes a axially
faci ng sulighi¢mpsmiténg pation,tthaflsidipassagg eponding throdght the cPldeirichLisdries.
conprising a second generally axially facing surface facing in an axial
direction opposite to the first axially facing surface. 22. A safety

interlock as s ' ' : her e ially faci

surface s di snsseq up selacief it ofE 2 ekl AR ol Blbes S 8
saf ety i ntheibbdyls fammeabof f matetial thatatamisimit? Zlevdaninetit RRliaRMAN thediniralelly faci ng
surface is gened'zgll |y frustoconical in shape. 24. A safety interlock as set
forth in ©n&s mdbloghsdramsmission,oh glectromagnetic radiationin she visiblezangry sur f ace
constitutes a first channel, and wherein the second axially facing surface
has a second channel formed therein. 25. A safety interlock as set forth in

claim 17 wher e3() Apeamphsanasadet forth ia claif g rvilebain theShaP odiheragiss saGET on. 26. A
safety interlock as set forth in claim25 wherein the channel includes a

first poictlegipnsuiasrtortbe ediysiof thesintesposingsurfaedisiless shany cqualyo abow 68 second
portion g@%&gging a second axial distance into the body greater than the
first axi I'stance. 37 27. A safety interlock as set forth in claim26
wherein the second channel has a generally L-shaped cross section.

31. A pumping system comprising:

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

the pump set comprising;

a conduit for carrying fluid to a patient,

an electromagnetic radiation propagation affecting member associated with the
conduit and adapted for mounting in the pumping apparatus in the path of the
electromagnetic radiation from the source of electromagnetic radiation, the propagation
affecting member comprising a body defining a fluid passage in communication with the
conduit for passing fluid through the body, the fluid passage having an axis, the body
including a light transmitting portion projecting generally radially from the fluid
passage, the light transmitting portion being formed of a material that transmits
electromagnetic radiation, the light transmitting portion including at least one
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28. A safety interlock as set forth in claim17 wherein the body includes
first and second generally cylindrical portions extending axially in
opposite directions fromthe light transmtting portion, the fluid passage
extendi ng through the cylindrical portions. 29. A punp set as set forth in
claim17 wherein the light transmtting portion of the body is forned of a
mat er i al integiosing andadet dek Eastrowrgmatel beatad chbéran thaaxtihef thefluak pdsageange and
bl ocks transm ssion .of el.ectro nefic. radiatjon in fhe visible range. 30. A
punp Set b B npEPERE SHEKEabRe SAnGh daTiing 4 FSeptin Srpe eHeBAROSGE t he
reflecti zﬁH&&ﬁgguﬁ@“&gﬁe%gngﬁmgkLthe interposing surface is less than or
equal to about 6 percent. 31. A punping system conprising: punping
apparatus having a control systemfor controlling operation of the punping
apparatus to supply fluid to a patient through a punp set |oaded in the
punmpi ng apparatus, a source of electromagnetic radiation operatively
connected to the control systemof the punping apparatus for emtting

el ectromagnetic radi ation, an electronagnetic radiation detector
operatively connected to the control systemfor providing an indication
that the punp set is properly | oaded on the punping apparatus; the punp set
conprising; a conduit for carrying fluid to a patient, an el ectromagnetic
radi ati on propagation affecting nmenber associated with the conduit and
adapted for nounting in the punping apparatus in the path of the

el ectromagnetic radiation fromthe source of electromagnetic radiation, the
propagation affecting nmenber conprising a body defining a fluid passage in
comuni cation with the conduit for passing fluid through the body, the
fluid passage having an axis, the body including a light transmtting
portion projecting generally radially fromthe fluid passage, the |ight
transmtting portion being formed of a material that transmts

el ectromagnetic radiation, the light transmtting portion including at |east
one 38 interposing surface and at | east one channel |ocated closer to the
axis of the fluid passage than the interposing surface, the channel
defining a reflection surface generally disposed on a radially outward side
of the channel. 39
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