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WD 2005/ 093533 PCT/ US2005/ 006664 1 SYSTEM AND METHCD
FOR CONTROLLI NG CURRENT PROVI DED TO A STEPPI NG MOTOR

WGQ 20ESCRBPTI ON Field of the Invention This i NRENUBINS/006664
rel ates generally to a system and net hod for
controlling the electrical current provided for
driving a stepper notor. Mre particularly, the
invention relates to a systed1and 1 o nmethod for
providing a variable electrical current for driving a
stepper notor used within a nedical delivery device

T eI CIE( PR
in increments, or stqmgﬁfﬁﬂer an urning snoot hly

as a conventional electric notor does. Typically, the
size of the increnent is is neasured in degrees and
can vary dependi ng upon DEECHBAIONat i on. For i nstance,
increnents can be 0.9 or 1.8 degrees, with 400 or 200
Fieldiof¢hiecclimeritiont hus representing a full circle. Moreover,
the speed, of the nmotor is determined by the tine
delhas/inyentigaaplates gpnaral bt te rsystem andimethedfor contsillite ﬂmdectrical current
ste er notor ts of. coils roduce n
provigt e driviiar R PRpu gutiot Bfies ptofiRty b epin it to & system and
meth&PR BEvididP 8 vadiblSeletcat Wit Gl a5 dﬁ'@l% ?@teﬁ;@r thtoPused w1thm amedical
speci fic sequence to cause the shaft to
delivérfdevigh sudbeascmsnfusion pogipe. The typical nmotor can
oper t- [ elther direction (clockw se or
& ' : HER) . When the COI|S of a stepper notor
re rt
0 6@% ﬁ%@?%f#@ aefeg{ er C El‘fa]trengogésg?l nticq?r%faﬁg or s{eps rather than
turnin@ Sohestkiptas &Ctiohs'elﬁfoﬁaleﬂaftﬂd: atbr ddeb.i Kepiaallys @w/a9d bOM8 lincrement is
el ectric notor, the_ stepper notor resists external
measyrgdl Hidegaqss PREGAETE drpeading ppeiribe apnlisatierh For instances wwrements can be

0.9 or 108 {iegggé W4§(§H Z%Qtllﬁc??rglaﬁtg H’x‘uts Th'r selrlt?5| ﬁxﬂgﬁﬁl& Mcﬁaover the speed

of thetrﬁbﬁvbl & d&erﬁmﬁddﬂﬂﬁﬁé tifletdelay betviiseh eﬁ&ﬂﬁﬁ:ﬁﬁﬁien’i&l tfdvement.
position but varies as the shaft noves fromone full

s tlepderihs ixpienh stepper motoresets ofpmlspmduq:eanagmtw §elda thsibihtdpget with the
e detent tor S and tracts.fromthe

fieldsgf Gestingilimastifhy The fse @t 8a BRan S S Giti s st to canse the

motoE4fiSo I hPBEE Me debREPMEIE aph@ﬁllpﬂﬁpﬁﬁiﬂr%ﬁﬁ gger?ﬁé 1ﬁ either direction
si newave torque that repeats evéry full step o

(clockwaitoor cotiierclomkyise) udhen theichds ofrmuiéppantnotou receive current the rotor shaft
deternm nes, t he

ail apl e fromthe nmot_or .
turns o455 @M HESitigR apti&mfm slieél@ est prauil egffer@aamlsarw@rgmed Unlikea
COHVC?IE]QSJI e%e%trﬁ‘ﬁ?&tg ék}gessﬁ?p?;erdﬁxloﬁ)? res1s§§lefxftérﬁéﬁ&tqug éﬁp‘i{erg't%ﬁ'ng shaft once the

O over cone
shaft ITK%V&Y@J’(O rédh %&Qﬁ&eﬁﬂp@ﬁ@d THIB rasadtahce Wﬁ’?ﬁﬁﬂﬁ@élléd%‘bfdin@torque.

punpi n cycle when the notor is used wi
i ﬁﬁ]@@p}%ﬁngﬁgr@e af @stepper motor is not constant with position but varies as the shaft
moves from one full step position to the next. This variation is caused by the detent torque, which
adds and subtracts from the electrically induced torque as the shaft of the motor moves. The detent
torque can be approximated by a sinewave torque that repeats every full step of the motor. The
magnitude of the resultant current determines the torque available from the motor.
A stepper motor is also characterized by load torque. In order to avoid loss of ‘step,

sufficient electrical current must be applied to overcome the load torque. However, the load torque

can vary considerably over a pumping cycle when the motor is used within an infusion pump. Loss
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WO 2005/ 093533 PCT/ US2005/ 006664 2 of step may result
in a notor stall. To recover fromnotor stall, the
worRas/09358y need to be restarted at a | ower spREHUSINAFI006664
that at which the stall occurred, and then accel erated
to the original speed. This restart procedure
requi res a higher current to produce the torque. This
hi gher torque wastes energy?2 5 As will be appreciated
by those having skill in the art, the full-step
resolution of the stepper notor maybe increased by
of stelgﬂﬁ ¥ésﬁﬁ in QHfoEcﬁ'gfaﬁ T8 réé&@eﬂ’f%rﬁ not@istadl, i &r}nay need to be restarted
tions that the notor positioned at some
at a lqwer rspednlethmeﬂrat athvehitlutte- ssaﬂeq:ccdnfedg rahd fiesi dcbaderated Eb tiss, original speed.
a two-phase stepper. notor, energizing both coils wll
This rpatglm [pfoqeﬁur@ AeAUSE 3 highsr FETesbLY Rrpg dbhigrqusay hekighaiiorque wastes
ener the adjacent full-step positions. This is referred to
&%s hal f - stepping. A full step may be further
s yadiivlibéegple¥iated b Mdsy hit@n@sldl fin @8 trt\WhE alll-4t [;]i‘eﬁ@luﬁbﬂil@f the stepper
of the required position to one phase and the cosine
motoighay beincreaspd hy@@pbfmg ‘qurkshtsite theh@otgt dodls imp$weh proppaiiiensitleat the motor

is po e b BT PO D EETOme S P PG B b gh pdSrmysse sipper
motm? ﬁx‘fé?g th 4dilSaR ﬁlt ¥Ethe fnott(.l;}%emé%sﬂfméélrﬂa}fﬁra 6§tween the adjacent

at preV|ous one use of a st epper nDtOT IS

full-step positibnarThisn fstrsfemad l:maqhaﬁiﬂd:pmmg aA fulbsteprmiay be fmther subd1v1ded by
peristaltic . I.nfusi on s are used to

applyg bARTons QR 5 di Hhsplethe |r?cmm pogiop fajpnephage,iagd the cosine of the

rce o ivered to

functioa o @ievectdr stih o thel ciireatsiapplicders icach phAse; digspactives tied type of drive.
volunetric punp for intravenous fluids produces a
peks mdlaaﬂed eremcwlmwse aka stenpper Bioks e @antm) agyirgusion pump suchasa

volur R g regtalie A g BT St o écapy, gpginister tiguid

medléﬁxﬁqb Ratidt "THeNRuiBHe AEan® AistbSlicdTrdnh E scﬁfré@oﬁﬁ@ﬁ&ﬂt &nd delivered to
he intravenous needle 20 (i.e. the "giving set' or

thepMdmtpmasmﬂrﬁpasg%@rmhx@q@ﬁe@wgpe0|aI gate in which it
s occl ud between a ro of “fingegs., which are . ..
oy SRR SR o re o reip S ks Bl rptsic flowsuch
as thak BISYRE éhby TRPYiEALN. 'B%4t2l8h? ihSorpSaRANEAY bR FRENERA Within this type
an rdenti'cal manner, thereby over the course of tine

of puthps b phagtictnbe ﬂ\@dﬁigd‘mm dlerlmgcw bo‘gtlepmclhsedﬂp stancbfo thi énttawbeous needle
so_that the fube namintains a conpressed ect . {‘]-‘H
(e th@ FYBESeloRT SHIPLIEE) aasa%&ﬂlaough e@%ﬁ} gaiedp 1sgicchuded between a

TOW Q gﬁ%eirrg’svbjlﬁ;gﬁ BiE d})é\hegv %Hieﬁ‘éé}%méélsto%aﬁ&% t}%fclgéﬁ p%ﬂﬂ?orward

deghwal thd dabeis rep@tedly déorhiel %érﬁﬂerﬂiéﬂlﬁﬁarﬁ@ﬁ ﬂfé&éb@rover the course of
nmedi cal devices using a battery power source.

time @ezstmymgrt@& e;lastmmemvaxrmpmtmsfof fowabe sogha the tnb@mtamams a compressed

aspecé,v f 3 gﬂ?pgngrotﬂ rl%g«%\t'egf _pe%rs 8@1@ cal s? \1/r|1 fhe X volumetric
outpdj %?ﬁ%%@p’a&paggﬁﬁg‘}narkedly over time.

Today, there is a desirability of operating infusion pumps and other medical devices using a

requn%o o&@i{)ﬁ ]xo {g%g)tllxér m’i . gﬁgs' ??é%rrécf’tosag%ﬁ Oggﬁé#lg'e e \r/noéclor torque is a

battery power source. Accordingly, conservation of power is an important feature for operating

battery powered medical devices over a prolonged period of time.
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3 Sunmary of the Invention The present invention is a
system and nethod for controlling the input current to
W@eoosi09¥58%i on punp st epper notor based on predetEURINEW6664
torque requirenents. The systemcan include 5 a notor

controller and a non-volatile nenory contai ni ng
expected | oad torque val ues throughout a punp cycle.
Responsive to the expected | oad torque val ues, the
notor controller provides the stepper notor with a
varying electrical current for overconing. |oad torque
at each point in the punping cycle. Additiona

factors can al so be considered for varying the
Summayaf thebventignr ent . These factors include, but are

[ i m . .
oty U8, OS5 ol g oo o
infusfoR®

ORotk bisel 6n prriac@iined torfit kdyeiréabite Whegystem can include
speci fication taken in conjunction with the follown

a motdr ewitrofier arihd rein-\odafle mgmioscastaining cxpeatei hepd twqm%%uoqghout a
pumgy Syl BEponsiy fo ercspec &6l SRR goifen i olF oAt bvides the

t ' [ o BUQEorhihgAEADOKARGE Wi Point in th
stepph ot with 2 Vel Ol BROM fol B ot 364 n’pﬁ?ji%fi S foint n the

pumgiih@epdiar Additionss facatrs cap adsorbechumidered foc varyinglthe elerttitnd current. These

electrical current provided to a stepper. notor in .
factopsdinelodenrhué asginoh limed B} ieapperatiney BIsESUEH ;aB‘EF'@i’ﬁﬁé operaling time.

of Ol b B SOFlodet 4106 <R ARIR] AR R e following

con electric urrent

 specibit@¥driaRed & dnfbeRAewitidedbllbwingekovidgnce with the

present 20 invention; FIGURE 4 is a sinplified
BriefiDesarintion of the Psawiags ng a nodification to the nethod

d d .in FEl E, 3, .and, E.5.] . Si i fi

CPBIGHER.! B0 GofVER A Db sehbFHEE Tl BRIl S pgvoom o

con Hﬁﬁﬁile SR G Rdrréiit Prb{REtB a stéppBehdidrad doesdsincetwidh the present
of tthe Preferred Enbodi nent While this invention is

invelﬁim;ep.t i bl e of eyrbodi ment s | n many di ff erent f or s,
égﬁﬁw@dzs Ps,?pvgg}pbilﬁpé gl%afgé%lﬂgﬁa@#‘ﬁg%ﬁer%%?b@ﬁogﬁng the electrical
cunég? éﬁ%ﬁdeﬁ% ‘ﬁ'!s{eBPertrH&oPﬂxda%_E&{iM'vﬁﬁl hBPlestiSnRpESLNT

osure is'to be considered as an exenplification
of FIGEREM ing isipheifiedfflavivbartrillesttatiog aaoiiei embatiment of a method for

intended to limt the b.ro$d aspect of .the inventi on.tﬁo
contiofiéng e deastienl aarrent provided 40 acStenRey iRyE) Bossygance with the present
PCT/ US2005/ 006664 ‘

invention;

, FIGURE 4 is a simplified flowchart illustrating a modification to the method depicted in
FIGURE 3; and, ‘
FIGURE 5 is a simplified flowchart illustrating yet-another modification to the method

depicted in FIGURE 3. A
Detailed Description of the Preferred Embodiment

While this invention is susceptible of embodiments in many different forms, there is shown
in the drawings and will herein be described in detail a preferred embodiment of the invention with
the understanding that the present disclosure is to be considered as an exemplification of the
principles of the invention and is not intended to limit the broad aspect of the invention to the

embodiment illustrated.
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4 Turning to FIGURE 1, a sinplified electrical
schematic, in block diagramform is depicted of a
w@yBsemssdr controlling the electrical currentP@r/osiod&ee664
to a stepper notor in accordance with the present
i nvention. The system 10 includes a stepper notor 12,
a notor current driver 14, a i nfusi on punp
controller 16, a nmenory 18, a tenperature sensor 20, a
backpressure sensor 22, a 5 notor position sensor 24,
a clock 26, a data input 28, and a power source (not
s Hpwning tABIGURE 1he singyificé eleeirical sbyematissia bikidregram form, is depicted
ordinary skill jn_ the art, achkglock within FLGUREd1 .
of a systemderecontrallngiths degtrieal FuErnt PIPVidsH i tPRReRTpgordn accordance with the

functi 0 ] i .
pos b5 s b e R, S8Rty 18 S oot v 1,
infusRinSRIPG caRioller US,@Cnémonl 8l o tansiepatureeingpr 20 CClckpregiuys sensor 22, a
the stepper notor 12 is operably connected to one or .
motomrpositioressmaer 24a b clogk 2613 data inpwis 8¢ st a RAVRREPUILR (Dot shown). As will be

mechani cal |y, contraolling .the deliver f ' .
oSSRt S SR AR R 8 ol Bt Pl o PR 1 nctes
electAEM 'cﬁgui&g%f‘ﬁérforﬁllﬁiétzi funBtidr G tAdklas HeRSn aBeHBAI. Cal

structurés used wthin such infusion punps are well o

k niavsin eibotiimery the sidpyer sfotord 2 isamnveitionek stappsr rapter wped in an infusion

di scussed further herei nl El ect ircal cur{)ent for hanical
pumply iAgcargingle beaiiperr motesrl21s qufa% YotATHELCH Y PR OhHoEF mechanic

urren . ! ‘ ! _ : | :

strucffbd GRS Hpamechpbboly cofROHRR AR ey BT L ol bationt (not shown).

As viD R appreefatddoby BbselBaviigderdinatyoskill u therdrt, die mechahital structures used
supplies electrical current for driving the stepper )

withinsudh infuston purepsrse well browisingherh) Thtefere sugh siuciiugs fgpot discussed
or. anal og signal containing informati on or data

furthebhetF il ng t he amount of electrical current to be

sUpRLiRE! Qifrdnbfor ABVRE tRaMtéppRE m@tdrVe s prévided byl tiethotgr current driver
20 the stepper notor 12. For instance, the notor drjve
14 oficgmedntidfalcdesigne I fesponseiq thei wgitoa drive gienel 3P ereviged by the motor
binary "0" results j.n the current driver [.OVi
cont{pélegi%é]gq motgr cgla?lff élﬁlf/ert stuﬁghegstez%géclal c c;[u%fbr %E?lng%ggepper motor
5 binary "1111" (i.e., decimal 15) results in the
“current driver providing maxi mum electrical current :
t 0 Thamaosdralrpversigmol 3 canded digitah pyanakigségnabermiaining igformation or data

cadbotanmelstal o o s e
i.ncreases . r [ oy .
e ARFEITLD, S SHEL RSy oG e i

whefditRAina3) “0afesiles ifl (ke cut@entdrivet 14 proaiddgs 150 geaticallaneaitio the stepper
about O volts results in the current driver 14 '

motqr tyiadbingryrtl 141 Giter.i degimal dd) reswilts inpthetrarsniegipver PROGNE maximum
12; a-voltage of about 5.yolts results in.the.Susrent.
clectiichlrTepH O HHCATRy ALCE A POPBO T Bt foghy 0t % M n the current
i nt i WE@Emaktfluhci@asdB th the electrical
iR gL BB Ay D s Bl
curré@tsipsifdnd iliegstépper matoe $2.dn adetherasepld, thehatordrixstsigneb0 can be a 0

30 current provided to the stepper notor : - .
to 5 volt analog signaq wherein: about 0 voﬁs resulE[)spin the current dln?i/er 14 providing no electrical

current to the stepper motor 12; a voltage of about 5 volts results in the current driver providing
maximum electrical current to the stepper motor; and analog values between about 0 and 5 volts
result in the current driver 14 providing corresponding increases or decreases in the electrical

current provided to the stepper motor 12.
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WO 2005/ 093533 PCT/ US2005/ 006664 5 As will be
appreci ated by those having ordinary skill in the art,

wao b@sossent driver 14 is operably connected POI/ES2005/006664
conventional power supply (not show) for supplying
electrical current to the stepper notor 12. In turn,
the power supply can be operably connected to an
alternating voltage source (e.g., a conventional 120
VAC wal | socket), a battery, or the like. 5 1In

| RPN er e by SR el DRyl SiPidhe S 6 Sypflygirver 14135
operaﬁliygsleﬁﬁec%Qi- to E%ﬁ@eﬂti@ﬁél}p%vs[e? sl Bft (g@i howd S supply Blg el@tE@Dcurrent to

I hcl ude, but are not limte , the'data provided
the stdpper metool 3. [8nrm, thepewat mpplysenboeperdhly bankgedmsmabernating voltage

sourof fig & SEVePHORDLAL VAL 1ol rEh o by ok ey
g u? %elrsgxgr{s@ ko JrFe ARG aH%tst A€ ndiERBREIEP g@groﬂri%eé’\ﬂ.hk otorQriver 14 with

lent electrical cuUrrent to avol 0ss ol step,

the matod diite S0 36 Thyseanpnd rthamator cortiliey 86 cantihéluda atat not limited
of electrical current provided to the stepper notor 12
to, theyatarerofisied bye sramaesy | 185 tenaperajuigassaEprod), bagkgesspreesensor 22, motor

..the elecirjcal,.current jos variable), rather than just
posmB’éPffPéorsg’ ng&g%%rh(fslpg‘ﬁttjganperage. When and how t he
SR REPONEOIOthe lﬁﬁﬂﬁ@&h@hﬁﬁoﬂ Sontel&er 18 Bpstatdy thd Stefidranotor 12 with
i nput "28 typically entered nmanually or by renote

sufficiemb alsctridglowrmgniiglaypidtalessieftstep; anslthud possibly z moetorstallofHowever, the

data_or. 15 infornntion, regarding, r instance he .
* amoup{Rfel i RIRPIT 8 Rl SERP ORI Ry Gedhud siptipig 161 based on

need {_i{%f, W é]&tri&ljlxﬁrrgﬁgg/ﬁﬂb%e), Jg?lgr J.?EHWSY béiftg B&QY h 868stdrlp @mperage.

or controller 26 wt or characterizing the
| okbert amddiosy thh steppdrandtot Heoperanes is deteymined by the data input 28 typically
particul ar, the nenory 18 ingludes data  corresponding
enterqdomanyally a5 iyt regrotemeats i egordinglyethe daminpih b2 sibponsist of data or

o3I} 555 PR B 5, B By s

pumpyari abl es or factors can include tenperature,
backpressure, notor posjition, and operat.i ngl duration. .
Adtsserillsigthy meptesy k®piovides hemmaion coptrplier 26yt data for characterizing the
i nfornation or.data regardi ng.the variahles, th o)

load &fﬂ\"? gﬁ‘io_gghQ‘ﬁetRe BTAR Scyglgr B‘P AL ?rﬁ’ R vf(;g(;tlncliudes data

correégﬂ%ﬁ%g% iR AmduhibleR@irftal curRnayhdBSstéppet MBtoFe MBHouldBceive based on
nd then generates a corresponding notor drive signal

one oBGndrevadgldestr figtarhe At dgrssbedibtlow, ttese 2&iablesaor factors can include

enbodi_nent, the tenperature sensor, 20_.i s.conventi.onal
temperANER, PSRBT UES dIEL PAHIO Y ST BRiATLy AP, the motor

. : Ayl > .

contiff el RE St ilonbP ot edatdHl e Pl Bk the BN G RM compares

or preess8PIe esdeic thibbmativasith by daig pRivitled &y Yhehdrhdryils, dndehen generates
art, the typical tubing used within an IV set for

a corgppindinggmeted du e signal BAtferansrsing ithe signper motwrE. nor e

O S B S BT B tonnddesien. T

sensor 20 provides the motor controller 16 with information or data regarding the ambient

temperature about the system 10. As will be appreciated by those having ordinary skill in the art,
the typical tubing used within an IV set for applying medication intravenously will become more
difficult for an infusion pump to manipulate as temperature decreases. Thus, in response to the

data provided by the memory 18 and the temperature sensor 20, the motor controller 16 increases
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sensor 20, the notor controller 16 increases WO
wWQeSHE3IH33 PCT/ US2005/ 006664 6 the anmpunt 0PCT/US2005/006664

electrical current provided to the stepper notor 12 as

the tenperature decreases. Likew se, the notor

controller 16 decreases the @munt of electrica

current provided to the stepper notor 12 as the

tenperature increases. Mreover, on startup of the

e R 1E T3 GBS F5 thCeEP HHE hSF lgre dorenses
LikevASD W m&br E6R&1IE} Tdecfdsds @ amdunt 6f dast@A] cidfent §d%1ded 1 the stepper

part, on the information received by the tenperature

motoisksdhe @enpeftare rcdapese Manceves comstart@dfitle mony dhetnoteafontroller 16

.in operation and design. The sensar .22. provide e,.
ProvidRBRPHO PHTEL BXOPPRISAE HEPRIF BIIGR I2gthessin %ﬁ%ﬁ%ﬁ%ﬁl current
- RTRRD i tidl redéibed B/ RS MifR}athi@ Sbidr 20,
15 bas%@fgdtf%%lg b%glse&l?fgggaelnoqeilr atégééle btf};t he irﬁ%%si on punp in

_ afIbleYbaeRpreedire adrison22 i tomveations liy .opdation dhdgleyigni riThe sensor 22

response to the data provided by the nmepor %8 and th((= )
provides theglefereontiplierd 6 yatyinfopmatippoigitaresaigme the paskpragsure (.g., distal

i h i i -
pest 3 EEET Er P Bes EhF5 2 BHGAE bl g mescaion
intraveh SRR |Acco&&lﬁ%1@rpﬁxp respOfier @l {tRr dak® éﬂ?ﬁd&ﬁbﬁ&he trhénory 18 and the

e

amount of electrical current provi to the stepper .
backpredsore st@saad2fthembter korpradles Ly imcreasas sheswzount ¢ pleckvigal cusient provided

el bt Rof 1L0F R R St S, R 5 s

. ' i ;
the al?‘iglgg%f 1 dcRfcaP ORI pfbﬁ/ﬁﬁh%&EHe_ s@%peﬁﬁibfo? 1Y ab thelBasRstesstte decreases.

t in part,,. on the 15 information received by

Furthtl) enheatiuprof s puens éresootol@ntibler Moprovidpselettiioal commside operate the

24 is conventional in gperatiqn.and design..T not.or
SteDDBOBIRITORE YBHRI AR AR Al ST Sy AN oft 61 16 part, on the
.~ W Eh inf. [ ing the position of the
mfongfi{é%b}eﬁr%l?r’%w h-%%a@l%&%ﬁ%g%ﬁs?ﬁ Q?'e sponse to the data

Prone He@r pysifidiesen®irns ¥s chivanidnblia operation and designs The ddtor position

the notor controller 16 increases or decreases the .
sensoa 34 provides the motariceniroller 1 ¢ avth ipfosateniorxdyts iseuding the position of the

st epper,,not or 12 ba ' I "
steprPLERRE T2y dhy oo PRRodsn o SR REFAES 5 G ERERER B and the position

sensd?P4 Stha bloidr BhirbIil® 18 UitPeasds R deEe&es theRioahd dfkletfrical current provided
provi des electrical current to operate the stepper

to thewiepper idteiertesed upon inonenses orglecshsssrespealivedys in thetamoyint of holding
based, at least.in part, on th i nf ormati on regardin
torquen w@%ﬁtaﬁw{% hesiae TEPIGE somStellst IR Eges flectrig gprreint to operate
N Lih ind i fObaskdditaadst Rpart, on th
the sGBBLBolE12 et T ARBGITRICRRRal Gttcht 1Pbask e Mpart, on the
inforR@AMbA Begafdlhg teMnatbi pdsition. t he art, the el astic
recovery properties of the IV tubing decrease as the

t uBherglotks 26 ppwides theymeler epmeailepyo PAB intormatiosor galgfor indicating or
duri I ntrav us_nedi.cat| del i very. .. it :
i i DT FgPE T Aot ot S . e o
recm%\ff [C))ro?efﬂ%s oF BV Qibing MRrQBEAtHe AibirgGs Bipedtedly dSLRPBE by the infusion
nmotors typically decreases as the o
pump during intravenous medication delivery. Thus, the tubing is easier for the infusion pump to
manipulate over time. However, the energy efficiency of stepper motors typically decreases as the

motors age.
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notors age. WO 2005/ 093533 PCT/ US2005/ 006664 | n
response to the data provided by the nenory 18 and the
wW@b@skoBs3 the notor controller 16 decreases PEEUS2005/006664

amount of electrical current provided to the stepper

notor 12 as the tubing installed wthin the punp

ages. However, the notor con%roller 16 increases the

anmount of electrical current ’ provided to the stepper

notor 12 as the stepper notor ages. 5 Although the

clock is showmn in FIGURE 1 as a separate bl ock from

t Ha respbnge t6 dretdacd previdddby the rensirg tkardiahe decki 26 $e hvt@dontroller 16

within the motor controller. For jnstance, the notor
decreggstthanmeint ghelegieica] cugemtprayi iﬂrf@é@%mgr mator 13gs the tubing installed

.m.crocontr havi n Mor eove
it RGeS APt o R s TR TS wreBie s L Sgtfealcument
provﬁ@d‘toblﬁe §@9§Jraﬁ&of 1059 ﬂl@@&fiﬁgr%o@p&gfeﬁ ol ler, as shown in
GURE 1, integrated Wi thin the nmotor controller.

1 OL\ltlumah ﬂmrﬁmiq lnelnan infréGUIRCE asiasgparata blogh ﬁomrtbamdfedcontroller 16,

the clogk VRGPS T BE B £ tepnhe BrasgAcgatfollercan be a
centr%jnr«?&e@ﬁﬂggmg@t dﬁ%tﬁoﬂﬁ&l’lé&"hg%qg %Edt&galggo%ﬁt {vfo?@dver itis Preferred that

rent ter ncr emént

the mefivi 881 noh-vokstileagieanh be sdpaitd froxa hhe(ﬁd@tbﬁmntroﬂaﬁﬁkhéhn inFIGURE
Dat a From Tenperature Sensor 20 + Increnental Increase
1, orwe@@f@déﬁ@@ﬂﬁmgmsr%@}%m Current Based On Data

Fr@?gggle ﬁ{n%éi?g% ?1? glg a 1%%2% H{ov%g gﬁ)natqs{"elﬁg%rgﬁés a?s%% bgexpressed as

thefmvhﬁg]fd?ﬁﬁldl on Sensor 24 + Increnental Increase O
Decrease In Electrical Current Based On El apsed Tine
Thibetal Eig@nﬁ@l Cm@n@remdn@ ApSidrpeedory =ThisiaMdpaatingElectrical Current

e DPeteret R AR a Rt TR ooty FEDFyRp o Rigorcal Current

Fbﬁas@@%h Sner Pl Te%@eﬂﬁ'ﬁi@@\ﬁ%ﬁsor% WIh&reR@ntﬁpﬁfc?ééb@tﬁ Cbecrease In
by those having ordinary skill in the art, any of

alBleetricilairensBadet KinD4thEroabBeekpiassura Sansa)am b Incremental Increase Or
nodi fi ed a or.omtted. _F )i fied.

f | lgereeasen nﬁ‘elﬁ%‘F?IaFPﬁ@“taBﬁ%EJ 58 ISﬁa JFrow, Mobien Rgsttion fignsor 24 +
pr ]

o) HESI 3 DAL Bl GRnf e R MISES Timo T

wWhising Hao Betn ManipilldtdﬂEBja T Motot E2 # $ndtehertali Inadasel Or Decrease In
one exenpl ary enbodi nent, the position in 25 the pu

o dlaeiricdl Gurant Bem&@maewrhmm StspperiMetor 52 Hias Beeh Operated.

. trﬁé}gjﬂo?&ﬁ% "Pﬁﬁg B%fgflfi -38 b’{?’ tﬁonsg g\%é% %jx 1&33% islgfl %thg art, any of the above
factohewﬁrﬁhahe SRE Wl LcaneahbdBed and/Bomi@at of a

conpl ete punmp cycle. In another exenplary enbodi nent,
t hEICﬂﬁR;E Riipa sinmplifled ﬂmwbant yibisgrafing amethedporedordance with the present

invenipns s o ETAIRE % Beamahod Beihar Brerl g igramys 1 sep 110,
Wth qﬁ;‘égiltl EH the &)gﬁﬁgyah id &nnnetdh §n Bﬂg&eﬁ%‘f&? efnﬁoﬁment, the position in

oral coo ere tlveto
the pump sequence is a temporal coordinate relative to the start of a pump cycle. In another

exemplary embodiment, the position in the pump cycle is a temporal coordinate relative to the start
of a complete pump cycle. In another exemplary embodiment, the position in the pump cycle is a
temporal coordinate relative to the beginning of the use of an IV set for a single session. In another
exemplary embodiment, the position in the pump cycle is a temporal coordinate relative to the

beginning of use of the device.
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PCT/ US2005/ 006664 8 Next, at step 120, an el ectrical
w@oseyas3yal ue is determ ned correspondi ng to PEEUS2005/006664

position in the punp sequence. |In one enbodi nent, the
electrical current value is stored in a database that
relates the position in the punp sequence to a
correspondi ng el ectrical curdent value. As indicated
previously, the database can be stored in a nenory
provided within a nedical punp. 5 Next, at step 130,
elgeltrdterb1 20 ah eRttricsl clipieht @ﬂmﬁ@dét&@mﬁé@ﬂﬁﬁ:@ pdREY toMe position in
the value deternmined at step 120. Finally, at ste

the PT.lJZIlQ SCQWC%IW @ﬂwlmﬂt(}hﬁﬁ egtricgl aurshtpalid isestored in a database that

relatqs 56 Bps s s o e e A RePoH B Gl Bl aegﬂ%&»p s indicated

bR databdie ﬁ?ﬁ@agr |
prEA TR ekl LRSS0 gy ST Ytin
d et rt sieg. IBUIEéemilextaé currene i applied oahestéppepmotaatihe velue determined
10 the, i ﬂst antanequs flow of liquid through a punp

at SteﬁéﬁﬂgFma Vit Stsp 1404 %m?éh(’dr?@flﬁ)r In one exenplary
W'}t is 4 Qf‘l ‘ﬁ{eg rfmv%%grtf legsua{iﬁ%t%gbaﬁé tsx%%%%ngeﬁg?)ﬁ érmethod in

conputer regi ster or ‘menory
accor @RIt the Qf&@ﬂ iR ftion. tAlﬁhGﬁhQﬂ FIGTSRIE 8! tﬁéé\fnéﬁfb& bb@ns at step 200, and
stored in a database for |ater use. Next

contimgg to sippr ] Qilm Wmeaélpm@ ipdeterBuRE The daepmmad ﬂow ra‘ua is ameasure of

.t he def erm ne Next t step 230,
the isffRisnts A5 S ifvid Brebh FLPHED diingr o ¥680b SeSeprsh talgy: In one
BRbSdifent, HRSdchdrindledIRFARRL R'stdrl ’&Jhecoﬂ&ﬁ# |
exemgﬁgﬁpunp cygl e as det eer mned 1 n strepl érrs%lSﬂep(g memory for
later yser dmeb@heriexemplary trobodiakest, thetdeteninined flow mtecip sdidl inlandatabase for
one exenpl ary embodi ment, the position in the punp
later@Sfc| e is retrieved froma database table stored in a
C LAl
;AL B DS SHAIM R 1101 1Ot 5 pfilon e pup e i
determjifed o News tieslep T305 an elatiricA@uetentivahens ddt@mid@Dbasadd on two parameters.
determ nation is nade whether the el ectrical current
The fzst prragetes isihsarpsitiondp dhe pursp cyele tag dptermingilfin step 240. The second

persef538 (et o e RO B0 B T B S RaB o postionin
the p@fip tfi@e isa8tHeled BHbmAdAAHAGS iablRMtdred Ald Snputé cﬁ%wtexﬁ@hemory '
current value at the actual tenperature readihng t

t iNexd)| ad Stepi2d8) the ternpeinatuseaf dee B sed isdeserdenad mmppmmnaneé Then, at

s 3 OB SR ARGt S et et
230 iR E&hb&ﬁf& Sécﬁ)trdhﬁg td GER &flﬁéré‘cﬁtee &e@érﬁllrreggﬁ :s%ﬁ?gﬁg gﬂ &M embodiment,

val ues ctric current va
this deteanigetiorbia sede baseti ba titateilgofachlgeitherelatinga ERcSicaiurrent value at
240, then a change in the electrical current value is
the acgeal igrppopetareirpadingsto ﬂzea@ecta?ﬁ! CRIRIH VRIue efe%%mrdgrd f@nmeranue geading. In
nt val

anoﬂlegerH%?ecﬁ{ngntb gu;ﬁvfglénelgatb nslg %Ph % g?ﬁﬁ’é togl V%.RJCS stogerdeln one or more ‘database

tables relating temperature to electrical current values.

If the electrical current value is to be changed based on the determined temperature in step
240, then a change in the electrical current value is determined in step 260, and then processing
continues to step 270. However, if the electrical current value is not to be changed based on the

determined temperature in step 240, then processing continues directly to step 270.
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determ ned tenperature in step 240, then processing
continues directly to step 270. WO 2005/ 093533

wERADSEBEED5/ 006664 9 At step 270, the distal PCEES20&006664
is determined. In one enbodi nent, distal pressure is
the backpressure resisting the forward pressure
generated by the punp. Procgssing then continues to
step 280 wherein a determ nation is made whether the
electrical current value is to be further nodified
according to the distal pressure determined in step
210ste (}J 7@k éistabpticssrrd is deteimingd.dén @trerﬁrmlmdlmnnts distahgeessure is the

based on the results of an al rltﬁm reI ‘%ﬁ h ntinues to
backpretsemmes:@amwlelf@r@md MISSUES %?pe&a fé?g g then o

step 2&9 W gqegrbpglgégsgl%*ngrg%sr r::ﬁngc?é RURECAE YRS égréht %Eﬁféq@’t&i be further

anot her e ment ,
modlﬁQE‘a%EdJHH@t ﬂooﬂl‘lc:'cﬁstﬁlﬂﬂ@sshﬂss e@temﬁnamimasp Q176r dok cbma cmbocbment this
at abase tables relating distal _ pressur ! h
determitiationris madle based emthe veshlisef anjal goritum gl dingaelectical fgspt value at the

distal %‘?@Sﬁ.&% IF% ;q% tg)tetggh %gl ct{\%rqng é’% o LP§ ARESAE;AS ressure readlng In

processing cont

31%9 IshBad s dit@luck dtdredin Mﬁl dienOrS database
anmheﬁ%'?’%?g%glenél}?lrszfﬁt%ﬁnva 3% Sappr opriate to all determ ned
tables ¥MtHRSdistACpresbungtodiestrial puregs valges. Pr oc essing then

continues at step 300.. Howeve e.electr
clf thaiectriegl g@rrq:rg vﬁb\g 15tg bg ehqug&{]léaéac{ o 8getsﬂmp clpressure in step 270,

determn e r
then pi"&ﬁﬁl%‘é@ e%t%%@ g grtx lsé’c@ %%%@A%Zlg%t?g% %ﬁn@ﬁt%ﬁﬁﬁb Bé& to a current

value %@?&ﬁﬂd’t&@ all derin@idd valueb hﬁludﬂigxhstdlqﬁeﬂsmen @docatssmg]@leg gontinues at
e of steps 230, 260 or 290|s plied to the det d
step 380.eHpwrever] § th@g]@ptncq:l. qyent valug is §‘PE‘E’ angqqlebaﬁgq AB 6he etermine

B

Remthedtaf 8nebeibre dfateps 280,280 or 2b0és apphed to the stepper
Curren%{&r %aﬁlg?él n t hee met hod of FIGURE 3 is further

motord @ieiliy, aiedep/d 10 theghatheherslst o the el apsed tine of a

volunetric infusio u t . SEeSSi|
SBHGURECAIS as,slmaghgf %&@%&’aﬁtﬁg{}%wg? m% Caﬁ%g 316 rPethod depicted in
REUHEES 154 8RSrivI 8fdrd valad déérbiinedda thetohethéd (fWIGURE 3
FIGU %Rﬁlstﬁglefgerm niglﬁé at step 220 the position of the
is furlhBit @éteimintd evitbLueferenge ¢y dheeelapsed dimecein Helymetric ifegiorppymp motor
_the tenperature of the IV set is determned or
sessmapproxi mat ed; and, at step 270 the distal pressure is

i)gé%ncg?yd a3k I%}Ie tﬁ{l Hregfou etﬁﬁe fitbhodd s P%URE%nélﬁdésrb@ep@ sHRrein: at step

at step 250, a current
210 tlY@hP@l fafe ﬁ%&&ﬂﬂ%ﬂdatmﬁfmmﬂletﬂwtmnwf tthe)motqn in ftlee pumping cycle is
cycle as 25 determined in step 240, as vell as the d,
deterrhln@d; statep 249 th@tempmaﬁefd of thesWeest lzﬂetenmélﬁ ¢ or gprpXimaiRd; and, at step

de wh
270 t}%:;ﬁg;glaprgssa@%é ?ngaed a\iegc&f% %t%gxq flél{l/\;%?fé? éﬂﬁ%@%eﬁs determmed
Nextg gf' L] %OOE cﬂlﬁgnﬂa?\%oﬁrdé@%ﬁﬁed l?ése@ bfAhe pBsifion in the pump cycle as

Ri‘vat i'on. 1's ther the electrical current
deterthtlednistept2a0pe welbtlasf the dowasteds drtetrviaed éngtep atQir e
information; and, at 4 o4
Next, decisions are made wherein: at step 230 an electrical current value is determine

based upon the flow rate and the position of the stepper motor; at step 250 a determination is made
whether the electrical current value is to be modified based on the temperature information; and, at
step 280 a determination is made whether the current value is to be modified based on the pressure

information.
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- elapsegdime jsedpterminpd-D,qusEERg P (gtabait SoRting a ¢

step 280 a determ nation is nmade whet her the current
value is to be nodified based on the pressure 30
WO ndosoyess on. WO 2005/ 093533 PCT/ US2005/ 0066 64PCT1/0S1005/006664

FIGURE 4, an additional step 320 is provided wherein

the el apsed tine of a volunetric infusion punp notor
session is determined. In ong enbodi nent, a

m croprocessor-based clock is polled to determ ne

el apsed tinme. Operation continues at decision step

] ich a..determ.nation.] de ef her. to .
B g, BiionalaeaciD e vire Bt e Bl Bk ofgyplumetic
infusi Siotd? sessiifitertifed In bhé@nb&liabMda hGbMoeessdribaded clock is
determnation is made in step 330 that the electrical
polledctor detatmins halapsdd BenerodDperatthn commups ot elssisiog stenBBOues which a
at step 340. Accordi ngtjé(# e@t St ?p 340, the current )
determypatips 15 gadewhetgerfo madiy the Sjeqtiical SHFb plpatoaceymsfqr any changes in
. | el udi . e .
s 1 RS ARG, A B B90R 1 P12 Bttt urn
shoul BN O@iTicd] Beh ProetRSRAntinue at SteisiB4®r Atdoedingly, atapI3M0Nge current
a tinme-dependent algorithmto a predeterm ned current
value isabtte asppegpaitsppproprial to 8l frterminediealess rinplading glapsed time. In one

emboc{jx&e&g ﬂ{ehcggfr{?gnbag%b %ﬁ{ﬁ.cg%fg&t%?&e:ﬁggnﬁﬁta&% F;@{).T.etéimeme is determined by

applyiﬂ%taet‘irﬂjef(‘l@ﬁeMntoélg&ﬁhﬁQo% SREADATReE Attt RAING apprlophhte to all other
relating current values to elapsed tine. Processing

deterntihethvaloest iln arsthertenbodime@@che ddtermidaioarafitheatuirent valuaapgeopriate to
at_step,330.that the electrical curr.ent é{foul d. not be
%belzgmg_ cuggent values to

e cotindddGit - gt val ue determ ned by
elap Se? tl%fglpe' ilg‘g(r"r%stgﬁg&ﬁ%’fmgﬁ%RES&gﬁ aﬁ@d 4 is applied to the
sifepfeérniinitivh. is hiadakt step 330 ghethe 3l tricchenrrant stotidnetde modified,

FIGURE 5 is a sinplified flowhart illustrating yet
then peasessires cansianes a siep 300-t Ot $ter3 b ewent at the Gurens valge fleermined by the

El i t hi fei
e T e
dplGURENS & Akibdplified 66806Et lustritthgafe afdthé Medifio@ion to the method

i nfusion punp notor. Specifically, wthin FIGURE 5, an

illustratad/in F 8t SGtasBIGURE 5 othe elsetrigplonernt valve dgigemiped i the method

orrIch i it Bt PR B TR ke SO eyt G moter.
ng#zégiﬁéﬁly?ﬁt‘l’im PIGURE 5eh@RéBHoldl BRp 350 R videlE WiREdiA the age of a
I ntusi on"punp notor session. In another enbodi nment,

volundetric Adesial pampahetoetsr deterinidads i noyeuempbotiihent, ihe dgeeof a volumetric
i ng-event. In

. elapsed tinme since a K predefined qualif .
s e I S et o RS i sesion

dti . i ndi ' £ . . .
o AR S £ 0 OB i clggd e e
predefh&iffalifg e Sventl Ualohé ¥inbedigieat) b prellefndtpdualifiil évei®is a date and time
stanp indicating the date and tinme of a factory based
stampandinatingf afirst usrgnefiagyolunieirielimdiesiompinep. i angtherembodinent, g predefined

ot 5 TS i B8 Bl 5 G s cvns, o
exampi@! tHIBAE bid 1ifiE YBERARrRHER of the volumetric infusion pump or the date and time of
the end of the quality assurance process for a volumetric infusion pump.

In one embodiment, the age of a volumetric infusion pump motor is stored in a database. In
one embodiment, the age is associated with an identifier for a specific volumetric infusion pump

motor.
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In one enbodi nent, the age of a volunetric infusion
punp notor is stored in a database. In one
wepivsadisent, the age is associated with an i deP€T/UE®05/006664
for a specific volunetric infusion punp 30 notor. WO
2005/ 093533 PCT/ US2005/ 006664 11 Next, at deci sion
step 360, a determ nation i ginade whether to nodify
the electrical current value to account for any
changes in torque due to age-related factors such as

it ﬁ\gerxf, %ﬁg&i & %0%63)23 &%Sﬁﬁatio&hg rtn:é?en\g etzstﬁ%rgé %ﬂ)@iﬁ% ‘theaeTe%tﬁcal current
value kﬁé&c@ﬁﬁ%ﬁ Ay chEnddB iR ue AR 264414184 fRtors NRhMB RFeases or decreases
reover, any electrical current nodification val ues

in frié®ndideausssdarsl thbdike. ddmesd agel fader ean, atkdasgred,eotatlored ymthe unique
of the unique characteristics of the notaqr.such a]s ) ;

manufaghieTael GE SRt dMABIAFT $BE lerinical susteat modifipation values as discussed
det ek minati on.-i s ' '

oAU Bghe T80 By 3y S80uL RBll BAARAEE! 6 Abr such

manuBctitedndIdSlor Aedicdiigl y, at step 370, the electrical

current value is set to a_ value ap _rgl?riateto al | ) |
ddf adetermeigation igaradeiimstep dbhthat the clegical cusropbshowmis be modified, then

o P AP AN A s o
valuegsglﬁ)?ﬂidt@ eSalPYeterdRRN ANeks ARclAGIAp BRAGOSRN o IBhEHE il famp. Inone

rent val ue appropriate to all "other deternined )
embodiheit sthe détarnsinatidreof therbwrthintrealtg apipneproe erelapsed time indetermined by

the current val ue propriate to the age of a .
 opplyiRR AR ABE EECRR RSB Yot SHPHRHAR ol Qb fgfermined values.

In antgglte?%?rﬁo%dﬁﬂ ,ag)@lldt;él@erﬁmiﬁa‘i’ﬁheofr t?xla Bl Faihs %E}?rggﬁ@ﬂe U Sthe ‘age of a

he age o urmetric 1 nfusion punp. essi ng
volurhdtgeinfasidn puirsisaleteshimed 8P Querymglafdatabatetcentainiiag a @bleiralating current
made at step 360 that the electrical current shoul d
valuen ¢ thsagerabia volumetriq IRRINIOHIYEYs Jirpepseng then sentinyss gt gep 300.

3Q0. St 300 r.ent -ent .
20 Bl Pun Ll R B AR Bl gt b modit,

then ﬁﬁ@es?zfng RESEMRPidtep FO0NAtIsiep 380, uitrept a3 i cubieft vabiddetbrmined by the
ends. I'n yet another enbodinent, the electrical

methediof BIGTURE B s apidied torthestepper moter. nkinplhy abstep B G iigmsthod ends.
further determned wth reference to the | tage -
riaicaaaop: eoparesry s pRefeEhEmesg villF e g e method of
FIG%‘%% d§ ARt BSteRhiBEd WithabicRAWE o the Volt8adPptoRidedl hyalbattery within the

Iment, the amount of current provided:to the
infusiontpampi thatsopplies ekdetrizal foweptrthé muimarin amembediment, s ambant of current

oSl By S S DS i ot e
ot Y501 O B TPyl RIS RS ot

in pafticBR® d8&iexsed s dlke F&éﬁdial o¥\iel tatttdyaisep edvieianominal level.
enbodi ment has been illustrated and descri bed, o .
nuWaile the spedifi¢ erobediment hag beand Hestratsdpnd desgfibedh pemerous modifications

O O —
protelcﬁgﬂ jsSAPHmibE by aRRBoRY ofithCaReRPARARY CEmS! ai ms.
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WD 2005/ 093533 PCT/ US2005/ 006664 12 CLAIMS \What is
claimed is: 1. A nethod for driving an infusion punp
WOorRa0s/09358dnpri si ng the steps of. determ ni ng BCT/US2005/006664
position in a punp cycle; and s determning the
el ectrical current value for driving the infusion punp
stepper notor in response, gb | east-in-part, to the
position in the punp cycle. 27 The nethod of claim1l,
wherein the position in the punp cycle and the
el ectrical current value are related to each other in
a relationship in a dat &3a4BMS3. The nmet hod of claim
1,. further conprising the step of determining a flow
'“mﬁaﬁéﬁﬂ iF%in the 10 electrical current value is
r t bt ' e.and the.
L e fOr bR AR il 6 blipb iforfh OlhuAC R 1R B
posdetérorining atpositipn ifpa pymp eyclewdf | ow rate and the
current . value are stored i n a database, and wherein

t helehamining the ¢leqtreal sument spltedondriving thefiniyaion auempestepper motor in
rel . t,ri urrent value. .5 The nethod
of lfg%pg)lﬁii?é %t Ie?%‘f‘ﬁ"hg‘?’ b fihas {Rg™ EPRRRY B  nodi fyi ng
2. t ITheeh@hdd bLehint U wikiéin \Rd b&sitiokdinithe HESP eﬁﬁf gﬁﬁhg electrical current
I ,

tenperature information. 6. The nethod of” ¢
valyeiare tedgted tingach othegin duslatiosshipin adatabage.ng t he

[ . | L di |
3. ARG BigHEsH ofelfimly st SOinertong B HOR OfAciGmaing o flow rate, wherein the
.' H . f. - -
electiital Bferft YHRE iStelifed BEhSh&ERidN in [ﬁ'i%lﬁllfsr%ﬁ g&g:leta %\%etpe. flow rate.

el ectrical current value 1n resp apse
4. t iTire metiadenf clm3, whtreinrted pusitionfin tHegumpycle Uihé 16W rate and the current
conprising the step of nodifying the electrica
valuegry gped R p databpse. andsysieis thopastiiondgdharummey davindsthe flow rate are
relaf@ W U Qlrical curf O AL 0D O claim 1, further
conprising the step of hal f-stepping the infusion punp
5. nmhemethbd.of ¢haém Bpfukthet cotnpeisiti helstep dfinhdMRyifpRAPEILSHOW current value
. the stef of m crostepping the infusion punp 25 notor.
in 1eppP1EQ (0 1 OUSTE e pUPIIYNIO05/ 006664 13 11. A system

6. CHPHetoddr cRim g,nf?l%err}:%}/ﬂpggin% I&IBOS%IC':IP o%ﬁodifying the electrical current value

in response to distal pressure information.

7. The method of claim 3, further comprising the step of modifying the electrical current value
in response to an elapsed time value.

8.  Themethod of claim 3, further comprising the step of modifying the electrical current value
in response to the age of the iﬂfusion pump motor.

9. The method of claim 1, further comprising the step of half-stepping the infusion _pump
motor.

10. The method of claim 1, further comprising the step of microstepping the infusion pump

motor.
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a notor controller having an output responsive to the
sensor output; 5 a current driver having an electrica
W@ 005093530 ut put responsive to the notor contr oPCEDS2005/006664

out put; a stepper notor responsive to the electrica
current output. 12. The system of claim 11 wherein the
stepper notor is contained wilBhin an infusion punp.

13. The system of claim 12 wherein the infusion punp

provi des for operation under battery 10 power. 14.

The system of claim 11 wherein the output of the
sensor i s responsive to tenperature changes. 15. The
11. systwmmtombdsifig:11 wherein the output of the sensor is
responsive to backpressure changes. i5 16. The system

of afeapenBYIngtasraimvtt he out put of the sensor is

responsi ve tqg,changes in the ositign of the stepper
orbpores yonikglist 85T i bret EpneRy e i BB Phvol AEPBh: pu

of J HErdiRIANeCRMNLCA] Sbcthital' QPRANSIYE HoRBRBUS the hbtor controller
the age of tubing used for adm nistering nedication.

18.oufhe; system of claim 11 wherein the output of the
motor controller is responsive to chanqes 20 in the

age* BFPRChBOSIIBHEPSIKOICIPe elegigicalgiureatAitelth of ¢l ai m 11

f kS alh [ .
1. A5 TR 1S Bl TRty B 008 05 S tusion pump
13. dgthe sgstemtdfeldanEowhersinghié infdfon purhP@réwddseor operaticii Wder battery

19 wherein the controller and nmenory are within a
powigf.crocontrol ler. 21. The systemof claim 19 wherein

t out put of, the.sensor s responsive to,. tenpetature
14. 3o iR o THIBREA Al hPIE L Satoin FEPRR e mperature
chafékput of the sensor is responsive to backpressure

changes. 23. The system of claim 19 wherein the output
15. ofThe sgstemnaforlaiins 1 T adpreirs theeutpnt o dngy esnsémis trbsponsive to backpressure

osition of the stepper notor. W) 2005/ 093533

Cha‘&??'/ US2005/ 006664 14 24. The system of claim1l "

¢ o ‘ A .
16.  dbk AR NyBREn e FROS Gk SGPOFIaSRnEYS to changes in the
positiontof die steppesmoesponsi ve to the sensor outputs, and.

wherei n the outgu of at | east _one of the_sensors is

W%@@Fk

17. r dbpsysiery of ¢laim |, ®outgRt qfitiee motopprayrollst isresponsive to changes

.in the age of tubing used for administering medication.

18. The system of claim 11 wherein the output of the motor controller is responsive to changes

in the age of the stepper motor.

19. The system of claim 11 further comprising a memory containing data wherein the electrical

current output is responsive to the data and the sensor output.

20. - The system of claim 19 wherein the controller and memory are within a microcontroller.
21. The system of claim 19 wherein the output of the sensor is responsive to temperature
changes.

22. The system of claim 19 wherein the output of the sensor is responsive to backpressure
changes.

23. The system of claim 19 wherein the output of the sensor is responsive to changes in the

position of the stepper motor.
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25. A systemconprising: s a sensor having an out put;

-a notor controller having an output responsive to the
W@ eewso9358at put; a current driver having an el eR€T/USBIN5/006664

current output responsive to the notor controller

out put; a stepper notor responsive to the electrica

current output, the stepper nigtor contained 10 within

an infusion punp providing for operation under battery

power. 26. The system of claim25 wherein the out put

of 1 Spqf ] ; t Y. hanges,. .
20 B Rh GRRSbR R B R ane oupus,
whé&@iisihie output 650 MEdt¥econBolaGK Rispeiiieo i RASE Dutphis, 28d wherein the
The system of claim 25 wherein the output of the

outpetrnd 6f laast anei thesiensors 15 respangjestoithe poritiorpafithe steppafmotor.
25trr}§ stepper motor. 29. The system of claim 25 wherein
-t He SHIPBSP™BIS e notor control ler is responsive to

Chaygﬁﬁorﬁéw%th@ﬁﬁhéﬁ t ubi ng used for adm nistering
medi cati on. . The system of claim25 wherein the

out-patot@fconirelleritiving @outpnt fesporisire ne gpaanior dutput;

changes 20.in the age of the stepper notor. 31. The

sys? EWreRt deivar heving pg elepgicaloaispt QwtAg rashaBstyeyio the motor controller
consﬁﬁgy.ng data wherein the electrical current output

is responsive to the data and the sensor output. 32.

Thea stepped ihdibr hiinkivé 1o eeldtital At b, eHe &%fper motor contained
sensor iIs responsive to tenperature changes. 25 38.

withinengyasiom pempcprayiding fonpperasion unter kagteryupoves. t he

sensor s responsj.ve to backpressure changes. 34. The
26. o Hecivelstn oF Sl 29 Whesrie e PRTE ot i6csoBior dp Eespeidif 1 emperature
dw5§§ponsive to changes in the position of the stepper

not or . |
27. The system of claim 25 wherein the output of the sensor is responsive to backpressure

changes. : —

28. The system of claim 25 wherein the output of the sensor is responsive to changes in the
position of the stepper motor.

29. The system of claim 25 wherein the output of the motor controller is responsive to changes
in the age of tubing used for administering medication.

30. The system of claim 25 wherein the output of the motor controller is responsive to changes
in the age of the stepper motor.

31. Tﬁe system of claim 25 further comprising a memory containing data wherein the electrical
current output is responsive to the data and the sensor output.

32. » The system of claim 31 wherein the output of the sensor is responsive to temperature
changes.

33. The system of claim 31 wherein the output of the sensor is responsive to backpressure
changes. |

34. The system of claim 31 wherein the output of the sensor is responsive to changes in the

position of the stepper motor.



