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Liquid Drug Delivery M cropunp The present invention
relates to a punp system for subcutaneous delivery of
wa 200sgpavat4 phar maceut i cal product for humans. TRET/IB2004/003385
pharmaceuti cal product to be delivered may in
particular be insulin for diabetic patients. One
approach to intensive insulin therapy is a continuous
subcut aneous insulin infusion utilizing an external
insulin infusion p The portabl e punp is connected
to the patient MHNIQBTHQPQJI\@WJ\B'QQPPMM at one end
to the punp and at the other end to a patch with a
needl e for subcutaneous injection. The patch typically

Thé W@éérﬁ%v@rﬁncﬁﬂi‘%&&o@p@ﬁb@y&tém fbhsmp@ltaﬂetbus dekverry of a
The patch with needle is ty &L@ rovi ded, wit
hqtsmdqharg@@@uafﬁalowrodvahécﬁawﬁ?nﬂ f@ffﬂﬁ&@%'ﬁ@'oemuct to be

del%r&@gﬂr}? AL Eltllﬁr bé i H'fb?glaﬁo%n&rﬁ‘)etl@ﬁfs' ent, the tube

ext en e Ree etoacon ctor for
connection to a conplenmentary connector at the end of

LR TR R W
mfué?&n e&ftﬂmge ﬁ &x¥erhal qﬁsﬂﬁy%fugﬁﬁ bOf. | Phé Sp@ﬂzﬁmé' SGmp is

IS osable cartrid eWIt a reserve of insulin
comrlrsxrtedrﬂgz thaspatfe:m vidh eeﬁeﬂbl;estube attachednakRBe disetalthey pump

o8 8 0 5 3B PP o, T
pa&‘hrt%i'cagf coMiprigas RinCaef oo adrd tvithd pacest @slﬂh Phe patch

the i nsulin cartrldg the flexible supply tube
witb e isotypiaaly proweedavith a sbartaection ro§ &wansparmwtélw'ble tube

o RS 150 BB S ) 5 g rom e
neédlet tol gl gennadtdr forf cag@ieetion o @C@ﬂ‘qplemarﬁaryoeorirm&@v@tdhe end
of @m@fm’gguéggﬁéﬂﬁ%ﬁfﬁq E{wﬂﬁ‘ :[piq?mémﬂw g“' ai):lﬁﬁe’qlpe patch with
neE BB g0l ARUTRRY (oL AT o8 Pted 18t
suppvlletdlmse dsposalelé éa]tndgmemthsgjlreeer_war of irsgéin that orayhiast for
thrglgs aé/sgt t%?@eq yveeks depend?nlgngn Ithéc’ lfalaltignpsl,J Ws%lihsreanﬁémehp The
patch with needle is thus changed more often than the insulin cartridge. At each
change of patch with needle or of the insulin cartridge, the flexible supply tube
or section of tube must be filled with insulin and any air removed prior to
subcutaneous injection. Many precautions must be taken when changing the
insulin cartridge, and a rigorous procedure must be followed. There is therefore
a risk of false manipulation in existing insulin pump systems, particularly when
components are replaced. Risks of errors are increased by the need to change

the patch at intervals different to those required for the insulin cartridge.

A further disadvantage of the existing insulin pumps is that, in spite of their
portability, they are not sufficiently compact and light to be carried without a
certain discomfort and inconvenience. Moreover, the size of the existing insulin

pumps does not allow them to be easily positioned close to the point of
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portability, they are not sufficiently conpact and

light to be carried without a certain disconfort and
woOnoewrseTé ence. Moreover, the size of the exi SPCIEB2004/003385

i nsulin punps does not allow themto be easily

positioned close to the point ofinjection. They thus

require fairly long flexible,supply tubes, with the

dlsadvantages this confers, when conS|der|ng t he need

evacyate the air fromthe tubes, . and the hi gh cost
'”JSFt'the h?desti‘H/ﬁeﬁe‘ﬂ‘éEﬁ atdltiverlong s finkiblee dsupplst e, with the

iFTRERIES EIONER FRP i Racighe ed e RekTRg s pirfrom
thé tupesq awdttheéugm costeoftthe rtldmesswben veplabémant feneedad.i n
in the cartridge to have a higher concentration thus
enabling a |longer interval between cartridge changes
ArﬂﬂﬁérormbSﬁléﬁf ighdvantdge of Z@)(lé’cfnq W?sLﬂW bhhﬂﬁe is. Tﬂgt they are
limted precision of conventiona nps 1's
unaplg tq ngﬁma\temsmallm@ntmes af Uqulzlamtlmrsutffmerltqorpmsmratwallow

I L1 P BB 58 5B Ging Lo

inteevdl dbtwedry caftrit§e charyes apdr régudtidihintheksid of the cartridge.
mani puI ation error by patients in view of the |ong

They fippitedt Rriesisiom ®ft epnveatianalopemnasgs iust arlimiting factor on the

PAGEERERCE] PechEFRL Ry, HE o0 AL B carroe

change&ﬁh@ afarerhdhitivped factoroalsoprivatday affegtiiheesodability of the
roce%élre to be fol) owed and precautions to _be taken

{per Ad fhe i risigrofcmagirillation ewer Py Ratiests dn view ot the long
su&E‘ @glférﬁiltl?é in8Bd tgoﬁﬁngérdlﬁgrérﬁ‘?nl%ﬁf@érg\%%géé@ glégﬂ%%ts, such

resent Tnvéntion is to
asstyletcartrfdge tthe fbuthtentumeaud tHelpatetn yvltbf néedjel Each connection

canment such insuljn, that is reliable
ano SRt S Pparatian, BHuLES 2 At Q@%CQQ}"& 497 he folqesl and
préé&lltlo'n§ 1825¢ thReM Ty Medp &‘ﬂﬁ{temﬁ'ﬂg] Lecft b SE certain_risk of
mani pul ati ons by a’patient or I C ctitioner

false madpulations an advant age to provi de an insulin purrp
that is confortable to carry and increases the range
of activities that the patient can engage in.

Considering the aforegoing, an object of the present invention is to provide a
pump system for the subcutaneous delivery of liqguid medicaments, such as
insulin, that is reliable, compact and safe.

It is an advantage to provide a pump that is easy to use and where the risk of
false manipulations by a patient or medical practitioner is reduced.

It is an advantage to provide an insulin pump that is comfortable to carry and
increases the range of activities that the patient can engage in.

It is advantageous to provide an insulin pump at low cost.
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t is advantageous to provide an insulin punp at |ow

cost. (bjects of this invention have been achi eved by
weonresiod9arg a punp system for the subcut aneous ®eTIB®NY003385

of liquid nmedi canents according to claim. Disclosed

herein is a punp system for subcutaneous delivery of a

l'i quid nmedi canment, conprising a reservoir, a punp

nodul e, and an el ectronic control and conmuni cation

nodul e. ., The pu dul e conprjises a rotor. received in
OQeefawW'%fn\)%nﬁsatr%vehB%@n Aghievesrdit Prayidig @ pymposystem for

' f i i . rqQtate
th BLBGBI= b AEIRChy 1 (ALK EURERIeH, Bocd it A

nounted in a stator section acting on permanent

OFFEREE MBI 41t o Bl GARRERLSTRERR of a i
m?@i&ﬁ#ﬁhﬁaédn@@riéfﬁ@résfes@%i#, ROplimPadRodiR, BRENEEIRE Hgfceontrol

irst and second axial extensions of the rotor an
andoepyeaunicationpnedwst ary bearing surfaces of the stator

housi ng. The sealing rings, which my advantageously

consi st of sinple Oring seals, are nounted at an

Theb bumipenrmaigles coiiphiseesPestor trecived aner paVIBE Bfl izC Siatdr h6using
the axis of rotation of the rotor. Each axi al

eleneph Plugoesk on Re intslly formped with the resgivairs iippsiug to rotate the
o fo Qe . .

o80T} 5 B0 SN R 18 SR Sorton actng

orsi perntdnertie rsagihétsg moogteto inhehet hretorsi dad tdodnebted to a

opening and_closjng liquid co ni cati on _across the
miEERRTPRRSS G NerRISCHPRLS SPrial BNY COMYBURICAHIoR Serans al

extension in conjunction with the correspondi ng

sealing ring thus forns a val ve that opens and cl oses
Seading ringsaAreonovifitednaroand firstrarahseorichaixidl exteasionsdf thé rotor

ankl "S5’ BB Ih NP BTy Tl SRR (e FetgpouSing. The
scMRg ringdOWHIH %Fé@%d@)éﬁ’ca@e%ﬁsﬁ/h@oﬁs‘?ét%ﬁ sﬁﬁ}ﬂe{j@%rﬁ{ég 8kaR, are

effects an axial “displacenent "to when one an
meunied aé ealohligueiangle withoespegidota plang pespepdinulalkethe axis of

ro%fpf)iéﬁl’ofgli%% 2#@?:@3@% a?Jal teQFenrs?otnOBf th\éhr% oreci:cgrnSrrisé/sag\fi%uids supply
channel, in the form of a groove. When the rotor turns, the extremity of each
groove passes from one side of the sealing ring to the other side, thereby
opening and closing liquid communication across the sealing ring. The liquid
supply groove of each axial extension in conjunction with the corresponding
sealing ring thus forms a valve that opens and closes as a function of the
angular and axial displacement of the rotor. It may be noted that the sealing

rings may also act as bearings supporting the rotor element.

Over a 360° rotation cycle of the rotor, the rotor also effects an axial
displacement to when one and the other sealing ring valve respectively is open.
The axial displacement of the rotor, when either valve is open, generates a
pumping action due to a change in the volume occupied by the rotor in the
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punpi ng action due to a change in the vol une occupi ed

by the rotor in thestator housing cavity. The vol une
woheosgadd7s a result of the difference in di amePer/1B2004/003385

between the two axi al extensions held by the sealing

rings. The axial displacenent of the rotor is

advant ageously driven by a gnhetic force generated by

the notor coils which produce both an axial and a

radi al force conq%nent npor t ant feature of the

or

StRIQRNQURNI% RAXEY ﬁngowm (GBNORy Bn@s F9SUIS of h@easlﬁqr@@ce in
didRelit BitRedf l'tléle &V@bklﬁlﬂléf&% s‘?'felél bgtﬂhg s%ﬁr& ﬁﬁg
rotation cycle. uid S very
smal |, the anpunt of Ilqw d reqw red by the pat| ent

T S RO RR R (3% BEPrcachd\Priaeysh e by @ Magnetio

fofc@NbE Rt ot bﬁ thEr Mofbrakoikr Rfichi Prddeite LBRNPA R Yand a radial
advanta eous be obtai ned by individual factory

fors! c@naonermt aﬁn tmeor(b@mﬁafeatmrer ebtha humpusysienoaceconding to this

g B R pBFh.ASBAL P R R o uGiRi Pl pah rotation
cyl@reOCR§9ch@nﬁhLﬁél onsmﬁea BeRichBlet fsaOégD@ﬁﬁﬂl FRENA’IBUND of liquid

t he punp nmod rotor and stator arts may
regavesh by dae lmtlenbmaym pymnﬁ@k by yotating ﬁh%é@f@d aplasga number of
| t
oflBhBohS wEOTBaN SR, St e n SR, R e prpcsir

of fthe pdn’;]mmagvadvﬁntage‘o@sm e dgaam@cal by mdleIdUaﬁaﬁWF |cm|brgt|on of

un|t t t hr own away .an aced once t ui

P IRTEDY Uieh BUBIRY il Ansics 1B SIGREARL aRaCRUYeR 10 pump a
oRi

Ce‘*‘%‘“ B o RGLiOR, S eiieuRREIERCARARH! RSty dnd stored
in adibﬁl[;/tranmonokarmmtadluytm gpachp modulew of the

particularly sinple punp notor design, the few

conmponents and the possibility of formng the rotor

THR SubiRrStor RiHd §té¥6t‘ RS bha?uéd\%fnt dg?’lécﬁ@l %e‘Tdeelo@brim(?rily of

pl astics, a particularly | ow cost sposabl e punp a
injeetest plaistic insatedahedmpatibledwitht mgdioal deigepuitipe stator housmg

mg\‘f L d;')lﬂggeé) th"c%eI ?e/seenr%l?nor' Smtterg}?legllyt ?xed here\Pl?htto form a

- disposable liquid supply unit that is thrown away and replaced once the liquid

medicament in the container is consumed. The motor coils and electronic
control and communication unit may be mounted in a base unit to which the
liguid supply unit is removably fixed.

In view of the particularly simple pump motor design, the few components and
the possibility of forming the rotor and stator parts primarily out of injected
medical plastics, a particularly low cost disposable pump and reservoir is
formed.

An advantage of the pump according to this invention is that the major part of
the pump can be mounted to the reservoir in a permanent manner, thus

obviating the need for users to establish a connection between the liquid
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the punp can be nounted to the reservoir in a
per manent manner, thus obviating the need for users to
web@Bdegh a connecti on between the |iqui dmedi eam@EB1004/003385

reservoir and the punp. The latter elimnates the risk

of false manipulations at this interface. An inportant
advant age of the punp systergaccording to this

invention is that that very small anmounts of |iquid

that ma per revolution of the rotor enables

m%%@meaﬁgégewplrmﬁj ithe tRUMR. Theelatien elimipaigsethes disly, of false
mg,{]baa%hg\g{%tmgﬁﬂélﬁg é)f hi gher drug concentrations than

I n conventi ona and as a consequence snal |l er
reservoir cartrldges or Ionger i nterval s between

AR bRl ads Sb NP Ump M asscocdoe ) TeBaueaton is that

f
thﬁ@?ﬂ%@%%ﬂ?%ﬁ@%ﬁg}a@ gﬁvéiﬁoé’?hmpe@ r%%vgmaﬁ%he rotor
eng

emall dosee of lliguidotot b |me¢tadc\ta15y pznecuseiy Thisxallgives the use

S t,ube of the injection.patch Iec oni c
of cHiaReL, SRS Rormifrldls choflo dhecriniprifal SElE5TS) nd as a
coRSERIdritR AsibRdls CRIseRfoif Oéamldqﬂsesér CRIFGeR Gatbhrils Whkhveen
a control and display unit owi ng the patient to

replneevenh ®f ceservsir @g@ﬁdmes;nAsfthteheummystene according to this

g R T S S S —

suboutahedus mjsbtorh ame theretbyeeﬂﬁ)vﬂ@gfmmpaﬂipel% b tbnhidied directly
RFI D transponder nmpunted in nmodul e i n order

to the speqipicof theiflexiple sHpply aWIP% ﬁf ﬁ?ﬁ‘ wiepliondiateR.ored in
the transponder. The RFID reader is connected to a
m croprocessor of the electronic control and

TheoratectirarEti controldudrel | comnuenicationprroeads niey advantageously
calibration informati or for accurate co

trol of th )
cofflfise THEEPIEF £ei Wiielass rararigicatian i i@ gpatrol and display
unROBREWARP R DALAP6 HeckHURY WdrflEh dHRAGAS (" thBUBBHRY The

a certain volune that 1s specific to the punp
elegatfopineentor a@ycwdmmcﬁjleountegnwedeamtageduslytfortherecomprlses

g S R
RFID transponder mounted in the pump module in order to read the factory
calibration information stored in the transponder. The RFID reader is connected
to a microprocessor of the electronic control and communication module in
order to provide the calibration information for accurate control of the pump.
The calibration information in particular comprises the number of revolutions
needed for pumping a certain volume that is specific to the pump. This
information may advantageously be entered into the RFID transponder during
the manufacturing process of the disposable liquid supply units comprising the

reservoir and pump module, and thus ensure a particularly high precision
pump.

The ability to calibrate the pump very precisely in a production assembly line
according to this invention, obviates the requirement for ensuring an extremely
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reservoi r and punp nodul e, and thus ensure a
particularly high precision punp. The ability to
woabishset7e t he punp very precisely in a producPComB2004/003385
assenbly line according to this invention, obviates
the requirenment for ensuring an extrenel yhi gh
precision in the volune of |jiquid punped per punp
cycle, which in turn would require extrenely high
precision in manufacturing and assenbly tol erances of
highh presisipn dbrtbeme:iu@e Gfuhqmérptwnp@@tparamunlacnyalﬂ aglicgn turn

wolfE ey DB Bl prislary dn " BELARLrpE ghd” assembly

tolerdheds ¥ e pag empoNé&itsi on, i n conj unct| on with the
drawings in which: Fig. is a viewin perspective of a

punp system according to this invention; Fig. is a
; i qu
PR TR S Raotl St BUTRLY Bl P B8 gparen

frons tiee \daimisi angehe folidwing ddtaited depchytidre of @mlmcﬂmregté of the
this invention, show ng the asserrblé of the liquid

m\@rﬁaenylnmruunqtlovwﬂbﬁseedw"ags i which: i s a bl ock
diagramillustrating the functional features of the
punp system according to the invention; Fig. 3ais a
Figi lanisianvienwds pesspedtive affa pamp systerhacpamingriodiiisinyention;
the punp system according to this invention, with the
rotor in a rearward axial position; Fig. 3bis a view
[ t [ | i
FI% 013 ||tsl‘%g \r/]lbw in Jﬂarséé’cﬂgead’fcér lli(;tg.lslcﬁ ggCPllyodr?]mg éﬁc&?&ﬁﬁé} dyShbf Fig.
1apevithmed @ baseobinit;he punp nodul e of Figures 3a and 3b
about to be mounted on a reservoir; Fig. 3d is a view
i n perspective of the rotor of the punp nodul e, hidden
Figlet@id 8 \ieWna erepective ¢oh toeenp spseintageordiing tatfhis invention,
Il lustration of an axial extensi on of the rotor,
shewing the assendpy of thailiquid seaplyosit indhe drasenmit; i qui d
supply channel across the sealing ring; Fig. 5is a
graph illustrating the volune of liquid punped as a

Fid.un s & okt dibfeam illustrating the functional features of the pump system

: according to the invention;

Fig. 3a is a view in cross-section of part of the pump module of the pump

system according to this invention, with the rotor in.a rearward axial position;
Fig. 3b is a view similar to Fig. 3a with the rotor in the fon)vérd axial position;

Fig. 3c is a cross section of view in perspective of the pump module of Figures
3a and 3b about to be mounted on a reservoir; o ‘

Fig. 3d is a view in perspective of the rotor of the pump module, hidden details
being shown in dotted lines; :
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angul ar di spl acenent of the rotor of the punp; Fig. 6

is aviewin perspective of another enbodi nent of a
wouns/sygtem according to this invention; and PCGIBX04/603385

a partial cross-sectional view of another variant of a

punp nodul e of a punp system according to this

invention. Referring to Figures 1 to 3, a liquid drug

dellvery punp system 2 conprises a base unit 4 and a

di sposah| e I| unit, 6 conprising a reservoir
Fig 3 Eﬁ r\lbl ﬁaﬁﬁﬂsn?mmah@zotoanahgwwsﬁh@cqnﬁn and

Acld's‘é Jh‘?tldef‘fF\‘étl udéubpﬁy%ﬁéﬁﬁ@l c?crﬂsﬁvI P{!%séleﬂ}ngc ing;

ementary connector” o nj €
needle for subcut aneous dellvery of the liquid
canment

L 'd ' f h 8
Figre & engraslp s ratth e VB R B Jaur RaPsdas RoOpion of the
anBORdr disHIacerhBRf SREWERI of I pliape unit 4 conprises a

punp notor section 16 with nagn 'ic induction coils 18
connected to an electronic control and connunlcatlon

e_20. The el ectr.oni C. con d co cati on
Fidrofueac U L SETSPatR off B0BLES e TBPIERY Bf & AyNTHSystem
acBoINg'® s HYehAbh 0ahdAnd comuni cating via a radio

frequency (RF) transcei ver 22 thereof positioned in

the base unit 4, with an external control and displ ay

Fidieh o Patior G Ba ol el B o BRr afan i pyae pgaule of a

puimmsysteit actdlingfte thismvertioand communi cation nmodul e 20
of the base unit 4 would for exanple include a | og of
the punp operation (ti rre of operation and vol une

R SRR B VAL QUNRD BRSNS komprics
baseamibKognyd faodispegablediquid aupplyamsitiéssoraprisingca deservoir 8, a
PuB MEIE SGE1R EUBHKAHBRY S S GEPYNaGar 114pl1Becsrmaster 14 i
adBBted’® prGlaes cHRTIEMERGIN8bRAECtor of a patch with injection needle
for subcutaneous delivery of the liquid medicament. The liquid is pumped from
the reservoir 8 into the supply tube 12 by means of the pump module 10
positioned therebetween.

The base unit 4 comprises a pump motor section 16 with magnetic induction
coils 18 connected to an electronic control and communication module 20. The
electronic control and communication module comprises a microprocessor for
controlling the pump motor operation and communicating via a radio frequency
(RF) transceiver 22 thereof positioned in the base unit 4, with an external
control and display unit 24 that enables the remote control and verification of
the pump operation. The information transmitted by the control and
communication module 20 of the base unit 4 would for example include a log of
the pump operation (time of operation and volume pumped) and any alarm
signals arising from faulty operation. The RF transceiver may use existing

technology for keyed digital transmission in order to ensure the absence of
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The el ectronic control and communi cati on nodul e 20

further conprises a radio frequency identification
wORbIsDBIa7eader 21 connected to the m croprocesBOT/IRD04/003385

and in wireless conmunication with a RFID transponder

23 nounted in the punp nodule. RFID transponders are

known passive devices used iy a nunber of different

appl i cations and conprise a snmall chip and a coil to

. generate el ectrical energy for powering the ]
'nﬁ%r%mwh pthem R edavices. SSueh trmologin i widely savailgble and

nde® n& t r@egldreggﬁ%/edjﬁé%hfn goods as identification

tags. n res I nvention, the RFID transponder is
nmounted in the punp nodule, or alternatively on the

THE BB Sh g B B PabBE bR i raci
fredyuBREP iderttficalien t (RFISP ARSI ?hbe”ﬁé@épgbn@ﬁic@idrgb%ggor 20

i nformmation on the specific punp no
anglain wiirgiéssn comhaunieatiaom withya biRF Eh ttemsgondeo 28hmounted in the

ol PR TR hphehdidiinis RBpWh piassiveatkiicrs Ghed 1 a number
of I giffeerit dapSlicatiBAs darik ‘o ptiskOh UsMaftf chib hd 4 Qbilt ﬂ\%ﬁ geperate

specific liquid supply unit. The RFID reader 21,
elecirigal ugnetoy of heowelirgbthe irasspander 4rorhtiwe rRREdfieldheSuch

viBbp RIS A3 L QAR APe0h LS gbBs B b FBRRR 4SS
the m croprocessor 20 which controls the punp notor.

G eat accuracy in the ampunt of liquid to be punped
In; the ti1agenk nvantivnedhei RFID rsanspanslesnis swainded cin the pump

m Q,egr ﬁﬁgﬁ’*%& YRithe Afe%éﬂlgnecfr p%& I%ta?tgﬁf ﬁget g%@%sable liquid

I XIn ans or nounting an

sup'ﬁlyu}lditsegmr}d LﬂlairﬂJerseShereetrOnicTh!etaJtﬂmrelmdrm|@ ﬁ@nﬂj‘ry of the
the |iquid supply system 6 conprises a stator_housing
trapgbandeoRIBIPUEING CAPEAICRRSTREA amine SRafiq PP Module.
; ' t OF,«ch T .
Tl B, GNP i B, 0 Fnfcer curng
préduciionnef thy titneid psupplyrodil) mdicatiag theenumbdr 36 rofortrbeolutions

reqBRALIEPmE = e VRliSe ) aad 39 apasi et Supply unit

The RFID reader 21, which is mounted in the reusable base unit 4, thus reads
the calibration information stored in the RFID transponder of the pump module
and provides this information to the microprocessor 20 which controls the pump
motor. Great accuracy in the amount of liquid to be pumped can thus be
achieved, in a reliable and economic manner.

The base unit 4 further has a support and fixing means 26 for mounting and
positioning the liquid supply unit 6 thereto.

The pump module 10 of the liquid supply system 6 comprises a stator housing
28 and a rotatable rotor 30 mounted in a cavity or chamber 32,.hereinafter

called rotor chamber. The stator housing 28 further comprises a portion 34 for
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36 of the reservoir to provide a seal therebetween and
prevent liquid in the reservoir from escaping. The
woavmrodgdtanber 32 is in comuni cation with t hePCmaBIe4/003385
of the reservoir via an inlet channel in the formof a
needl e 42 inserted through the hernetic cover 38.
Referring to figure 6, in ag al ternate enbodi nent, the
punp nodule 10 is nounted in the base unit 4 and the
di sposabl e reservoir 8 is assenbled to the base unit,
mowinéing the tihemp ineduleciodar: opend@nd RE qfuthe iasemvair Bs A hermetic

covgli g by be i sl BatEiey 58 Yo fing P8 41 HgBpfn end
361 oTt ieCIvepEdiedo \pravide & Wehethakbstvdertantdopigvent liquid in the

flexible supply tube 12. The rotor 30 conprises first
resgRPis oh @SERPIY-. dhhee Fipb gBamber 42 ifaln fgMinyrigatien with the
. i i it i r: .
nsBL b0 (lor PR P IRASR R B0 O neselg 42 ineres
threugletiss bermMétibeovey 38Jperi or to the dianeter D1 of the

first axial extension 46. The axial extensions 46, 48

are provided with channels in the form of grooves 50,

Re?@rrihgalto. ﬁgu%"’@ hR 49! Sferiitd EmbbBImERERE! ?Hﬁ'@ fobiule 10 is

respectiv to be in conmunication with the rotor
mozimded &7 tHE2 bdsp emiti 4 gndrthé liispmsgblearesamdbingiialasperiblédto the

of the rotqr 30..The rotor,.3Q., s held to,the stator, 28
bags uhfl; wherelthes nletondeie 2 ot eh e m ke s e lougn
a HeeRBRol8nde 3% thékeksvoiand on the ot her hand as -

bearings for the rotor. The first and second sealing

rings are both inclined with respect to a plane

ReFERG G B8RS horidhax Bk Trtor SSEbet B2 bobiepfhiigg via an
oufl@ycHineN 24 19 1Ke AEXBRY s WY Qibe 12TiRaedtopBb ondtibewifirst and
preferably lie in the range of 5 to 45 degrees with

see@handalt exiemsiqisardd, ptd g@vine @ fenesalhheylingrdcalf shape with
B 2 Cand 52 MER0S B g 2 N6 1l sl
extePsRinoAs teing lsapendr td the diaamtesB1 of the first axial extension 46.
The axial extensions 46, 48 are provided with channels in the form of grooves
50, 52 that allow the inlet and outlet channels 40, 44, respectively, to be in
communication with the rotor chamber 32 depending on the angular and axial

position of the rotor 30.

- The rotor 30 is held to the stator 28 via first and second sealing rings 54, 56

that act on the one hand as valves, and on the other hand as bearings for the
rotor. The first and second sealing rings are both inclined with respect to a
plane perpendicular to the axis of rotation of the rotor. The angle of inclination
@1,z of the sealing rings may be the same or may differ from each other and
will preferably lie in the range of 5 to 45 degrees with respect to the plane
perpendicular to the axis of rotation A. The main purpose of the inclined sealing
rings is to allow liquid to flow across the seal, or to stop the flow of liquid across

the seal as a function of the angular and axial position a of the rotor. This can
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the seal as a function of the angular and axi a
position a of the rotor. This canlO be better

wanasrstcoed by referring to Fig. 4, which il uBCTAB®S4/003385
t he opening and closing function of the sealing rings
as a function of the angular position of the axia
extension. t nay be seen th over a certain angle the
liquid supply channel 50, 52 extends across the | ower

part of the inclined sealing ring 54, 56, as viewed in
bemegi,termnotaréﬁoocihl@y selgrang e Fg@aﬂl whieh illagkatesi theoopening and

th t | ]
ciolflrfEnglit 3 1 «BRR Yt Bs LRLRIGAL dhn el &iatd o the
axiaB ektenelops gt frra;nbtam%eswtr@t ovefle edrtdinearigdld, Nthe | nqmd supply
60a to the inner side 60b, thus stopping the flow of

chanrglisd, ée?r@ggndmacg:@mtheﬂcpwww ofireimclioed seating rieg 54, 56,
as VAW in ﬁgf @%?‘gqé@?{& W'%l we aseet%‘l‘ﬂﬁjs"@%ﬁg,hgyogﬁgr Y%#a%' forms

OV et erm nes
anpesént ivalved Rbtatiba O‘mm%toﬂhlﬂe@vérﬁuﬁ c&h@e athealhqmd supply

di spl acenent _of the rotor %enerat e an axi a
chwg&! eremibyr 22 te srpssnisam f@@ af sigenf thﬁesef?dmgrnngo@%to the
mrga'rr] %IC}J' &b efﬁ&%gégﬁg@ﬁwﬁatﬁgﬁfotw 81“?@{1& naeggggs hfeage%\'lg'tlﬂ ofher words,

closhng thel\AaiNe18 and permanent magnet 62 al so serve to
generate a radial force conponent to generate the
torque required for rotation of the rotor. Axial

Thel !uﬂeﬁ‘?ﬂ@@ém@ﬁt Fshﬁjﬁef?bgéed“ﬂil bin eRDEf e r’oﬁf‘r which

sealing rings |eaks e sea ng val ve |s 0
detsmmiresy thee apial aposl’grormfatb’é thegebannelaeixitenfipr &8. The axial

T RV
geR&Rfed b?%*fé}notbhéoﬂéﬁlQr(ln'tﬁlsaé?h%&%etﬁt %@QLOEW l‘F'fé 55&% unit

second Sealing ring 56 (to the right as shown in
4, 3pyl. actingaypbs m@ltlwetntamagnets 6Reorf ithe trotaral Thg ¢0|I|sg18 and

e Bl igEheh 2 bt Bl S p DS, 418) MR SeSRpSent 1o
geﬁ?fgﬁ? thee fdrqué reqaéd foldictmicit 6Bt roddr. 13Galr REPIacéPehDBf the
rotor will occur when one of the sealing rings leaks (i.e. the sealing valve is
open), whereby the polarity of the magnetic axial force component generated
by the motor coils 18 on the rotor is such that when the first sealing ring valve
50,54 is open (leaks), the rotor is axially biased, towards the second sealing
ring 56 (to the right as shown in Fig. 3b). It may be noted that when the first
sealing ring valve 50,54 leaks, the other sealing ring valve 52,56 is closed, and

vice versa.

In this particular embodiment, the axial displacement of the rotor to the right
causes the volume in the rotor chamber 32 to increase, thereby drawing in
liquid from the reservoir, through the inlet 40 (since the first sealing ring valve
50,54 is open). Further rotation of the rotor closes the first sealing ring valve
50,54, whereby over an angle B both sealing ring valves 50,54,52,56 are

closed. The purpose of having both sealing ring valves closed over a certain
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causes the volune in the rotor chanber 32 to increase,

thereby drawing in liquid fromthe reservoir, through
woheosiadegts 40 (since the first sealing ring vaPee/n1BDYEH3385

is open). Further rotation of the rotor closes the

first sealing ring valve 50,54, whereby over an angle

b both sealing ring val ves q0,54,52,56 are closed. The

pur pose of having both seafﬁng ring valves closed over

a certainll transition angle b, is to ensure that both
tramssition moghe fgis & \ansuse dhatebeth sealings ringl tadyeso @se ynever open

sinhitane U S PREILATL eI taing B5F GeBPuREicklsih mappacturing
tolérﬁﬁ{:éé“%f Kheé 9Stor! steol, GrlieselMgCam bt vduid rb@/ané@éeh)table to

sealing rings open at the san® tinme, since this woul
hav botly seraémg.rm@tomawmam@mm sinagyihis woulsLiakipw mﬁrdlrect

and Haanaraled iy bEydolR B ¥ LesePyalt BN mdtBPtc e

whi | st both sealing val ves are cl osed the aX|a
di spl acement of the rotor is not possible. n

In vieyapll the ingamprasaitiliyafuter Buid dpl freardiag ﬁbﬁrrtberowbést both
se qn ! hagvéso%\Per CWEEH th?ea%@to‘?%m?@%nént &t ﬁféer&tgre‘s”f‘?&%éééﬁjcﬁe. In

RShe and essentr a
thlﬁ@@cﬁ“rdentls eilvhhagaousl topmsply izomaghetidoncet am thé)vehor avith the

360 t at | f th 30, f
matongolba PInsedbETAGN IS X o aicedn welbrertalid BRdessantaly
nof@%&rrngs‘é’n;tﬁ a‘kpcllg) iohltt thot@brW I | axially displace

her |ngr|ng t'hus drawing in fluid
into the rotor chanber 32 and si mul t aneously punplng a
certain v Iums V throu tlet 44. .The. seca
Ovgea il il arce B3ha dolbpane the, Bist 3Ralg Fistoia e 60,64 il
sf t al r Gokst iall
D P e e A oyt WA axdally
dlsqbtaceemvlvdrdsrmteoothemmaimgt tieg,f thust desseingnigp flbidginiatthe rotor

on P ol el o Bt S Db e ot

to reduce, draws a volune of fluid fromthe outl et
channel 44

The second sealing ring valve 52,56 opens over an angle ay less than 180°,
when the first sealing ring valve 50,54 is closed, whilst the magnetic axial force
component drives the rotor towards the first sealing ring until the position shown
in Fig. 3a. The axial movement of the rotor, which causes the volume in the
chamber 32 to reduce, draws a volume V; of fluid from the outlet channel 44
back into the cavity portion 64 of the outlet channel lodging the second axial
extension 48. As the volume V4 drawn back is smaller than the volume V; that
was pumped out of the outlet, each 360° cycle of the rotor causes a volume
AV = V-V4

to flow to the patient, as best illustrated in figure 5.

The angle F (stated in radians) over which one of the sealing ring valves is

closed, as a function of the axial position a of the channel, the width B of the
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back into the cavity portion 64 of the outlet channe

| odgi ng the second axial extension 48. As the vol une
wdanensrddrdek is smaller than the volune V that wa$/1B2004/003385

punped out of the outlet, each 360 cycle of the rotor

causes a volume DV =V -V to flow to the patient, as

best illustrated in figure The angle F (stated in

radi ans) over which one of e sealing ring valves is

closed, as a function of the axial position a of the _
sealingh tled axiahwidih & Bf theocentaelie stttie srplingHingas showndn figure

D of the ¢ [ Ay of the sealing ring as shown in
4, maduﬁ’eee)&?reﬁgé&%fé%&lsessed as follows: F=2p (1/2 +
1/ p ArcSin [(2a + B) /D) As an exanple, the val ues
of the above-nentioned di nensions for an insulin punp

F aae(1&tdY aiATgSinl(2aitsB) Alent i on coul d be in the order

of : Overall outside dianeter of the punp nodul e stator
" 9 nm Rotor dianeter 6 mfMm Wdth of the rotor " 2 mm
Dv= - 50. O (nanolitres) Typical values for the
paraneters b , D and a could for exanple be as
Asf anh lexagiple, the2@aloed of the2above-rentiored diménsiofs Xoman insulin
D anmeter D1 of first.axial ext ion," 0.6 Di anet er
PUED BIRCBASSAERIBG i e g Soulcha Imie ooy S case, DV
" 10.10 (nanolitres). n order t verify the correct
functioning of the punp, position sensors 64, 66 may
be nmounted to the stator housing 28 and notor section

16 of the basel3
Overall outside diameter of the pump module stator = 9 mm

Rotor diameter =6 mm

Width of the rotor = 2 mm

AV= 10 - 50.10”°| (nanolitres)

Typical values for the parameters B, D and a could for example be as follows:
B=5-20u

D=0.2-0.5mm

a~=01-02mm

Diameter D1 of first axial extension = 0.6 mm

Diameter D2 of second axial extension = 0.4 mm

In this case, AV = 10.1 0°| (nanolitres).

In order to verify the correct functioning of the pump, position sensors 64, 66

may be mounted to the stator housing 28 and motor section 16 of the base
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unit 4 to determ ne, respectively, the nunber of

rotation cycles of the rotor and the axial position of
wOheosr00¢o. These position sensors may for exaRpiIraBi»e4/003385

Hal | ef fect sensors that woul d detect the presence of

the magnetic field of a permanent nmagnet enbedded in

the rotor. For exanple, a pef manent nagnet 68 enbedded

in the axial extension 48 (see fig. 3d) would all ow

the Hall sensor 66 to determ ne when the rotor of 32
unjt4 fondeteeming; respeqtivgly; the sumben of setaginowvaycles of tjme mbor and

i RS BBHES AR 1480 Ao o B 78 1o e et

effeot QEnaﬁlds thats watid aketectc thintpresdred@ff ethel Atagrwdic field of a
nunber of cycles of rotation of the rotor. The rotor
pegpanent AagRRt sERSESR] IBdherotes. FRF e¥atwie? Peparnankmagnet

68"BHIRE G b hage dé%étiiﬁﬁér ibM 4%r(ggrec#.g,t.x gm@hggam g;?% (I:-fehesensor

rotor and enbe erein,
66i toj dateroineovieemihe ditog obB2tibén tod extr@méyrlmmnmtldrheas shown

The tor sectjon 16 in the bas
in R 30 e BRI R e s 64 GaribaiSe] Toieienttas pessage of
the%@ﬂﬁbﬁeﬁt‘ Pﬁa@ﬁé{§6é$no@ﬁt%6rﬁﬁetﬂe%fbr% frld 86 §Q aaéodrﬂer to
function, in~conjunction wt he rotor permane
detesties the asmbes bepytley ofrmtahowmfthe rodor. be easi | y
controlled by the electronic control and

TG Bl AvaIT AR i aye tofed o f10rS pérmngnt magnets
62dspacscLBgaalY dfvuhbahB Ry iphEs) ¥f thesetdrad éﬁ%%%%ﬂheﬁe‘?n for

that the first and second axi al extensions 46'
exarpleadpyaduastiaiaiestior navennatiding Qénfbesur@f@robod%earound the

meiteit PG Ruife, iR tion 08 4h g hae i PRl Adjedeousty

cogphieead elurality Lsfrdolig, &ﬂtemmghe §lhQ:oﬂ@&@g%rrermgeheawdﬂcbﬁﬁolled
of the_chanber 32' |ocated between the sealing rings

s0j s denfuneiienorn vEAMURGHONo Yl e dAtPr cPYENanREdf magaets, as a
S S35 W o, SBSEANC LM, Y e BERDESodiifol anc

conmmuraoatlcmmhodule

Referring to figure 7, a variant of the pump module 10’ is shown. The main
difference with the previously described embodiment is that the first and second
axial extensions 46’, 48’ are adjacent and extend from the same side of the
rotor body 31. The rotor 30’ is rotatably and axially slidably supported by the
sealing rings 54, 56 and generates a pumping action by the change in the
volume of the chamber 32’ located between the sealing rings in conjunction
with the opening and closing of the channels 50, 52 in essentially the same
manner as the previously described embodiment. Elements of this variant that
are similar to those of the first embodiment are referenced with the same
numerals.
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are simlar to those of the first enbodi ment are
referenced with the sane nunerals.14 Cains 1. A punp
weysis@syd7er t he subcut aneous delivery of a | i qRCT/IB2004/003385
medi canment, having a punp nodul e (10) conprising a
stator housing (28) with a chanber (30), a rotor (32)
rotatably and axially slidablyy received in the chanber
and conprising a first axial extension (46) and a
second axi al extension (48), the first and second
axi al extensions having different dianmeters, and first
and second sealing rings ($2iM8g) nounted around the
first and second axial extensions. 2. The punp system
according to claim1, wherein the first and second
axi al extensions conprise liquid supply channels. 3.
1.The /ﬁslpmmsysyswm doc thalisnbcutanebes pletiveryi ogaclicuiidnmedicament,

therel n the fj l L,I(@nd second sealing rings (54, 56)
%@W%H‘O Qh' OHARERRgl e with respect to a

pl ar@s@%mlr@km vith ar&ham%rgéoy otation of the
rotor. 4. The punp system accor toclaim2 or 3

wherairetor K§2)5 eetptatdy reindgexiatye stl):lably\geselabd inStheTtleamber and

oI o AR T iR 8 afflea Sopsof i Sidasion o), the

firoamd eécand akibyextshsiods m@vmgqsm@férw didrhétessirdree of
t he aX| al extensions, The punp system according to

any f8pleand sacengr é%%'mshgn% e(ﬁﬂs Sepneosinted esound athe first and
se%’éh@%&ﬁ%% e?-l%ﬁlcﬁﬂ:,d from opposite sides of a body of the
r ot

e punp system according to any one of
the preceding clainms, wherein the rotor conprises one
e Ber manent nmagnets nounted cl ose to a radi al
e pump system according to claim 1, wherein the first and second

axial extensions comprise liquid supply channels.

3. The pump system according to the preceding claim wherein the first and
second sealing rings (54, 56) are mounted at an oblique angle @,¢, with
respect to a plane perpendicular to an axis of rotation of the rotor.

4, The pump system according to claim 2 or 3 wherein the sealing rings are
O-ring seals.
5. The pump system according to any one of claims 2 to 4, wherein the

liquid supply channels (50) are in the form of axially extending grooves on the
surface of the axial extensions.

6. The pump system according to any one of the preceding claims, wherein
the axial extensions extend from opposite sides of a body of the rotor.
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peri phery of a body of the rotor. 8. The punp system

according to any one of the preceding clains, further
woao@rissi7mg magneti c i nduction coils (18) nounPed/IBWW04003385

stator part and acting on one or nore pernmanent

magnets nounted in the rotor to function as a step

motor. 9. The punp system aggording to any one of the

precedi ng clains, further conprising a position sensor
(66%,n0unted in a stator Part for detecting the axi al )
7. posiThPHIBR SYBEM aeeprdditioansene iob e BrRedINGalpims,wherein

thé’%t?nc&bﬁgrié&?oﬁé' | BRS b irEh trﬁgﬁnétgtrﬁéur]rt%d tﬁgge 'aRadial
system according to any one of the”preceding clains,
pefiphétyasf ecloogly obthegrotor eservoir (8) containing a supply

of the liquid nedicanment, the punp nodul e bei ng

assenbled to the reservoir and having an inlet (42) in

i . i Yo Lot N
6.1} ST TSR RRNAG 1) Byt HEprSBAp b,
comtpsiswionmap betic insl ushidn| ails £ 1 &omouiatedin a statoepart\avidracting on

orh WSk haded OB e 18NN b o step
matbecedi ng clainms, further conprising an electronic

control and conmuni cati ons nodul e (20) connected to
magneti c i nduction coils for driving the rotor. 13.

The S ccar di. : dj Laim.

9 aner S S REAT ERPRES 1 P SisEO B a Rt flims, further
copiiidlng aopaNiiice Sehst (66 2RfUAtatEin F0tatbr phfSfr detecting the
conmunj cation with a user's display and control i
axighiposition1 af theydofingnd & Pesitiap cernion(6dd fangetemings the axial

' clainms, wherein the rotor is primarily
po%@?g%?ﬁ?ﬁ?tggt ed plastic material. 15. The punp system
according to.the preceding claim wherein nmagnets
10.  The pump system according to any one of the preceding claims, further
comprising a reservoir (8) containing a supply of the liquid medicament, the
pump module being assembled to the reservoir and having an inlet (42) in

liquid communication with inside of the reservoir.

11.  The pump system according to the preceding claim, wherein the pump
module is mounted on the reservoir and forms therewith a disposable liquid
supply unit (6).

12. The pump system according to any one of the preceding claims, further

comprising an electronic control and communications module (20) connected to

'magnetic induction coils for driving the rotor.

13.  The pump system according to the preceding claim, wherein the
electronic control and communications module comprises a RF transceiver for

wireless communication with a user’s display and control unit.
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are enbedded by overnolding in a body portion of the
rotor. 16. The punp system according to any one of the

wonrens@ddarg cl ai ms, wherein the stator housi ng PET/1B2004/003385

primarily made of injected plastic material. 17. The

punp system according to any one of the preceding

claims, wherein the punp nodyl e conprises a RFID

transponder (23) storing infornmation onfcal |t brati on of
of rotor

he Qunp modul e rel ated to the nunber _ _ _
14-volth PURD Shstermyarirordion To any ebe. Daereceding glaims, wherein
' A i SOyt o claim 12 or
th?g?%e?@?'ﬁn{vqh@aethuﬁ%ﬁtltegr@ont r o%lt and communi cati on
nodul e conprises a RFID reader (21) for wreless

' ' .D der. (23). ted to
10 Gt B Byl aReiig Yo AhE e dinti gt mghereun magnets
arpembeddd iey 6¥8molding in a body portion of the rotor.

16.  The pump system according to any one of the preceding claims, wherein
the stator housing is primarily made of injected plastic material.

17.  The pump system according to any one of the preceding claims, wherein
the pump module comprises a RFID transponder (23) storing information on
calibration of the pump module related to the number of rotor revolutions as a
function of the volume of liquid pumped.

18.  The pump system according to claim 12 or 13, wherein the electronic
control and communication module comprises a RFID reader (21) for wireless
communication with a RFID transponder (23) mounted to a disposable liquid
supply unit (6) comprising the pump module (10).



