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APPLI CATION This application clainms priority to U S.
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i ve Trechani sis asiton punps, and nore
part| cularly, to a bearing systemfor nmounting a |ead
screw in a syringe punp. The infusion of fluids such
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accoml | shbpSRHEERENCI THIRELATRD BMICETION. [um,
having a | ead screw and a 10 screw drive device
conprising a mechanismthat translates the rotational
not i todi t I rew
i vaisapp HRion RS P 00 8 e R N e B
head that typically grasps the plunger flange of a
syringe and t hBACKROTEND (e THFIMYENSIODN of the
screw drive device to the syringe plunger to enpty
the syringe at a controll ed rate. 15 Because syringes
are ﬁ{a di fferent | engths %éefllled with dlfferent
Amoubbe enfion St ytff d ggtenrdisnmeghanigns for
n?ﬁgd%ﬂggﬁﬁhﬂ g&?gs a518 %&Q %aﬁ%ﬁla‘? al ?B‘%arrﬁl\g sglgﬂé}{/nd%)féﬁfoﬁmtmg a
ldaliasrefwoinea syrmgbtpdmpa dl sengagenent nechani smthat the

operator uses di sengage the | ead .screw drive _ .
devi % lt@e HHBHOR ﬁéﬁwéa guchcgspreierahuids mitg .ﬂéf'elwga@*emdﬁ is

a%@ﬁjﬂﬁ%?é%}r?@ E?fsre?lby n a%%’l gf %%Lr eﬁ)gl > lXdv I% Ieﬁﬁ Serew and a

saewl @irerdevicenosptisiigngagadnishihthaopetiskitey ther&tytatiwaa nﬁd’tﬁ‘)n of
pl un(ger driver head, and therefore the screw drive
ﬂtrelw iy intedinsasmotion bhe peW e yletis e it BEURipe thg syringe

I r
pgingglg&ru{({l h%ﬁ'(gﬁiat g@?caﬁk %Pzgsﬁg ﬂ% }Sﬁrill erangg% ﬁg% sggﬂgé% ang that

appitesdhs Bﬂ@a@ﬁl’[ﬁmof Ctlmﬁdir@»b dnigy dbgice e Biesetngd % hg&tio empty
time 25 the plunger driver head will grasp the plunger

the syrigee ahyceiolled sdescrew drive device will engage

o RO FEE Ruilert 03 3B BELEH b b BB A b e

atnbusts B sefugien Ehmdy} thergasion o aidsirigs phingegaondihe ¥etinge
head be easy to use to
barrel can differ from syringe to syringe. Many screw drive devices therefore

include a disengagement mechanism that the operator uses to disengage the lead
screw drive device from the lead screw threads. A disengagement mechanism
control is typically located at the plunger driver head and can take the form of a
lever or levers. Once disengaged, the operator may move the plunger driver head,
and therefore the screw drive device to the ppsition of the newly-mounted syringe
plunger flange. The plunger driver head may then engage the syringe plunger
flange and once engaged, the disengagement control may be released at which time
the plunger driver head will grasp the plunger flange and the lead screw drive

device will engage the threads of the lead screw at the new position. It is desirable
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facilitate operator usage of the punp. Such a | ead

screw drive device with its integrated di sengagenent
woami#e632and connected plunger driver head, abPChmwsgiv4/013173

necessary, can inpart substantial forces on 5 al nost

any part of a |lead screw. The screw drive device may

thydt this dicagagemenhnegharniism and tivplyngeredriveadeatbeeasy to use to
dj aon. the l.ength of the syringe nounted for
fg‘gfei&‘gené&‘;%%%}%%ﬂ%ﬁg?f PPN evel of medical fluid

r emaSeng ldad schev advd 88 wiksl ik ‘iﬂt@%lﬁ{eld)ﬂise@lgﬁge?ﬁéht control and
nmedi cal fluids are nore difficult to punp due to their

cpnaecd plyngerdriver hendnelthaugh aepessartyuearhisnpap] substagtial orces on

[ | gad_on the ad screw. For these .10
GHEAR B PRl B NP Be 46Vl et I e at any
pEBitiohialhgStha Maldi stdewt @epehi@ink ©8dh S BMBW $he sRige mounted for
efficiency is maintained in the devel opment o

uspard fdepeadingoethe devel phmedisal fwid memainingrindhe syringe.

A0 o e hPich B s UBHERE o 5 PRahispigeviscosit
o FornetRer rogRfhs, fikthbSplading ah DRr&Rad 1030 ohthe NGB sBRFP For these
manuf acturers to produce punps having 15 increased

1¢4sens, uhis fdgsiratly to prawideissbstardnal monting stebiity fosthe dend screw so

that wi [l ly.th | ect ed
B FRrstigRsath tkaeHPRaRB otk Dy g e
tfaRglhation 6F 8t RflatldnaMmbéBent4d linbartievenydrit NER ih $he application
exhausted or the rate is changed by the operator.

ofidhes liaear mevdvaent éathetsylingaploagerdfeadhe syri nge punp
parts,. interactions. .with the syringe,. or qther .

" oas s PR Th e & Syinte i BeBYar IR 11 produck Ripes pvine
iNGE¥sed 2w aifarhiE. SBlaeh! fdnfRERrerf sk ita BERIuEE 9{&%@ fhat will
prescribed and sélected flow rate can be undesirabl e,

pugpesiaglly $he selestegrfidw canthroughouhtie infusiopanidert varyfromothat

iL,ve the desired .level pof i.nfusion.flui
sEEGH I e AR TR Svang R enfinstedionelt ol Momanged by g
opeRtEN Hdveevef AHERahRESBIYAICEABLRS shAndd Pthp BhiSs, 3SteMGbns
as possible. 1n one | ead screw arrangenent, one end of

withethe epings oewiher reasqnsaaicaese theflowi rete ¢ syvimge pump to vary

t hrqugh, a trapsfer plate ang has a,pull upted to
fioy AR B Lirape ol et B Yo Red BV nniR o be
uhA&RLRY edpe8iatly il HgSiRMIPIRARS RO Péﬁé]iﬂ%h‘y'ﬂbt PERWeIRS dedred
stable and rigid nbunting point Tor the’l ead screw.

lepted of thadnBisroavilypd Mben neededi Matufyctergagatintotd fefind thene
ulley. of a tor, through a ive belt. bear i may

et el R ealete e oo B FoRruPReZbeEar ough

the 1 anslesldl sRb@iRrahfeh&RS6E erdbiithe18K66HS 1.6f a first end, is

friction. In another arrangenent, both the first end
nafuntevetht el asteanstor piede aidhaira meleymadunted tot itreentiotHre trepfer
pTa%f\:/ forgles%?m of the & e.llc') ?ra}r{e]to t[}(l:eogy?%%% %gmtpha{n uc%gseq%ently provides
a stable and rigid mounting point for the lead screw. The lead screw pulley is
directly engaged to the drive pulley of a motor through a drive belt. A bearing may
surround the lead screw at the portion located through the transfer plate to lessen
the effects of friction. In another arrangement, both the first end of the lead screw

and the drive shaft of the motor may have gears and may be interconnected through
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WO 2004/ 096323 PCT/ US2004/ 013173 an internedi ate gear

or gears, although this arrangenent can result in |ess
wehbismvensy. | n one design, the second end of Pog/uUSewd 013173

screw may al so be mounted to a rigid plate with a

bearing thus providing firmnounting to both ends of

aHataragdiategenbor gedonaltboughbisrriangempret copcomdt iressof

. 1 i gi ' |ate i t
PSP IR, B R UT IR GL hEn) Sp Bl moumted o
£ FidpEdte withubBeatthg tthidSprovitiath Mok WRRAtHH & BGhNASHS h8 lead
devi ce and the plunger driver head. The di sengagenent

EhaHP YRy §rs mopptiegfieseeandrand cdsholsad sgbwthe ragifl meounting

I: erm.t elective en epent and .
i R PaB R s FoL SeGRER IR i Elivienmosanusie
80d bbRfech g chiéw Aride Vit EiBe ARYthRPlEReLatildelendposi ti oned
on the 10 lead screw to accommodate different |engths

of t Haessengegomenhmeghanish istiypisaln demmdtasmachafithe diive

SRR AR e Pl AR b SR b edmraate
With iRV eiBscaérdl 56 AiE thd A1 cRivice Mt Se SRR PYSRIbned on the
outwards from engagenent with the | ead screw threads

laascreva to aqagmmdedaje didsvent bengthp dféhessyiringas.oAdgypicel | ead

r to the desired si;tion. The 15 |.engt f the
G eat M S B i R P S e Bt
Wigts @R al Lo RS 1dad scha EThBRMH A k¥MEesdiVERRs M PEES the half-
substantial portion of the | ead screw so that the

ngitempie be menyedl wybwards Gromhengh gergens twisly the depslssciey thekadsiso that

he .punp.i s _desi d,can b used with.the punp. |
iRt ind B a0 gioretaRag SR e dosien 857 Bio The
1664tR Of tHe 1bALRHSH avill (Y dlséhgadlndiR Ik QPaFISMNLE HbQP ddUBRasily
that connects the screw drive device with the plunger
raeva/ibe drivie dvica long @suhsiamivd portionind theledd serewvsol thatribe
rigidly .mount but instead "“.floats" wthin the
sl DR nin® Yeeeo? B G TG i jsgsieged can be
Iﬁ@dla@ﬂlqﬂef,@mﬁxceed the travel of the syringe plunger
within the syringe barrel so that syringes of various
si zedn mpﬁﬁcmtgmdﬂtwconmm afitbe dopdisngev Isdocatdd within a
full, the syr,i | unger .25 wi Il .be at. the proxj mal .
oWt o habr e st OFIVE AEYiee yebriag plunger driver
1RhdDFhe bdcdnd @Al bf fhel IR i 1))t 91 d1D EnciiidER iRAES® ioats”
This configuration results in the overall syringe
within thesgompsetiandivbe Thelengthgiftholead serebas selectedée axsed the

SO PR ) DBk e P
s8%3 Faly ®eldeBodhiRiddted® Wihenthé Byidbe K2R RCAI10Me SYRRee %llemger

extending fromthe | ead screw to a 30 point near t
votliberat gredprokimdl end ofi thiertgrret with élxeapiphgertstem prieridebalmost its

e%ﬁlge’ leltlgqch %ﬁ%?@eethte rg?ringe barrel. This configuration results in the overall

syringe being almost twice the length of its barrel. Because some syringes are
relatively long, the lead screw may be located at one end of the pump housing, for
example the distal end, with the connection tube extending from the lead screw to a
point near the other end of the housing, for example the proximal end, to engage the

syringe plunger stem flange. However, the second end of the lead screw will



10

15

20

25

30

syringe plunger stemflange. However, the second end
of the lead screww |l 3 WO 2004/096323

wOeCH49820284/ 013173 al ways be | ocated w thin tReT/US2004/013173

connection tube regardl ess of where the syringe
pl unger driver head is |ocated. In the approach
Haays bologatad é"(}@lW\H@r eonppetiondubniegaiidess i Pherd badysegew

t:he hol |l ow connection tube and is
biinacrRERLERkaf it Mol

I'n the tube, rigid 5 nounting of

t hat Is elmjapj)rwwi descrittdd 4d0$6 Wbk thBesaud endl BEHR 1b&d Srew is
size difference between the outer dianeter of the | ead

loeatedyilbEbibg ’@HGWaCr%ﬂW’f@nl thbreanddis aHewed totfloathmn thetubmywrigid

B R il L ANNS b RSHE et I MRS atoel Brrefd
Bdtwgdﬁﬁ the bateg dianfeténer tBO Wag s&%w/&@@nd élﬁi iﬂﬁﬁh@ ASner ARRREter of

und to |l essen the flow uniformt e punp. The
@é él@H@wwaiaaors@ﬂféw@wcmon md@etaag%mféhww memmthm the

.08 e e for es e ted o
%alg(ﬁi;btgr ew H#js aq égh %g&?% %1?%']-1‘[ gr@%)}n %?tyavﬁglil ﬂl |t3'|‘i’ has
teden tftuend totledse@ iRl o bhiForngity e phiepd 'I&l%rs@&‘bﬁ@leﬁ@ gcrew end
|i near notion of the screw drive device. The | ead

(§RYSy TROiecHidin thaporaieatigetubh depensing en ﬁwe femagmq&on the
l%ci Q: évb?h@s dﬁy\{ q%i}fecll ’??'6‘?1 t hr gﬁo?ﬂ Jtagﬁaal motion of the

rea er or

leﬂhgoeew wtﬁemrfe@ﬁmbhbﬂ of tHe shfé‘@@d@\ﬁ% dehBod. | D TeRd §&E‘Wﬂaﬁéads
or flow accuracy of the punp. A further undesirable

@nfsgngegheir Raglelod angaggmeat wil tenwrow drive dpeiad ﬂgca(bwemétmg
[ th the interior of the copnect
b%géatér or rl‘%%glr 1%1%{18% ﬁ%ﬁv&lfqeen i t\?\{%aé’ld ctogﬁ)eequpﬂt&z ée&}ﬂmg n lowe1 ed

filovp anifomgtyi Mﬂ@aae@rm@a@ﬂh@pﬁm@au& ng a larger
difference in size between the |ead screw and the

conndcfursr pudssirablercslsgt off th@ﬁmtfglg‘ sseorg/end ofithe led screw is

. S d h d
R R b\ PRI oy E ot i B St aohatnecu e
taBIREE Y mpRM R ﬁéreé?sfedt\i@r aﬁlﬂ%ﬁﬁélﬂgahﬁ%& SfeMce iGze

floati ng second end of the lead scfew been
bedveeanibel laad sciestanskthe cennestigh tube Thérsbh aowimgrfof evandnome

e 0 the co nectlon tube and
d&(g‘?]eﬁe%\%éfﬁ]te%g é%%()fgﬁ f?ﬁ@éﬁgm ®second end
r esulld i gffed tb Fedace ﬁiearndéélfauwéfféc@s" SHubdd b;kﬁiwéﬁfent Sfitfe
manuf act uring process of hollowing a |edd screw

floating kpsd sciene theoBeatisrg sehendsandent thsslend béreashasheer hekiswed to

e o JT O 5 s st e Binge oy e 1o the
dofifdction @she dﬂ%ﬁ@@\bé&r thBdnfe@fit $f movement of the second end resulting
in greater flow uniformity. However, the manufacturing process of hollowing a
lead screw increases the cost of the screw as well as increases the rate of lead screw
waste due to errors made during the hollowing process. This waste also increases
manufacturing costs.

Hence, those skilled in the art have recognized a need for a stabilizing

mechanism to be used with the second end of the lead screw so that the end is held

in axial alignment with the connection tubé and the drive device during operation.
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Hence, those skilled in the art have recogni zed a need

for a stabilizing 30 nechanismto be used with the
woeesvdexnd of the | ead screw so that the end peThshm4/013173

in axial alignnment with the connection tube and the

drive device during operation. 4 WO 2004/096323

Ipetheudhorssktled 1 the auyﬁweerle,cogm@siea rier|fPrekgdpeing Hee ests of

: [ for reduci he casts of
A BT A e R P i S O hER e fnoees
these needs and ot hers. SUVMARY OF THE | NVENTI ON The
present inventi oRUMMARYE QRETHEINVEYFI@N and net hod
for nounting the 5 second end of a lead screw within
an connection tube such that the |lead screwis
stabilized and aligned with the connection tube is
mai ntldie Meeseliiny enfiante diaeted & a pysteye and methashion mavinting éhe

t e | ead T t .
FEOREEI ALY i B s5RcRRG Rl PR Bl BB T Loy
stabikad andatigheli@ith thadornbesd tube admsmtANe Rirfis @Ushire
found to be defective due to poor workmanshi p are now

ragg efape eemang of Herconpemionrivenevestheplead sefew. flde paesenhd

. t hat b lid i confjguration,th

FEOT A o P Rinetng e SRtk AR PR sugh g hose
lediliserew £fetiondlytibensie @ffedtie dusas ps&edrknlaRsBiB@re now
aspect, the invention is directed to a syringe punp

Waklen Fueherethe ineention pi tidessfod pileas sdesrt that maythiersekid el

idh the |ead th hve. 15 devi
FRORRATER b bitabiE 2 SERATHRN: s BERRLS okt ey
reiecihetd cost cwhe RAd sérewdr i ve head adapted to drive a
syringe plunger into the barrel of a syringe to expe

f1 ui dn epnesects thefinyendionyis dhewed toresysinge pyepdhaving a lead

<SR B N R RE A et Sk bl Yoo R s e oo drive
deoftResd i aloHP ehe leAE ir8W iR Y&hohdeao r&@H0:S 61 8W 18f0screw, and a
connect ed between the drive device and the drive 20

dvgdeedadepiaitol Civea syvngerphngef intchide drirekofesyirige 46 expel
fLuhgclo zé\dt ng ew t.o0 thqe drive hea_d, t he corngcti onht ube

i e os A MEHP R R RSP P uap SRS 4 Sorew having a
fivkiedrli A d tah@ c SRICHIGY BR theXfirst &1 he@tle® &I £Wah, 4 e&ﬁ{e%%on tube

within the hollow portion of the connection tube but
lpeatest orer Wisslead) sarewnirand ¢onegetedbeverean thg drive deeide and thealrive

o e P B A o o
d&i8 Mesd, 1N cAiNReH sEbe ll%)(vig %f}fr(])i(lelﬁﬁfl ;g)gg&{ ded a‘ﬁaxﬁﬁéﬁ! sﬁi’f?ﬁeé

mount of the second end i in

screw wt
vdwneia the seaondipred of the lead screw is located within the hollow portion of the

connection tube but is otherwise unmounted, and a bearing located at the second
end of the lead screw in contact with the inner surface of the hollow portion of the
connection tube thereby creating a guided cantilever mount of the second end of the
lead screw within the connection tube.

In more detailed aspects, the second end of the lead screw comprises a
bearing mount having outwardly diverging bearing surfaces with the bearing

located at the bearing mount, the bearing engaging one or the other of the diverging
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In nore detail ed aspects, the second end of the |ead
screw conprises a bearing nount having outwardly
wdai2o@wogexng bearing surfaces with the bearing PaTasem4/013173
at the bearing nmount, the bearing engagi ng one or the
other of the diverging 5 WO 2004/ 096323 '
Ysemngispiaces g EEr@se e ardvamesiefthe eenmneatipe ihsmyer the bearing

V. of. t cpnpection tu over the,.bearing in.a
e gl RO, S0t QS SV ik Houalin
sunifavey 6it thie BeatRigGhaeht MEEREd Plhxidl WifedG &S Bdm bR aRRAKITELe
mount di verge in axial directions froma bearing

Suter decatiopdhe bearingcamghging onper tsartherpfehgdiyergingmeunting

r of th i Ver gj:n untin urfaces
HEReR T Shs T Bl 2P o RPLhEd et O be over the
WariAgC Fuaher] the®edNRY niolft hdd@aseonBaly MetFdIRs shife

beari ng mount has a generally hourglass shape. In yet

ot herln ¥shetbersaspedis thebearing Haa snrien taperadppsinecs fouefigagng the

: L e L¥erqging bearin urfaces. of the
2RI ER e P B 530 SR BRI Pl Suwardly
ihfdf @nEialbisBoRLEt FAAYRSInnYE hltflcB O f IHRNShnSiHohaliBe, OFurki®, the
connection tube. Further, the 10 bearing has an inner

begring das athianet grie fad is shaped mpprapprordmeteorompyl ementagr shape

. to the divergin eali sur.f aces ereby.th
1§ v Qb A SRRl B FoBias hEERa pRF of the
ledtescadp 9 HiephoxnleRenef of e cofmiteichie. t ube. O her
det ai | ed aspects include the bearing having a | arger

out eOtherdeigited aspasiminelude ithelenaridg Aneinga lafger petehdiaimster

i f..1h tion tube within which it .15 is...
L B PSP RS AP AR S D bt W
ipeiolinted, tHedbeheas hi\dng 8 RRIRIRSS thet fhRie e RANPYIE&Hpress

W thin the connection tube. Further, the bearing has a
tp shapby bomewatei within thetconnentionaules. slurthieatthe hearbelrdsagiotch

ill,bend at a desired. locati.on. . re,detail, .the
Bshod AN Bt BpRERkd Bl @R il Bond BatsbeFlagutitr o
BotefdReg], ee Beafing REAE pRGAIRP of NalchéNBrRER M8 ottdrlsultBadof the
at desired locations to provide a npbre uniform 20

bearieg satat thetbepont wilh bersbatrdesigedlocitamsdo anavidhe nionmeniform

rface of e .connecti.on tu to nore accurately .
TPl R o ok IR RAMEE SR HE® P b CRERP St e RoRRRStion tube
t6 aHvre abduRitelytibRe tHeke¥®id Mdsthé Rhaisted PIRBGhS cofd®etion
beari ng and bearing surfaces of the bearing nount are

e of materials selected such that the bearing

easi sl i.des, al..ong th 25 bearing, surfaces, e .

the. BLaRiABEsDUBIpedie ti bR EE sRRfitineir e Ll b Bt
rhQurifBid haddlo CaRkALT sPIREWE]RCH Mt fhBMerisédsas_1iads 4158 the

connecti on tube and the
bearing surfaces, whereby the bearing moves up one or the other bearing surfaces to
maintain contact between the inner surface of the connection tube and the
respective bearing surface to more accurately center the second end of the lead
screw in the connection tube.

Other aspects and advantages of the invention will become apparent from the

following detailed description and the accompanying drawings, illustrating by way

of example the features of the invention.



respective bearing surface to nore accurately center

the second end of the lead screw in the connection
woube/ooe2Ber aspects and advant ages of the i nveariusm04/013173

wi |l beconme apparent fromthe 30 follow ng detailed

description and the acconpanyi ng draw ngs,

i |1 ustrati ngBRERAESCRIPIIGN He DEAWINES of t he

i nvention. 6 WO 2004/096323 PCT/ US2004/ 013173 BRI EF

DESCRI PTI ON OF THE DRAWNGS FIGURE 1 is a perspective

'he" BEMRESY ioBS el Bkt Aot ReBR LoV B SaEREnt
i dVn@i6h BrePRHLRY usd InthfhsATstodtdn® dopatRhs thfoubhl M@edical

head in contact with the syringe plunger flange to 5
fpid gdmivhssragipnisetye dpive hepst ini contact wethdhe symiee phunget flaggs to

B8R SFRaE PBireRt i s> uSY bmaae expd S ABropitlipg svringe

11906 ST R a dBniBRIh 8 set tHat & conb&e@ > iBRLEdIASystem of a patient;
perspective view of the drive device of the Syringe

punpFHF. Fis@ sihplifiedvherspective esov etihewirive devigabétheasyriage

first d.th h f. t d h [ 1
e ARG B RS B Qo e
pRAY hihas a pR1dy BRBHRIcsReaNsh VI ol RGBE, 88k Whi BiBwAhving a
connection tube that connects a drive device engaged

flgating sdvond oné abetedfwitlhie ah sathestioe wihei thit doheeds & davedadce

R vinibe Ghreddy efthlead shieFnvih Budadiat showh i Bl
of t ARG IYRELION sRBViA® oEREEMbAieof 2188 gct%wsig%%&gance

the first” end nounted through a cross-sectione
witheaspees opthatieveantianandeansadgnkIG. b add Rsbowing, thevfirdt ehd

iR BFRIE R A TeEsehed Srhrer pie S AT PRG L S v, with
& oSLERBInENG: xég pd1lR§ sheRf niffe tEQHé Aekt 8Rd '(')Pf?l'é][lead screw

gl ass” shaped1 eari hg nount, or bearing race, for
viroumoungnganiie amd thg;sedeind.end af shealesd saewihawingfand'hoenglas)

b\ﬁp ati{%or.dance W tpr%as ects of the.invention usable
SHRcH HeRIA0G BRMh G Tt APTROMINGOLEDENd end of
the krady ﬁcdlrs‘?(\ﬂé Abwidf% bedrin ?fpaécgr(ﬁth@@%ﬁl?aggéc?sﬁ%iztﬁg ?r%ntion

end of the lead screw wthifn the connecti
ufdb®: wth thhbedring mbwent dpdaidd aifthe seeobdemd ofjthe deqal seresd bf FIG. 3,

t§ HaBYigh 81 Beoi s b iad B BN Ghe A ton fahg of F1G. 2,
sREHL8e gﬂlﬁ'btf"che lﬁaﬁ?ﬁ,ga %lﬁra%t}p 6F Scl?%ﬁ:{ll Eﬁ’eee}féaxﬁﬂ sgﬁ'ﬁa_@e of t

cut away ' earing o on I nes

ortion o
beartngs hndvhegntérdeanng tapprsdbi brzaphmentnwitie shebeating heount;

hour g{(?SSS issahpae?s%egtfive view of a cutaway portion of the bearing of FIG., 4
along lines 5 - 5 showing the inner profile that mates with the hourglass shape of
the bearing mount (race) located at the second end of the lead screw, and the
external bearing surface that mates with the inner surface of the connection tube;

FIG. 6 is an assembled view of the bearing at the second end of the lead
screw of FIG. 3 in accordance with aspects of the invention, with the bearing of

FIGS. 4 and 5 in place on the bearing mount, showing the bearing in cross section;
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of the | ead screw, and the external bearing surface
woOhed4/00e26s Wi th the inner surface of the connecriusm04/013173

tube; FIG 6 is an assenbl ed view of the bearing at

the second end of the lead screwof FIG 3 in .

accoFHancehoris the dsaringt is contagthwith thesinneonr fags pﬁtheh?@nnectlon

DA
nﬂﬁﬂﬁ ﬂ@@ﬁﬁﬂBVﬁﬁEﬂt@@Mﬂﬁé&ﬂoﬁ%bﬂrﬁhe Pr&Ods dir&ion; and

bearing in contact with the i nner surface of the
connBE# | Hrgaiyplegws the b@@m ingoatasbwith thomngesurfice of thse

PR b 1570%eBe BIEESr Brink IROTR o pPofiiifvEieine

salifiRcifl tB@bea’tﬁ@ mb:lhr@dug ARV EMSIMQTIhd Behrkeas RbeliMthe distal
contact with the inner surface of the 5 connection

dirg@fton. t he bearing in this case being in contact with
the distal di vergl ng surface of the bearing nount due

O] ,gENTS

EMBODI VENTS Referrlng now to the drawings with nore
particularity, wherein like 10 reference nunerals
desi Reﬁiﬂng h&® 10 theCAth 2R Ath Iﬁare%a@ﬁ&ﬂﬁﬁtyameﬁlﬂ he:
several views, there is shown in FIG 17a view of a

I%fylfelnn@ suparats d@lgrlatﬂ iy i cptresnyadingdiéments syong thd wveral

Vac%p qgceho th E@&n ri nC| es ?f the | ﬁ?g on.

B7 HEEOS5nPh Ty T, $ine B otinger,
drRENdyistieh ANbcsRASENFItH eﬁeaprhrﬁum@mme ih®ntios! A dyirdne®fi2 is
|IIustrat|on The syringe punp includes a syringe

sleovar n@umd in thmpmhp it @Hawnou@mmdrsensmg dogiail$ ranested for

b fl be | o
oy BY I PRGigE R ybinBO g Todthces sring Bl 1 Disfvpich the
symgeswtdngs vaareg! The @jﬁﬁ%&%‘rﬁey fhiad 18 WY BERRhted YA b BErrel
novenment of the syringe plunger 22 within the barrel.
fipageagioove 0t éhenamrelo fa mg@olbmat_h@esyange basrel Sroavonigitudinal

1 bed. h
o Pl B B o RS ERBS B URE P05 BB oo
Addi De@glolf Yhe BRI Flmes dgreav@iretnts@sm@pﬂmm 1Mk ke
syringe barrel longitudinally imobile may
dpscsipe éqrekﬂ,mcah futk pdeaturstis well dmewnha thash akillstl am/che art.

tt he s..al so, use
ARy et on T R Be i TR gy rgq o fisindinally
iBiiobi18 EnayBERovided bl %hﬂ%i‘&nt%'ﬁ‘&%r@ﬁfaﬁ thdt sﬁwﬁ I Fhfther a barrel
reserve the clarity of other features. The syringe
claimmtypically angleo 2gkd thasthinghe syringedrarsi aitats’zmsm(m in the syringe

in nn
pumtp%lg:tols et ghown here in order to preserve the clarity of other features.

The syringe plunger flange 24, having an inner side 26, is interconnected
with the syringe plunger 22 by a syringe plunger stem 28. When mounted in the
syringe pump 10 properly, the plunger flange 24 is held at a plunger drive head 30
with a pair of pivotally mounted plunger retaining arms 32, one of which is shown
in the closed position in FIG. 1. The second pivotally mounted arm has been

removed for clarity purposes. A disengagement lever 34 is used to disengage the
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25 with the syringe plunger 22 by a syringe plunger
stem 28. When nounted in the syringe punp 10
wonropawéde3 the plunger flange 24 is held at a pCumngern4/013173
drive head 30 with a pair of pivotally nounted
| unger retaining arns 32, one of which is shown in

geripseead A kpwmrhe threadsof a leatiereve o ahwlw)cﬁsawlyas

UGS pRIRIA B8 Rl SRS 42 kB Bbnb Yol B RO ER St e
sgﬂ@gd ﬂ&ﬁ@e&&laﬁ@QwSm ?Qélﬁéﬂ% plivhgepdeie %zhd/ 80 hearthd@hreads

fromthe threads of a [ead screw (not shown) as well
0£§1ed©afi e PREM D Bictaperiordp mave th@phmgerr@l@rhmd 30 alang the

d
Qe SR Budl e RE ) HEpRunSepilh S8 B Me0es 3, A
id well kﬁé@ﬁdﬁd a®is dRerihRiad 1SCBRAVKAER OUND sB&id0 Sy ik 120
nove the plunger drive head 30 along the 5 | ead screw

heping fefferent quantifesoft flwd in thegwpey be pravadys fm yee mﬂlarsgelnge

AR o Ly T S
beirtfl B9, enddiciadltyl, tsy@;sge@fofﬁifwr@hﬂs&e& hﬁy vER¥%a bR iR IRV
for use with a 'syringe unp 10 and the plunger 2

pusp| 1dkc sthech also tistiisinghe p et flangs 24rbeing @ttdlﬁcrenblowtmns

barrel 16, Additipnall of .differ

REBre Qe LR o DR B8R Ry Tkl S ES by
16 BRdhdlsy mové iR dﬂ\}émﬂ 30 bangies B ab&hﬁﬁo@itlcﬂi df§tigpds of

| ocations, depending on the size of the syringe and

diffeenteiass Wlth giffeeant beginsing iplungdr pasigonsbi 1 ity to

| | he d head
o o P 1SR i et Bl i griyrystem as

sHbrh eR@ ﬂéscﬁﬁ@di @vaﬁkﬂas RIveRatle §ohi loddeeptRafiths Sies of syringes
foregoing, it wll be appreciated that the plun

and repplts gy@smpamp apsragienwn wehldisdesiss sipladmpgoprd gsﬂar details

R T R e R R e
PaRst NbsS6.329800 ke Bielded) isduet oh e ugdst @Ido@z RRicA ifhéréBy
head with a di sengagenent | ever an |'ange- gr aspi ng

izponporated oyrefesenide S, Pat ent  No. 6 428 509 to Fielder,

d A 002, b
oy r BPUPERELTEHs R iining 124 RrtaBet g R hal B RrDiE
flugd £BAMEHaEEn k6t 8 &ﬁﬁsﬂrﬁiﬁg §@ngmr&1tg$1ng 40f |T%b%b1ng 40 is

adm ni stration set nprising a length of tubing
m@nterite atslnbmﬂ:gemoammla 42othat lexd been altsidapgbmbload medsel of the

en,in duced t od ves of. t he

pfitahe Avate A8V et B8 Fuadbodisth fBen s At Srigingiin the

%‘uﬁg‘éo&drﬁll‘ wifl beledp&1RR iflon8e hﬂ‘)lﬂ ofSthe 'fﬁ‘lg(? a&ﬁﬁﬁﬁfatl% lsét 38

e ‘expel I ed |nto the tubing 40 of the fluid

andi fowi ista the ipatiert &t ved8through the cannula 42. It should be noted that the
administration set 38 may have additional features, such as a pressure sensor disk,
flow controllers, ports, or other devices mounted to it or formed as part of it. Such
devices have not been shown in this figure so as to maintain clarity of illustration of
the basic administration set.

FIG. 2 presents further details of a syringe pump drive assembly 50 showing

a threaded lead screw 52 mounted to a transfer plate 54. The transfer plate forms
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25 and flow into the patient's vein through the
cannula 42. It should be noted that the
wadmoe28at i on set 38 may have additional feaPdTaS2004/013173
such as a pressure sensor disk, flow controllers,
portfs or other devices nounted to it or forned as o
Bs& ! the mternaldgarme ofjtheisysBehawED it ansbesed BwR praviding ¢ rigid

, . : Pt Crat i
SR PR, 8 AT AR Lt D bR AL OBl pc 4
Hagbedrecutdetagisbshatfa di)iulleg s 6 padtitell fovefiRssands ¥f &0 lead

showi ng a threaded | ead screw 52 nounted to a )
Creansaete HrER deatly seppe The dinsifead S8liameunisd vaitlon wdirst bearing
4 / X bar . i nternal
GRS TLARROATATP L S AR 4
Inrtieig icasen theafirsi igdaging s Bednngelged i the eanéBephid StacBiRde af
the | ead screw. A corner of the transfer plate 54 has

REEEANEGMoRREYE s & dihsrmaton P2 jealprumosyicd do Hrnranséer pdate 54 and

e SRy LS AP BE RO B AP DS A v

Hettaodi in@réonabeth te oY ipdilaowah keativd %ﬂlfegfi P wnaR s feRdrotary
arrangement with the transfer plate 54. In this case,
moneniqni devebenad; bygthe azoteidteribadrivepuliey Sohnd theieby go the lead

5. B TR RSl e AR e
leaicdcrste snag brnised, intluliizy a(difkt ShedMtan@Bnici€orol igles SF déars.

of. the transfer plate. A drive belt 64 interconnects
Effigicpgien may yeredensmdingondheipartigulgy frivg amggement chosen.

trangf r R\, V. evel,oped b he ar to
the ar e SEVF aviER oA RORAbARTHEUERERISY ahdfa dhirBieh fo
shawn [k piaeanrt fedm asgeneiistodts moulngniranBemestiaiiNe syringe
notion of the notor to the |ead screw nay be used,

YA (HCh gneinging detangierneds alerves] blerasm toothose skalledbia thé art and

i Ci ie ar endi ng.,on t .
AL o Al PHORAE Bro TR XBFY FRREISHAUO Rl irgotation of
thielebd ecréf tb SineBUAbLEGH.t BedaliSe 1heAchdSeF@WisHZmAR dnchored in the
al t hough not 15 shown, is prevented fromrotating due

syenge Bump ard Faryorly retaise therdrivierdeviee veillmhonpealongithe lemisshew.

AT Oical o RS A AAGTRRA o SrefEl irhONB bR 5 ot pliprs
70evich ad dptidagreatipioedetidel 72t rmsdg@w PRI onQleddrhBiatih sybiem
e

| ead screw to |inear notion. cause the |l ead screwis

mayralsoybeerpableed determiing therspagrbofpuayeraerd of de dniveydevice 66

rotate, the drive device wl| ve 0 the.le o
b RiRlins % B P SR B St bl GRREEr R R P apigation
ah8 sSRAWT-RevEMdRisNged iSRhowH (I MbELHSIled B the bft a8l no further
dggt_l cal reading device 72. The optical position

tle piei piavided heses tle M Patayt No. o236t kelpddrRanitl, issued on
I%%tugtr 17, Tbé‘?d&%ﬁbé? &%ﬂ aosfystrerglva% 19 tmc%{*pc}rerl]teed ?1[3}6\1/153 b}g Feferenice.

Other designs and mechanisms may be used to accomplish the same result.

The screw drive device 66 is connected to the plunger drive head 30 that was
shown in FIG. 1 with a hollow connection tube 74. The connection tube is firmly
mounted to the screw drive device 66 and to the drive head 30. Thus, linear

movement of the screw drive device along the lead screw causes the drive head to

10



10

15

20

25

30

based on the tinme between sensing various nmarkers.

Such a position-determ nation and speed- of - novenent
woeysi4sizs known to those skilled in the art aRrdTMS2004/013173

further 25 details are provided here. U S. Patent No.

5,236,416 to McDaniel, issued on August 17, 1993

TR FAHEEISRIAlya b aaHFtamds kBown tothess sblled instheiart apgl no

A e R R D P RS 2 2 A B

IGi6nited, m@ﬁﬁeﬁBeEuh,debm@héﬂ Mag e[ 1990, desdidas ak@sHdvat sudR S drive
shown in FI G 1 with a hollow connection tube 74. The

FERERRESRday eorperated hergin tBorefsantted to the screw
drive \QEY I'Jéf;ff?tgg bg ngfe}e?l L H‘)eFIQ}’ o ﬁaﬂﬁg ?eg.ﬁ%‘c{ Th&? Eeggie@ %g{tlally

nmovenen crew r ve deV| ce a

witlig theceuimestidrivaibe 71 wad headsdcond d0d V‘@l%&@ ﬁlﬁ‘} $4thin the
PCT/ US2004/ 013173 _ nove, conmensurately. Such system

GOBNEGHORAURS Inrasserdgred wisly therprevieusdescapdom dhe dlqu d@nce 66

A AR D a2 e B o

0. mald0y 16esael idyesheddoshMedeflithevi s6 EliaY Ehe BVeARARFOHay
and is incorporated herein by reference. 51t will be

HergR BpupisteyEnserineefBoge (sepain Fie 1edar sxamaplesphen a

T

Vanmeaddad tewheved Mudcheheianake Wghﬂ”inttﬁ@ﬁgﬁx%\(pﬂix%nal
description, the drive device 66 noves along the |ead

direedop)at whish|casgy less pé Werlmdaicw witlh reside withinghel r:omeectlon

wh |
o AR A R T MRl ot REA0A: APY RS 00 A8 a9 o e
lefo diyt@tbnS(istalD &n thl WRARS tofen@itP ehe(SLiRBe, ol (ﬂ}thé-ﬁead E&ew will

exanpl e, when a large syringe is nmounted to the

b@;}mﬁ@dawgtbwha senRgeHon sipei Agallicasesythe seqdnd enfi7peoflikalgad
ch f her.to the right in

? %VJ@YH ure Bgé%%t ?Wﬁ?}nli (f‘ong%ﬁon twahl ch case, less

of the dv%ﬂ!ﬂ)rr&%o@ﬁé ¥ thé prodidnaeravinlg gjrfbrts?ﬁn EONRBE kPO devices
tube. As the lead screwis rotate the notor 62 to

afveyieusty rhvisreedn hecsegond end: Hoeofithe le@ﬂtscmw i1 tha embodiments

sp R sl o beAu T o i For ey RS of e
ifivtgion! Tha %ba@x@gsﬁfconﬁ?@eé esfARle 86actByie theRBndr@pface of the

screw wi | | al ways be cated within the connection

coperetion gulsierksepihestsaenchnd: Heofigho knadissrevalbétieg cprtersd within
' deyi ces Vi Qus evi e , :

T T I v .
v Rdicde M leatDsct P W thiNEENEARE i@ SCRRARGLE ﬁ@aﬂg‘éﬁfén’c however,

bearing 78 in accordance with aspects of th
the addition of the bearing that contacts both the lead screw second end and the
inner surface of the connection tube results in a “guided cantilever mounting” of the
second end of the lead screw. This “guided” mounting has been found to result in
the lead screw constantly being concentric with the connection tube which greatly
improves flow uniformity of the syringe pump.

Referring to FIG. 3, a side view of the lead screw 52 is shown. The transfer

plate 54, lead screw pulley 56, and the first bearing 60 are shown. As mentioned
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i nvention. The bearing is configured to nmake contact

with the inner surface of the connection tube to keep
wohersgeennd end 76 of the | ead screw better ceRCEUSA004/013173
within the connection tube 74. O her than the

bearing, the second end of the |ead screwis

abAKD R educienmrd embadimgnt the first heatisg @Qn&w&ldeﬂ tp hegtransfer plate;

FREVEL Rk, B REROBR ey UG Tt S B8 2R ey ¢

endbanduiied to ilivIeid S e Sardustiidl] REIWIE Gk Nint tﬂﬁebase the
results in a "qguided cantilever nmounting" of the

rydlenas @ dﬂV@plrt %thlab@du@s: raseiionef the pylieviwdth thetnittionpf the

f l.ead
R HEE 32 U SRR o DB DS i BRELAT ¥ e
lgaceaidw. Qtlﬁmrrﬁmln t@mmiqueé edrotty tefbeh g %ﬁﬂd gﬁl@yﬁfb
30 .Referrlng to FI 3, a side view of t screw

FE’ESIPE 'shown. The transfer plate 54, |ead screw puI I ey

35 B BRobAS3E R0, 191900 oD moun

aarc&fbeaﬁﬁgi rephodirment Foheed atraabcﬁmrprsgmﬁﬂ td fhevhted8ess and
the transfer plate; however, it may be press fit or

hebyern; the iraeds anethe/beariog mequniism earmnqgmut §§ Fe bparyng

L& t he .l
RSy S 155 SRR SR iR VS pHEb bl s
fhdiBiat@gsihethe by lbusf mtdﬂ@le Q@hﬁ@ylowmﬁb the Eéahﬁg infdhnt
of the 5 lead screw 52, and a retaining nut 82 t

akgorqogansisen v aniverydly olicanging beaningswatases 92 sezmeateql b:aa bearing

S T SR A
FafhotEdlagNThébeaihg mbent 1&1@@10%1@ DeYY ﬁgrodﬁctﬂﬁﬁfehﬂﬁe PRAding a
84 or bearing race | s fornmed. Fornmed at a |l ocation

O}Qﬂ‘eﬁﬂlﬁﬁlpl%@ indhiehhthe dgarigsmay be comprrssededuringhbe processiet

dt bear,i n t a thr under cut . -Fh
Bihes i ot 8% Ml St ToRnd CER%on W3 horoe orst
dfhlms@m 985 is ThewR Hh@ HeseliBEd BEISW, Hallt bk Idated aﬂéa@t Rgtally in
t he bearl ng nount into the connecti on tube.

tbfeamdqaigltr%mmtd begiuse of trepleptheal thwn@muwab@arylge W érféarmg sizes

b 92

oGP Efet s A e REALEH, P Dl 1 bpaiith bo mace
VABPRRAEGN6RrAice WRichBfdRed madhifdtiri@Wodlsass. The

beari ng mount undercut 94 is a production feature

pr ov |Ad$u1t3blae leadbsprewi |bemng31(ab@ acpordhieshwith espigetsrafite may

sed ess of slidi
SRG e eG4 i 128 PE e pamP B e DeBne

shﬁb@é 70, afience 'b€§1’in% &Esttme RRAGRHHGd s@Fadel 195 @laﬁlfers 108
descri béd bel ow, wi | ocated at least initially in

on either side of the outer bearmg surface The bearing is split 110 as shown in
FIG. 4 to allow the bearing to be more easily mounted over the bearing mount 84.
Three slots 112 are also formed in the outer bearing surface to control the points of
bending of the bearing. Because the slots are spaced at ninety degrees from each
other, including the split 110, the bearing more uniformly applies outward pressure

to the connection tube, which provides better centering action of the lead screw

within the connection tube. The three notches 112 and the split 110 have the effect
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t he undercut 94 and because of the depth of the

undercut, bearings of differing sizes 20 may function
worebd4/096828he beari ng nount 84. This permts thecT/Uus2004/013173

bearings to be made w th | ooser tol erances which

reduces manufacturi n’%&costs. A suitable | ead screw .
op pEgduskgfonT Jagmeatsordina swrarenrellsdespring effegtrps well as making

tﬂé@olyne%?]%lg%gsﬂarsto J?)?}ﬁﬂ ég W&B%Serérﬁ qlntg tll%gom%gﬁ(gﬂ ﬁ%e 74.

es an o earin

Algwuph thre¢ 86ichdddte shown irafdey tﬁﬂb(&limfsﬁ@ @sord 8B fewdhotches may
chanfers 108 25 on either side of the outer bearing

bg ypehesedesTrd bearing is split 110 as shown Ind FIG 4
{
o L bR b B BaF e TR R g

léad dcheav St The BRAY 1 0000 fHE bédiglio 1catddrwithih ke PeirRikSn@int
bendi n of t he bearing. Because the slots are spaced

updergnt%t §f the feadng mowph eaeh Proyidasr, gqqdéltamng]gosl en for the

b%ﬁjl % I% %&qg 6)te %%tet%h%(gﬂq 8 thH? wl}%{lrye}v{\ﬁ%: on t \1?8%1;1 3glrn%umt

ure IOI’]tU

ﬂlnﬂtdaemg Geidreldrieetie uaxgér tﬁén tH’é%dt&Qﬂmﬁ@t%ﬁ@fth‘éﬁcbﬂbipohﬁﬁlg
connecti on tube. The three notches 112 and the s

peirgs phthe bemangmoest 84 apl thpopeodiagpsgxd the bearing is Faurgel than
TRy e VBB, PERTED, By

stifadd sTHh€B&ArRig Will AR eke Vit vAGEME s stirfhddt 0 4t dFahe
connection tube 74. Al though three notches are shown

cppnackps teiepGtient). Tsreonaectiomiibe isdvpisaldy fmgnedﬂw ipiseton

OB Beea e ol Pos ino i G 459 pln Bl Bepugpon

tatesis edpRedd A6k ok chi € BRAhdrd Gonséfeatl ﬂle\/‘i’eédlSdi‘e\R/ rB)%arlng 78
bearing nmount undercut 94 of the bearing nount which

npwbbﬁ: dlels te agrsmamedade therigpepimgiinnesridroeter plethe l@e@chﬁgn tyke.

t d f t hat
Hiakt B ot ERplei Drupflehd GFF psihe L8R SRRt 5Afl o0k
cbRtgiekith falatdest iabérafiadeenBt @k cohndchien ¢, eRRUM e 108 of
poi nts of the bearlgg nmount 84 and the outer dianeter

ﬂ@ﬁ baakiagi8ahpwg in §F1G of gssist irhmaeuntingtheseeanddind it afrthefead

hi

stV IEEIT inckiSh R an TG pe (Hihdyhe AR R0 iy s

pmﬁela toRRardNARIthé béimegonl dbe Of dfdh reafiIEGlitoQRe EdthRctldn
FIG 2). The connection tube is typically fornmed by

tibg, thetquser chapifers popvadriathange ebcaftadt bhatwgsh dhebearinglaad the

channel the con ion 15
cp et b P igR bba T e SG e IECBrOBE LTy Sickion into
theeeFnS SHANUBE & faBilitaf&. m&hoﬁm}a@heecﬁaﬁqmqam@@ﬁ;esﬂa?ﬁ
tapering inner dianmeter of the connection tub

edges of the bearing that may have otherwise provided greater frlctlon with the
inner surface of the connection tube once the bearing is mounted within the
connection tube.

Additionally, the bearing 78 tapered surfaces 106 are complementary to the
diverging surfaces 92 of the bearing mount 84. Because the bearing 100 is formed

of a low friction substance, it will easily slide along the diverging surfaces 92 of the

bearing mount as needed to maintain the lead screw second end 78 centered within
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Hence, the outer dianmeter of the |ead screw bearing is
set so that it will nake contact with the |argest
wonoewoseizanet er of the connection tube. The chaoTaIS2004/013173
108 of the bearing 78 shown in FIG 4 assist in
the second end 76 of the |lead 20 screw within

fgogglt&llz*?g%@e tibsn/4 e diergingesurfapest Q@fﬁb@ beaiingnowtt gwfgthe
t
686 LEREH nu SRt BRI ah B B DR iyl Bunt

&hanfemsetiic abidehalbeading ngoudl ub@RAE Y4 BRd WEEEhA ?B Provides a
and the ends of the connection tube that tend

(%)gt?rgc%n Yandage, peisslemonsigptedin FIES. i7ed& i on | nto the
f | d
chanteratihe B 3che vBUE10ERM pdaPhR i BhToqared

thagedoad e:ndUBQﬁE\tShéSEa@ saww dedirg Eledie molihiedtvwifiin \thd dbnhB&ion
igner surface of the connection tube once the bearing

© fbuiiieh ARy shoavn. chimhegting s ugoatachwithithoivakrs surface

{.
R R e S e SN T e A
Bexians dirtbigord @agsmng b&&hsé tef @iveakad 30 i9beifg hB¥¢hed to a new
friction substance, it wil|l easily slide along the

ripes iy 12.0he Aadtiondptween:the bpstng ewjerrrocface 487 medthednner

T I e

suofaoet!é ofthe lm@mﬂgétmomandu weardgingg a8t aBesaudZ tiRftapdied
beari ng noun %I ve the nount general hourgl ass
b&ﬁﬁ@&ﬁl&rﬁ%@s 106 d¥mthg sage pagleas élvs dlﬁ@ngntgwleeaugalsutfgces 92 of

Ol g P TREL S PV T oR LA RIS 9o

aaaom SadgRuiRcr @ﬁp%dvﬂfhg%v% mofe 8i13inDfoRef BalisOthe &M screw
to FIG 7, the bearing 100 and bearing nount 84

tp dgen & genterediwishig daeyerinesiiprigbef t he | ead screw 52 are

show nnegt.i.on tube 74

partia I{EDSI %%gnt\é\”ah&hg ‘{)eglrtl 1n Wchl }hﬁ’f S rqu%c(tlo%tlﬂﬁe J(Lﬁlé belng
rhovedroven tHe%@oncﬂéer T oftthe 1&@@6@6& $DAhik Wi inBBE ldke dirB&ion.
connection tube is being drawn in the pr oxi mal

Ty sqrpbrbly gee & the §YW 1 Gbeiagioperatasia e3pelithe besitenfs of

LB BTN EEd B 1) e s

39uinldavandctbnalibé NeareGRREEE toWhrll WREsyEH; ng%altrglel &) e ficNBstal
up the ﬁrom mal diverging surface of the bearing

dpﬁggmn i Reepusqihgionaectiqn titkenis bg@gghrg\@n tththetdagielr dirketion, the
508 0 LSRR L B B3 033 A, B By
c8ﬂmeo@6nltml€d dhﬁﬁf@ tiR Weaging Yipeh®©mod! disADENBRind &kt 318 of the
b-erglgg rvr\ll?)?lgtl 1rlllgthe wedging action described above. As also mentioned, this
wedging action has the effect of providing even more stabilizing force against the
lead screw to keep it centered within the connection tube, and in this case where
medical fluid is being infused into the patient, this centering action has been found
to result in better flow uniformity from the syringe pump.

This wedging action results because the bearing 100 is larger than the inner

diameter of the connection tube 74 and consequently exerts a continual force
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15 action has the effect of providing even nore
stabilizing force against the lead screw to keep it
woeni4avext3wi t hi n the connection tube. FIG 8 pPesAISR®4/013173
anot her condition in which the connection tube 74 is
bei ng  noved over the second end 76 of the |ead screw
agginst Wi dnteripeof the chrnediion aibeganddeaciuse. of i friction between the

P, U P 5 TR, Al SR PRI S
AddtiiohAly, td AfergRis saffaédsl 9B ofkhe bé&%ﬂ%ﬁﬂljﬁﬁtgwandttﬁ@

drive héad 30 and connection tube are novin

copvaeEeHtAy Byeredhgefises 1@6 ofiBe biearing 0@ fasilighte rnovement of the
Because the connection tube is being drawn

b%a{lﬁégntgnk&xgp it a9 on, the friction between the

bear g 944 Rfevs ﬁfafyq)@qroﬁl% ShihREs 4tBA18TiHSAH EREPoIédiblEe]

the connection tube draws the bearing up the nost

Rlatst dhe diewrdngyinay bs forinedeof I.mrl@‘fM mh‘@nzls ab @aq:tah@smmﬂable

sl R, AN S et 826 e R b may be formed

dATe@iskdilRd lg»v@ﬁ OBELmSleAR]s! thay Hauie@rfaﬁt@g@b&ﬁﬁoﬂe% as well.
| ead screw'to keep it centered within the connection

t ube Whillin the ptesenteage dvmwtethe ipegliiammofihiis ¢uf Foimehe game

|nfu d.int,o the C ering ctlo

e P s o B Plrioh e B RS S o Bk pitod g
poREbRY HoR @RaRpRPin tB cé@@'v&%éﬁ@ﬁ&l’ld’\ﬁe@l‘eﬁﬁ 8¢tews S¥ist, She bearing
because the bearing 100 is |larger than the inneér
rgounaayr beomadheeperstaie end @ﬁbaofna@ea the pawdnmb nmbqﬂémtld:zgd screw,

exer t conti nual 4

SR R B D i S Ry el e 6 BEEGF ot pessibly providing
CeRBELESIt BdlseRey. and because of the friction between

the inner surface 114 of the connection tube and the

out eAlwnghspecifierobodiments ed thaigyentiudiave deeh gscribbdand

f 92 of the b t 84 apd th
el 25 B B8 d5usRbbRS, T i hfeatggs and
ehifoldirhé@t ity 8RRBIItP bf fHidse Q{ﬂl@@ﬁi ﬂhg abtNhR %ﬂﬁoﬂ’ﬁﬁ& bXcise
action. The | ead screw nay formed of stainless

of tlainvemtive faoule. eBituspit ebauld bc kedlerstobd et VIheusbtdmngeegln
. orped. .of Del nTM ter | , an acet resin .
AR el B TRy of (R e B ey G mplingt departing
fPEJi‘ﬁtlfe%ﬁﬁP&id%ol%éJ@ﬁhWeﬁﬁoﬁ ormed of glass-filled
nyl on. “Q her erials may be used for these
conponents as well. 10 Wile in the present
enbodi nent, the bearing nount is cut fromthe sane
pi ece of material as the threaded portion of the |ead

screw, other approaches are possible. For exanple, in
t he case where holl owed | ead screws exist, the bearing
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nmount may be made separately and attached to the
proxi mal end of the |lead screw, such as by adhesive

wonomaocizag t her eby sal vagi ng | ead screws or p®eesiuskoo4/013173

providing 15 a |ower cost |ead screw. Although
Wms of the invention have been

i DiIf) ystrated it is clear that the
invention is susceptible to numerous nodifications and
enbodi nents within the ability of those skilled in the
art, ,and t hout the exerC| ventive
facullt y. %%mg‘? pu@ﬁ&?y@gbae e% & Fg’t‘%’glﬂ Eﬁé{? dgyies gy threaded
apap@anent wit2 e lQ@IdBcreie i Jin%@ex@é&hb? g a@theahe tlJéﬁ screw in
present invention may be made wi thout departing from
ESOnspia rmatmcbféh@bed sfrewhend mden¢ head adbpted@ drlve a syrmge

004/ 096 S2004/ 01317

O TR O P RS R e PSRBT GOER s O iR T egelpF ewringe
pmﬁ&wlﬁ@qﬁﬂg engagenment with the | ead screw, the drive
devi ce noving along the lead screwin response to

r ot ataiload ssfrew having adirstomdwnd arsgcenderidreith dedfimtiant mdunted
tBof?lrlve a syringe 5 plunger into the barrel of a

syr © to expel fluid contents of the syringe, the

SYT i RARSNNEHIR tETBELSH BOer tAe BAGR% S Jamabaed eewe@ﬁ tthe
end and a second end with the first end nounte

CHW@r@VlC@ and tireedri vedheat! tid comomaicait meesméetief Iﬂmdh\secdme

on cted e 10 drive e .and t :
o, B TSy B hs s ios b BiR ¢ bollav; pogtion
VikIO AR idnRe sled: screw to the drive head, the connection
tube having a hollow portion with an inner surface;
wher evhe;rfuh ¢hesweombiershef thé leat ectemaid lsmutalwithinl the hoBatv

wi thin.the hol && of .t he conne _t| n tube but
pogucg} Rithicomisg %H’ﬁ{%g’ e%seaurﬁﬁ% Pbcat ed at
the seenfs %Qte@fat fﬂé%e&(ﬁﬂden%l(‘d'ﬁﬁ\é 1e9d %&@Wﬁtcoi’l\fabf‘wﬁﬁ ®he

i nner surface of the hollow portion of the connection
mmﬂr@utfh@er efithe bobaw pnglcm cgfllh@l echnecton tube vissrebwocmehting a guided

second en t W W thi e connect i on
chiflsvESROmH 21% @%ﬂe ﬁuﬁé’fd 155 Tt Sevvithis DF RompaFBon ibe,
second end of the | ead screw conprises a bearing nount
having 20 outwardly diverging bearing surfaces; and

2. The syringe pump of claim 1 wherein:

the second end of the lead screw comprises a bearing mount having
outwardly diverging bearing surfaces; and

the bearing is located at the bearing mount, the bearing engaging one or the
other of the diverging bearing surfaces in response to movement of the connection

tube over the bearing in a particular direction.

3. The syringe pump of claim 2 wherein the outwardly diverging
mounting surfaces of the bearing mount diverge outwardly in axial directions from
a bearing surface center location, the bearing engaging one or the other of the
diverging mounting surfaces depending upon the direction of movement of the

connection tube over the bearing.
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the bearing is |ocated at the bearing nount, the
beari ng engagi ng one or the other of the diverging
woeensimags2sur f aces in response to novenent of tReET/US2004/013173

connection tube over the bearing in a particul ar
direction, 3. The syringe punp of claim?2 wherein the
out wé dl y Th¢ @Eﬁ@e@lmog@@m £ mgresain thechegripg maoyet has a

[ iverge outwardly in axial directions
E%?%%?Q%Dgggg%ﬁg&ghrface center |ocation, the bearing
engagi ng one or the other of the diverging nounting
surfaces dependi ng upon the direction of novenent of
t he Sconnébe singeuhenmpoekelainh2 whein ty. beaing\Bas inner tapered

2004/ 096323 PCT/ UsS2004/ 013173 4. The i nge pu of
BPGR B peie oy FE<Ban? Pratonitorue Y b Bovg:
hour gl ass shape. 5. The syringe punp of claim?2

wherein the bearing has inner tapered surfaces for
enga@i ng Thesdingerginngohdaim hevhetwif dedsathg iheakebaitwgrdly
.oount.. 5 6. The syringe punp_.of ¢laim1l wherein the
IlOGonHGUoUs 08?2?&58%% gy sprface ob thesepnerivudubont act

with the inner surface of the connection tube. 7. The
syringe punp of claim®6 wherein the second end of the

| ead 7. scr €4 s@inweiHesH ¢ Neial 6 Rtherdn fe R8I dEhD thelealdy
di vergi ng bearing surfaces; the bearing is |ocated at

SEFFAV STEPILTSS arhsaRg moKBt pving e werdn divietging beaing $vefates;
th he . di i f. i to.
rovesiseatiie o Rl e BB BBl ol BRRBE Bukdhing opsronhe
ladriofchd diberdifgetirfaosk inaBshonbetdIaavdriéht dESEEbNnBRRIN tube over

surface that is_shaped in an approxi nate
the hearigdn epeytiaduskirecdors gaddi ver gi ng bearing surfaces

wh ' h d d of. the | ead
ser et RE i ol SGREI IERERO Bt himbll ; on
cottipteméntari¥Base/tol thg BivetiiRg Béarfilgaiuffadespher ei n t he

bearing has a |arger outer dianeter than the inner
di amstherebyfthe hearing) lpeatesibe seapmdend vh thederthessewan thaube

1.5 ' FEOIS npunt the bearing having a
agbtso%l cl)lﬁ'f]tle\r?éllﬁt%yoﬁ?gtcmﬁ%erc loPgu%ehe bearing to conpress to
t hereby be nounted within the connection tube. 20 9.
The syringe punp of claim8 wherein the bearing has a
not ¢ 8. f or ’ﬁh@jsyringea;unmmfe;ﬂaiau_t frereis thetieating has bbagérmgiter
d\{\g,l’l’lételb&lgg tl%let ingerd 12?1'1{1&%9 o% e ZTltohg\r;]v'portion of the connection tube within
which it is mounted, the bearing having a discontinuity that permits the bearing to

compress to thereby be mounted within the connection tube.

9. The syringe pump of claim 8 wherein the bearing has a notch formed

in an outer surface so that the bearing will bend at a desired location.

10.  The syringe pump of claim 8 wherein the bearing has a plurality of
notches formed in the outer surface of the bearing so that the bearing will bend at

desired locations to provide a more uniform force against both the bearing surfaces
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10. The syringe punp of claim8 wherein the bearing
has a plurality of notches forned in the outer

weuodsaee328f the bearing so that the bearing w PCThamm4/013173

at desired locations to provide a nore uniformforce
agai nst both the bearing surfaces 17 WO 2004/096323
ARCITE WSRO GUYAE3A TBe cenmgotiontuba e mose pecaEaclyrlogaie the second

conpectiaon tube.to re accurately locate the second
e‘é‘ﬁﬂpﬁlﬁ’ﬁ?aﬁeﬁqe&gﬂbﬁt Cmﬁ%ﬁﬂnﬁh‘%- connection tube. 11.
The syringe punp of claim2 wherein: the bearing and

bearing surfaces of the bearing nount are nmade of
mat eri.al sThessysiapeptuag of eblimtZraherele bearing easily

5 L AL R S

s?lggéélgﬁcélbt?%twﬁgﬂeér ol 5li 4l 8 hO bedrify feMBEst i on

e an e respective bearing surface to nore o
accutateby tisehensng niveves sp ond oetie wherttigaring s fages quragntain

SR sonueety ot b 1402 T Y88y B 5L il
sgﬁ%egdoqﬁ(?rﬁ é@ﬂﬂgtebl]@énﬁe-m& SXbhNES] BHEB 1&8d setedi M thé connection

erern eari'ng has 1 nner tapered surfaces for
tg¥ygagi ng the divergi ng bearing surfaces of the bearing
mount. 14. A syringe punp having a | ead screw, a nut
devi ce engaged with the 15 |lead screw that noves

| h d. i i 0
ead Pscr B SAn3ER T ARREEN Sfelsh fepRb R vl AR o

@Mgﬂanggoﬁﬂgw@ggmaﬂento a syringe barrel, the syringe
punp conprising: a hollow connection tube | ocated over
the | ead screw and connected between the nut device

and the drjve head such. that n £

devi dé- al @Hﬁsﬁﬂ’éei’@mpe 1%18} %ﬁ%gﬁ%ﬁﬁ?@%g%@eﬁ tﬁgered
sﬁﬁ%&%%f AbHRENE QiveRBng bethgheaficed dfahe bedtigChboit.

tube having an I nner surface; wherein the |lead screw

is nmounted at a first end to a frame; wherein a second

end of the lead screw is continuously |pcated w thi
The THol | GuyE0aMBETP R P Hh I B Y BS s BERRT P e

et
Jeea iang achiviilghd edapted niyage symimge plunger into a syringe barrel, the
syringe pump comprising: '

a hollow connection tube located over the lead screw and connected between
the nut device and the drive head such that movement of the nut device along the
lead screw is communicated by the connection tube to the drive head, the
connection tube having an inner surface;,

wherein the lead screw is mounted at a first end to a frame;,

wherein a second end of the lead screw is continuously located within the
hollow connection tube and comprises a bearing mount having outwardly diverging
bearing surfaces; and

a bearing located at the bearing mount, the bearing configured to engage the

bearing surfaces of the bearing mount and the inner surface of the connection tube

18



beari ng surfaces of the bearing nount and the inner

surface of the connection tube 18 WD 2004/ 096323
wWOeCH49820284/ 013173 so as to centrally | ocate PO®US2004/013173

second end of the |l ead screw in the connection tube

duri ng novenent of the connection tube al ong the |ead
sg@p éq/\ﬁenﬂ@lly mtfsts}ar: iseepadpaef die leadisarew4n fiieegasinactidnetube

bearln tact with the
FERE Y siRalortBF CondbiRB AR Gel@E her oin 5 e
beari ng engages one or the other bearing surface
dependi ng on which direction the connection tube is
m)vi hf ovEhne Symmge @ampsﬁ”rodwim Miwhérﬂa'm thy bemgeg isungsedf

14 wher e bear i a larg er ou
i %%@C&Wlﬁﬁlﬁﬁ%mm LT o SROianBbe P vhetsin
5 tH\é B&'ﬂ é’é{é 'ohe b tﬂwﬂér%arnﬁé E\ﬁfatb%@egé}ghﬁ?gh Which direction
|scon|nu y that permts t bearing to conpress to
théreonmbytionliDbb s moving edenibe iéad sctesv.connecti on tube. 17.
The syringe punp of claim14 wherein the bearing has a
notch formed in an outer surface so that the bearing

ml 'Cl {;d ' ox %%eggihﬁaﬁdof‘ AR iéP&h 1%§r th'e“%ﬁ g %#%elgfgé%uter

earlng
dimhebetbah o iredr dianidie afwhecoxmecﬁmbemlﬂ]hemmnt R’onsnted,
that the bearing will flex at A 15 desired |ocations.

theybearig haying aghsqoutpuisy thet permitAhaherBg o CRBIDBRA P Higreby
10 b@%odn@%ﬂﬁ RfE ggnnfeﬁtfﬁﬁ ﬁ%@s for engaging the diverging
earing mount.

beari1 ng sur aces 20. A lead

screw rmuntl ng systemfor use in a syringe punp having

a drive head adapted to drive a sy rln%e pl unger into

t he bar r eThaofyrimgs pumpgy dajmekbehereaothe beaning hasm ndieh formed

iy et e G u AR Pl s SR Rl

devi ce engaged with the | ead screw that noves al ong
the |l ead screwin response to rotation of the |ead
scren. a Hod $ywimge cpnm@octf iotaint Ldbehtenathe beaimer hdsheplumsdidy of

screw.and connect ed 25 .t he ut device a t he
ngfehge frmsd I%E@WWH 46%, R being Yuhakhe § s%rﬂ%vvﬁgﬂ%gt
15 d%gré@OgEQQ)%O%BZB PCT/ US2004/ 013173 novenent of the

connectl on tube over the | ead screw and causes
movenent of the

19.  The syringe pump of claim 14 wherein the bearing has inner tapered

surfaces for engaging the diverging bearing surfaces of the bearing mount.

20. A lead screw mounting system for use in a syringe pump having a
drive head adapted to drive a syringe plunger into the barrel of a syringe to expel
20  fluid from the barrel, the lead screw mounting system comprising:
a lead screw mounted at a first end to a frame;
a nut device engaged with the lead screw that moves along the lead screw in
response to rotation of the lead screw;
a hollow connection tube located over the lead screw and connected between

25  the nut device and the drive head such that movement of the nut device causes
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drive head, the connection tube having an inner
surface; wherein a second end of the | ead screwis

woani#mes2sisl y | ocated within the hollow of thecT/US2004/013173

connection tube; 5 wherein the second egd of thF Ieadd
SCfEMI%%gD i ses a bearing nmpunt; and a bearing |ocate
i

HIOVEREn § Ayeslion tubepaenibs lsad oyl eryserompvement of the
' R | f f the connection

teﬁg%h%g’ %s t gﬁ%&éﬁg rtg%d‘{ﬁgfgaq @H% %%?Fag g’c ond end of the

| ead whereiw d secomdewdaonide léadscienbid coutimngisiyloen®a twitin the

copnection tube along the |Iead screw. 10 21. The
f‘@gcﬂ”ggﬁ‘@\ﬁo%wpﬁ@b%yst em of claim20 wherein the

beari o [ ' act. w.th th .
oot b LGSR AL P HORHEE's Whhe s s
scr eva baning logtaltikabeihinglraount 20e bberiml shghhRghR@ tRbearing
nmount conpri ses } i ver gi ng( nmounting surfaces, the

C

BauR; 379 1At JRGT fyY %A?%@?ébe BeCtinnHabe sRpeivdicaalip teatetibe
%EB%& EAPSr BE %c%l‘avs%f@%@ tn @ cbiichON ARG PR LR RPN b e

eari ng.
connection tube along the lead screw.

21.  The lead screw mounting system of claim 20 wherein the bearing is

biased outwardly into contact with the inner surface of the connection tube.

22.  The lead screw mounting system of claim 20 wherein the bearing
mount comprises two diverging mounting surfaces, the bearing engaging one or the
other depending upon the direction of movement of the connection tube over the

bearing.
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