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WO 2004/096323 PCT/US2004/013173 SUPPORT DEVICE IN A

wo SRINGE PUMP FOR SLIDABLY BEARING THE FREE ENPRE:0HR 13173
LEAD SCREW IN A TUBE CROSS-REFERENCE TO RELATED

APPLAGABIRY BRGIERPIFAISRSIRIGS mmﬁv;:e#sinﬁﬂewﬂon No.
10/@@@5@&&%%&9@@%&%%§%% TG FEoN is

related generally to lead screw drive mec or medica |nfu5|on
pumps, and more particularly, to a bearing system for mounting a lead
screw in a syringe pump. The infusion of fluids such as parenteral fluids
into the huBRNIHEY: BERENTIPTEhed: DATHTY S29¢IOR TTERRSs of a
syringe pump having a lead screw and a 10 screw drive device
comprising a mechanism that translates the rotational motion of the lead

scr%llqntol € Imof on. T)pe screw. drive de ice.is d to a syringe
plunger axr)ﬁlerah A HATHIRE és/ﬁ?@ ifgHgR %?g%g‘gfsasgénnge

a plca té)r S
and that applies the Ilnear motlon of the screw drive device to the syringe
plunger to emptyhb.isg nkidHddNfaieN TE BEcause syringes
are of different lengths and are fllled W|th different amounts of infusion
fluids, the extension of the syringe plunger from the syringe barrel can
ciffenuQmR SHIIOR RIRKINEGMANMSFENUING RGeS hsielbreg jciude
a disengagement mechanism that the operator uses to sengage?he lead

medisaipdiRiendeviaes froth e daudtsariewsthie adsasingisongag donentdunting a

leadNChan; ?5“3%9 [l typically located at the plunger driver head and
can take the form of a lever or levers. Once disengaged, the operator
may} fsovéthenphlfyedsorivdrasgadensardl therésorectbie: durmandsivéydevice

n -mounted syringe plun er flan lunge

o R P el i

scxem@ag@dim aisengaenent:chatiohnihy beneleas stbabvikichatimetm of

naet driver head will g the p er.flange and the |ead screw
the RN e AgH e T SIS GRS TR E o DB,
pluitger diesicathiend that typically grasps the plunger flange of a syringe and that

applies the linear motion of the screw drive device to the syringe plunger to empty
the syringe at a controlled rate.
Because syringes are of different lengths and are filled with different
amounts of mfusion fluids, the extension of the syringe plunger from the syringe
‘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 pesition 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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WO 2004/096323 PCT/US2004/013173 that this disengagement

WO%%?)J%iﬂn and this plunger driver head be easy to use to fﬁ@%'@%&mmuns

operator usage of the pump. Such a lead screw drive device with'i
integrated disengagement control and connected plunger driver head,
thaithsubkengrgasant, mechimisartadhbtapliat gerabisven hbadl osiany pasttof
facaﬂg%g Oscerigavt\gr'lilhg sécrg\%{ldrive device may be located at any position along
the lead Screw dependi 68}%”&% length of the syringe mounted for use
and Siefendtindg andhaliévelotinedicalfiuidsemainingdndthe Singsatrol and
Additignally, certain medical fluids are more difficult to pump due to their
coeted bl R o?%&l}?amﬁﬁaﬁﬂ@ SRRk P RyaRrsh ferges on
aliend soratt honthessdQweappnscitis desirdblado psguidacibstantal
mounting stability to the lead screw so that efficiency is maintained in the
PC‘%%‘&&%E%%ﬁ%%i%ﬂia?ﬁ&%%@ﬁ?éﬁﬁgrﬁ?iW?Hsnﬁﬁh%féhsﬁygfqaametaﬁeﬁaéw
useneveiapaidmlingatmpemenhaiichiming arpligationn shdhatlingar

ovement to the syringe plunger head. It is also the goal of syringe pump.
A ‘é&?&}%ﬁ%?&f&% Pt PEEAOTAGH kit fedumamidue i festhiipcosity

or ThasiSr ARy ACTMHEEerSHEO A RHVERRUTRRE AWl RURR SXaLY the:

selected flow rate throughout the infusion and not vary from that selected

reaigir s Senirahle Somigwde exbiirrtel mpwndingaiabitity fe dpdgathecrew so
th-2RERIGHCHAWRNBIINEEhRMEAl d0MsBRESS Of IDESYHAGS RHBRAASHe

interactions with the syringe, or other reasons can cause the flow rate of
tragsiafipnyafghnt 5os enyl 2oovsmetd shnsscapxaemant andrisd fromntieation
of BESGHbE AR selagiethiQuAae sRALS Huidesirable, especially if

significant, in that the Eatlent may not receive the desired level of the

infudion Flsfatheprhebeiaan gy anatacnamiebntre wodfine phaipspumipg

e TR o T
pup® mregteththsolegied flamshee Pieveghndihs mfufiey mduntedaty ifenthat
<Ein e rsppeLie e L ke ARy -1
opserew. lbetosd sorchwpolbiolsrdicesthy Brgagad tpthepdpivespidleyaofians
with %tl%rs%fqri%lgjg,ho?o ﬂ\éxe r%%tdﬁ% c?aena Eg{%en%ﬁg flow rate of a syringe pump to vary
from the selected rate. A variance from the prescribed and selected flow rate can be
undesirable, especially if significant, in that the patient may not receive the desired
level of the infusion fluid when needed. Manufacturers continue to refine their
pump designs to reduce these variances in flow rate as much as possible.

In one lead screw arrangement, one end of the lead screw, i.e., a first end, is
mounted through a transfer plate and has a pulley mounted to its end. The transfer
plate forms a part of the inner frame of the syringe pump and consequently 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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surround the lead screw at the portion located through the transfer plate to
wolessemai the effects of friction. In another arrangement, botpthgfissh 609,43
of the lead screw and the drive shaft of the motor may have gears and
may be interconnected through 9 WO 2004/096323 PCT/US2003/013173
a‘bﬂ%‘f‘éﬁ#@&?ﬁ%&ﬁ%g‘é@‘@eﬁﬁ opgh Sug RITBREamentemansWamrsslt in
efgsrnefiiciancy desone design,hesecpnd ‘?5&11%59%(}%%9 RSB may alsoy,

be mounted to a rigid plate with a bearing thus provi m mounting to
a H&H] Bﬁ&%‘%‘ﬁ%ﬁ%ﬁ@l&&éﬁ@tﬂmmﬁw ouptRig s Setbrea dnef didtiead
sdRa sl il neuRUNGea Rl AL ARXSA0 RYRIable QRlion,
_especially when an extension tube must be used between the screw drive
Pla[a?\_ﬁ%é%é‘*fﬁé‘?@ﬁyﬁ@éﬂ@hl@@ph@adespﬁ@_@lyemga@em@ctemamnammst be
udspisalicirmedas,part o6 vy RV REIEIS. selective

engagement and disengagement of the 'drivé device With the lead screw

so thhbsHbsargesamriebmeahavisseietiviehpdsitioad dsqmthef 1 lddde
dSKreW 19 ifferent lenaths of the syringes. A typical .

disen : aglié%‘%grflgt] gﬁ%@ﬁéﬁ%ﬁ%ﬁ? gg‘i hgli%ﬁé?ég?% é%g 85?%%%%8&8&8%%
Wi hesceadithrene s thatidiotithe ldad sorely bEhvdugiivalsesiesiohlayersiand
1e£@0AS f oved gutwards from engagement with the
e_lead sézgrje%vt]té‘hé r%‘gi&iggg%%%?? %n&%\?gqg‘é\?%e%%ﬂgglggeﬁid%fgﬁbcae lead
disgiissgemene tedhadspo siidnlct el Lhlendtit afdhpriegd eatenand:theact

' e echanism are.designed ta easily move the drive device

P B et S T e e

nughohaidtargestisyuingedd dronhiclydhenpump it desighe dGaw Beebgeswith

- -In one particular design, the second end of the lead screw is
th%c%é%? év?/vl Hin & ﬁéﬁ%@voggn%%@?&sﬁf BY fRdfiedlsaBetsipatiene Mive
lenpstrio€ thethetbiesplemgexidiiveishademharsaeonshend ot e lsadiserenils
oot {i%i%'d mqunted but instead "floa]ts" within the connection tube- The

RIS Y TeRre S&gfé%’?é@. RoiLal hielead seroy srethgiivge

eng t ee ead sC
snpillery ey siitiin 2hé Sy tage-hayahsestiat SHitIoes JhuasiRUseSRRY WAVRE

usggt\:amragdpa‘l}g%‘ When the syringe barrel is full, the syringe plunger

In one particular design, the second end of the lead screw is located within a
hollow connection tube that connects the screw drive device with the plunger driver
head. The second end of the lead screw is not nigidly mounted but instead “floats”
within the connection tube. The length of the lead screw is selected to exceed the
trave] of the syringe plunger within the syringe barrel so that syringes of various
sizes may be accommodated. When the syringe barrel is full, the syringe plunger
will be at the proximal end of the barrel with the plunger stem extended almost its
entire length outside the syringe barrel. This configuration results in the overall
syringe being almost twice the length of its barrel. Because some syringes are
refatively 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
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25 will be at the proximal end of the barrel with the plunger stem extended
o it5; entire length outside the syringe barrel. This configurRtio /013173

results in the overall syringe being almost twice the length of its barrel.

Because some syringes are relatively long, the lead screw may be
alyrediba Wessd endusf tequms tousihg régrrdiamplovie dibtabenagavith

plgﬁg&qﬂ%gtﬁ%%qp%gé{g&ding from the lead screw to a 30 point near the

other end of the housing, for example the proximal end, to engage the
syringelisiangerasie destatinel Hhowewderthdisscormtiand of the lead screwnis

i ©)- 3 PCT/US2004/0.1.3 1.,73 ays be locate ithi_n.
loftled W B OB S bR A SuER MR S ki
ngivomed ihat treapheodds teseribdtcatibvewiaiethéssesondigfgoi:the

I sgrew is located within the hollow connectio tuge and is allowed to
e e e s e e i e T gteroc
thBbcHowativerer isfalsizeifetiencetc tive engheod uiterl eidroeter of hen aad

screw second end and the inner diameter of the hollow interior of the
co R e AR AR AN LTSt Ah o B o b B bas
beearichangdefseanha slightohangetinchbapgiahethesadhaitwadaschean

fund to | the flow uniformity of th . Th d lead screw
e LT O HRPCHD A BT RRP B  oR

legkested driiheldiead:saviciiysiaddinginefficieaeyiio ihadmns atinn elinge
rotational motion of the lead screw to the linear motion of the screw drive

legfbbitey thifirrstrantioneldic sar e tinge dmeiranbhs dihyageniiads
caWEhdig FEEaVHIYR AayisedHaRdsi R hitingCIn grealesQrdasses JEeiQing

. between the twg and consequently resulting in lowered. 15 flow uniformity

N ErORIGH SELTREE AR R IBGtHEanA esranns b Ee BTt b devgred
fSRGOIN e, Qe e AL-8EEEW I il Fuikinteracts with the interior of the

connection tube scoring or gouging out the tube thereby imparting

increhduthizeardspigbies bahtgeilamemseeonisnd ddhodendthe wwats
thSCTEN ARG FORREGHLUDER %&ﬁﬁ%&ll&l&(ﬂﬂ%@&ﬁ%ﬁ ﬁ;?e Qe out the

movement of the second end of the lead screw in the
tube thereby imparting increased wear, and causing a larger difference in size

between the lead screw and the connection tube thereby allowing for even more
movement of the second end of the lead screw in the future.

In an effort to reduce the undesirable effects caused by movement of the
floating lead screw, the floating second end of the lead screw has been hollowed to
reduce 1ts weight. This has been found to lessen the damage it does to the
connection tube and can lower the amount of 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.



In an effort to reduce the undesirable effects caused by movement of the
floating lead screw, the floating second end of the lead screw has been

FurthegolfBaied thilletiuBe HE WiSIgHR P hiSHEBEE N FoliRtf 1o EsZR e aMifiage™s ©f
manufiG0eS19 ther cennestionibe anshaandowesdheanaunsetmovement of
the second end resulting 25 in greater flow uniformity. However, the
manufacturing process of hollowing a lead screw increases the cost of
the screw as well asdpsipasgsithsrataohleaghserew waste due to errors
made during the hollowing process. This waste also increases
manufacturing costs. Hence, those skilled in the art have recognized a
"ERASRNITRA0 RGN M BbePRd MINhe secARA8ad A furing
lead screw so that the end is held in axial alignment with the connection
the setivel aand thé driveddevicw duititig cpercationctidF irtresutosbasiileddadisrew is
.arthave recognized a,need for reducing the . facturing . o
s S T T T omee of
movednTeIEHNVENTION Binbodimenrtdcef presentinvemliornabedirecteditepaprovide
system_and method.for. mounting. the end of a lead screw.within
for et T LU (R (o e o b S b o i pnd t
be defh@iconinectioptubedtkmaistainad doxingstivdee ftirermsingenbbdowemelnt girovide
for he connecﬁion tubebover.t e lead screw. Example embodiments also . tep of
or a5l RS Yo PRA SR i Selofd! 1%8%?%“@ JOEPRR (AT RESE B gteP ©
hollowhiews praxiogslyrigubthiahbe detattiva@usde:poor workmanship are
now usable. Example embaodiments also prqovide for a lead screw that1
R AHE S AT Ebi GBI T SGBTHE & PNCTERS R e By @ ead serew
with Helpwinevtbe scrawdis sggucingdhevaastef thelleadwcraw dtiva tiestice moving
aspect of the invention, there is provided a syringe pump, having a lead

along dBFelfady T dVE TROVIRS ' TPkt dhigatshiert Wittt 188 Sergvpdapted 10

drive 1S /HHNE FRUGS MAYING HAIPAGINE JeAHSHE Wil TRRQRSAHXFOLAHER Biringe, the
the lead screw, and a drive head adapted to drive a syringe plunger into

lead sprewdrsing & §yringctanskpetatarcemtenitd o thdsyrigemplentitatp 2 frame; a
conneXBEM VDGR I LnH-a0d B SR A LA MRt B ftRLENHMRHRIBE S Bund the

frame; a connection tube located over the lead screw and connected .
drive headde rronartiiegavicecasatgs the drive device along the lead screw to the drive

head, the connection tube having a hollow portion with an inner surface; characterized m that

the second end of the lead screw is located within the hollow portion of the connection tube
but is otherwise unmounted; the second end of the lead screw carries a bearing mount having
outwardly diverging bearing surfaces; and a bearing, having a surface that is shaped in an
approximately complementary shape to the diverging bearing surfaces of the bearing mount,
is located on the bearing mount 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 embodiments, the bearing engages one or the other of the diverging



drive head to communicate movement of the drive device along the lead
_ screw to the drive head, the connection tube having a hollow portion with
bearingnspeges ufatispensrdetarveEAthal the ceeerrdiehdubrinetedicsbrang i a

particiTPSRRAMIANARG [l RRHIAN OfNG FRARAGIANIDE, BULIS VRIS f the

unmounted; the second end of the lead screw carries a bearing mount _
bearingavirgitohweediy diverdingbesyihgsurfaoesiane hdseamity, aging.ahe bearing

aacsUrface that is shaped,in an roximately ¢ lemen e .. ¢
coase 550 AL AR AR ST SRR HORR o
movemmountf ithe omtaetivithtthe anvaethsurtace offthatvol idw poriionobtng has a generally

{ gonn ction tube thereby creating a guided cantilever mount of the second
murgé;lrsls 3

do 9%3 lead screw within the connection tube. In embodiments, the
béarirg enhgagaesohiementhalatiendhihedivengingpbrbéaringsurfacesigaging the

. respopnse to mavement of the connection tuhe over the bearing in a .
iverg i T SR 1 T B R BN CEAATEN R vl o
contileakRg:sucfacks ofthecbeariagrnoun civergedn axial direblionadiamiag has an
, bearing surface center location, .the bearing engaging one or. the, other of
mner fulagodgiy %@gﬁﬁmm‘%g&&aﬂwﬁa S Gl BF ShsIetEering
surfacRf tRenerimresiiontvhe avendherkearnagd Ruahar tibedgaitRg.maunt has@ximate

generally hourglass shape. In yet other embodiments, the bearing has
center ol dhg SABRSEISHHRRS for engaging the diverging bearing surfaces of the

beaHBgMeHAtad:the Rearng ‘J}%@E’iﬁé%ﬁﬁ%’vﬂﬂ PR SOMARMQMSthan the inner
contact with the inner surface of the connection tube. Further, the bearin

diamgigisos Ahgrrdlosy raico e swapestipndHbS RSN TEEC R b lapdidryne bearing
havingNARSIM IR VeI IPG-RERRRI LSMFALES MRBFERY SNELEATHY QGRS N8 hin the

Second end of the lead screw in the approximate center of the connection

connegie Ofrerfamberdiherhetietubiestiertedringrmading anapgr cutdice so that the
bearilglqmﬁtﬁéﬁ@%? érﬁ%;{ﬂ@g o AIRNEE, %&Qed!é%ﬂi"%@.%é%gfﬁgkea‘?&'&%ﬁ?zo& notches

ttibe within which it is mounted, the bearing having a discontinuity that ‘
formapennitscthierbeating o berhpross to thereby aummguntddevidin dhgred locations to
-eonnection tybe. Further, the bearin S a.no gtf rmed:in. an outer
pros L e S P A LT e o e
conndtiebeaingihas@apuralittiadf noteheshfosmead an autéhsudateotthevithin the

b ariqg so that the bearing will bend at desired locations to
connection tabe.

In vet other embodiments, the bearing and bearing surfaces of the bearing mount are
made of materials selected such that the bearing easily slides along 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.

In a second aspect of the invention, there is provided a syringe pump having a lead
screw, a nut device engaged with the lead screw that moves along the lead screw in response
to rotation of the lead screw, and a drive head adapted to drive a syringe 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,



provide a more uniform force against both the bearing surfaces and the
inner. surface of the cqnnection tube to more accurately lpocate the second

the copperibpRuIR AE dBRAN MBS CoMEEHB B LA A ER ofheunted at a first end

to a frAMBAAEHS, B heingAMd Rearipe:suHacesRldhaPRRERA WAL @EChollow
made of materials selected such that the bearing easily slides along the

connegil S aRheFRPTHHR ARG B GHHBpBHE gt BthsHBg gaces:
and a BHHAGES SeRAIRtaIRCONARE RRINEENNELNSY SHHRGE-Qf theconneetiomearing

tube and the respective bearing surface to more accurately center the
surfacgpebiler disdrotaedesserdy inngiesedareefichetupenpiias8dunty asgecgentrally
1ocateﬁ’ftH%es'&\fﬁﬂt'9ﬁ]d t@?{ﬁg‘%&@ﬁ&@@ ASHINGERURR DAY RIERINRTENER of the

nut device engaged with the lead screw that moves along the lead screw
connefiigadpbnslng thstétisisakikie lead screw, and a drive head adapted to

dEER SYHNGE BINGAT QA SYRNgE kiﬁ‘{}%%'t%'ﬁeék'l}ﬁj'”geec%{@“% arent from the

comprising: a hollow connection tube located over the lead screw and
followtngndateld belvseentibe nputl dévicecandphevdnyedhesidsuchltsatting by way of
examiliOYe %%o_g tO e Q%V%e‘{ji&? along the lead screw is communicated by the

RESrinection tube to the drive ‘head, 6 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 so as to centrally

located the second end of the lead screw in the connection tube during

movement of the connection tube along the lead screw. 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. 6a WO 2004/096323

PCT/US2004/013173 BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a perspective view of a syringe pump showing a syringe

6a
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mounted on the pump for use in infusing its contents to a patient through a
wo madieabAuid administration set, a drive head in contact withRe(Syingei3173

plunger flange to 5 drive the syringe plunger into the syringe barrel to
expel the contents of the S rlne |nto the f|UId admlnlstratlon set that is
connected to tH s tarH U OB LEHE DRAWINGSsimplified
perspective view of the drive device of the syrlnge pump of FIG. 1 in which
a lead screw is mounted at a first end through a transfer plate and has a
puIIeri(fﬁﬂElf:iv’eic@rpwqik@ﬁwiRhe&srmﬂtoﬁymﬁgl@ﬁdrﬁﬁ@(yﬁﬁﬁ AGRidE:

%’[I a% cond end located. wjthjn an connection tube that connects a

mo 1HE é‘{/ezzl

five dabies BAGRJSH Wht HS e Ly aserbignivitrmah dr g dical
flubbadhsinomndioiiet, 1 dilShAPigsRMBA g view,efiak amRedimen ofa

dnlea(?ggcreyv in accordance with aspects of the invention and as used in

%’&H&%&W&ﬁﬁmﬁ%@?ﬁé’f@ﬂa UsEhHR e meb thheaiesss ddbgoweimee

intdr ans FariR| e viasa RRA g tWiNPEIMERID, tWihe 1 A INBFI93R:REGHR MR ent:
driv L%ﬁ}illey shown mounted to the first end of the lead screw via a

Fritie siRplicdwssingdie sitheakiy seisadsaiang Hhestinge
puﬁ'ﬁ%? FRRAD@S PRRAING RO Ye R ORRANEIASE 1 MRS 8L A Rfer

FIG. 4 is a side view of a bearing in accordance with aspects of the
plajg it 1 E3HRY ot thee SeBRFRI ATt Gomeia athn dead ssiRPdmy bidhe

floleae seraWdd Bede 29 iintaRlzR108:S8GARE AOd f e dead SEre  vice

within the connection tube of FIG. 2, showing the split of the bearing, a

engapdini i tiendso bibe trd suivace dh the diévainopdsio reiinFEs. 1;
beafing t?@)?&%efx% GNIA0GHEe B%\ﬁlmzﬁ‘b%gﬁ%@goﬂofég&[ Efégxf 8 Rordance

perspective view of a cutaway portion of t earing o 4 along'lines
with aspepig\oihderaviemeonrodiles thachia ek aRith thel Aolxgldsg Shapetodnds
e heaiogenauns {ace)ge secondand sline ead, serew
mOan d the ex%wrnal bearing sugg&cgengtgp a'f:e‘s“\z/lvﬁh %“n ner sur algg gf’%hmth
thecynpestetiondsbdite p@lisyainmaembtetwmmm fhet bedrifghatithe second
&N fEIG 3. ce with aspects qf the
vis AR A SRRl B S T R Dh e
shaprabhtasinguing thevbbeaing imcrpfs sectioing Mafing4/096323

PC 004/013173
-E‘IRIS% 18 4 Side view of a bearing In accordance with aspects of the invention

usable with the bearing mount located at the second end of the lead screw of FIG. 3,
to stabilize the second end of the lead screw within the connection tube of FIG. 2,
showing the split of the bearing, a plurality of slots in the external surface of the
bearing, and the inner bearing tapers for engagement with the bearing mount;

FIG. 5 is a perspective 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
serew 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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FIG. 7 shows the bearing in contact with the inner surface of the
__ ion tube, the bearing also in contact with the proximal divergin
wo gﬁ(r @%ﬁ&g the bearing mount due to movement of the connggﬂgﬁsgﬂgﬁ?ns”s
the proximal direction; and FIG. 8 again shows the bearing in contact with
the iiterisshiece tht thadmgonrecton vk ke beakngriodbistiaseheinibn

in contact with the. distal diverging surface of the bearing mount duge to
ol S B (0, DU BIRL BT S &)t peating
moBi SIGCRIE TN TH B £ RiakEcRREb: MBOOMENES dRefesingmpw to
wherein_ like, 10 reference numerals

the drawjngs with more, particularity, )

sl TR B BN LL B e A Cch e S BAr  Shinere
consahipuming i baavieni ofldsyrioge pempckiRayingapUNger dviMeling

stem jn accordance with the principles of the invention. A syringe 12 is

S”@%%Wf?h%@ﬁ?éﬂ%iﬂ%%ﬂ%w}%@ﬁﬁm HddktigsH Se iRl
direeragived for clarity of illustration. The syringe pump includes a syringe

cradle 14 in which the 15 syringe barrel 16 will rest. The syringe barrel

fla | ' noVv I (o]

ademiesa it i e e

movement of the syringe plunger 22 within the barrel. Details of the barrel

flange groove are not shown in FIG. 1 nor are they described here since

sucReffeang adswiethkrbwmitgtvote wkittepartithdaaity, 20hackditinkally, the
IO e B svag bl sttty bl

may be provide Structur
viestantipetypicaliyvis:atsBlGsdcatoicetaiftberayringedigiehat iis:pogitiesein the

.syrin ump, but is not shown here. in order to.preserve the clarity of .
e BB g Rl S R e L8 i
shantetponnegten (RO ity thétisyenge plongeng 2y @isynnde:pllingsiostedTor

28. When mounted in the. syringe pump 10 properly, the plunger flange
“‘ah‘%igﬁlﬁasgfl&?}ru BEEHRYGBH: %apaﬁif%&%%ffy%&w@&% the

syritgpgenrataningiasits 3Be eneuebwhichl Bshavy Wi giRsediRRaitaR )
FIG. 1. The second pivotallgltm.ounted arm has been removed for clarit
t

Hapef sxepte AadhgRysmdinianekizsdby tydngsmyatsd fin longitudinal

movement during movement of the syringe plunger 22 within the barrel.

Details of the barrel flange groove are not shown in FIG. ! nor are they
described here since such a feature is well known to those skilled in the art.
Additionally, the function of the groove in holding a syringe barrel longitudinally
immobile may be provided by different structure than that shown. Further a barrel
clamp typically is also used to retain the syringe barrel at its position in the syringe
pump, but is not shown 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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8 WO 2004/096323 PCT/US2004/013173 plunger drive head 30 from the

wo HiRaRsk a lead screw (not shown) as well as control the pggitions.af 11§, -,
retaining arms 32 to allow removal and insertion of a syringe plunger
flange 24. Disen%aging the plunger drive head 30 from the threads of the

plygeR derenhpadditdom Biseturarlsoflrediserstur(get sriverhead8l atong
cofB@hd iﬁ%&%%f‘?hlwe&%ﬁﬁgntag&%@@ t%ﬁé&%”&&&%é%‘i@@ﬁ%‘ﬁ%é a

syringe 12. As is well known as Is described in
syrseetibhigiaidlioea 24 h Rssg hiffere Hteplangite sofélbichih3th ronmthy theeads

: i i 1 pump 10 and the plunger 22 e
O e R R R e e
leaghaorgedwfldifferamt sedsmay b usatie Fubgsyiinge b0 psyrpddi2. As
: ' Its insthe plunger fl i different location

e e R S A AT eI e e
haibgit fforenanuaiititreové finel driviecheas BB pproviidch éoaccomwidodatiangef

[ ifferent sizes with different beginning plunger positians. From
P 2 Tt b AT R s ok onge
bashblin dnbiidesaliyedypiayides differsatieay shamtie @abepin aiousiaZes

of syrin and results in easier pump operation.as wejl as resjsts .
R R R TR R B ag L ritoever
desmdifignoeterasping diunsrigienie thSleRARNMNRHG425:B9 toriaklar
¢ issued.on Augﬁét g,.ZOe%g,ﬁvr?'ch IS hecrtglgy incorporated by reference. 2
e e i e
diffurehedminisirativfieeh S6enmpEsiNehadepatiehiubing 40. The tubing 40
is ggount d tp a sharpened cannula 42 that has been introduced to a

blodd VBIE| 'SFRAMISatE RS ARPIE didd He dbet e tedrinah ey sigimps
shalieetianicluithedsigdineds heesyrinaghamabyllReRRIRLIA dreyHRing

40 of the fluid administration set 38 25 and flow into the patient's vein

anqEShlkh Thesn RURR OPFERHIL A B Thasagtsat sHehamginReafistheetdails
on @G ANl AMESAL Y ASAPIEIIS SEPRY Aisls, fow jo U.S.

controllers, Eorts, or other devices mounted to'it or formed as part of It.

Patepfo. 6,42

mcorporated by reference.

,509 to Fielder, issued on August 6, 2002, which is hereby

Returning to FIG. 1, the syringe 12 is connected to a patient 36 through a
fluid administration set 38 comprising a length of tubing 40. The tubing 40 is
mounted 1o a sharpened cannula 42 that has been introduced to a blood vessel of the
patient 36. As the drive head 30 moves in the distal direction, fluid residing in the
syringe barrel will be expelled into the tubing 40 of the fluid administration set 38
and flow into the patient’s vein through the cannula 42. Tt 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 {o 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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devices have not been shown in this figure so as to maintain clarity of
illustration of the basic administration set. 30 FIG. 2 presents further

WO HAS 6P a syringe pump drive assembly 50 showing a thr&Sd RIS

screw 52 mounted to a transfer plate 54. The transfer plate forms 9 WO
par200410 96325 PETHd SR A0440431d Buppitiof netintednaltiiameridng a rigid

syringe pump, its apchored nature providing a rigid maunting point for the
o PR IR 5 0 R ST Ghtb G TS BB
hasheay sot thada drivatpuley Sueussad serdir sb e %ei e dead sarew
can be more cle%rlg seen. The first end 58 is mounted within a first

SR GNSE BOTo P SPOVIdFT a I dFHIERE m riSURGHE SR A GaR e HEh REHae

60 ansieviplateaSéwin fisicastothedirsi-ieaineehas DrerRwaldad toithess.
In %ansfer p{{att%tp E%li_eve a permanent mounting. A drive motor 62 is also

SRS RS RS RIALE BrstBosa wilisd i destnsBior I3 &y 4risesmawn)
per@iiRatathensige of BeVEansier Piakea Bodiikenkel 1 64nDieraoRT 68198 and

motor pulley with the drive pulley 56 and transfers rotary 10 movement

incliles 3 e ROt tBaradndpallesr sbissd thetetngies phddedudrive
belperetedoRiiiere ﬂie@ﬁﬁ@&ﬁ%ﬁﬁé}?ﬁﬁﬁ%%gélﬂ%ﬂ%fgx PRHRR QNG otary

motor to the lead screw may bé used, including a ct drive

moyFRARetERDrd B s apigededhardfice Rulenisavdtherspentintedrathe
scrBRTHeUIR GENG AlrAngement dresepife s, Ve davise PR IS ToMYS the

to the lead screw 52 and, although not "15 shown, is prevented from
leadoiemyraae b8 itehoteindiparshpshibie naraggmageopanpicSofizears.
RGN ANIENENS skilled. g aftand

hence, no fé;rther de ailgﬁalltirﬁe %%b/%(?éaﬁ ﬁér%ﬂ?‘ﬁ?gé%?%\%v% tﬁagfé?a?t%'the

rotaficisist the e sl derchd tio fimeatat ttith: Bedagsent!ie lead] shtewgs not

irml in the in ump and can only rotate, the drive device
1 YsFREHY! ! ) ;
St B B e el S e
puspstSuch Susshmyrcenyprising arsetal nackers) Towithidledptital art and

RS AT pRaLESEen sl R e aaae
thebeméscormttie lincarbattiean Beasing thariens somkarsiSulghaachored in the
swg%%i%%%ig%? rgziirlllaéin r)]z rotate, the drive device will move along the lead screw.
An optical position determination system 68 is shown comprising a set or markers
70 with an optical reading device 72. The optical position determination system
may also be capable of determining the speed of movement of the drive device 66
based on the time between sensing various markers. Such a position-determination
and speed-of-movement system is known to those skilled in the art and no further
details are provided here. U.S. Patent No. 5,236,416 to McDaniel, issued on
August 17, 1993 describes such a system and is incorporated herein by reference.
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
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and speed-of-movement system is known to those skilled in the art and no

wddhieked fletails are provided here. U.S. Patent No. 9,236,416.10 <> 004015173
McDaniel, issued on August 17, 1993 describes such a system andols

incorporated herein by reference. Other designs and mechanisms may be

mMQ¥e FIBEESHBIRN. thadamey stasalis mmmm&m Bifeisrt and no
fueaiRpastiensta e plunger Jrye herd §§e@ﬁ@’é’b§‘é§‘?%‘% J%é: {r% &:’ré]'{%ét;g%

hollow connection tube 74. The connection tube is firmly

Limiicd bRt dviee webbs:toMae 8riv@9%k ad80ibThasd kheas such a drive
t i ' ng the lead screw causes the
afAAYemSaNtal mﬁ&%ﬁt&@éggggsgg%e

drive head to 10 WO 2004/ $5604/0 13 1 73 move
comtehidlparanehihi-desyatere BIkhAwhaottiedsedsidliest 2 theides patially
o I Vi rein, U.K. P t NO. 224 444 to
e I SO e d st
cosHsRiE8UBhe @ni\aecqﬁamqewidnﬂwwésimWﬁm%hetﬁémﬁyéejﬁfﬁ@%
[ t refere o FIG. 2 that the lead screy 52 resides

G R A T SRR i vl e
berumyvatitiniohatedomediion tiibe; ihedesd itapeaswititie-RIGVIObEad 30 may

inti ive device 66, moves alan lead screw as, the |lead”
en%gréegv%%?a%{sggﬁu%fﬁ%ﬁ RhgeR e eigséeec%nggi:I}fean%ﬂ& TSaRlg When a
laegeywhiope alonguitedeadisarmingo phaithadidve Head:36may lﬂlﬁ: @Ei@%%ad
ted, syringe plunger flange (seen in FIG. 1). For example, when a
S P S B B8 O el e R, he
digitiereadwadcmeyseiess ©f g maved aweh; fRFBRTIY 8 IAR HRRE fion
in which case, less of the lead screw will

: imal direction). -
L A 5 G0 B b B e i SBHets B GIaTEyLRe (o the
lefnditec Baridivoneitheelfivarldead 3prorala sl dirsetignidistal 0 dhewin
ure ﬁoﬁ@é pty the syringe, more of the lead screw will be located within

;
b“”tke"%% r%’éhﬂﬂﬁkfé’}wa JLLEbe . tHeadkeasicd. dhel srerrad 4 fsdeloadill
scalwayislaeviagatadivdthig WRHEQMRSCIRR:IRS, TBovercome some of the

problems facing prior syringe pump drive devices as previously reviewed,
the sELENEEMISEBIRE lepreblemsHacingreremnpiotisteptenp drive devices

as previously reviewed, the second end 76 of the lead screw 52 in the embodiments
shown includes a connection tube bearing 78 in accordance with aspects of the
invention. The bearing is configured to make contact with the inner surface of the
connection tube to keep the second end 76 of the lead screw better centered within
the connection tube 74. Other than the bearing, the second end of the lead screw is
unmounted. The lead screw is thus generally in a cantilever arrangement; however,
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 57 is shown. The transfer

plate 54, lead screw pulley 56, and the first bearing 60 are shown. As mentioned

11
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20 shown includes a connection tube bearing 78 in accordance with

aspects of the invention. The bearing is configured to make contact with
WO S &P Surface of the connection tube to keep the second &N S8 HE "3
lead screw better centered within the connection tube 74. Other than the

abdeqiing,thesaapotiRiehthe deagdsssainis canmeuriedd he eatkseelte;
is thus generally in a cantilever arrangement; however, 25 the addition of

h%@é’%feé?mgbf G SRS {RPIRCR BERGshaneARs arld e rR P

maSUsteeR O thet6 ARD REIIOR (b e aHIES IRl aHIERG) GARtIE YR IOUIN O
the second end of the lead screw. This "quided" moun,ting has been

PUkGY 16 Lt i tHEhehasseretv digHEmARPE Y Corednibe [aiakione | the

leaBRAGCHN dube; Whichi grerils ImRIeyas Jow LRfRENity iBE thRSYIINGE of the
ump. 30 Referring to FIG. 3, a side view of the lead screw 52 is shown.

P C . :
leagserayn SPhep meiBlingisahadaas Sondy Baharhsaresiradidsmdl soare
poshipwn. As mentioned 11 WO 2004/096323 PCT/US2004/013173 above,

in a preferred embodiment the first beari%? 60 is welded to the transfer

platét Rsssardiensaybie praaalmndr ekl ithplked sestighlothbearipamrount
34 BPePMIRY 28 ARYRR AN PR D leRE SHRWIBMANGHS WRLKDSY R4

ways. In this case, the pulley has a drive pin 80 that assures rotation of

betwecpuheyhnediwnfohiberonthmeeag stheond andetd ftaihlimheatisg
motmﬂllﬂgi’éelﬁﬂﬁ%g’ﬂy‘éé{d?e%ﬂ&ﬂfﬂ s&gﬁ&%ﬁagstg; L P UGt

mounting techniques for both the bearing an pulley are possﬂ%fé. At
facifidetesbdide i beasmximmaidnaty hotohadetidistres Thedbaangpgount

] } ' el . Formed at a location. proximal to the
Al B N BB e A S AL AL IO el
maynd ersltred. FhelbedrmgmovnoniiasidibartSgeatod cippralanith afitter shape
of Q%@&%?ago ﬂi}g @e%tr?ﬁ%? h%rtrl]lf {ﬁl gl%l'l'ﬁ%tz? i?;“g 'W%&E&%‘?afé% {‘p%\%lf(r)];[ffcrilltr?g'a
e confnection tube. earing mount~”alsoc mprlsesltwo outwardly
conleaigmpheanngbiotiabe $O2isepangtee dyngrbeaeih durgutitcundesssivd4.

e B B R AR B e Rolan,
of froVeing A as is shown and described below, will be located at least initially in
the undercut 94 and because of the depth of the undercut, bearings of differing sizes
may function well in the bearing mount 84. This permits the bearings to be made
with looser tolerances which reduces manufacturing costs.

A suitable lead screw bearing 100 in accordance with aspects of the
invention is shown in FIGS. 4 and 5. The bearing comprises an outer bearing
surface 102, an inner bearing crest 104, two tapered surfaces 106, and chamfers 108
on either side of the outer bearing surface. The bearing is split 110 as shown in
F1G. 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 co_nnection 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

12
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below, will be located at least initially in the undercut 94 and because of
of produspng & sagnaraisutjtbeariogs whdifdeidgsizesfRonay delictiomalety
thdn,th 24ing, Mo, 4. This permits.the, bearings to be made, with looser
tolerglr?ges which drvg}éll%ésss %%%Bui%%ﬁh%?%b% %H SUitakT I?gatabscc%gw
Alfsaghgizee nviabeordankewnitn dspectbalitheninvention fewshonuclres may
beﬁz@%é&@ﬂéﬂhe bearing comprises an outer bearing surface 102, an
inner bearing crest 104, two tapered surfaces 106, and chamfers 108 25
on elthEiGide dktheadutet Mearihg sunaner(Ehechderingris splitdd®aSf the

in~FlG, 4 to al the, bearing to he more easily mounted over the
St b L SR e o R G e b sy
undarfat&4e Ldntrntthiegointstof hidnpingidédhesbedringiiBegatish th slats
I ced.at ninety degrees from each other, including the split 110, the
S s E e e Gy R e o
thaliseringhichqrdiddescbétiereenbarngeaniien dfithedesdse @ yithimibe
C%Q\)r\%%ltio tube. The three notches 11§,and th(_ePszit 110 have the effect
POy AR T B AR BH AN PRI dRe R e s dymrifian
thenithea dinreeoni aledrpiipg affeqtas welkas makingsthehsating easier
to compress when inﬁerting it into the connection tube 74. Although three
ety

R e Bt reRiart srdb e wsensisRes hdyobbe

consedias aesirptETany] Gﬁh@&ﬁﬁl@&ﬁﬁﬂﬁﬂl@@si%lf&‘l\lf foRHaied R {8%ion
k@%ring ount 84 of the lead screw 52. The crest 104 of the bearing is
m ITRHSE ehRherphetintititRscahamet iHd Heanal Wooerigatim

irevidesaigeod staring Rasitiamier B kearing, hwilbhe Lotertom g

figure that when centered on the bearing mount,” the bearing inner

m ?a‘?ﬁé%é‘ﬁigna%@maﬁaﬂﬁéW@ﬁmm' diareisseédronaingctopolhts
FmbTmeasBRL 4 sy e S PR e
copfagt tély thedergest inner diameter of the connection tube. The chamfers (08 of
the bearing 78 shown in FIG. 4 assist in mounting the second end 76 of the lead
screw within the connection tube 74. Whether the second end of the lead screw is
pushed forward into the connection tube or drawn rearward into the connection
tube, the outer chamfers provide an angle of contact between the bearing and the
ends of the connection tube that tend to compress the bearing so that insertion into
the connection fube is facilitated. Additionally, the chamfers remove any shamp
edges of the bearing that may have otherwise provided greater friction with the
inmer 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

13
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surface of the bearing will always make contact with the inner surface 114

of the connection tube 74 (FIG. 2). The connection tube is typically
WO 3Pt By injection molding and because of that process, tH€ Tp3004/013173
channel 114 through the connection 15 tube is tapered from one end to

théhoaibetiok enseayenty hedeadosaraucbesing 48 HeNIhPSRRIR Wve the

accommodate the tapering inner diameter of the connection tube. " Hence,

moHat S RepeRahhetEE et MR e BemAlg Reserted thattfesuitariaganount
84coniaahithciBJar aRSHIINRE HRMASh ARG CONIRFIRR tRS. ThRides

_chamfers 108 of the bearing 78 shown in FIG. 4 assist in mounting the
distmes s wrmiess. 66 e fapensionsed sy IaSn e E8nnection tube 74.

Whethee,the.seeend end of the dead serey &&Héﬁ?&f% [RINRNEy a

connection tibe or drawn rearward into the connectioh e, the outer
theReraRs st FGias e koad ecerve Satart Juweenahettbaniigrathe toenestimn

1 the ¢al fi b ress the i that insertion
u into the %e%gggggﬁﬁﬁﬁgé%nﬁﬁ %ué‘%ﬁ%ﬁ{e C %?r% ers remove -
1145f SrarprBeiiesibs tHicburxrbetbatneati anebotisdriigedoaovidedhe

Wols rfrict ' | urface of the ection tube qnce the
D S B G e e ey
syriggafeteddlrthedsddn hrevoom pherhentary dothesuifuecding sutfareis R

] unt 84. Because the bearing 100 is formed 30.of a low
s D o B B S Ve
sulfeetihyonoditint bsanegcdeduit mairftainl ghepleactizsreBsecendhenshéfed

entered-within, 13 WQ, 2004/096323 PCT/US2004/013173 th

b e Y g .7 D05 B T B g o S
thahearmayntoagetikral heliigldssappepsaicaribpamalsedlerotedithabiien

bea ing ou}%t g4és _S,X//E%émetric about the biar,ing mount under out 94 andg
ACHOR E&?‘uaf%ﬁ SHEEPLO VLR &SRR §RDIA A d R afraat therradsorew
to heep8t beRetedinginiawhtoctiaedtidheddearing 100 and bearing mount 84
Iocagfl%ﬁagi the second end 76 qf the lead screw 52 are shown mounted

€

with dSRnatoRotFe TR i Pichithy comsRtamBbedfis bsine
me@dtacewit hedniaenhsudai8he lead screw 52, this time in the distal direction.

This is probably due to the syringe pump 10 being operated to expe! the contents of
the syringe 12 into the administration set 38 (FIG. 1). Consequently, the drive head
30 and connection tube 74 are moving toward the syringe barrel 16, in the distal
direction. Because the connection tube is being drawn in the distal direction, the
friction between the bearing outer surface 102 and the inner surface 114 of the
connection tube draws the bearing up the most distal diverging surface 118 of the
bearing mount in the 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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114 of the connection tube. Because the connection tube is being drawn
Woif{}m ol ximal direction, possibly because the drive head 30 _is bein __ _
attac 0 a new 10 syringe (FIG. 1), the friction between thE WEEGy 1173
outer surface 102 and the inner surface 114 of the connection tube draws
agthesbdwringetiprtbe thedmakdivetghieg 8 Baceutd 6 Ohihe LaaH PR EEMNTLE
; ng@;vgg&%ngé'ﬂcti n. Because the tapered bearing surfaces 106 have the
RE 5G4 s th S R ARGR Beun greL fRs ol P oratR 108 phrilshsampe.
Adilitiamaiitg|idediplangdyperlasran ge e e sulisn Jis sweriging.15 action
c ha?ethe effect of pr(‘g%idj g even more sta}bjlizin force against 'ghe lead
CLESR Y R SARE SR RE B ah e BRREV lLbE i Bresentef the
bearinthekcanditiofzinavhighithe connection tube 74 is being moved over
the si“cop%gnd 76 of the lead screw 52, this time in the distal direction.
B

This 1€pIoHaBRFdURS Hidepraiel stiitdess Beshy dhamnedecterlsgatiakel
plaentenés,ehARdheasWineedd e Adnipistaion,sek88 MG o lilable

Copsequently, the drive head 30 and connection tube 74 are moving

EqBrala e ShidgNeamar tedit Heanstal Thr seronc Bat hihsooay be formed
of eaxRERHen YR Isheind iy dnerlisial Akeaien. %%1}3%8@8& REWEEn

the bearing outer surface 102 and the inner surface 114 of the connection
tube WiPalfanAbeesrmy Upbedimes: te baatinergiagriusfacelias tfetheRs

piReasingmerntintbennadaing AP B A6 GHREd ALV AS @g%,ﬁk%@%?@d’

this wedging action has the effect of providing even more ilizing force
posyblfstinecienmissiathiocreep iese hdlew editsirdthaosn aeistiohd diseriagd

andhi j i, ing. i jntq th ignt, this
e e o e R A e
sudyAnge pliaplveomrdingitierstactidnagmg e bbsasse tiepbesiihgptOGidsng

a 1@5@?5&@?[@:&%&?&9 diameter of the connection tube 74 and
consequently exerts a continual force 1.4 WO 2004/096323

PCTAUB 009 padfic 2B tagaingttthef it rivrat ithelcorriectiotetobibedndd
1ReCqUS é he friction between the inner ugf ce 114 of the cannection
R O 1S ol Sh A ety oS bnanc
embdamest9 vahihatsediiliy nfabing$dkdhd ihethe art, and without the exercise
of the inventive faculty. Thus, it should be understood that various changes in
form, detail and application of the present invention may be made without departing

from the spirit and scope of the invention.

5



complementary tapered surfaces 106 of the bearing 100 facilitate
movement of the 5 bearing into the wedging action. The lead screw may
be formed of stainless steel with an electroless nickel plate. The bearing
may be formed of Del inTM material, an acetal resin available from E.I.
CL4iMNnt de Nemours and Company. The connection tube may be formed
of glass-filed. fylon. Qiharmatarisls RawbersadifprthesrcrRmpenents
as well. 10 While in the present embodiment, the bearing mount is cut
engggsmemicdtntee [sREaceTatedaladlactreades JorioRoRabsEay in

resp%?xrf%\% QIDELARRTRAGHES AIEwPeSS P18 FOR SPIRRIR. AN dRR; fage whgee

ollowed lead screws exist, the bearing mount may be made separately
plurged inttadissuuns thé prositaaleatrst thadesnisatewt thasiagbyhedasive

screw K&?&%%g Hgﬁrglpi AVvaQNg, lead SCHaWR-05 ROSSIPIY REQUIAING a.f Jower
e Itho

cost SCrew. ugh specific embodiments of the invention have
beendesgribedddrdoithistrated lhdd elé arttratand doneetion istsigsodptibiave
to numeroys modifications and odiments withi bili
e e A R T R LR SR e
leadshatitd thehsntbrstioed that cameuschiahg s imn20: foriy v etaii@mdrith an inner

lication of the. present invention may be made without departing from
Sur%]gg’s }?ﬁagﬁﬁ%%cglpget%ftthe invention. 15 CLAIMS: 1. A syringe pump

having sadeadl screvithvitaa deivevdelocetia thitandd dndagementwithlibe

lead, scre¥)v, the drive device movin&?alﬁngsthe I§ad §Cﬁ eif% s g&%%r%?es N
coTRselith P A0 RETATS SRR WG RELtAd 0 ARvea Singa
beaRibpgRIINIAthia battelofls dyvingnttexiet flufdeonseadts of the syringe,

the lead screw having a first end and a second end with the first end
oG REEITEE SUAHRAETOR BB T TA P BUET SR SRR ™

shapRnpesianketmearifadive.deviceandatheodiveicaddeaeamnminrioaieing
movement of the drive device along the lead screw to the drive head,ttulg?f>

mOYGhHECAIALIBRHAGIHTE FBITGRF HOrHEH M arPINNE O stifLognection
thePhArafighized Mt cantilever mount of the second end of the lead screw within

the connection tube,

2. The syringe pump of claim ! wherein:
the bearing engages one or the other of the diverging bearing surfaces in
response to movement of the connection tube over the bearing in one direction or the

other.

-

3. The svringe pump of claim [ wherein the outwardly diverging
bearing 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

bearing surfaces depending upon the direction of movement of the connection tube

over the bearing.
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the second end of the lead screw is located within the hollow portion of the
connection tube but is otherwise unmounted; the second end of the lead
screw carries a bearing mount having outwardly diverging bearing
sufaces; and a bearing, having a surface that is shaped in an
approximately complementary shape to the diverging bearing surfaces of
the bearing mount, is located on the bearing mount in contact with the
inndr surfabe Hithecholiow Polaon bivthersiorifiedsorinasrothebeby EPBEINY
houd galéisds%% cegntilever mount qf the second enql of the Ieaq screw Within the
Coftiection tube. 2. The syringe pump of claim 1 wherein: the bearing

engages one or the other of the diverging bearing surfaces in response to

maovement of the connection tupe over the bearing.in gne direction or, the
otHer. 3. Sgwﬁ%a@wspé%f&ﬁ"ﬁﬁﬁ%&?ﬁ%ﬁs%%ﬁ ARG
surfheaningesusfagestef dhe-heasi Beamaunidivesge outharndy meudal directions

from a bearing surface center location, the bearing engaging one or the
other of the diverging bearing surfaces depending upon the direction of

mayemeniofihe, coRNBEIBNIURE 10vaEME BRANGINEEMHilla Sufngaly

~ pump of claim 1 Wch(_erein the bearing mount has a generally hourglass
intogleapEuBLSTIREEYFHIGE Hamipnst epafaTeLol s eABsele4MAE has inner
tapered surfaces for engaging the diverging bearing surfaces of the

beaying m?ﬂ@%ﬁ nvgg)&;ﬁﬁsh&ecﬁm Qhelaimd.wherein dhe bearingdsthe

biased outwar y1 into continuous contact with the inner surface of the
othararrbetioretgive. sPrirhes springpemgHprad N6l Hrefipsetisadppryover

the SESARR O %gt&%l?g}%gg{g&dﬁ{grging surfaces in response to

movefhent of connection tube over the bearing in one direction or the

othelss drefithe Bearirigrvasusfaharibaiss ﬁb@@ef_hm B gna@é@mﬁtan
condRRIRNIRIE, SR EIERIADY RN ARG IQ tiergiverging bearing surfaces;

whereby the bearing locates the second end of the lead screw in the

approximate center of the connection tube.

g The syringe pump of claim 1 wherein the bearing has a larger outer
diameter than the inner diameter of the hollow 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 § wherein the bearing has a plurality of
notches formed in an 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



whereby the bearing locates the second end of the lead screw in the
approximate center of the connection tube. 8. The syringe pump of claim |
wherein the bearing has a larger outer diameter than the inner diameter
of the hollow portion of the connection tube within which it is mounted, the

andBR5NA DAVIRG A JISCONNMIIL: Shak RIS 106 ReaHBY, 18 SR ESSHIR end

thereby be mounted within the connection tube. 9. Thé syringe pump of
of tbtalieadBswrhereinhineiveermgdias &thotch 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 an outer
surfece offthespeaginpuaathbttie:beariagiwill bend at desired locations to

proyide a more uniform force against both the bearing surfaces. 17 an
e i e DS R an DS LML e e A A0
seleseebad kit ohid¢hedead soriévwsiidtsialthe donbeotion suthecet; 1. The syringe

pump of clai wherein: the bearing and hearing surfaces of the bearing
O B A B S T AR eh A BB e s i Bt
conddeng:the dehengnsysiactes: whisehbytbebeatbhg modvesregpenerobtasng

ther bearing surfaces to maintain cont Cztib tween the inner surface of
Surif (AR TR AT FeSPUh EECr NG HCe ta TRy Somection

ryhaccurately center the second end of the lead screw in the connection
tube. 12. The syringe pump of claim 11 wherein the bearing mount has a
generally hourglass shape. 13. The syringe pump of claim 11 wherein the

bearing hagnef.ineRR Stfaces fanrneRainodhe:diveraingmsaring
surfaces of the”bearing mount. 14. A syringe pump having a lead screw, a
genueidie Wiow gagraenawith the lead screw that moves along the lead screw
in response to rotation of the lead screw, and a drive head adapted to
drive a syringe plunger into a syringe barrel, the syringe pump
comp@isinhe svringe pump of claim 1! wherein the bearing has inner tapered

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

14, A syringe pump having a lead screw, a nut device engaged with the lead
screw that moves along the lead screw in response to rotation of the lead screw, and a
drive head adapted to drive a syringe 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 1s 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
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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
so 1834 saiew isimannirdal A dinsteneie airpma-whsRingseqend.aad of
the lead scrfew is continuously located within the hollow connection tube
durgpgiroevaprise s lsemmganou tittvaalivng siavieadisedivierging  bearing
surfaces; and a bearing located at the bearing mount, the bearing
configured to engage the bearing surfaces of the bearing mount and the
innet Surfdtie: of theconmectior dithé 41:8hsceas thr benthad) yslbtate! hewardly
: tsecogd 1;encélot{ the lead Serew j itheg connectic% tubed durin nﬁ?v%ment of
h e i ttion wlBE aiohG The 14 SERSR 43, eea%yrm%eé ump ofCidm
endabsuheketn thediearingris paséd odeyardiygs intordaaditsibiihBenagtiection

. surface ofUthg Cco nﬁcgon tube and wherein the bearing engages one or
ubg, s &ﬁg%e‘)é‘ﬁhﬁgg FfacE depending on which direction the connection

tube is moving over the lead screw. 16. The syringe pump of claim 14
wherein the bearing has a larger outer diameter than an inner diameter of

the dénneddBF TEBESMERY Whid kR IS mTBsHREN e HE RtS RAORgETueT
dilseantindity. thatnesmite.the bearing docarpsessdadnarabybe Haued

within the connection tube. 17. The syringe pump of claim 14 wherein the
thepReaitig RASRERcERIBRNEY ThARSIREP 188 &P Rl padffRey be

mdleXat i geshied.l9eation, 18- he syringe pump of claim 14 wherein the
bearing has a plurality of notches formed in the outer surface of the

bearing so that the bearing will flex at desired locations. 19. The syringe

pump-of clajm 14.wherein the bearing has inner tapered surfaces.f
Cnaing (A B B Le L Er PO B A ormed
in an outer surface so that the bearing will flex at a desired location.

18, The syringe pump of claim 14 wherein the bearing has a plurality of
notches formed in the outer surface of the bearing so that the bearing will flex at

desired locations.

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

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