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-1- o VOLUVETRI C | NFUSI ON PUMP
FI'ELD Ok .+HE 1 NVENTI ON The instant invention relates to :

<

~volunetric infusion punps for 5 parenteral deli veryg& B}‘\E@ﬂéq - 1%

rredi cal environnent.

| NVENTI ON' . Previ ous nedi cal _jnf ugloon punps have conprehended a
W de variety ! of .met hods for punping flui ﬂ?eﬁét 0 a patient. The t
common of these 10 nmet hods has been a peristaltic punp. In ﬂéesﬂ“t iC
" punp, a plurality of actuators or fingers serve to massage a
parenteral fluid delivery tube in a . substantially |inear progression.
The primary probl em associ at SGOWIMETRIC INFUISIONtBUMP: punpi ng technol ogy i s
that the tube is repeatedly defornmed in an i dentical manner, thereby
over the course of tinme destroying the elastic
FIELD OF THE INVENTION

The instant invention relates to volumetric infusion pumps for

5  parenteral delivery of fluids in a medical environment.

BACKGROUND OF THE INVENTION
Previous medical infusion pumps have comprehended a wide variety
of methods for pumping fluids into a patient. The most cdmmon of these
10  methods has been a peristaitic pump. In a peristaltic pump, a plurality of
actuators or fingers serve to massage a parenteral fluid delivery tube in a
substantially linear progression. The primary problem associated with
peristaltic pumping technology is that the tube is repeatedly deformed in an
identical manner, thereby over the course of time destroying the elastic |
15  recovery properties of the tube so that the tube maintains a compressed
aspect. This destruction of the elastic recovery properties of the tube resuits
in the volumetric output of the pump changing markedly over time. Another
common type of pump used in the volumetric delivery of medical fluids is
commonly known as a cassette pump. Although cassette pumps do not
20  display the fairly rapid degradation of performance as evidenced in a
peristaltic pump, they require a fairly elaborate pump cassette to.be
integrated with the IV tube. This added expense of having to change a
cassette along with an IV set every time an operator wishes to change the
medicament delivered to the patient, significantly raises the cost of patient
25 care. Additionally, as both peristaltic and cassette pumps, as well as other
infusion devices present in the market, require a fairly elaborate knowledge

.;)f the specific pumping device to ensure that the IV set is loaded



15 recovery properties of the tube so that the tube maintains a

conpr essed aspect. This destruction of the elastic recovery
properties of the tube results in the volunetric output of the punp
changi ng mar kedly over tine. Another comon type of punp used in the
volumetric delivery of nedical fluids is2- commonly known as a cassette
punp. Al though cassette punps do not 20 display the fairly rapid
degradati on of perfornmance as evidenced in a peristaltic punp, they
require a fairly el aborate punp cassette to be integrated with the IV

tube. This ad e rﬂf}?’ ilGin with an
|V set every ?ﬁﬁ%é n ogbgﬁeor whggies tgﬁ’mlgpstﬁge pﬁa?%ﬁnéehﬁggén‘gn
delivered to tdhe npesingeod medicahstaff dmathogpitzdieavisorimentcost of patient 25

care. Additionally, as both peristaltic and cassette punps, as_well as
ot her i nf usi- ofhejaeqessty of eanuailyiloading.a sefipto an I\ pumpds aniversal y

el aborate knowalgg: Generfly Whth 3 REGLAMTVIEH S8a RAdRibP R tagiat 2T the

IV set is |oa
5  degradation of accuracy mentioned above, great difficulty is encountered in

correctly loading the set into those pumps presently in the art. The state of
the art of loading technology as it relates to medical infusion pumps has
progressed only to the state of enclosing the IV tube between a pumping
device and a door or cover and adding progressively more elaborate sensors

10  and alarms to assure that the tube is correctly loaded into the pump. Even
5o, loa(iing errors occur with regularity requiring great efforts on the part of
hospital staffs to ensure that critical errors are minimized.

The state of the art in infusion pumps also includes the requiremeht
of manually assuring that a free-flow condition of medicament does not

15 occur when an IV set is installed or removed from a pump. Although
hospital staffs exercise great care and diligence in their attempts to assure
that free-flow conditions do not occur, a demonstrable need for additional
precéutions directed to the prevention of a free-flow condition has been a
continuous concern of healthcare workers. _

20 U.S. Patent 5,199,852 to Danby discloses a pumping arrangement
including a squeezing device for deforming a length of pliant tubing first in
one direction locally to reduce its volume, and in another direction tending
to restore its original cross-section and on either side of the squeezing
device, inlet and outlet valves which operate by occluding the tubing. The

25  control of the valves is by a plurality of motors controlled by a micro-
Processor.

U.S. Patent 5,151,091 to Danby et al. discloses a pumping device

which alternately compresses and reforms a section of tubing.



appropriately, generally nedical infusion punps were purely the purview of
the nursing or nedical staff in a hospital environnent. The
necessity of manually loading a set into an IV punp is universal in
the art. CGenerally when a standard IV set is used, in addition to the rapid
5 degradati on of accuracy nentioned abqve, great difficulty is '
encountered in correctly | oading tT% set into those punps presently
in the art. The state of the art of loading technology as it relates
to medi cal infusion punps has progressed only to the state of
enclosing the IV tube between a punping devi ce and a door or cover
and addi ng progr essiW.SL Patent £,055 A0drtaNatwickedak disclosesan infusionpump assur e

that the tube is _coryectl oaded intp the punp. Even, so,. |l gading °
errors occur wWift SREHg) %Pé?b“f‘éﬁ?sr %t?"ﬁﬁl;é%gp"g? t srecifie Rrﬁ@etﬁ‘é‘l“f‘e‘gf
hospital staffg tQ.,ensure that critical errors are mnim zed.

The state of tRe art in infusion punps also includes the requirenment

of manual I'y assuri n@JiSh@ateat 3/480;007aw Gemeinliardidisflosesai fiexitisttubsbopsmpot 15
occur when an |V set is installed or renpved froma uqr{& Al t hough
hospital stsaf f havingacynitaryfixtwe eperativitp ant ps gl inlet and qutiet valyemad@i s t o

assure t - ey dg . l{g:,:eﬁ,.?errnnstrable need
for additional Iil’m“pfiﬁgeg?@c%%%%eggc négnpgﬁf)ﬁe prevention of a free-flow
condition has been J.S. Patent2;922/BPOus Schukedisclosesemulthling pumprhaoie. 20

U S. Patent 5,199,852 to Danby di scl oses a punpi ng, arrangenent '

i ncluding a sq@adalehgndian petietvalvequechanismoand a pympmedodyiteeated ¢ ubing first
Iclinr ecti ono? gng :‘{\eg%é%'l ?’gg'lre%g?%tﬁéﬁ$ﬁ'g&o #‘é’?“ﬁ%s%‘?d;g% {&gﬁ%‘gggn ei t her
side of thfy SOyR&@KAMSM are driven from a single cam. '
U.S. Patent 3,359,910 to Latham discloses a cam driven pump
having inlet and outlet valves driven from a single cam and a pump body
driven by an eccentric co-rotating with the single cam.
U.S. Patent 4,239,464 to Hein discloses a blood pump having an
15  inlet and outlet plunger serving as valves and a displacement plunger located
therebetween. o
U.S. Patent 5,364,242 to Olson describes a drug pump having at
least one rotatable cam and a reciprocally mounted follower engaged with
the cam in a tube which is compressed by the follower during rotation of the
20  cam. In the embodiment disclosed there are three cams.
U.S. Patent 5,131,816 to Brown et al. discloses a infusion pump
containing a plurality of linear peristaltic pumps and includes a position
encoder mounted on the pump motor shaft to determine when the shaft has
reached the stop position in the pump cycle.
25 U.S. Patent 4,950,245 to Brown et al. discloses a multiple pump
which is individually controlled by a p_rbgrammable controller within the
pump.



device, inlet and outl et val ves which operate by occluding the tubing. The
25 control of the valves is by a plurality of notors controlled by a

m cro- processor. _ U.S. Patent 5,151,091 to Danby et al.
di scl oses a punpi ng devi ce which alternately conpresses and reforns a
section of tubing. 3 -

U.S. Patent 5,055 001 to Natwick et al. di'scloses an infusion punp .
with spring controlled val ves designed to open at a specific predeterm ned
pressure. U. S. Patent 3,489,097 to Cenei nhardt discloses a
flexible tube punp 5 having a unitary fixture operative to act as an inlet

“and outlet val ve ant-$ Patent4, 2% h2htp &WMW A dnedieal ypfasiondr i ven of f

an eccentr c. system including a cassette and a deformable diaphragm and inlet and outlet
windows which are occludable to pump the fluid contained in the cassette.
U.S. Patent 4,936,760 to Williams discloses a infusion pump adapted
5  to use a special tube wherein the tube has diametrically opposed handles
extending longitudinally thereon and wherein the handles are adapted to be
gripped by pump actuators so as to deform the tube transversely by pulling
or pushing on the handies.
U.S. Patent 5,092;749 to Meijer discloses a drive mechanism for
10  actuating the fingers of a peristaltic pump having a jointed arm pivotally
attached at one end to a drive member and at the other end to a fixed point
on the base of the pump and a rotary cam actuator mounted on the base to
urge against the arm and reciprocate the drive member. '
U.S. Patent 4,850,817 to Nason et al. discloses a mechanical drive
15  system for a medication infusion system comprising a cassette pump wherein
inside the cassette a single cam drives the inlet and outlet valves as well as
the pump mechanism.
U.S. Patent 5,252,044 to Raines discloses a cassette pump.
U.S. Patent 3,606,596 to Edwards discloses a drug dispensing pump.
20 U.S. Patent 3,518,033 to Anderson discloses an ext'racorporeél heart.

SUMMARY AND OBJECTS OF THE INVENTION
The instant jnvention provides for an infusion puml; wherein the
pump has a2 pumping body which consists of a v-shaped groove extending
25 longitudinally along a pump assembly and has associated therewith a fixed,
and a moveable jaw and a plurality- of valves located at either end of the v-

shaped groove or shuttle.



U.S. Patent 2,922,379 to Schultz discloses a multi-line punp having
an inlet and an outlet valve nechani smand a punpi ng body | ocated
t her ebet ween wherein both the inlet valve nmechanismand the outlet valve 10

mechani smare driven froma single cam U S. Patent 3,359,910
to Lat ham di scl oses a camdriven punp having inlet and outl et val ves
driven froma single camand a punp bodys‘ driven by an eccentric
co-rotating with the single cam U S. Patent 4,239,464 to Hein
di scl oses a bl ood punp having an 15 inlet and outlet plunger serving as

. valves and a di spl acenent pl unger | ocated t her ebet ween.

U S. Patent 5, 364, Zdprmudxsmnopla'amrisb@isamdnug mpa&mmMMmence | east
one rotatable,c an r ro m)untedfo en aged with

the camin a t“ifgémﬂﬁg F‘g‘%‘g é?!"%%atsﬁé‘ 4 W% ation of

t he 20 cam :%EEH r

U S. Patent 5%@@ rown @gk@?gfg%fﬂ S g\dlﬁirﬁouyg,aﬂ’iﬁoggmtor

cont ai ni ng a mouldkiniultaaéouslyinsert petides chimp whishripassecidtednwith destube posi ti on
encoder nounted on the punp notor shaft to determ ne_ when the shaft has

reached tHe si¥p aRpprepraic slide ¢lamp orfice,lecated ypstream, i.e. moretayvard thent
|4ng|58| (ijgl T 3 ?l(’)u? \.ﬁ:eé,gﬂf e lt&%lrlgé(ﬁgﬁna et "Iﬁ)lr?folpgﬁﬁ}rwoul &P@ﬁﬁaﬁ punp.
tube loading sequence in which a series of pawls and a moveable upper jaw
- would serve to seize the tube and draw it into a tubeway, part of which is
comprised of the v-shaped groove and valves. As the loading cycle
10  progresses the jaws and pawls close about the tube capturing the tube within
the tubeway. Sequentially as the valves close to occlude the tube, the slide
clamp would be moved to a position such that the slide clamp would no
longer occlude the tube. Upon receipt of appropriate signals from associated
electronics which would determine the pumping speed, allowable volume of
15  air, temperature and pressure, the pump is actuated wherein fluid is drawn
from the fluid source and expelled from the pump in a constant and metered
amount.
Should the tube be misloaded into the tubeway or the tubeloading
orifice, appropriate sensors would determine the existence of such a state and
20  effect-an alarm directed thereto. _
At the end of the infusion, actuation by an operator would serve to
automatically close the slide clamp and release the tube from the pump.
The pump comprehends a variety of sensors directed to improve the
safety of the infusion of medicament in addition to the sensors recited
25  previously which provide inforination on the state of the fluid passing
thrdugh the pump, the pump comprehends a variety of sensors operative to
provide information regarding the state of various mechanical subassemblies

within the pump itself. Among the sensors are devices direéted to providing



-4- U S. Patent 4,273,121 to Jassawal | a di scl oses a nedi cal
1 nfusi on systemincluding a cassette and a deformabl e di aphragm and
inlet and outlet wi ndows whi ch are occludable to punp the fluid
contained in the cassette. U S. Patent 4,936,760 to WIIlians
di scl oses a infusion punp adapted 5 to use a special tube wherein the
tube has diametrically opposed handl es -6- extending longitudinally

t hereon and wherein the handl es are adapted to be gri pped by punp
actuators so as to deformthe tube transversely by pulling or pushing
on the handl es. U S. Patent 5,092,749 to Meijer discloses a

drive mechani Sp@siﬁxmaubcauacbﬂﬁielshﬁtﬂetmvf-smped slooifoaemﬁoaédahtawe punp havi ng
a jointed arm pivot al!@é attached at one end to a drive nenber and at

the other end @Rsratian,,siide glamp location, mjploachdetetian, gnd masugl eperation of r ot ary
Feci procat e t niedpFetind 85eR86° 1 © “U7S. *Patent 4,850,817 o Nason
et al. discloses a 1TRéB@iRbfielaling (6 the state of the fluid being passed through the
5  pump have themselves been improved with regard to accuracy. This has
been accomplished by the development of the method of making contact
-between the sensor and the tube such that the contact is normal to the tube
-and the tube is placed in contact with the various sensors in such a way that
there is neither a volumetric nor a stress gradient across the tube.
10 Therefore, it is a primary object of the invention to provide for an
infusion pump capable to delivering an accurate volume of medicament using
a standard infusion set.
It is another object of the invention to provide an infusion pump
having a pumping shuttle and valves associated therewith, wherein the
15  pumping shuttle and valves are mechanically synchronized.
1t is a further object of the invention to provide an infusion pump
having greatly improved accuracy whereby the output of the pumping
member is linearized over the course of 2 pumping cycle.
1t is another object of the invention to provide for a pluraiity of
20  valves in an infusion pump such that the valves are adapted to occlude an
infusion set tube while having a shape adapted to promote the elastic
recovery of the tube when the valve is released therefrom.
It is an additional object of the invention to provide an infusion pump
having enhanced resistance to medication errors by providing for an
25  automatically loaded slide clamp associated with the infusion set.
It is a further object of the invention to provide, in the

aforementioned infusion pump having a resistance to medication errors, a



15 systemfor a medication infusion system conprising a cassette punp

10

15

20

wherein inside the cassette a single camdrives the inlet and
val ves as well as t he punp nmechani sm U. S. Patent
5,252,044 to Raines discloses a cassette punp. U S. Pat
3,606,596 to Edwards discloses a drug dispensing punp. 20
Patent 3,518,033.to0 Anderson discl oses an extracorporeal heart.
SUMVARY AND OBJECTS OF THE | NVENTI ON The instant invent
provi des for an infusion punp wherein the punp has a punping b
whi ch consists of a v-shaped grqove extendin 5 _longitudinally, al
punp assenbl y e ¢1aBPp $SRI0F OREBHVE FLICRSF e‘é‘%ﬁ&?e‘é‘f‘?cgmp afome
jaw and a plurgll Rk¥ps | ocated at either end of the v-

- groove or shut?’ldé)%’xe(%rx )

It is an additional object of the invention to provide for a
synchronized, automatic closure of the slide clamp at all times when a free
flow of medicament is possible.

It is an additional primary object of the invention to provide for an
infusion pump capable of automatically loading a standard IV set therein.

It is a further object of the invention to provide for an infusion pump
capable of sensing an incorrectly automatically loaded IV set and further
capable of releasing the set from the pump in a state operative to prevent
free flow of medicament ihrough the set.

It is another object of the invention to provide an autotubeloader
assembly operative to automatically load and unload a standard IV set from
an associated infusion pump.

It is an additional object of the invention to provide for a
synchronimtioh of the slide clamp state and the valve state such that when
one of the valves is in an open state, the second of the valves is in a closed
state and when both valves are in an open state, the slide clamp is in a closed
state.

It is an additional object of the invention to provide fora partial cycle

of the pumping member immediately subsequent to the tubeloading cycle, so
as to ensure that the tube is properly seated in the pumping member
aforementioned.

It is another object of the invention to provide a cam associated with
the pumping member wherein the cam is operativé to linearize the output of
the pump. | |

It is a further object of the invention to provide for a variability of

| pumping speed over the course of a pumping cycle.
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In operation, an operator such as a nurse or patient would conmence

I nfusi on of a nmedi canent by inserting a standard |V set tube into a tube

| oading orifice located on the front of the punp. Additionally, the -

oper at or woul d sinmul taneously insert a slide clanp which is associ ated
with the tube 5 into a appropriate slide clanp orifice | ocated upstream
I.e. nore toward the fluid source;8ef the tube |oading orifice. The
operator woul d then actuate a t ube | oadi ng sequence in which a series
of paw s and a noveabl e upper jaw woul d serve to seize the tube and
draw it into a tubeway, part of which is conprised of the v-shaped

d val ves. j hit¥sigand paw
groove and val ves msmgrr?%géc?ﬁg% %n}ﬁnwﬁ,}@ﬁa@§%ﬁ%épgb%&p paw s

cl ose about the tube captu tube wthi
Sequenti al | y af punep outputhy einying the speed|afdke pimapinghmembdre sl i de cl amp

ld b dt iti ,that th l,i d | ar .d . no .
'onger ocol ude t he It 5eh adgiional SBisrtiel F ys3Hian o BEHs HED RGN
i ated . 5]  det : ¥ . d
glslsg\fv:agl g vol LPn%mIg#IE%{pgpglG%m?errper a#%r?e agrllgIE g}'esgurgﬁtkﬂeﬁdpg Ieg

act uat ed wher gumpihg ntenmterdr awn fromthe fluid source and expelled
fromthe punp in a constant and netered anount . Shoul d

the tube be nisl oadéds & furgheripbject pfcthe invantion éo prayidefesiarhydrodynamiei f i ce,

appropriate s I e t exh,stenc fmguch.a state and 20
effect an al areagﬁgtlaﬁ%e\é\@ghgteﬁg@g‘%wgry ofthé i3 d%"ﬂg tﬁ%@'ﬁé’%ﬂ?ﬁ O{ﬁe i nf usi on,
actuation by aungifg ayele. woul d serve to

It is another object of the invention to provide a pumping body

10  having an aspect adapted to be assembled with other pumping bodies into a
multiple channel pump having a single controller.

It is a further object of the invention to provide for a tubeloading
assembly having pawls adapted to capture and restrain an IV tube within the
pump.

15 It is another primary objéct of the invention to provide for a sensor .
housing and an actuation assembly associated with the housing adapted to
place a sensor in substantially normal contact with the tube.

It is an additional object of the invention to provide for a sensor
housing and an actuation assembly operative to place a sensor in contact with

20  a tube such that the volumetric gradient across the tube beneath the sensor is
essentially zero. '

Itisa fhrﬂ1er object of the invention to provide for a sensor housing
and an actuation assembly operative to place a sensor in contact with a tube
such that the stress gradient of the tube beneath the sensor is essentially zero.

25 It is another object of the invention to. provide for a single datum
body operative to fix the relative location of the various elements within the

pump.



automatically close the slide clanp and rel ease the tube fromthe punp.

The punp conprehends a variety of sensors directed to inprove the

safety of the infusion of nmedicanent in addition to the sensors recited 25
previ ously which provide information on the state of the fluid passing
through the punp, the punp conprehends agvariety of sensors operative to
provide information regarding the state of various nechani cal subassenblies
within the punp itself. Anong the sensors are devices directed to providing

- 6- posi tional |ocation of the shuttle or v shaped sl ot
af orenment i oned, val ve operation,. slide cla cati | oad
detection, and manuliis 8further pf the invention to,pre 8 rn“bpg’&l %

The sensors relakk 3obfitdd Wit ¥ SnQk dafifm bbiy &@Waﬁ&emqum the

the relative location of the various elements of the pump.
1t is an additional object of the irivention to provide a compact means
5  for pumping a medicament.

It is a further object of the invention to provide for a fluid seal
barrier operative to prevent fluid ingress to various electrical components of
the pump.

It is another object of the invention to provide for a case having a
10  geometry operative to enforce a downward orientation of the tube in those
areas exterior to the pump.
| It ié a further object of the invention to provide for manual means for
actuating the automatic tube loading feature.
These and other objects of the instant invention will become apparent
15 in the detailed description of the pi'eferred embodiment, claims and drawings
appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an isometric view of the complete pump assembly.
20 Figure 2 is an exploded view of the pump sub-assembly.
Figure 2A is an exploded view of the motor mounts and pump drive
motor,
Figure 3 is an isometric view of the chassis or datum body with the
associated datum shafts.
25 Figure 4 is an isometric view of the index wheel and the associated
Sensor.

Figure 5 is a face-on plan view of the pump drive cam.



5 punp have thensel ves been inproved with regard to accuracy. This has
been acconplished by the devel opnent of the nethod of maki ng contact

bet ween the sensor and the tube such that the contact is normal to the tube
and the tube is placed in contact with the various sensors in such a way

t hat there is neither a volunetric nor a stress gradient across the
tube. 10 Therefore, it is a er%hry object of the invention to
provi de for an i nfusi on punp capable to delivering an accurate vol une
of nmedi cament usi ng a standard infusion set. It is

anot her object of the invention to provide an infusion punp havi ng a
punpi ng shuttl e andFuplry éds as isomettie tievhef theivialve cahelaadson iee shain  punpi ng
shuttl e and val ves are nechanically synchroni zed. It is a
further object dB¥e£¥B. i nvention to provide an infusion punp havi ng

| i neari zed over the urse o not her

obj ect of the bftieshufle dnd volétdie diglacemeht 6fthe twbeWhaPthere/Rlnges in an
i nfusi on punp such that the valves are adapted to occl ude an i nf usi on

set tube whi| elinearizaiomoSthefluid @8mubd t o pronote the el astic recovery
of the tube when the.v e.ls.rel eased therefyom It is an
addi tional object o%’ﬁ‘ﬂ%\éilﬁﬁﬁ{q%ﬁn$3%&8€{h8 0 ?Fmgm'punp havi ng
enhanced resi st ance Figuré©ds @ dirapHlofdispladedbliNe o the bé 96rsaé card Angle
automatically | oaded slide clanp associated with the infusion set:

It is a furthewhejhecampravidesialinsarizing cooreption tortbe pumpt displacement.
af orementi oned i nf U g BHTPa BAKs Mobafor S A SEndaly W S Ra%7 ©' S 2

10  Figure 1.

greatly inproved ac%‘ﬂg); iw%rrgé}%ﬁﬂﬁpggﬂn%%%g%&a@e&qw&ww‘gﬂg&mer S

Figure 11-is an isometric view of the rear of the shuttle platen and
shuttle. | .
Figure 12 is an exploded view of the pump motor encoder.
Figure 13 is an isometric view of the valve sub-assembly.
15 Figure 14 is an exploded view of the valve sub-assembly as shown in
Figure 13.
~ Figure 15A is an isometric view of substantially the rear and side of
one of the valves.
Figure 15B is an isometric view showing substantially the bottom or
20  tube-facing side of one of the valves.
Figure 16 is an exploded view of the tubeloader sub-assembly.
Figure 17 is an isometric view of the upstream platen showing the
tube-present sensor in contact with a tube.
Figure 18 is an assembled view of the tubeloader sub-assembly.
25 Figure 18A is a plan view of the downstream platen showing a pawl
in engagement with a tube, _ '
Figure 18B is a plan view of a tubéloading pawl.

Figure 19 is an exploded view of the tubeloader camshaft.



-7 - slide clanp sensor operative to sense whether the slide clanp

af orenent i oned I s opened or cl osed. It is an additional
obj ect of the invention to provide for a synchroni zed, automatic
closure of the slide clanp at all tines when a free 5 fl ow of nedi canment
I s possible. It is an addit{qnal primary object of the

I nvention to provide for an I nfusi on punp capable of automatically

| oadi ng a standard |V set therein. It is a further object of
the invention to provide for an infusion punp capabl e of sensing an
incorrectly automatically | gaded IV set and _further 10 " c bl e of

rel easi ng the set fﬁ%%ﬁi&“maﬁsﬁmhleét‘%‘@ %ﬂ&@bﬁmivmﬁ%ﬁeg free
fl ow of nedic I t he set. I't is another object of
the inventi onq{]%éi%ar&g\p/i dbélggn aut ot ubel oader

Figure 20 is an exploded view of the tubeloader motor and encoder.
Figure 21 is a plan view of the sensor housings wherein shadow-
5§  views of the open and closed positions thereof are included.
Figure 22 is an exploded view of the downstream sensor housings.
Figure 23 is an exploded view of the upstream pressure sensor
housing. |
Figure 24 is an isometric view of the air detector housing as
10  connected to the pressure sensor housing.
Figure 25 is an isometric view of the slide clamp loader sub-
assembly.
Figure 26 is an exploded view of the slide clamp loader sub-
assembly.
15 Figure 27 is an isometric view of the slide clamp.
Figure 28 is an isometric view of the slide clamp sensor and the
associated upstream platen. '
Figure 29 is an isometric view of the downstream platen with the
temperature sensors in an exploded view therebeneath.

20 Figure 30 is an isometric view of the pump housing.



assenbly operative to automatically |oad and unload a standard |V set from

an associ ated infusion punp. 15 It is an additional object of the
i nvention to provide for a synchroni zation of the slide clanp state
and the valve state such that when one of the valves is in an open
state, the second of the valves is in a closed state and when both
val ves are in an open state, the slide elanp is in a closed state. 20

It is an additional object of the invention to provide for a partial cycle
of the punping nmenber inmediately subsequent to the tubel oading cycle, so
as to ensure that the tube is properly seated in the punpi ng nenber

af orement i oned. rIPHT RRERGE gm%ﬁ%%[ ention to
provi de a cam associ aIt)IeETd WI?P]%E the pﬁl?rép?ng men%er ergﬁ the camis
operative to |inearlizthetprefeoret pmibodiment of thé instaptiimwention, pump assemblyl t is a
further object of the inventigon to provide for a variability of

punpi ng speed HYepnsisteotd plusalityrof gu .egys;plp.wn in Figure 1, which
perform various associated functions in concert with the pump sub-assembly
5 12,

THE PUMP SUB-ASSEMBLY
The pump sub-assembly,. as seen in Figure 2, comprises a housing 14
to which various associated elements are affixed. Housing or chassis 14 is
10  preferably made of 2 molded plastic so as to speed assembly and fabrication
thereof. Chassis 14 further comprises an aft plate 16 formed integral with
chassis 14, wherein aft plate 16 has defined therein a plurality of apertures.
_ Motor shaft aperture 18 is substantially centrally located in aft plate
16 and is operative to allow pump motor shaft 20 to pass therethrough . Aft
15  plate 16 further has defined thérein pump motor mounting holes 22 which
are spaced radially outwardly from pump motor shaft aperture 18. These
holes serve to locate accurately pump motor 24 in combination with the
motor bearing boss with respect to the chassis 14. Abaft of the aft chassis
plate 16 are a plurality of mounting wings 26 which are operative to securely
20 fix the chassis to the downstream platen 500 located on the downstream side
of the chassis 14 and the upstream platen located on the uﬁstream side of the
chassis 14; wherein upstream denotes the sideé of the assembly 10 which is
located closer to the fluid inlet thereto and downstream denotes that side of
the assembly 10 which is located closer to the fluid outlet therefrom.
25 As seen in Figs. 2 and 3, chassis 14 further defines a plurality of
apertures substantially transverse to the pump motor axis 32 which is defined
as being coaxial with pump motor shaft 20.



- 8- It is another object of the invention to provide a

further linearization of punp output by varying the speed of the
punpi ng nmenber. It is an additional object of the invention
to provide a variability in punpi ng out put over the course of an

i nfusion by varying the speed of the 5_;3punping nmenber. It
Is a further object of the invention to provide for a hydrodynam c
assistance in the elastic recovery of the tube during the fill portion of a
punpi ng cycl e. It is another object of the invention to

provi de a punping body 10 having an aspect _adapted to assenbled with
ot her punpi ng bodi eSetbafereavings 26 1san upstream:flud ‘Eﬁfﬁﬁbzﬁg\ﬂ’\‘?@ a single

controller. I S t ' . i | 0

provi de for a q%%ﬁu}?&ﬁ'i ﬂ‘é‘d gﬂ&%?@b‘h@&%% ‘%5’&’8’2“ vét!g atgggg&% gﬂ"c@pt ure
and restrain agethatos stiifport dndi dbowrideeam platedafiiplatd 580 to provide a fiid S anot her
primary object of the invention to provide for a sensor . housi ng and

an actuation ashieldthepweanstbeiftwid sourre (Vi tube19s 3e) rad thecassacipted electrical pl ace a
n addi 1 ohal SRt ol R o K Giteed Ruld b Rt commgsed of the 1o, e g
and an act uat i gpecsisRidhis)aforRaicntibNg,. t 0 pl ace a sensor in contact with
These transverse ports or apertures serve to allow access to various
mechanisms interior to the chassis as shall be subsequently described and

also provide a single datum point to fix the relative locations of the various
10  sub-assemblies which depend from the various parts associated with these
apertures. This style of manufacture provides an accurate and robust means
of fabricating the pump assembly 10 whilst providing an economy of
measured points requiring adjustment to ensure correct operation of the
device. These apertures are reproduced on both the upstream sidewall 32
15  and downstream sidewall 34 of the chassis 14.

The first such aperture set is the valve pivot shaft ports 36, 38 which
serve to support and locate the valve pivot shaft 410 relative to the chassis
14.

The second such aperture set supports the tubeloader camshaft 510

20  and is denoted as the tubeloader camshaft ports 40, 42.

The third such aperture serves to support and locate, relative to the
chassis 14, the tubeloader layshaft 512 and is denoted the tubeloader layshaft
apertures 44, 48. -

The fourth such aperture set serves to allow access of the pump valve

25 cam actuators 422, to the interior of the chassis 14, and is denoted valve
actuator ports 46, 50.
The chassis defines a cavity 52 therein which serves to house the

pump drive sub-assembly as shown in Figure 2.



20 a tube such that the volunetric gradient across the tube beneath the

sensor is essentially zero. It is a further object of
the invention to provide for a sensor housing and an actuation
assenbly operative to place a sensor in contact with a tube such t hat

the stress gradient of the tube beneath the sensor is essentially zero. 25
It is another object of the invention t-d4provide for a single datum

body operative to fix the relative | ocation of the various elenents within
t he punp. -9-

It is a further object of the invention to provide for a plurality of
shafts associ at ed Wiehuniemdtdi@4cisdRd AiftnbREeridt oFIRRABbsmblyler ewi-th to

fix the relative |ocation of the various el enents of the punp.

It is an addi tFhiswotoyli§ preferablytaeatiablespeed d.a. ongtoo havieg an duternat speedans
reduction gearbox 54 which in the preferred embodiment provides a 64 to 1
reduction of motor speed. '

5 ‘The output of the pump motor gearbox 54 is pu'mp shaft 20. Pump
shaft 20, as aforedescribed, extends axially into cavity 52 via pump shaft
aperture 18.

Interior to cavity 52 and in circumferential engagement with pump
shaft 20 is drive collet 56. Drive collet 56 has a further mechanical

10  engagement with pump shaft 20 via a combination of a plurality of collet
flats 58 which are impressed on shaft 20 so as to provide a polygonal surface
operative fo engage grubscrews 60 which thread through collet 56 via
threaded grubscrew holes 62 which are situated radially and transversely to

~ shaft axis 32 though drive collet 56. Drive collet 56 further has defined

15  therein a drive pin aperture 61 which is longitudinally parallel and radially
outwardly from pump shaft axis 32 and is operative to support and drive
fixing pin 63 in concert with movement of collet 56 and motor shaft 20,

Surmounting drive collet 56 and coaxial therewith, is the pump index
wheel 64, as shown in Figure 4.

20 | Index wheel 64 is operative, with associated sensors, to determine the
location of the pump elements. The index wheel has defined therein a first
radial slot 66 and a second radial slot 68, which are about the periphery of
index wheel 64. These two slots are located 180 degrees away from each
other.

25 The index wheel 64 is comprised of a wheel disc portion 70 and a
hub portion 72 wherein the hub portion 72 is radially interior to and
substantially forward of the wheel disc portion 70. The hub portion 72 of
the index wheel 64 is connected to the wheel disc 70 by a plurality of webs



5 for punping a nmedi canent. It is a further object of the
I nvention to provide for a fluid seal barrier operative to prevent
fluid ingress to various electrical conponents of t he punp.

It is another object of the invention to provide for a case having a 10
geonetry operative to enforce a downwargdysari entation of the tube in those

areas exterior to the punp. It is a further object of the
i nvention to provide for manual neans for actuating the automatic
tube | oadi ng feature. . These and ot her objects of the instant

invention will_pecone appargn in, the t &yl descripti,on of the
preferred enbofft FERASV ﬁgm@egwé%&rtg\%%ggc%. %e:‘g‘t? g E‘iﬁﬂé“lxo.
BR| EF DESCR Pladhyeheatia RN MEongigdinally extensfie@eiton76 ndd | S0Tet 11

view of the conpliete punp assenbly.” 20- re 2 is an exploded
vi ew of the putmmsvetse assulabpgyrtion 80, wherein the dyligdricalpertion 26 extepdoded vi ew

L o 1o et B o e o0 s ol Sofhife ] 13
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of the punp drive cAmmular portion 80 further defines 2 motor shaft port 82 which is
coexténsive with the motor shaft 20 and a fixing pin port 84 located outward
from the motor shaft port 82 and parallel therewith. The motor shaft port 82
allows the motor shaft 20 to pass through the index wheel 64 while the
10  fixing pin port 84 enforces co-rotation of the motor shaft 20 and the index
wheel 64 when fixing pin 63 is inserted therethrough.
Hub portion 72 has defined therein two access ports 86, 88 which
allow access to thé collet grub screws 60. These hub access ports 86, 88 are
accessible from the exterior of the chassis 14 via set screw access port 90.
15 Surmounting thé index wheel 64 and forward of the annular portion
80 thereof, resides the pump drive cam 100 shown in Figs. 5 and 6. Pump
cam 100 consists of a front face area 102 and a rear face area 104,
The front face area 102 further comprises an exterior cam land 106
and an interior cam land 108. The exterior and interior cam lands 106, 108
20  are cooperatively formed so as to provide positive actuation of pump cam
follower 110. The shape and aspect of the two lands 106, 108 are non-linear
with respect to the variation of distance of various parts of the lands 106,
108 from the pump shaft axis 32.
The rotary to linear motion conversion, as realized by cam 100,
25  introduces non-linear error, as shown in Figure 7, in the volumetric output
of the pump with respect to time (as measured in shaft encoder counts). The
aspect of the interior land 108 and the exterior land 106 act cooperatively to

achieve a first order correction of this error so as to linearize the output of



-10- Figure 6 is an isonetric view of the valve cam | ands

on the main drive cam Figure 7 is a graph show ng the
rel ati on between |inear displacenent. of the shuttle and vol unetric
di spl acenent of the tube when there is no 5 | i neari zation of the fluid
out put . Figure 8 is an isonetric view of the downstream

pl at en. Figure 9 is a grapht®f displaced vol une of the tube
versus cam angl e when the cam provides a |inearizing correction to
‘the punp displ acenent. Figure.10 is a cross-sectional view
substantially along line A-A of 10 Figure 1. Figure 11 is an

i sometric vi ewthefpuhipewith aespeét tohelhahelt This islashievedibiglan alteratiohof thee.
change in rédial displacement of the cam lands 106, 108 with respect to the
motor shaft axis 32 as aforedescribed so as to minimize the effects of angular
error on the accuracy of the pump.

5 Speciﬁcally, to a first approximation the cam executes an inversc.sine
function as determined by the radial distance of the lands 106, 108 from the
shaft axis 32, '
| As can be seen in Figure 7, the characteristic volumetric output of a
tube between two v-grooves executing a relative motion is a non-linear

10  function of displacement of the grooves. This shuttle 200 structure is recited
in the Patent to Danby et al, U.S. Pat. No. 5,150,019 corresponding to
U.K. Pat. No. 2,225,065 as aforerecited.
As seen in Figure 5, ﬂw_élteration ‘of the cam profile, as herein
) described, provides a markedly more linear output by increasing the shuttle
15  speed during the middie of the stroke (between 30 degrees and 60 degrees of
cam angle) and decreasing the speed of the shuttle 200 at the beginning and
end of the stroke. -
As seen in Figure 9, this variable linear velocity provides a
significantly more linearised volumetric output wherein output is essentially
20  linear between 30 degrees and 70 degrees of cam angle. The variation
between upward and downward strokes béing due to use of simple radii
within the cam.
Referring now to Figure 5, which depicts cam lands 106, 108 in face
on aspect, shows the various cam bositions clearly. As shown, there are two
25  primary pumping portions 110, 112 corresponding to downward and upward
movements of the shuttle 200. Also seen are dwell portions 114, 116 which
allow the inlet and outlet valves to be actuated as shall be subsequently
described.



Figure 12 is an expl oded view of the punp notor encoder.

Figure 13 is an isonetric view of the valve sub-assenbly. 15 : Fi gure
14 is an expl oded view of the val ve sub-assenbly as shown in Fi gure
13. ' Figure 15A is an isonetric view of substantially the rear
and side of one of the val ves. -17- Figure 15B is an

I sonetric view show ng substantially the bottomor 20 t ube-faci ng side of
one of the val ves. Figure 16 is an expl oded view of the

t ubel oader sub-assenbly. Figure 17 is an isonetric view of the

upstream platen showing the , ., tube-present_sensor in confact with a
t ube. Further dinearization of gutpu %tﬁ?ils&t@mwsal X8 dader
sub- assenbl y.

ol aten showi n g‘ﬁf}g Sensitive spebd WbittrdiSohibfi sﬁa@{:ﬁ%ﬁ’%@%&gﬁ debigigunst ream

I'n engagenent w Fi gure
1 8B is a plan vieReferringt nove toPifung 6 pthel reverse side 118 of cami 19dris shOwhs an

expl oded view of the tubel oader canshaft.
As can be seen, there.are two concentric valve cam lands 120, 122. In this
5  embodiment, the inner valve cam land 120 drives the upstream (inlet) valve
and the outer valve cam land 122 drives the downstream (outlet) valve, As
can be seen, at no time are the inlet and outlet valves simultaneously
operated, thereby positively preventing a free flow condition of medicament.
The duration and dwell of the valve cam lands 120, 122 are arranged to
10 provide for proper valve synchronization although the inner valve cam race
120 and the outer valve cam race 122 are at differing radii as measured from
the pump shaft axis 32.
' The rear hub 118 of the drive cam 100 also defines a cam fixing in
port 124 which serves to lock the relative location of the drive cam 100 to
15 that of the drive collet 56, via fixing pin 63 and, therefore, to that of motor
shaft 20.

Motor shaft 20 is capped by nosebearing 126 which is located
immediately afore cam 100. The motor shaft 20 passes through cam 100 via
cam motor shaft port 127 defined centrally in the cam 100. Surrounding

20  cam motor shaft port 127 is the forward cam annulus 128 which serves as a
lash adjustment fof cam 100 float along motor shaft 20 between collet 56
and nosebearing 126.

In the preferred embodimént of the instant invention, nosebearing

126 is a roller type bearing. Nosebearing 126 fits into the nosebearing race
25 132 in the rear side of the shuttle platen 130.

Shuttle platen 130 is affixed to the forward chassis surface 53 by a

plurality of fasteners which connect shuttle platen 130 to forward chassis

surface 53 via a plurality of fastener ports 134 defined in the shuttle platen



Figure 19A is an assenbl ed view of the tubel oader canshaft and

t ubel oader notor. Figure 20 is an expl oded view of the

t ubel oader notor and encoder. Figure 21 is a plan view of the
sensor housi ngs wherein shadow 5 views of the open and cl osed positions
t hereof are included. Figure 22 is an expl oded view of the
downst ream sensor housi ngs. -18Fj gure 23 is an expl oded vi ew of

t he upstream pressure sensor housi ng. Figure 24 is an

i sometric view of the air detector housing as 10 connected to the
pressure sensor housi ng. . Figure 25 is an isonetric view of the
slide clanp | qagdahd alecond plurali®s o€ Fdtefier ports 136 defined ifritRd/fopwafd | S an

expl oded view of the slide clanp | oader sub- assenbly. 15

Figure 27 is swrfacso¥ieof ¢hassis dd Fhetnelative davation afithe shuttle platen 130 witlgur e 28
32 oo et L ol Yo Ry PR e e el 05
e Shcaam B Syt 551w SERESAIE e e o 00 1
housing. 5  are defined in the back surface of shuttle platen 130.
' Shuttle platen 130 additionally has defined therethrough a shuttle
~drive cam follower throughport 142 which is defined to allow the shuttle
~actuating cam follower 144 access to the shuttle drive cam 100. The front
surface of the shuttle platen 146 defines a plurality of channels 148 in whiéh
10  the shuttle 200 resides. These shuttle platen channels 148 are of a low
friction finish so as to allow free movement of the shuttle 200 thereacross.
The front shuttle platen surface 146 further defines side rails 150, 152 which
are operative to limit torsional movement of the shuttle 200 as the shuttle
200 performs its motion.
15 Throughport 142, as aforementioned, allows passage therethrough of
cam follower 144. Cam follower 144 is an annular roller bearing of such
dimension as to allow motion thereof between the pump drive cam lands
106, 108. The shuttle drive cam follower 144 rides on the sﬁuﬂe drive pin
154 which resides in the shuttle drive pin recess 156 so as to be flush with
20 the front surface 201 of the shuttle 200. The drive pin 154 further comprises
a head 158 which is operative to spread drive forces evenly to the shuttle 200
and furthermore, provides an adequate peripheral area for effective press-fit
connection thereof to the shuttle 200.
The shaft portion 160 of the shuttle drive pin 154 extends through the
25 shuttle 200 via drive pin port 202 defined therein, and is sufficiently
extensive to pass through the shuttle platen 130 and engage shuttle drive cam
follower 144.



- 12 - DETALED DESCRI PTI ON OF THE PREFERRED EMBODI VENT
In the preferred enbodi nent of the instant invention, punp assenbly
10 consists of a plurality of sub-assenblies as shown in Figure 1, which
perform various associ ated functions in concert with the punp sub-assenbly
5 12. - fglE PUMP SUB- ASSEMBLY
The punp sub-assenbly, as seen in Figure 2, conprises a housing 14 to
whi ch various associated el ements are affixed. Housing or chassis 14 is 10
preferably made of a nolded plastic so as to speed assenbly and fabrication
thereof. Chassis 14 Shuie phaba 130" Sompibees tie dati or rogisier point sel baged " 1"
on measuring locations throughout the pump 10 from the chassis 14 and
associated components.
The shuttle platen side rails 150, 152 have forward surfaces 162, 164
5  upon which are located a pluralitj of datum surfaces 168, 170. These datum
pads 168, 170 are operative to fix the distance from shuttle 200 to that of the
upper jaw.220 of the pump assembly. This distance, experiment has found,
must be maintained at 0.2 mm. This distance is critical due to the pump
geometry wherein, as shown in Figure 10, the initial deformation of the tube
10  section acted upon by the pump is dependent upon the lateral distance
between the moving shuttle indent 204 and the fixed, or non-moving, indent
206 so as to provide a deformation of the initially circular tube cross-section
to an equiangular quadrilateral cross-section. This initial deformation bears
on the amount of closure of the pump tube lumen 6 as the pump cycles
15  through its stroke; as the stroke throw is fixed by the lift of the drive cam
lands 106, 108. The amount of deformation of the pump tube lumen fixes
the volumetric output of the pump, per stroke or cycle thereof.
The lower portion of the side rails 150, 152 are laterally extensive
beyond the shuttle 200. The forward surfaces of the lower lateral extension
20 172, 174 have associated therewith a second set of datum pads 176, 178
which are operative to fix the distance of the lower fixed jaw 222 from the
shuttle 200. The function of these lower jaw datum pads 176, 178 are
similar to the function of the upper datum pads 168, 170 as aforedescribed.
Shuttle 200 further comprises, as shown in Figure 11, a rear side 207
25  of the shuttle 200. The rear shuttle side 207 further has defined therein a
plurality of slide rails 206. The slide rails 206 are operative to provide for a
minimization of friction betwixt the shuttle 200 and the shuttle platen 130.

The slide rails 206 are in substantially full face engagement with the



chassis 14, wherein aft plate 16 has defined therein a plurality of

apertures. Mot or shaft aperture 18 is substantially centrally
|l ocated in aft plate 16 and is operative to allow punp notor shaft 20
to pass therethrough . Aft 15 plate 16 further has defined therein punp
not or mounting hol es 22 which are gpaced radially outwardly from punp
not or shaft aperture 18. These hol'es serve to | ocate accurately punp
notor 24 in conbination with the not or bearing boss with respect to
the chassis 14. Abaft of the aft chassis plate 16 are a plurality of

mounting w ngs 26 which are operative tqQ securely 20_ fix the chassis to

t he downst r earshanngle 4468 ®f the-shugtle platenH30qanthproviiea fixation of both ot ¢ he
h is 14 t ealsi f th
Chassi s 14; “wrioERydiha sl BsE BelvicRif uiifind 260 WRPHESARAABR 1 10, ¢

| ocated cl oseri3gp the fluid inlet thereto and downstream denotes that side
of the assenbly 10 which is |ocated closer to the fluid outlet
therefrom 25 e fropgsustases 201 of the shuttle 200 definesapumsp paodver t her

defines a pluralit . ertures antial lv transverse o the punp
not or  axi 5932 Wﬁﬂ?@“-dlﬁsﬁg&”’ or “ﬁﬁﬁgﬁds 8%%&'1"%%‘3%3@%"' tor shaft

20. cross-section and has a rounded interior corner 211 so as to provide for a

.conformation of the tube § and the groove aperture 204 when the tube 5 is
‘loaded therein.
The rear surface 207 of the shuttle 200 further has defined therein a
10  plurality of pockets 203 arranged in a substantially vertical array. These
pockets 203 are adapted to contain a plurality of magnets which are
cooperative with a magnetic sensor 322 to sense the linear position of the
shuttle 200. '

15 SENSORS ASSOCIATED WITH THE PUMP SUB-ASSEMBLY
The pump sub-assembly, as previously described, has associated
therewith a plurality of sensors which are operative to provide information as
to the function and location. of the various elements thereof,
The aftmost of the sensors is the drive motor shaft encoder 300. This
20  sensor comprises an encoder flag wheel 302 which is attached to the
armature shaft 303 of motor 24. The pump motor flag wheel 302 has, in the
preferred embodiment of the instant invention, twelve flags 304 extending
radially outwardly from the hub 306 thereof.
These flags 304 act in concert with two optical switches 308, 310 to
25 fix the location of the armature shaft 303 of the pump drive motor 24. The
switches 308, 310 further consist of a light emitting diode and a photocell as
shown in Figure 12. The arrangement of the optical switches 308, 310
allows for a first switch 308 to sense the edge 311E of flag 304, and the



- 13 - Set before wings 26 is an upstream fluid barrier tab
27A:and a downstream fluid barrier tab 27B which are cooperative with
the slide clanp actuat or support and downstream platen aft plate 580
to provide a fluid shield between the fluid source (I1V tube or set)
and the associated electrical 5 apparajus located abaft of the combined
fluid stop assenbly conposed of the three el enents af orenenti oned.
These transverse ports or apertures serve to allow access to various
mechani sns interior to the chassis as shall be subsequently described and
al so provide a single datum point to fix the rflative Ioig%ions of the

various 10  Seepndssvdtah) 31040 4anserthe apiddlg 31 AMhof a subssauent dlag 30ds Haisoci at ed
ith th ' ' : - OV t
and robust e ATEnEBEEAHENs GF bRt o BMORE S pRIQH i 27 DROT AR

an econony of direction B®f&dbythe ehddder BOOLI ri ng adj ustnent to ensure correct
operation of the device. These apertures are reproduced on both the

upst ream si dewal | 3@ this presgntly pesfemed embodimeahthe resplutiontofenspdersid 14. .
0 ST 5ty 3PS, o it B, Bk PR o8l Fo i,
LR oader carts AT 005 socotc g AR SOOIE 4 Mg e crapnenie (1
ports 40, 42. housing 24 and is affixed thereto by pinch clamp 313.
The motor encoder 300 senses armature shaft 303 rotation directly.
However, as there are mechanisms resident between the armature shaft 303
10 and the shuttle 200, furthei sensors are desired.
Moving forward along motor shaft axis 32, one returns to index
wheel 64. As aforementioned, index wheel 64 has a plurality of
circumferentially coextensive radially disposed slots 66, 68. Associated with:
these slots is an index wheel optical sensor 314. This sensor comprises a
15 light emitting diode 315 and an optical sensor or switch 316.
The index wheel sensor 314 is cooperative with the index wheel 64
and the slots 66, 68 therein to provide positional information of the
rotational location of the pump motor shaft 20.
In operation, the index wheel sensor 314 acts in concert with the
20  pump encoder 300 to provide this positional information as well as
directional information of the motor shaft 20. The index wheel sensor times --
the passage of each of the slots 66, 68 past the index wheel switch 314. The
two slots 66, 68 are of differing widths so as to provide information as to
whether the shuttle 200 is beginning the upstroke thereof or the downstroke
25  thereof, where a first width indexes the upstroke and a second width indexes
the downstroke. |
Associated with the shuttle 200 itself is a linear gross position sensor

320. This sensor comprises a linear position Hall effect sensor 322 and a



The third such aperture serves to support and |locate, relative to the
chassis 14, the tubel oader |ayshaft 512 and is denoted the tubel oader

| ayshaft apertures 44, 48. The fourth such aperture set
serves to allow access of the punp val ve 25 cam actuators 422, to the
interior of the chassis 14, and is denoted val ve actuator ports 46,
50. : The chassi s defines éz%avity 52 therein which serves to
house t he punp drive sub-assenbly as shown in Figure 2.

- 14 - The punp notor 24 is the aftnost elenment of this
sub- assenbl y. This notor is preferably a variable speed d.c. notor

havi ng an i nt phmalitysgfaragnets 324, 826U Shuttle msiiohsensot mdgnets 324, BR6 preferred
nmbodi t i d 64 tqQ 1
emROdl TNt BT S esent opg qes to the shuttle Hall switch 322, so as to provide a field

>

present opposite po
gradient operative to provide an indicium of the linear position of the shuttle
200. |
5 The combination of the encoder 300 and the other associated sensors
aforementioned, provide inputs to a control mechanism, which may operate |
..more than one pump so as to accurately control the speed of variable speed
motor 24, the primary feature provided by such speed control is a temporal
variability of the output of the pump 10. Additionally, such speed control
10  allows for an electronically controlled linearization of the pump output per
individual stroke as well as improving the time integrated output of the pump
10. In the preferred embodiment the per stroke linearization of output is
realized in combination with the drive cam 100 as aforementioned. The time
integrated output of the pump is made more accurate by the pump speed
15 being markedly increased at such points as would provide for a discontinuity
in the output profile as measured with respect to time so as to minimize the
effects of such discontinuities in output.
As a manufacturing convenience, both the shuttle linear position
sensor 320 and the index wheel sensor 314 are electrically connected to ‘the
20  associated signal processing electronics by a shared printed circuit strip

denoted as the pump sensor circuit strip .

THE VALVE SUB-ASSEMBLY
The valve sub-assembly is shown, removed from the associated pump
25 shb—assembly, in Figuteé 13 and 14. The valve sub-assembly consists of a
valve pivot shaft 410 which is carried by chassis 14 by being supported
thereby in pivot shaft ports 36, 38. Valves 412, 414 pivot about this shaft



reduction of notor speed. 5 The out put of the punp notor gearbox
54 is punp shaft 20. Punp shaft 20, as aforedescribed, extends
axially into cavity 52 via punp shaft aperture 18.

Interior to cavity 52 and in circunferential engagenent with punp

shaft 20 is drive collet 56. Drive col I_q3_56 has a further nechanical 10
engagenent with punp shaft 20 via a conbination of a plurality of collet
flats 58 which are inpressed on shaft 20 so as to provide a pol ygonal

surface operative to engage grubscrews 60 which thread through col | et
56 via t hr eaded rubscrew hoI s gﬁ' whi ch ar.e sﬁﬁjaggd r.adi al ly and
transversel y t4d0andare §PIYRL 9@ col l et 56

further has d i ]fﬁonw gha@ﬁ]mmwvﬁggg“cﬁqlﬁl which is

| ongi tudi nal I y parallel out war dI’y from punp shaft axis
32 and is operatlveI‘lithvamlﬂaEst41an@lldrare/denotedmdimdmaibwtheﬁﬁsu'eanconcert
with novenent of collet 56 and notor shaft Sur mount i ng

drive col I et yalverfhl 2cand,he downstreamp valveidd4:. h?hﬁﬂﬂﬁfqamj‘é&l"e 412 yheel 64, as

h i th
ng\g’;l :attn e :fgg}pglsggg pbvqtgsﬁnrﬁaéﬁﬁé %@g&}pgédatosac@g@;tﬁ% e??)ttjﬁrgp el enent s.
The i ndex Wneqi psttedm dalveivotibearing 416 ahd tisdreby pivot 4t #hlve pdiot §Rafend a

second radi al sI ot 68, which are about the periphery of i ndex wheel
64. These two 400t Eheupstreamavaive 4 ﬁmmpawnfunsmwveshaﬁ other. 25

por ti on 72 whapertea a2 RIRh S RRal Suthinlin if it B0,
substantial ly shBit&?ﬁﬂlﬁerﬁMly"ﬂl&lﬁkcdé'tﬁére%hi | The ﬁﬁstre'ﬁhﬁviw&hﬂﬁrt ion 72 of
10  aperture 422 is adapted to slidingly receive the upstream valveshaft 424
therein. The upstream valveshaft 424 extends laterally from the upstream
valve 412 and is disposed to enter into the chassis 14 via upstream valveshaft
aperture 48. The upstream valve actuator shaft 424 is substantially |
cylindrical and has defined therein an outer cam race cutout 426. The outer
15 cam race cutout 426 is operative to allow the upstream valve actuator 424 to
clear the outer or downstream valve race 122 defined on cam 100. The
upstream valve actuator 424 terminates in a cam follower nub 428, which is
adapted to support the upstream valve roller cam follower 430. The
upstream cam follower 430 is, in the preferred embodiment, a roller bearing
20 soasto provide rolling contact between the valve cam land 120 and the
upstream valve actuator 424. |
Returning to valve 412 or 414, the valve further comprises a vaive
blade 432, as shown in Figure 15B, which is of a substantially v-shaped
cross-section wherein the first side of the valve blade 434 and the second
25 side of the valve blade 436 subtend an angle of approximately 90 degrees
therebetween and also define a 0.5 millimeter rounded vertex 438. The
- combination of the included angle and the rounded vertex 438 provide for an

optimal arrangement between the conflicting necessities of ensuring that the



the index wheel 64 is connected to the wheel disc 70 by a plurality of webs
74 extensive fromthe hub 72 to the disc 70. The hub portion further
conprehends a cylindrical longitudinally extensive portion 76 and a
transverse annul ar portion 80, wherein the cylindrical portion 76 extends
forward of disc plate 70 and the annul ay, portion 80 extends radially
inwardly 5 - fromthe cylindrical portion 76 to the notor shaft 20.

Annul ar portion 80 further defines a notor shaft port 82 which is
coextensive with the notor shaft 20 and a fixing pin port 84 |ocated

out war d fromthe nmotor shaft port 82 and parallel therewith. The

not or shaft pBibe Sgis sealed duking HR-APPRRPTIALR Part Of Brerpump exsleywhiet hr ough t he

o vncel Skl i UL R RTG g [1 on O (1
t her et hr ough. approximation of its initial shape when the valve blade 432 is lifted from the
tube 5. '
5 The rounded vertex 438 of the valve blade 434 defines 2 .0.5 mm
curvature. This curvature, in combination with the 0.7 mm distance
_between the valve blade 434 and the valve anvil 570, to be discussed

subsequently, provide for an optimization of the two necessities of ensuring -

sealing while providing for elastic recovery of the tube during the
10  appropriate part of the pump cycle. .

Additionally, the tube 5, due to its deformation by the shuttle 200 in
combination with the upper and lower jaws 220, 222, comprehends a pértial
vacuum within that portion of the tube lumen 6 located adjacent to shuttle
200, and the opening of the inlet valve 412 with the positioning of the |

15 shuttle 200 providing conditions conducive to assist hydrodynamically the
elastic recovery of the tube section below the inlet valve 412.

The upstream valve body 412 further comprises a valve lifting tang
440 which is cooperative with a valve loading cam to raise the valve during
the tube loading operation. The valve body 412 comprehends a valve spring

20  seat tang 442 which extends upwardly from the distal end 444 of the valve
blade arm 435. The valve spring tang 442 defines a valve spring retainer
port 446 which is operative to provide support for the distal end 448 of the
valve spring retainer 450. The valve spring retainer 450, in combination
with valve spring tang 442, serves to completely capture the valve spring

25 452 therebetween. The valve spring retainer 450 comprises a substantially
c-shaped base 454 which is operative to slidingly fit about the tubeloader
layshaft 512, .to be described subsequently. The valve spring retainer base
454 is designed to permit oscillatory motion of the retainer 450 about the



Hub portion 72 has defined therein two access ports 86, 88 which

all ow access to the collet grub screws 60. These hub access ports 86, 88
are accessible fromthe exterior of the chassis 14 via set screw
access port 90. 15 Surnmounting the i ndex wheel 64 and forward of
t he annul ar portion 80 thereof, regsdes the punp drive cam 100 shown
in Figs. 5 and 6. Punp cam 100 consists of a front face area 102 and
a rear face area 104. The front face area 102 further
conprises an exterior camland 106 and an interior camland 108. The

teri qd i or . . q
25 to provi de e blishafhaRAer Byshattl ko acllimSIARHERoHGH br v 120, °0
and aspect of {dige #¥®, 4|ds 106, 108 are non-linear with respect to

the variation of distance of various parts of the |ands 106, 108 from
the punp shaft axi sTBedownstream valve 414jigrasisient gn the vialvecpivothaftsH 0

conversion, as reallized b 0 25 LNt rao e -] r _error, as
shown in Figur J%“‘f?&ﬁéﬁvﬁﬁ%[z‘}%’r ?Wg?.‘f"b{i{&m me@%%%é%ﬁﬁ@m th respect
to tinme (ag mﬁwéﬁﬁnag[é&fméhpﬁf@ﬁﬂ_ @ilve 41D hBdut afflgne transverds e e pibot he
interior land 108 and the exterior |and 106 act ceooperatively to

achi eve a fi r sshafir4ié ansbdisplays alhobthet assaciated clementsof theyupstreany valee t he
out put of '

412 in a reversed orientation as seen in Figure 14. The downstream vaive
actuator arm 456 is shortened to align the downstream valve cam follower
458 with the outer valve cam land 122,

10 The action of the two valves 412, 414 is such that at no time during
the pump cycle are both valves open at the same time. Furthermore, as both
the valves 412, 414 and the shuttle 200 are driven by a single motor 24 and
off of a single drive cam body 100, exact synchronization of the valves 412,
414 and the pump shuttle 200 is positively achieved by wholly mechanical

15 means.

SENSORS ASSOCIATED WITH THE VALVE SUB-ASSEMBLY
Associated with each of the valves 412, 414 is a valve motion sensor

328, 330. Each of these valve motion sensors 328, 330 is actuated by a

20  magnet 332, 334 which is inserted into a valve sensor magnet port 332A,
334A in the outboard end 444 of the valve blade tang 435. Located
therebelow, in the associated valve anvil and outwardly located therefrom is
the valve motion sensor Hall switch 328, 330 which, with associated
software, linked to the output of the valve sensor switches 328, 330 to that

25 of the drive motor encoder 300, serves to stop the pump 10 and activate an
alarm if a valve 412, 414 is not operating correctly. This is essentially
accomplished by comparing the expected output of the appropriate valve



- 16 - the punp with respect to volune. This is achi eved by an.

alteration of the change in radial displacenent of the cam | ands 106,
108 with respect to the notor shaft axis 32 as aforedescribed so as
to mnimze the effects of angul ar- error on the accuracy of the punp.
5 Specifically, to a first appgoximati on the cam executes an

I nverse sine function as determ ned by the radial distance of the

| ands 106, 108 fromthe shaft axis 32. As can be seen in
Figure 7, the characteristic volunetric output of a t ube between two

Uy Srooves eXeeul oloR. 45) ok Vo el sl uBR BEF Tpie AT o
UK Pat. o ReGanoty :?r ef’ i ted, O e 1 Floure S,
the alteration of tlbesxdmgmnﬁmi'dlyéromsacﬁevaivm4l2 414 apdscparbted, provi des a
Tddle of ¢ he tereRE PhuURNE BHOSILELRE il pressniag) Swesardelis Tie cor anol oy
e e ) g
vel ocity provigdffunetion with the downstream tube present sensor serves to determine
-the actual physical presence or absen;:e of the IV tube in the pump 10. Each
of thé tube present sensors 332, 334 comprises an annular bearing or tube
sensor pivot 336 which surrounds and rides on the valve pivot shaft 410.
10  The tube sensor arm web 338 extends outwardly from the tube sensor pivot
336 and serves to support the tube sensing blade 340 which extends
forwardl); from the sensor arm web 338 and the tube sensor flag 342 which
extends substantially rearwardly from the sensor arm web 338. The sensor
blade 340 comprises a downward extension thereof so, when installed, the
15 sensor blade tip 344 resides on the appropriate i/alv_e anvil. The insertion of
a tube S between the blade tip 344 and the valve anvil will, therefore, serve
to raise the blade 340 away from the anvil 570 and cause the sensor arm to
pivot about the valve pivot shaft 410. This serves to lower the rearwardiy
extending valve sensor flag 342 thereby interrupting the tube present sensor
20  optical switch 346 by the flag 342 moving into the interstice 348 of the tube
present sensor optical switch 346 and interrupting the light beam extending
thereacross, as shown in Figure 17. A return spring 350 serves to.bias the
tube sensor arm to a position wherein, should the tube 5 not be present, the

tube sensor blade tip 344 rests on the associated valve anvil.

THE TUBELOADER SUB-ASSEMBLY
As shown in Figures 18 and 19, the tubeloader sub-assembly utilizes

two shafts associated with chassis 14. These two shafts are the tubeloader



significantly nore linearised volunetric output wherein output is

essentially 20 |I|inear between 30 degrees and 70 degrees of cam angle. The
vari ation bet ween upward and downward strokes being due to use of
sinple radii Wi thin the cam Referring now to Figure 5,

whi ch depicts
cam posi tions
portions 110,
the shuttle 20
the inlet and
descri bed.

cam | ands 106, 108 in face27- on aspect, shows the various

clearly. As shown, there are two 25 primary punpi ng

112 corresponding to downward and upward novenent s of
0. Also seen are dwell portions 114, 116 which al | ow

Qhiielre ¥76 APk Subhodl Wjsfth 3825 HRble &4 SHBSSTIEH1A Yin

Furt her | i near icamjunotiornivith uhgvdlve pivoo siiafod10;previde theopiimary datimapaints

position sensitive speed control which shall be, subsequently descri bed.

10

15

20

for the relative locations of the various assemblies and associated elements
thereof, throughout the pump. The locations of these three shafts is shown
in Figure 3. By referencing all points in the pump to these shafts, and
thereby to the chassis 14, the pump structure can be indexed without the
neécessity of a wide variety of precision machined parts, whilst maintaining
the requisite accuracy of the completed assembly.

The tubeloader layshaft 512 provides an axis about which all parts
which are driven by camshaft 510 rotaté save the valves and slide clamp.
Moving upstream along layshaft 512, the most outboard of the elements
associated therewith are the downstream tubeloader pawls 514. The
downstream tubeloader pawls each consist of an annular body 516 which is
adapted to ride on the tubeloader layshaft 512 and is fixed thereto by the |
associated helical pin 518 which extends through the pawl annulus 516 and
the layshaft 512 and into the opposed area of the annulus, thereby positively
fixing the associated pawl 514 to the layshaft 512. Extending forward of
the pawl annulus or collect 516 is the pawl arm 518. The pawl arm has a
substantially linear section 520 and an arctuate section 522 extending
outwardly and downward from the pawl collet 516.

The shape of the arctuate section 522 of the pawl 514 is such that
when the pawl 514 is fully lowered, the tube 5 is firmly wedged against the
downstream platen 500, thereby encircling the tube 5 between the pawl 514
and platen 500. '

In greater detail, the interior angled surface 526 of the pawl tip 524
intersects the tube 5 at an approximately 45 degree angle with respect to
horizontal and is thereby operative to urge the tube 5 downwardly and

inwardly against the tube detent 501 in the downstream platen 500.



Referring now to Figure 6, the reverse side 118 of cam 100 is shown.
As can be seen, there are two concentric valve camlands 120, 122. In this
5  enbodi nent, the inner valve caml|and 120 drives the upstream (inlet)

val ve and the outer valve camland 122 drives the downstream (outl et)
val ve. As can be seen, at no tine are the inlet and outl et valves

si mul t aneousl y operated, thereby pP¥8sitively preventing a free flow
condition of medicanent. The duration and dwell of the val ve cam

| ands 120, 122 are arranged to 10 provi de for proper valve
synchroni zati on al t hough the inner valve camrace 120 and the outer
val ve camrace 122 'ﬂi&paﬁﬂtﬁbﬁ@éﬂd&&lﬂa%'afﬁ SrafifASfresh. fihehterior sidehe punp
shaft axis 32. reafr hub 118 of the drive cam 100 al so

defines a camdfithé tip defines a horizontal tubeiengagisig méﬁ,@mmk—dﬂuber el ative
| ocation of the dr.ive m to 15, that drd.ge . _col.l et Vi a
fixing pin 63 REAEINE ﬁgﬁ@?ﬁéﬁp at\@r@%{u%mp&r&su&ace 52% fibe

Mot or shaft 2Q;, Y r&fﬂ?’r Gale
i medi ately af orsg)aggaren g%]é‘% s};ﬁﬁé@%ﬁ?ﬁ%‘ﬁggéz asse thr ou'g o%g?n %0 vi a
cam not or 5haf532|cmrmekiﬁrmfsxd&etﬂereeﬁtandlthqafonemermwedmirmesSwround| ng 20

cam notor shaft port 127 is, the rvvard cam nnuI ug 128 which serves as a
| ash adj ust rrerﬁlmoéﬂ?‘i en the pasi @Pﬁ&' 8t o CoP) OPRIBIRIB FOBERT et 56

and nosebear i Qg § downstream latensb@ t he pref erred enbodi ment of the
I nstant i nvention, nose earl rP 126 is a roller type bearing.

Nosebearing 126 fi t'Ehd mnmmmammmmammszumpmeuw side of
the shuttle platen 130, Shuttle platen 137)0 is affixed to the
forward chassithe lowersige of thg upper pump jaw 220 and serves an identical function

10  as shall be described herein.
When an operator is loading a tube into pump 10 and actuates the

tubeloading cycle by means of an appropriate actuator, or a control button
or switch, the tubeloader pawl tips 524 are lowered over tubeway 8 which,
in combination with the lowering of the upper jaw 220, serves to completely

15 close off the longitudinal slot or opening on the outboard side of tubeway 8.
Should a tube be parﬁally inserted into the pump 10, yet remain wholly
outside the tubeway 8, the tube reject surface 532 will operate in
combination with nesting slots 582, which are also resident on lower jaw
222-, to expel the tube 5 from the pump. In the event of a tube 5 being

20  loaded partially within the tubeway and partially exterior thereto, the
misload activating surface 530 will serve to pinch the tube 5 between the
misload activating surface 530 and the associated section of either the
downstream platen 500, the upstream platen 800, or the lower jaw 220 and
thereby actuate a misload detection as described herein. Another possibility

25  contemplated in the design of the pawl tip 524 is wherein the tube 5 is
inserted into the tubeway 8 yet has not been fully drawn into contact with the
tubestops 576. In this event, the tube capture surface 528 will serve to draw

the tube 5 rearwardly and into contact with the tubestops 576 and thereby



plurality of fasteners which connect shuttle platen 130 to forward chassis

surface 53 via a plurality of fastener ports 134 defined in the shuttle

pl at en - 18 -

130 and a second plurality of f ast ener ports 136 defined in the forward

surface 53 of chassis 14. The relative I% cation of the shuttle platen 130
e

W th respect to the chassis 14 is ‘defined by register pins 138 in the
forward chassis surface 53 for which corresponding shuttle platen
regi ster ports 140 5 are defined in the back surface of shuttle pl at en
130. Shuttle aten 130 additionall y has defi herethrough
a shuttle exemtea@omﬁgdmsmm Hbsu gHsrombinat éﬁe &hed to

v cam 500.Sukee 73708 HiliBhd B RRRG e S0 BRI e fﬁ? i nes o

plurality of ospgpiaVRied fét 4 shatdisBontinuity between the various possibilities for
loading scenarios aforementioned.
5 The vertical tube capture surface 528 additionally works in

combination with the angled tube engaging surface 526 and the horizontal
tube engaging surface 525 to hold the tube 5 securely against the tube stops
576 and to provide for a deformation of the tube 5 by co-action of the angled
surface 526, the horizontal surface 525 and the tube stop 576 to lock the tube
10 securely into the tubeway 8 when the longitudinal tubeway aperture is closed
as well as to provide substantially full face engagement of the tube-5 with the
associated sensors
The downstream platen 500, or the corresponding upstream platen
800, are preferably constructed of a molded plastic such as glass filled
15  polyphenylsulfide. The downstream platen 500 serves a variety of functions.
The tubeloader bearing cup 502 provides for a mounting area for the
tubeloader powertrain. |
Gearbox sidewalls SO3A serve to house the tubeloader gearset 560
which comprises two helical gears 562, 564 in a perpendicular arrangement
20  so as to transfer rotation from a fore and aft mounted tubeloader motor 550
to the transverse tubeloader camshaft 510. The downstream platen 500
gearbox housing further comprehends a camshaft bushing race 566 which
serves to support the downstream camshaft bushing 568 in which the
camshaft moves. The forward section of the downstream platen 500
25  comprises the downstream valve anvil 570 as well as the temperature sensors
ports 572 and the lower air sensor transducer housing 574. Abaft of these
areas are a plurality of tube stops 576 which serve to support the tube 5-



10 the shuttle 200 resides. These shuttle platen channels 148 are of a | ow
friction finish so as to allow free novenent of the shuttle 200

t her eacr oss. The front shuttle platen surface 146 further defines
side rails 150, 152 which are operative to limt torsional novenent
of the shuttle 200 as the shuttle .39Q0 performs its notion. 15

Throughport 142, as aforenentioned, allows passage therethrough of

cam foll ower 144. Camfollower 144 is an annular roller bearing of such

di mrension as to allow notion thereof between the punp drive cam | ands

106, 108. The shuttle drive cam follower 144 rides on the shuttle drive pin
154 whi ch r esiTeewardlyseeasdp provide epntinlled canfosmation ofhedube;s whenida 1| ush

with 20 t he 201 of the shuttle 200. The drive pin 154
further corrpritisléeg&tdeé%&g&ﬁ%ad 158 which is operative to spread drive

forces evenly to thgbghof tHeauBOSupports 576, We idownbesan® pRtenS00/ fudher an
adequat e peripheral area for effective press-fit = connection thereof
to the shutt| ¢provides for the downstreamrseasenpivet $ietr578omhiglscingoneere withut t | e dri ve

Pher ei n, - sha 1RsieiR) Bhals, stoves 10 ghlredly obeet b AnSFieBly efiiociayt o 1) o
platen 130 angsaRaRee desubel Thelréar Baatier wall 580,0¢dopekitivé 44th chassis

.14, serves as a fluid barrier between tube 5 and the electrical components

behind the rear barrier wall 580. The rear barrier wall 580 is affixed to the

chassis 14 by fasteners and additionally serves a fastening point for the

10  downstream tube present sensor switch 346.
Returning to the foreward edge of the downstream platen 500, a
plurality of tubeloader pawl nesting slots 582 are seen. These pawl slots
582, in combination with the tubeloader pawls 514 and the chamfered
forward edge 584 of the downstream platen 500, serve to promote a correct
15  loading of the tube 5 into the pump 10 by allowing the pawls 514 to lift and
push the tube rearwardly against the tube stops §76. Outward of the
outermost of the pawl nesting slots 582, a tube retaining detent 584 serves to
retain the tube 5 in a position adapted to be captured by the pawls 514
during initial placement of the tube 5 within the tubeway 8 defined by the
20  raised pawls 514 and the downstream platen 500 when the tubeloading
assembly is in a state allowing the tube 5 to be loaded.
As aforedescribed, the tubeloader motor 550 drives, by means of a
plurality of gears, the tubeloader camshaft 510. The tubeloader motor 550 is
a d.c. motor. | The tubeloader motor 550 further comprises a speed reduction
25  gearset 534 operative to provide sufficient torque to rotate camshaft 510
against the drag placed thereon by the components in contact therewith and
resident on layshaft 512. |
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regi ster point set based

The shuttle platen 130 conpl etes the datum or

10 fromthe chassis 14 and associ at ed conponents.

shuttle platen side rails 150, 152 have forward surfaces 162, 164 5
which are located a plurality of datumsjr.faces 168, 170. These dat um

pads 168, 170 are operative to fix the distance fromshuttle 200 to that of

on neasuring | ocations throughout the punp

The
upon

t he upper jaw 220 of the punp assenbly. This distance, experinment has
f ound, must be mai nt ai ned at 0 2 mﬂ This di stance is critical due to
t he punp geonetr r.ein, ure 10, t initial
deformati on of the Thpoéb%a e’s‘B’BtPf arfi}ly H’ntg‘ | s dependent
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of the initialway of 4 central apeitereGd0thersmct i on ~ to an eqw angul ar

quadril at er al

cross-section. This-init def on the
amount of cl osure ofhe tmbelnader MOPE s M wzp@ﬁ%“’g%r@@ ‘Y§1°ht hr ough

its stroke

| ands 106, 108‘s

e anou ornmatl on o

the vol unetri owhichi¢/insefted tieoughnthrexmded setscriew apermm&s imhhe esbeloader
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drive gear 562 and thereby fix the rotation of the tubeloader drive gear 562
to that of the tubeloader motor shaft 536.

The tubeloader drive gear 536 is a helical cut gear wherein the teeth
thereof are about the circumferential periphery thereof. These teeth engage
corresponding teeth on the face of the tubeloader camshaft gear 564, thereby
allowing perpendicular actuation of the transversely mounted camshaft 510
i)y the longitudinally mounted tubeloader motor 550.

The tubeloader camshaft gear 564 is releasably engaged with the
camshaft 510 by means of a slideable engagement pin 588.

The camshaft clutch pin 588 is cooperative with a clutch slot 590 on
the rear or inboard facing face of the camshaft gear 564. The clutchpin 588
resides transversely to the camshaft 510 in'a longitudinal clutchpin slot 592
defined through the camshaft 510. A longitudinal actuator pin 594 coaxially
emplaced within the camshaft 510 and in endwise contact with the clutchpin
588 serves to selectively insert and allow the withdrawal of the clutch pin
588 from engagement with the clutch slot 590 on camshaft gear 564. A
biasing spring 596 is located within the camshaft 510 and in opposition to
the longitudinal actuator pin 594. The outboard end 598 of the actuator pin
594 is rounded to allow sliding contact therewith by the associated
component.

Handwheel 600 provides a housing for a pivoting clutch tab 602

which comprises on its inboard facing surface a clutch cam 604 which is in

et %ﬁfmfgeo sda? fdr € HutloabiPPatitd Leak seiklignrlidare cam

e pun nen fixes



The | ower portion of the side rails 150, 152 are laterally extensive

beyond the shuttle 200. The forward surfaces of the |ower |ateral extension
20 172, 174 have associated therewith a second set of datum pads 176, 178
which are operative to fix the distance of the |ower fixed jaw 222 fromthe
shuttle 200. The function of these |ower 44 aw datum pads 176, 178 are
simlar to the function of the upper datum pads 168, 170 as af oredescri bed.
Shuttle 200 further conprises, as shown in Figure 11, a rear side 207 25

of the shuttle 200. The rear shuttle side 207 further has defined therein a
plurality of sljde rails 206. The slide rails 206 are operative to provide

for a mi FHONE sRgagement With the epbersdGndi5981ef askiatoripin 586 ke t he
shut 'eﬁggggﬁrggfl%%ﬂitﬁb 602 is iHRicH th HindOhdek 680G ihibBed tHBES BY 'aWnbetn V'
-20 - tab pivot pin 606. In operation, actuation of the clutch tab 602 by tilting

same about clutch tab pivot pin 606 will cause the clutch cam 604 to impinge

5  onand depress the outboard end 598 of the actuator pin 594 causing the

actuator pin 594 to move inwardly against clutch biasing spring 596 and

moving clutch pin 588 inwardly and out of contact with the clutch slot 590

in camshaft gear 564, thereby allowing the camshaft 510 to be freely rotated

manually by means of handwheel 600 without rotating the camshaft gear

10 564.

The camshaft 510 is one of the three primary datum shafts resident in
the pump 10. The camshaft supports two compound cams denoted as the '
downstream cam 610 and the-upstream cam 620. '

The downstream and upstream cams 610, 620 comprise, moving

15 outwardly from chassis, a camshaft deadstop 612, 622, a tubeloaded pawl
cam 614, 624 which is itself a compound cam, and valve loading cam 618,
628.

The camshaft deadstops 612, 622 work in cooperation with the

chassis rotator stops 28, 30 to provide a positive stop for camshaft rotation.

20  Associated electronics sense the stall condition of the tubeloader motor 550
and interrupt power thereto when the camshaft deadstops 612, 622 are in
contact with the chassis rotator stops 28, 30 during an initial indexing cycle
of the tubeloader assembly, thereafter the tubeloader 550 in combination
with the tubeloader encoder 702, 704, 705 will back-count from the rotator

25  stops 28, 30 and under control of associated software interrupt power to the
tubeloader motor 550 prior to the deadstops 612, 622 making contact with
the chassis rotator stops 28, 30.



channel s 146A of the shuttle pl aten 130, and provide a fixation of both

| ongitudinal and | ateral |ash between the shuttle 200 and the shuttle

pl-at en 130. The front surfaces 201 of the shuttle 200
defines a punp groove 5 aperture 204. This aperture, or indent 204, is of
a substantially v-shaped cross-seggion and has a rounded interior
corner 211 so as to provide for a conformati on of the tube 5 and the
groove aperture 204 when the tube 5 is | oaded t herein.

- The rear surface 207 of the shuttle 200 further has defined therein a 10
plurality of pockets 203 arranged in_a substanti.all rij.cal array. These
pockets 203 are adM?@HgPHtWHB'a&ﬂmamﬁIcﬁ?‘g‘faif't'@wgfwﬁéeﬁtéﬁwﬁ]i‘%h are
cooperative w | ! £Ethb RShelddi_a iflyl On of the
shuttl e 200. t\&libl&d@?ﬂﬁ@ i &ns%ﬂﬁ?&ﬁ%%érg %g% ATED W TH Tgaéwgﬁl\%

SUB- ASSEMLY  Additionally, eachhef the tgbelnaderpawindaims, 6145 6p4 das adedkynglescri bed,

has associ at ed therewith a plurality of sepsor, l.ch, are operative
to provide i nfSBFAgR $¥n 626 which serves toactivalea seaon Wé’&gﬁ?‘%ﬁmn& he vari ous

el ements ther %fbwer ?ﬁ%‘aﬂﬁ‘gﬂ‘z%g?“%gé@gﬁagmaﬁm SEASR ncg@etahe drive

not or shaft encoder . onprises an er flag wheel
302 which is gokitivhdixation bl the associatéd ERin¢hs vl the H3shait StDk@ichdsitheThe punp

motor flag wheel 302 has, in the preferred enbodi nent of the instant
i nvention, tm@nd@fﬂtsa@yehm ext endi ng radially outwardly fromthe hub
306 t hereof. S I 4 i -\ opti cal
swi t ches 308, 310 t(8utward ogﬁ'l%pe‘ale a3 6%, 63 hre'the 9&@8%&13& wm§ %8,

628. These cams serve to lift the valves 412, 414 out of the tubeway 8
10  during the loading operéfion. The valve loading cams accomplish this lift in
cooperation with the valve loading tangs 440 as aforedescribed.
Outermost on the camshaft 510 reside the sensor arm cams 630, 632.
The downstream sensor arm cam 630 comprises a single surface and is
operative to raise or lower the downstream sensor arm.
15 The upstream sensor arm cam 632, however, is a compound cam
having a sensor arm actuating surface 634 and, located outwardly therefrom
and integral therewith, the slide clamp loader crank 650.
All of the cams associated with camshaft 510 are fastened thereto by
helical pins driven transversely through the hubs of the various cams and
2 through the camshaft 510. . '

_ The tubeloader layshaft 512 supports all of the loading members
associated with placing the tube 5 in the tubeway 8. Additionally, the
Jlayshaft serves to pivotally support other elements which are driven at
differing rates than the tubeloader pawls 514. Innermost along layshaft 512,

25  wherein innermost defines that area closer to chassis 14, are the upper jaw
pawls 652, 654. _
The upper jaw pawls are biased in an upward position by means of
helical pre-load springs 656 which are wound about layshaft 512 and are



25 fix the location of the armature shaft 303 of the punp drive notor 24.

The switches 308, 310 further consist of a light emtting diode and a
phot ocel | as shown in Figure 12. The arrangenent of the opti cal

swi tches 308, 310 allows for a first switch 308 to sense the edge
311E of flag .304, and the

-21 - second switch 310 to sens#+4+he mddle 311M of a subsequent
flag 304. This arrangenent allows for greater resolution of notor
shaft position and direction as read by the encoder 300.

In this presently preferred enbodi ment, the resolution of encoder 300 5

is 1/3072 of apddiedith ahd Rive e ¥nditdkbd ¢Pthe Cﬁpﬁﬂj‘g é‘?p%(sj. ng(%ll t,00 resides

in a punp notor encoder support collar 312 over
mot or hoassocigted Avithnidie |t®dﬂddexlayshﬁmmrd:sﬂ4pl4lﬁc HThe ethier SBof

The motor enco grpr ogd Ss';?r?nsg ESGal;emg Hooekedho%];:cg th?éor?e’spre%eé Iu;?;?er%&r%é
652, 654. Each of the upper jaw carriers 652, 654 further comprises a
s forwardly extending arm portion 658 which has a downwardly aimed -
terminus 660. Forwardly extending arm portion 658 is adapted, in
combination with upper jaw tie rod 662, to support ihe upper pump jaw 220.

The downwardly extending termini 60 of the upper jaw carrier 652,

654 further define a distinctive tubeloading tip shape, as mentioned in the
10 description of the tubeloader pawls 514.

Located rearward of the forwardly extending arm portion 658, a
spring slot 664 is formed in the upper jaw carrier 652, 654 and is operative
to retain the associated torsion springs 656 therein. The upper jaw carrier
652, 654 have further defined a bifurcated central portion 667 which is

15 adapted to retain the upper jaw carrier locking tangs 668 in the interstice of
the bifurcated central portion 667 of the associated upper jaw carrier 652,
654.

Extending rearwardly of the central area 667, an upper jaw carrier

cam follower arm 670 has defined therein an upper jaw cam follower port

20 672 which is adapted to receive the upper jaw carrier arm cam followers
674. The upper jaw cam followers 674 are slidingly retained in the upper
jaw cam follower ports 672 and are biased against tubeloader pawl cam 614,
624 by preload-spring 675. The purpose behind this being that should a tube
'S be misloaded beneath the upper j'aw 220 or pawls 514, a sensor associated

25 with the position of the upper jaw 220 and in combination with a tubeloader
encoder 702, 704, 705, associated with the tubeloader motor armature shaft
701, will detect that the upper jaw 220 and layshaft 514 have ceased their

motion while the tubeloader motor continues to rotate as the clearance



However, as there are mechani srré resi dent between the armature shaft 303 10

and the shuttle 200, further sensors are desired. Movi ng
forward al ong notor shaft axis 32, one returns to index wheel “"64. As
af orenenti oned, index wheel 64 has a plurality of circunferentially
coextensive radially disposed slots 66, 68. Associated with t hese

slots is an index wheel optical sensor ®4. This sensor conprises a 15
light emtting diode 315 and an optical sensor or switch 316.

The i ndex wheel sensor 314 is cooperative with the index wheel 64 and
the slots 66, 68 therein to provide positional information of the

rotational | ogetwesn thé upper jawnarmiext cam folloiwer 20m 670 and the radially n oper ati on,
the i ndex wheel sensor 314 acts in concert with the 20 sQﬁourrp encoder 300
to provide thiextessiveispa 6 of the ppparijaw cam followes §74 is closed. r ABt i onal

I nformation of ,th . ' : . ' t he
passage of eaéﬁ&gﬁ’ﬁ@éﬁ‘@@}%‘?@v&%@gﬁ?‘%gﬁﬂmggﬁ %ﬁvxcﬁi %ﬁeﬁ% The
two slots 66, thSelaider dotot $50t0 RYersk s F6tation A6pentngothe \upger jakf 2207aid on as to
whet her the shuttle 200 is beginning the upstroke thereof or the downstroke

25  therebf, tubrlpades prwissil4 fharebyiexpelling thevbadst roke and a second wi dth
ndees, iR, RSBt e mpispion SRS Y 250 LB | °.22°,
linear positi QisdiillesWrives bylsysheft 5142tRN8ckng follower 668 rides up on the
locking surfaces 616, 626 of the tubeloader pawl cam or layshaft drive cam -
614,.624, and is idjustably fixed relative to the upper jaw carrier arm 652,
10 654 by means of adjustment screws 680. The upper jaw carriers are fixed to
laysixaft 512 by means of spiral pins so as to actuate a co-rotation thereof.
As seen in Figure 16, moving outwardly from the upper jaw carrier
arms are the valve spring retainers 450. Outward of the valve spring
retainers 450 resides the innermost of the tubeloader pawls 514 as
15 aforedescribed.

" Associated with, and pivotal about layshaft 512, are the upstream and
downstream sensor carrier arms 690. As it is necessary for the tube 5 to be
completely loaded in the tubeway 8 before the application of the associated
sensors, the sensor carrier arm 690 is actuated by a separate and delayed cam

20  'with respect to action of the rest of the components affixed to layshaft 512.
~ Associated with each of the sensor éarrying arms 690 is a downwardly
extending sensor arm cam follower 692 having a downward biased spring
694 associated therewith. Affixed to a central portion of the sensor carrying
arm 690 and in substantially opposing contact with the sensor arm cam 630,
25 632 is the sensor arm opening spring- 696 which, in the preferred
embodiment is a leaf spring. This arrangement allows for both the opening
of and the closure of the sensor array associated with the upstream or

downstream sensor carrier arm 690 by a single cam respectively.



-22 - plurality of magnets 324, 326. Shuttle position sensor

magnets 324, 326 present opposite poles to the shuttle Hall switch
322, so as to provide a field gradi ent .operative to provide an
iFndicium of the linear position of- the shuttle 200. 5 The

conbi nati on of the encoder 300 and the other associated sensors

af orenenti oned, provide inputs to a cont3el nechanism which nay operate
nore than one punp so as to accurately control the speed of variabl e speed
notor 24, the primary feature provided by such speed control is a tenporal
variability of the output of the punp 10. Additionally, such speed control
10 allows for an &l Sailck i Four0 16! elsehbol bR B0 LotprisBea PUTTP

out put per I vidual strokKe as wel | as inproving the tine |ntegrated
out put of theﬁmunpdﬁmrqmmﬂéhd698vﬂuehpsapnahvmhxndmhhmhnﬂvﬁﬂhesmamrstroke

| i neari zation_ of  out realized in cqnbinatiopn with the drive cam
100 as af oren@ﬁ’?qlﬁﬁé’g%grﬁﬁwemmssﬂ ‘RisuppoHt #FSeh®by i s made
nor e accurateF§¥n&%€ punp speed 15 belng mar kedl y increased at such

poi nts as wou ide for a discontinuity _

SENSORS ASSOCIATED WITH THE TUBELOADER SUB-ASSEMBLY
As recited previously, there are a plurality of sensors associated with
the sensor arm 690 of the tubeloader sub-assembly. The most downstream
of these sensors is the ultrasonic air detection apparatus or transducer 728 as
10 shown in Figure 22. The ultrasonic transducer 728 acts in concert with a
second transducer element located in the downstream platen 500, as
aforedescribed. The ultrasonic transducer 728 is housed in a compoundly
pivotal housing 720. This sensor housing 720 comprises a vertically split
housing body including a transducer cavity 724. The housing 720 further
15 comprises a substantially horizontally a.xially extensive suspension slot 722
which, itself, comprehends an oval joining ring 725, which is defined by a
substantially oval and longitudinally extensive sensor arm pin retainer 723.
The suspension slot 722 serves to capture the sensor handle pin 799, while
allowing the sensor assembly 720 to move in fore and aft relation thereto.
20  The sensor assembly 720 is further restrained by the vertically disposed
sensor arm pivot slot 578 in combination with sensor housing lift pin 721,
which is retained in lift pin ports 726 and 746 allowing vertical axial motion
thereof, to allow the sensor 720 to roll over or tilt against the top of tube 5
' when the sensor arm cam 630 actuates the substantially downward motion of
25 the forward forcipate end of the sensor arm 690. This ability to roll over, or
conversely execute a rocking motion with respect to the tube 5, allows the .
sensor housing 720 to come into a substantially vertical compressive contact

with the tube 5. This allows the tube to be extended or stretched equally



I m the output profile as neasured with respect to tinme so as to mnimze

t he ef-fects of such discontinuities in output. As a
manuf act uri ng conveni ence, both the shuttle |inear position sensor
320 and the index wheel sensor 314 are electrically connected to the 20
associ ated signal processing electronics by a shared printed circuit strip
denoted as the punp sensor circuit stripd-

THE VALVE SUB- ASSEMBLY The val ve sub-assenbly is shown,
renoved fromthe associ ated punp 25 sub-assenbly, in Figures 13 and 14.
The val ve sub-assenbly consists of a val ve pivot shaft 410 which is

carried by chagsoss thd fdeg ofthegssociptedrsensdr, therebytelionindting either ot shaft ports

36, 38. Valves 412, 414 pivot about ‘this shaft )

-23 - volumetric or stress gradient in the tube 5 beneath the associated sensor so as
to improve the accuracy of response of the sensor associated with, or
connected to, housing 720. Essentially all of the sensors associated with, or

5  actuated by, sensor arm 690 execute the above described motion so as to
achieve the above described result. |
‘The next sensor lo&ted inboardly of the ultrasonic air detection
transducer 720 is the downstream pressure sensor which resides in housing
734. The sensor itself comprises a fairly standard, full bridge array on a

10  deflection beam 740. The deflection beam 740 is actuated by a sensing foot
730 which includes a substantially hemispherical tip 738. The hemispherical
tip 738 is surrounded by a conical extension of the housing 734. The
deflectability of the deflection beam 740 is controlled by seat pin 742 and
stiffener 744 in conjunction with sensor foot fastener 743. The _

15  hemispherical foot tip 738, in combination with a conical circumferential
enclosuré thereof has,-to ach_ieve maximum accuracy, the requirement that
the combination of the foot tip 738 and the conical enclosure be emplaced on
the tube 5 in an essentially normal orientation thereto which is achieved by

| use of a compound rocker arrangement, as previously described, associated

20  with the transducer housing 720 as shown Figure 21. In this sensor, being
contiguous with the ultrasonic detector 720, the compound rocking motion
thereof is actuated by the lift pin 721 and oval rocker slot 722 of the
transducer housing 720.

The corresponding upstream pressure sensor resident in housing 750,

25 760 provides an essentially similar layout save that the rocker assembly is
unitary with the housing halves 750, 760 and the rocker slot associated
herewith is denoted as upstream slot 758 defined in the upstream rocker

handle 756 which includes oval inserts 754 and further comprises a separate



410 and are supported thereon by val ve pivot bearings 416, 418 which are
clearance fit onto pivot shaft 410 and into valves 412, 414.

The two val ves 412, 414 are denoted individually as the upstream val ve
412 and the downstream val ve 414 . The upstream valve 412 5 conprises a
pi vot bearing aperture 420 adapted to accept thereinto the - upstream
val ve pivot bearing 416 and thereby pivoig-about val ve pivot shaft 410.
The upstream val ve 412 further conprises an upstream val veshaft

aperture 422 which is located axially parallel to the pivot shaft 410 and
substantially vertically displaced therefrom The upstream val veshaft 10

aperture 422 | - . a%]%g ' e£am v haft 424
therein. The u%i;tg’?&gZ%?\gia eﬁslhdgﬁs egﬁﬁgk}tzﬁqglrigﬁé Ta‘r?ﬁﬁlg pstream
val ve 412 and 800.diAtsposseecisted evithethe itubieloatircassétnblyiis tHeltubedaddrsthoRam

val veshaf t -aperture 48. The upstream val ve actuator shaft 424 is

subst ant i al | y encoder gsafpramentigneds ndine, eacoden ¢comeprisen an énpoden flagtwheetam r ace
cutout 426. Th - 4 | erative.to allow the
upst r eam val vem#'hg‘{hbi'? %ﬁw%ﬁ‘%@*’gﬁl&’ ?ﬁ&%ﬁ?&% aotpi’f}BmteP@%#ﬁrval ve
race 122 defi nagy ameslaublZA ﬁi&aplumﬁty%ﬂﬂ%é@?@ﬂ%ﬁﬁexgﬁh&%&{in&%

i s

termnates in a camfoll ower nub 428, whic : adapted to support the
upst r eam val vethedubaloadenensasier supportadiiar T¢which servesdo supportther f ol | ower 430

ol 1ing. cont acfoBeRdsaRcoMss oparslhes ity 108 gud iatined 15 moiot S50 ¥iam v ve

actuator 424. pinch clamp 706 arfdelurthe? Rl ofticdildvitth 6 E{/}ﬁ“. further
conprises a va?ve P bl ade 432,5%85&om6t%n Fi glur négd |1}:I§Bi¥r§ of a
substantial |y ¥W9%haped cross-section wherein the first side of the

val ve bl adlg 434 andThQ 80%%?&9% platen 500 also serves to support a plurality of

temperature sensors which consist of thermistors 754T and 755T which are
gasketed to the downstream platen 500 by means of gaskets 760T and are
supported from below by the thermistor support 762T.

15 THE SLIDE CLAMP LOADER SUB-ASSEMBLY
The slide clamp loader sub-assembly and its related sensors are

generally associated with the upstream platen 800. The upstream platen 800
comprises a rearward facing fluid barrier wall 801 which is connected by
fasteners to chassis 14. The fluid barrier wall 801 serves with the rear wall

20 of the chassis and the rear wall of the downstream platen 500 to effectively
seal the electronic assemblies from fluid ingress. Mirroring the downstream
platen 500, the upstream platen 800 further has defined thereon a tube sweep
chamfer 812. With the substantially identical chamfer resident on the shuttle
facing interior side of the downstream platen 500, the upstream tube sweep

25  chamfer 812 accounts for forward shift of the tube therefor. The forward
facing edge of the upstream platen 800 future defines a plurality of
tubeloader paw! nesting slots 803 which are identical functioning to the
tubeloader pawl nesting slots 582. Furthermore, the upstream platen further



25 side of the valve bl ade 436 subtend an angl e of approximately 90

degrees t herebetween and al so define a 0.5 mllineter rounded vertex
438. The conbi nation of the included angle and the rounded vertex 438
provi de for an opti mal arrangenent between the conflicting
necessities of ensuring that the

-24 - tube 5 is seal ed during-8he appropriate part of the punp
cycle while si mul taneously ensuring that the tube will reforminto an
accurate approximation of its initial shape when the val ve bl ade 432
is lifted fromthe tube 5. 5 The rounded vertex 438 of the
val ve bl ade 4ﬁﬂsh el 9Berin £ sitili forward fAding/ ShamRr ad HeSdowisuaamre, in

conmbi nation wth the 0.7 nm di stance et ween the val ve bl ade 434 and

t he val ve anvplat@véhantfer 584.di scussed '
The upstream platen further has defined thereon the upstream valve
anvil 805 and a plurality of tube stops 809 of similar function to the tube
5 stops 576 associated with the downstream platen 500. The upstream platen
further receives support from the upstream end of the valve pivot shaft 410
residing in carrier 807. The upstream-most end of the upstream platen 800
further has defined on the exterior peripheral edge thereof a upstream tube
retaining detent 842 which is identical in function and cooperative with the

10 corresponding downstream tube retaining detent 584. The base of the
upstream platen 800 further has defined thereon a slide clamp loading groove
856. This groove, in combination with the upper slide clamp channel 824
resident in slide clamp carrier 814, serves to capture the slide clamp 895
through which passes tube 5. Additionally, present in the slide clamp

15  channel 824 are a plurality of slide clamp locating pins 824A, 824B which
serve to provide, in combination with an asymmetric slide clamp 895, a
preferred orientation of the slide clamp 895 and thereby as the slide clamp
895 is already resident on the tube 5, a preferred loading direction of the
tube 5 into the pump 10. _

20 The slide clamp loader assembly is driven by camshaft 510 and is
actuated by the slide clamp loading crank 650. - The slide clamp loading
crank 650 has inserted therein a slide clamp loading crank pin 804 upon
which rides a slide clamp actuator bushing 802. The rotation of this crank is
converted into a substantially linear motion by cooperative movement of the

25 slide clamp actuator bushing 802 and the slide clamp traveler 815 by means

~ of motion of the slide clamp actuator bushing 802 and the slide clamp
traveler bushing race 813. The slide clamp traveler 815, in cooperation with
the slide clamp clam pin 826, provides substantially fore and aft motion of



subsequently, provide for an optim zation of the two necessities of
ensuring sealing while providing for elastic recovery of the tube
during the 10 appropriate part of the punp cycle.

Additionally, the tube 5, due to its deformation by the shuttle 200 in
conbination with the upper and | ower jaws 220, 222, conprehends a parti al
vacuumw thin that portion of the tube-40uen 6 | ocated adjacent to shuttle
200, and the opening of the inlet valve 412 with the positioning of the 15
shuttle 200 providing conditions conducive to assist hydrodynam cally the
el astic recovery of the tube section below the inlet valve 412.

The upstream galg t I
440 which is t:g:{lgolégratl eé%x\nﬂ% E% %ﬁg’,\;@ﬂ% %4{%&2@2 ?‘%aega\i?gﬁve during
t he tube | oadietain trestideictamp $9® mb\shdboldmpéblﬂnsﬂmrmma val ve spring

20 seat tang,442 which extends upwar fromthe di stal end .444 of the
val ve bfubstantialiy Q‘(’{FSOﬂ*ﬁmg%‘Be%tpYiﬁhﬁsP%@ ¢1 andoresideanve spring

ret ai ner 1 oV for the
sl end adbe Rt it oMt SHel 838 hith i¥ Gperiti B %@8"‘#%59%% spri ng
retai ner 450, motios oftthenditie 6lamp clams\@20)183®thefeis.p Mhe Jubddidief fwlsser ves to

conpl etely capture the valve spring 25 452 therebetween. The valve spring
retai ner 450 Mm&%w ggh@q&pmpshleld 81%- Thisrnguies that gipxslidei ch i s

operative to I fi ft 512, to be
descri bed sub@é‘éﬂ Mﬂ bgggﬁ%%ﬁ@g* F#’S&}reg?%q“@e PR 16%5 Qha 454 is
desi gned to pgysitidn dme blidd clamprtRivelt 835 prdiaddsahar shisid 4P VisoP8Yi wille

beina lowered_position at such time as the pump 10 is in operation, thereby

0

10  precluding removal of the slide clamp from the slide clamp groove 856.

As aforementioned, slide clamp 895 is adapted to be gripped by the
slide clamp clams 820, 830.- This is achieved by a cooperation between the
slide clamp 895, having detents or grippable elements impressed therein, and
the slide clamp loader clam tips 820, 822 which are essentially barblike so as

15 to ensure retention of the slide clamp 895 when the clams are engaged.

In operation the slide clamp loader functions in concert with the
tubeloader assembly to ensure correct loading of the tube 5 and the
associated slide clamp 895. After the tubeloader pawls 514 close about the
tube 5, the slide clamp loading assembly, specifically the slide clamp clams

20 820, 830, close onto the slide clamp resident about the tube S and within the
slide clamp groove 856. As the pawls 514 close, and the upper jaw 220
lowers into its operating position, and subsequent to the valves 412, 414
lowering to close off the tube 5, the clams 820, 830 draw the slide clamp
895 into the slide clamp groove 856, thereby opening the slide clamp as it

25  slides past tube 5 which is being retained by the upstream tube stops 844.

The cam arrangement between the valve loading cam races 120, 122
and the tube loader cams assures that the slide clamp will be closed by a
reverse of the aforerecited motion of the slide clamp 895 with respect to the



-25 -

notion of the
is resident on the valve pivot shaft 410

af orenenti oned tubel oader |ayshaft so as to accomobdate the
val ve 412, 414. The downstream val ve 414

adj acent to the shuttle 200.

The downstream valve 414 is essentially a 5 mrror image of the upstream
val ve 412 about a plane transverse to the pivot shaft 410 and

di spl ays all

of the associ ated el enents4bf the upstream val ve

a reversed orientation as seen in Figure 14. The downstream val ve
actuator arm 456 is shortened to align the downst ream val ve cam fol | oner

458 with the outer valve cam |l and 122.
val ves 412, 4
both val ves o

é‘é’ﬁl ssgﬁéﬁﬁa the flbeBei uHJ : cﬁlﬁﬁd ﬂﬂ)wmé rgmb@ﬁ tRAYEBS frbfd ©

Sane tl er nore

412, 414 and gewbbway Be 200 are driven by a single notor 24 and

of a single drive cam body 100,
414 and the punp shuttle 200 is positively achieved b

neans.

10

15

SENSORS ASSOCIATED WITH THE SLIDE CLAMP LOADER

The slide clamp loader has two primary sensors associated therewith.
The first of these sensors is resident in the upstream platen 800 about the
slide clamp groove 856. This sensor is denoted the slide clamp positioning
sensor. The slide clamp positioning sensor is located on sensor base 880.
Resident on sensor base 880 are two light emitting diodes 872 and 876 which
are positioned in a fore and aft arrangement on a first side of the slide clamp
groove 856. Diametrically opposed to the light emitting diodes 872, 876
across the slide clamp groove 856, are a corresponding pair of photocelis
870, 874. The photocells 870, 874 are also arranged fore and aft to align
with the diodes 872, 876. The diodes 872, 876 emit light into a first or
transmitting pair of light pipes 864, 868 which extend upwardly above the
upstream platen 800 on one side of the slide clamp groove 856. The light
pipes 868, 864 terminate in 45 degree internal reflecting surfaces 863 which
serve to bend the output of the diodes 872, 876 into horizontal beams
transverse to the slide clamp groove 856 at a height suitable for intersection
of the beams with a slide clamp 895 present in the groove 856. A
corresponding set of receiving light pipes 860, 862 across from the
transmitting light pipes 864, 868 serve to receive the light beam emitted by
the diodes 872, 876 and transmit same down to the receiving photocells 870,
874 thus putting the light sources and sensors in photonic communication.
The receiving light pipes 860, 862 also comprehend 45 degree internal
reflecting surfaces 863 in opposing relation to those of transmitting light
pipes 864, 868.

412 in

The action of the two

are

t he val ves

of f

exact synchronization of the valves 412,
whol | y nmechani cal 15



SENSORS ASSOCI ATED W TH THE VALVE SUB- ASSEBLY Associ ated with
each of the valves 412, 414 is a val ve notion sensor 328, 330. Each
of these valve notion sensors 328, 330 is actuated by a 20 magnet 332,
334 which is inserted into a valve sensor magnet port 332A, 334A in

t he outboard end 444 of the valve bl ade tang 435. Located t her ebel ow,
in the associated valve anvil and outwarghy located therefromis t he
val ve notion sensor Hall switch 328, 330 which, with associ ated

software, linked to the output of the valve sensor switches 328, 330 to
that 25 of the drive notor encoder 300, serves to stop the punp 10 and
activate an alarmif a valve 412, 414 is not qQperating_ correctly.

This is essentiall yI‘_‘ operatign theglide Clamp BRRSPTSSEEYE teddeniy bepetheed out put of
E he appropri at Go4@by Snd presence of a slide clamp 895 in the slide clamp loader sub- -26

assembly. The two sensor sets corresponding to the outer photocell 874 and
the inner photocell 870 work in concert to accurately display the location of
5  the slide clamp 895 within the loader sub-assembly. Specifically, the two
sensors 874 and 870 determine the location of the slide clamp 895 according
.to the following truth table wherein high denotes a beam transmitted across
:the slide clamp groove 856 and low denotes a condition wherein reception of

a specific beam is absent.
10 Outer Beam Inner Beam
No Slide Clamp High High
Clamp Present & Open Low Low
Clamp Present & Closed High Low
Clamp Not Fully Home - Low High
15 As can be seen from this table, the duality of the sensor array allows

not only a detection of the presence or absence of the slide clamp 895, but

also detection of the position thereof within the slide clamp groove 856 and,

therefore, as the tube 5 is in a fixed location within the tubeway 8, an

indication of the state of the slide clamp 895, namely opened or closed, is
20  also provided.

_ Also associated with the slide clamp loader sub-assembly, a micro
switch 882 in combination with an actuator 882A, which is operated by
crank pin 804, serves to detect operation of the tubeloader camshaft 510 by
means of handwheel 600 and with associated electronics will register an

25  alarm when handwheel 600 is rotated.



sensor 328, 330 with the exbect ed signal therefromat a specific notor 24

and drive cam | ocati on. Resi ding outwardly from each val ve
412, 414 and separated t herefrom on val ve pivot shaft 410 by tube
present arm spacers 460 is the 5 tube present sensor arm 340. The
upstream tube present sensor, in conjunction with the downstream tube
present sensor, serves to determ ne -43-the actual physical presence or
absence of the IV tube in the punp 10. Each of the tube present
sensors 332, 334 conprises an annul ar bearing or tube sensor pivot
336 which surrounds and rides on the valve pivot shaft 410. 10 The tube
sensor arm web 338 extends outward Fg%%ﬁ be sensor pivot 336
and serves to support the tube sen whi ch” ext ends

forwardly from the HpBsto mahw&ﬁs&smndaaswmmqne uRf 1848 whi ch
extends substantially rearwardly fromthe sensor armweb 338." The sensor

bl ade 340 comshetpmpdloum@@odhegmlagmh@cmsmgPOQh'mwelhasehd ed, the 15

sensor bl ade ':?Iéx 3%4 a@g&pﬁqa@gso r t%%v\eﬁgaqg\ébléﬂmghewsertlon
of atu Y n I b1 I
therefore,s seRp¥gmative enfbadfxﬁéxﬁea gmou?uﬁ)g mwbefdrwaﬂdrﬁoxﬁ?gingom and

cause the sensor armto val ve pivot sh Thi s
serves to Iommssmiabedmmainmqme extendi ng val ve sensor flag 342

thereby interrupti t he tube . pr nt sensor 20 optical .sw,tch 346 by the
flag 342 noving . n?ﬂ‘etﬂgni’ﬁf’lé?& §§§P§V8§%ff8 ent and fixationpeint ens or

?ﬁteirgglcrz\émsth ro,(siﬁown [ rﬁw gyw@e%tsgﬁ@?ﬁg%?meﬂ]ves to bias the

t ube sensor arandithe tubgloaides mntoﬂﬁéﬂewh;clﬁretshppdrted inuesiliéntgromheetyr esent ,
t he t ub e r | rests. on the associ ated val ve anvil.
10 %66, ng R wmc ave agsocxated tﬁerewx rotation-suppressing ?ndents 970,

972 which serve to hold securely the two motors 24, 550 and suppress

torsional vibration thereof with the co-action of the indents 970, 972 and the
corresponding indent-engaging keys 972A, 972B,
The case 900 further consis.ts of a tubeway access slot 904 which has
15 an upstream end 902 and a downstream end 901, wherein both the ups&ea:n
end 902 and the downstream end 901 are geometrically adapted to form drip
loops in the tube 5 by means of a downWardly angled orientation of each of
the tubeway access slot ends 901, 902. This geometric adaptation of the
tubeway slot ends 901, 902 serves to ensure a conformation of the tube 5
20 which serves to prevent fluid ingress of the pump 10 from leaks associated
with fluid delivery components exterior to the pump 10. The housing 900
further has defined therein an access port 906 adapted to receive therein the
tubeloader camshaft handwheel 600 so as to provide access thereto by an

operator.



25 THE TUBELOADER SUB- ASSEMBLY As
shown in Figures 18 and 19, the tubel oader sub-assenbly utilizes t wo
shafts associated with chassis 14. These two shafts are the tubel oader

-27 - canshaft 510 and the tubel oader | ayshaft 512. These two
shafts 510, 512, in conjunction with the val ve pivot shaft 410,
provide the primary datum points -40r the relative locations of the
vari ous assenblies and associ ated el enents t hereof , throughout the
punp. The |l ocations of these three shafts is shown 5 in Figure 3. By
referencing all points in the punp to these shafts, and thereby to
the-chassis 14, the punp structure gHndi®siondexed wi thout the

necessity of a wide variety of precision nmachi ned parts, whilst maintaining
t he requi site accuffhis/destripticn obtheipréferred embotinyent of the instant invention

is indicative of that embodiment presently preferred and should not be
deemed to restrict the scope of the instant invention in any way more

5 restrictive than the scope of the Claims appended hereto, and other and
equivalent embodiments of the instant invention are to be deemed as

expressly included in the claimed elements of the instant invention.



The tubel oader | ayshaft 512 provides an axis about which all parts 10

whi ch are driven by canshaft 510 rotate save the val ves and slide clanp.
Movi ng upstream al ong | ayshaft 512, the nost outboard of the el enents
associated therewith are the downstream t ubel oader paw s 514. The

downst ream t ubel oader pawl s each consi st of an annul ar_bgdy—5;lr6_\m4_ch—|—s—

adapted to ride on the tubel oader |ayshaft 512 and is fi
15 associ ated helical pin 518 which extegds through th |i mﬂu nm

and the | a shaft 5:12 and into the opposed area of
t her eby posi t W8t claimedist yi ng the associated pawl 514 to t he Iayshaft
512. Extending forward of the pawl annulus or collect 516 is the paw

arm 518. The pawl arm has ubst | sec on.520. nd an

arctuate sectﬁ)on 5&@3539%8.'9?&'"5@%3@3%& lﬂag ér?od”é‘g "#’?(‘fﬁ? Ry BSAW

g 2'4' et 51%h  pump wherein the'ﬁbﬁdlﬁ@%pﬁarﬁfustﬂ”as @%ﬁélutéﬂahéréwtth Qrplﬁaﬁ anfl at Ibedmgwi
is suc

%4 is fully | ower eﬁ) aé 8
firmy wedgedP@¥daviog alq'ﬂesa'd tip ha@m’ry %éﬁ?‘ﬁ!"&tsé' agH@ M é‘Fe’8§ 'HEISP 75
the tube 5 behvppe dafurd Bihfadd4an angledaﬁ@epé fhgo8@facdSand a horizontdl ntube

greater detail, the inferior an Ied rfa,ce i@ﬁf the pawl tip 524
i ntersects t h8nNgagng syrigce dispg GH Phery de angle with respect to

hori zontal and is thereby operatlve to urge the tube 5 dovvnvvardl y and

[ I [ h 1 h
| nwardly ‘?(9 al ES ' tTl'ele Lllilt%ﬁ'la cioagmgSacr))pa}a?ust ac%ongdO ing to StCEIalmml wt?etr&n the glaten

comprises a slot adapted to receive the paw tip.

3. The automatic loading apparatus according to Claim 2, wherein the platen
further comprises a tube stop defined thereon.

15
4. The automatic loading apparatus according to Claim 3, wherein the tubestop in
cooperation with the horizontal tube engaging surface and the angled tube engaging
surface are operable to lockingly retain the tube in the pump.

20 5. The automatic loading apparatus according to Claim 2, wherein the slot is
operable in cooperation with the tube capture surface to draw the tube into the pump.

6. The automatic loading apparatus according to Claim 2, wherein the platen is
extensive beyond the slot.

25
7. The automatic loading apparatus according to Claim 6, wherein the misload
activating surface is operable to compressively ehgage the tube against the platen
exterior to the slot.

30 8. The automatic loading apparatus according to Claim 1, wherein the pawl .
comprises a collet and a layshaft to which the collet is circumferentially engaged, said
layshaft being operable to actuate said pawl.

9. The automatic loading apparatus according to Claim 8 further comprising a
35 pump jaw carrier associated with the layshaft.



-28 - The pawl tip 524 enconpasses a plurality of areas.

The interior side of the tip defines a horizontal tube engaging— '
surface 525, an angl ed tube engagi ng surface 526 '

capture surface 528, a horizontal tube m sl oad atﬂﬂmm!&mM‘Egﬁ 530
and an externally facing tube rejection surface 5 532«0N¢

side thereof; and the aforenentioned surfaces are di sposed on the
periphery of the pawl tip. These surfaces4@perate in concert -wWith

t he downstream pl aten 500. The desi gn conprehended by

t ubel oader pawl tip 524 is repeated on the | ower edge of the upper

ﬁurm, jaw 220 emd S'ﬁﬁéls\?]tomtibdﬁdtrigcaﬂpafalmat’:mndiﬂl@to Claim &) athierdire thitepiemp [
erein. . n.operator is loading a tube into punp 10 and .
actuates the caff'ef'S?t%‘&g%@Pr'@EE?@ e by means of an appropriate actuator,
Ior a contrpl button or switch, the tubel oader pawl tips 524 are
owered over tube 8 which, I n_ conbination wW.th t . ' t he
upper j aw ZZO?Hserv ai’@"?@ﬁﬁ?a@f'@ §ppf5atu%ﬁggoéglgg?o P#émltboﬁvg]%{%@ﬁ%b&g?ﬁwor
openi ng on t hgarfet BstAprikesi 4 eamf follewasvarnh, & cam follower which is elastically extensive
from the cam follower arm and a spring to provide the elastic extension.

10 12. The automatic loading apparatus according to Claim 11 further comprising a
cam in sliding engagement with the cam follower, an encoder operable to determine
the position of the cam and a sensor operable to determine the position of the jaw
carrier.

15 13. The automatic loading apparatus according to Claim 12, wherein the
combination of the determination of the cam position by the encoder, the elastic
extension of the cam follower from the jaw carrier and, by coaction with the layshaft,
the position of the pawl tip is operablé to detect a misload of the tube.

20 14. The automatic loading apparatus according to Claim 11 and further comprising
a cam having a compound surface. \

15.  The automatic loading apparatus according to Claim 14, wherein the cam
follower arm comprises a locking arm associated therewith and cooperative with the

25 compound surface to inelastically lock the cam follower arm in a pump operating
position.

16.  The automatic loading apparatus according to Claim 3, wherein the slot
cooperates with the tube capture surface to slide the tube over the platen into contact
30 with the tube stop.



Should a tube be partially inserted into the punp 10, yet remain wholly
outside the tubeway 8, the tube reject surface 532 will operate in
conbination with nesting slots 582, which are also resident on | ower jaw
222, to expel the tube 5 fromthe punp. In the event of a tube 5 bel ng 20

| oaded partially within the tubeway and partially exteri ofwtss e
m sl oad activating surface 530 will serve to pinch .the t§soR BEES
m sl oad activating surface 530 and the a4¥%oci at ed secti onf of eﬁEﬁ’kACEﬂe
downst ream pl at en 500, the upstream platen 800, or the | oWeT
t hereby actuate a m sl oad detection as descri-bed herein. Another
possibility 25 cont enpl at ed VOLUMETRICSINFUSIONtFUMPaw tip 524 is wherein

the tube 5 is inserted into the tubeway 8 yet has not been fully
drawn into contact with the tubestops 576. In this event, the tube
capture surippegad28 wll serve to draw the tube 5 rearwardly and into
contact with the tubestops 576 and t hereby

-29 -

A medical infusion pump is disclosed which provides for greatly improved
accuracy in the delivery of medicaments to a patient. Among the various features
included in the instant invention is a pumping body which serves to deform and reform
a tube so as to maintain the initial cross section thereof and thereby preserve the
output accuracy of the pump. Also disclosed with regard to the pumping body is a
wholly mechanical synchronization of the pumping body and valves associated
therewith and coactive with the aforementioned synchronization a mechanical
linearization of output of the pumping body per each pumping cycle. Additionally,
several features which serve to enhance the utility of the instant invention are also
included therein among which is an associated assembly operative to automatically
load or disload a tube or IV set into or out of the pumping body. Associated with the
assembly operative to automatically load or disload a tube and disclosed herein is an
assembly operative to selectively open or close a slide clamp associated with the tube
in such a way as to ensure that the tube is occluded such that in combination with the
valves associated with the pumping body, a condition of free-flow of medicament is
never realized. Additionally disclosed are sensor housings adapted to measure various
quantities associated with fluid flowing through the tube wherein the housings are with
associated components adapted to achieve a substantially normal orientation with
respect to the sidewall of the tube and in achieving of such normal orientation,
expressing an essentially zero elastic stress gradient across the tube. '

(Figure 1)



execute a correct | oading of the tube. The conbination of the tube reject
surface 532, the msload activating surface 530 and the tube capture

surface 528 provides for a sharp discontinuity between the various
possibilities for | oadi ng scenarios aforenentioned. 5 The
vertical tube capture surface 528 additionally works in conbi nati on
with the angl ed tube engagi ng surface 526 and the horizont al t ube

engagi ng surface 525 to hold the tube I¥3ecurel y agai nst the tube stops
576 and to provide for a deformation of the tube 5 by co-action of the

angl ed surface 526, the horizontal surface 525 and the tube stop 576
to lock the tube 10 securely into the tubeway 8 when the | ongitudinal

t ubeway aperture is cl osed as well as to provide substantially ful
face engagenent of the tube 5 with the associ at ed sensors

The downstream pl aten 500, or the correspondi ng upstream pl aten 800,
are preferably constructed of a nolded plastic such as glass filled 15

pol yphenyl sul fi de. The downstream pl aten 500 serves a variety of functions.
The tubel oader bearing cupo502 provides for a nounting area for the

t ubel oader powertrain. Gear box sidewal I s 503A serve to house
t he tubel oader gearset 560 which_conprises two helical geaos 562, 564
i n a perpendi cul ar arrangenent 20 as to frangger rotation froma fore
and aft nounted tubel oader |notor 55 T0 A hg tNansverse t ybel oader
canshaft 510. The downstream pl at en boX\ hqusi ng/Turt her
conprehends a canshaft bush|ng ragce
< OQ 0
0
0
0 \ L0

FIG. |



serves to support the downstream canshaft bushing 568 in which the
canshaft noves. The forward section of the downstream platen 500 25
conprises the downstream valve anvil 570 as well as the tenperature sensors
ports 572 and the |ower air sensor transducer housing 574. Abaft of these
areas are a plurality of tube stops 576 which serve to support the tube 5
- 30- _ rearwardly so as to provide controlled conformation of the
tube 5 when in | t he | oaded condition. Abaft of the tube
supports 576, the downstream pl aten 5002f &kt her provi des for the
downstream sensor pivot slot 578 which, in concert wwth 5 associated
apparatus, serves to correctly |ocate the downstream sensor array as
shal | be described. The rear barrier wall 580, cooperative with chassis




14, serves as a fluid barrier between tube 5 and the el ectrical conponents
behind the rear barrier wall 580. The rear barrier wall 580 is affixed to

t he chassis 14 by fasteners and additionally serves a fastening point
for the 10 downstream t ube present sensor switch 346.

Returning to the foreward edge of the downstream platen 500, a

plurality of tubel oader pawl nesting slots 582 are seen. These pawl slots
582, in conbination with the tubel oader paw s 514 and the chanfered
forward edge 584 of the downstream pl &g 500, serve to pronote a correct
15 loading of the tube 5 into the punp 10 by allowing the pawls 514 to
lift and -push the tube rearwardly agai nst the tube stops 576. Qutward
of the outernost of the pawl ngsting slots 582, a tube retaining
detent 584 serves to retain thetube 5 in a position adapted to be
captured by the paw s 514 durif@y initial placenent of the tube 5
within the tubeway 8 defined by the 20 rai sed pawl s 514 and the
downst ream pl at en 500 when the tubel oadi ng pbly is in a state

al | owi ng the ube5to be | 0gg€0 Y Fo—ataseaescri bed, the

t ubel oader -bo\ 550 dri vesg /y of gears, the

t ubel oader/scans) SN not or .
The tubel/ater) : R gear set
534 oper@tivegto provide

agai nst iIrag pl aced t ontact therewi th and
resi dent ayshaft 512

955



-31 - The tubel oader notor shaft 536 extends forwardly from
t he t ubel oader notor 550 and passes through the tubel oader notor
nount 538 by way of a central aperture 540 therein. The
t ubel oader motor shaft 536 has a flat 542 defined therein which 5 IS
operative to provide a seat for the tubel oader drive gear setscrew 544
which is inserted through a threaded setscrew aperture 546 in the
t ubel oader drive gear 562 and thek&bYy fix the rotation of the
t ubel oader drive gear 562 to that of the tubel oader notor shaft 536.
The tubel oader drive gear 536 is a helical cut gear wherein the teeth 10
t hereof are about the circunferential periphery thereof. These teeth engage
correspondi ng teeth on the face of the tubel oader canshaft gear 564,
t her eby al | ow ng perpendi cul ar actuation of the transversely nounted
canshaft 510 by the | ongitudinally nmounted tubel oader notor 550.
The tubel oader canshaft gear 5 is releasably engaged with the 15
canshaft 510 by neans of a slilnable engager@nt pin 588.
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The canshaft clutch pin 588 is cooperative with a clutch slot 590 on
the rear or inboard facing face of the canshaft gear 564. The clutchpin 588
resides transversely to the canshaft 510 in a | ongitudinal clutchpin slot

592 defined through the canshaft 510. A |ongitudi nal actuator pin 594
coaxially 20 enpl aced within the canshaft 510 and in endw se contact with
the clutchpin 588 serves to selectively insert and allow the

wi t hdrawal of the clutch pin 5885?4%h1engagenent with the clutch slot
590 on canshaft gear 564. A bi asing spring 596 is |located within the
canshaft 510 and in opposition to t he | ongi tudi nal actuator pin 594.
The outboard end 598 of the actuator pin 25 594 is rounded to all ow
sliding contact therewi-th by the associ ated conmponent .

Handwheel 600 provides a housing for a pivoting clutch tab 602 whi ch

conprises on its inboard facing surfacega clutch fam 604 which is in
-32 - ' ~
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sliding engagenment with the outboard end 598 of actuator pin 594. The
clutch tab 602 is interior to handwheel 600 and is hinged thereto by a

clutch tab pivot pin 606. In operation, actuation of the clutch tab
602 by tilting sanme about clutch tab pivot pin 606 will cause the
clutch cam604 to inpinge 5 on and depress the outboard end 598 of the
actuator pin 594 causing the actuator pin 594 to nove inwardly

agai nst clutch biasing spring 596 and g,31:. noving clutch pin 588 inwardly
and out of contact with the clutch slot 590 in canshaft gear 564,
thereby allow ng the canshaft 510 to be freely rotated manual |y by

means of handwheel 600 w thout rotating the canshaft gear 10 564.

The canshaft 510 is one of the three primary datum shafts resident in

the punp 10. The canshaft supports two conpound cans denoted as the
downstream cam 610 and the upstream cam 620. The downstream
and upstream cans 610, 620 conprise, noving 15 outwardly from chassis, a
canshaft deadstop 612, 622, a tubel oaded paw cam 614, 624 which is
itself a conpound cam and val ve | oadi ng cam 618, 628.

The canshaft deadstops 612, 622 work in cooperation with the chassi s
rotator stops 28, 30 to provide a positive stog ior canshaft rotation. 20
Associ ated el ectronics sense the stall condifi h of the tubel oader notor
550 and interrupt power thereto when tf/he canshaft deadstops 612, 622
are in contact with the'chassis rotatpr stops 28, 30 during an
initial indexing cycle of 'the tubel odder assenbly, thereafter the

t ubel oader 550 in comnbination

10

100

08

102
12

(Te

32

FIG. S

106 116



wi th the tubel oader encoder 702, 704, 705 will back-count fromthe rotator
25 stops 28, 30 and under control of associated software interrupt power
to the t ubel oader nmotor 550 prior to the deadstops 612, 622 making
contact with the chassis rotator stops 28, 30.

-33 - Movi ng outwardly fromthe canshaft deadstops 612,
622, the t ubel oader paw cans 614, 624 serve to actuate the

t ubel oader pawl s 514. AdditionaﬁV?} each of the tubel oader pawl cans
614, 624 has a | ocking surface 616, 626 which serves to activate a
second, rigidly affixed lifting 5 foll ower associated wth the tubel oader
| ayshaft 512 so as to provide a positive fixation of the associated
el enents when the |ayshaft 512 reaches the end of its travel.
Qutward of the paw cans 614, 624 are the valve | oading cans 618,

00

104

22




628. These cans serve
during the | oading op
in cooperation

Qut ernost on the cans
The downstream sensor
operative to raise or
upstream sensor armc
sensor arm actuating

i nt egral
t he cans associ at ed

pi ns driven transver
t hrough the G haft_
all of the lo ng ne
t ubeway 8. Additi onal
ot her el ements which
t ubel oader pawl s 514.
defines that area clo

ﬁg

to lift the valves 412, 414 out of the tubeway 8 10
eration. The val ve | oading cans acconplish this lift
with the val ve | oadi ng tangs 440 as af oredescri bed.
haft 510 reside the sensor armcans 630, 632.

arm cam 630 conprises a single surface and is

| ower the downstggesm sensor arm 15 The
am 632, however, is a compound cam havi ng a
surface 634 and, |ocated outwardly therefrom and
t herpyspih, ACIFTAMEN Te( glianp | oader crank 650. Al'l of
ith cansHaft 510 are fastened thereto by hel i cal

|y through the hubs of the variousjcans and 20

510 __ . The_t ubel cader. |Layshaft. 512 supports
nbers associated with placipg|the tube 5 in the
ly, the | ayshaft serves to/piyotally support

tesithan the
25 |mherein
pper jaw

are driven at ‘differing
| nner nost al ong | ayshaft 51
ser to chassis 14, are the

i nner nost
paw s 652,

654. The| upper jaw pawl s are bi din an ubmard position by
nmeans of hel i ca] pre-load springs 656~which are moTnd about | ayshaft
512 and are
l
0
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SHUTTLE DISPLACEMENT (MM)
FIG. 7
346 502
_ <¥“"?
576 gi%%%%?
",.‘“} R _— 580
501 ,.@.‘ / o
570: AQ\’ —
/"§ 503A
\ "g 5//'1.5
N ARSI ses
v, AN
CRRSONSA  ==
\§§ \%/"'x § 5038
330 / A /1{] N 578
572 N -
582 574 584



-34 - hooked to and have one end hooked to the torsion spring

stops 45 and 47, associ ated with the tubel oader |ayshaft apertures
44, 46. The ot her end of the preload spring 656 being hooked onto the
respective upper jaw carrier 652, 654. Each of the upper jaw carriers
652, 654 further conmprises a 5 forwardly extending arm portion 658 which
has a downwardly ai med term nus 96@31 Forwardly extending arm portion
658 is adapted, in conbination with upper jawtie rod 662, to support
t he upper punp jaw 220. The downwardly extending term ni 60 of
t he upper jaw carrier 652, 654 further define a distinctive

t ubel oading tip shape, as nentioned in the 10 description of the

t ubel oader pawl s 514. Located rearward of the forwardly
extendi ng arm ponrtion 658, a spring sl 664 is fornmed in the
upperjaw carrier [|652, 654 and is operative to retain the associated
torsion springs §56 therein. The upper jawj|carrier 652, 654 have

further defined bi furcated central portiqn 667 which is 15 adapted to
retain the upper §aw carrier |ocking tangs }668 in the interstice of
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the bifurcated central portion 667 of the associ ated upper jaw carrier 652,
654. Extending rearwardly of the central area 667, an upper °
jaw carrier cam foll ower arm 670 has defined therein an upper jaw cam
foll ower port 20 672 which is adapted to receive the upper jaw carrier
arm cam fol | oners 674. The upper jaw camfollowers 674 are slidingly
retained in the upper jaw cam fol |l ower ports 672 and are biased

agai nst tubel oader paw cam 614, 1®231 by prel oad-spring 675. The

pur pose behind this being that should a tube 5 be m sl oaded beneath
the upper jaw 220 or pawls 514, a sensor associated 25 wth the position
of the upper jaw 220 and in conbination with a tubel oader encoder
702, 704, 705, associate Lth the tubel oader notor armature shaft

701, will detect that tlhe upper jaw 220 and | ayshaft 514 have ceased their
notion while the t Fet-er—conttuesr o rotaty as the cl earance
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bet ween the upper jaw carrier camfollower arm670 and the radially
extensi ve seat 676 of the upper jaw camfollower 674 is closed. An

el ectronic detection circuit will record this differential notion and cause
t he t ubel oader notor 550 to reverse its rotation, opening the upper
jaw 220 and 5 t ubel oader pawl s 514 thereby expelling the tube 5.

To assure a final fixed registration of the upper jaw 220 and the ot her
assenblies driven by |ayshaft 514, théjiéﬂklng foll ower 668 rides up on the
| ocki ng surfaces 616, 626 of the tubel oader pawl cam or |ayshaft drive cam
614, 624, and is adjustably fixed relative to the upper jaw carrier arm
652, 10 654 by neans of adjustnent screws 680. The upper jaw carriers are

fixed to l|-ayshaft 512 by nmeans of spital pins so as to actuate a
co-rotation thereof. As seen in Figure 16, noving outwardly
fromthe upper jaw carrier arnms are the valve spring retainers 450.
Qutward of the valve spring retainers 450 resides the innernost of
the tubel oader pawls 514 as 15 aforedescribed. Associ at ed
with, and pivotal about |ayshaft 51%; are ohe upstreamgand downst r eam

sensor carrier arms 690. As it is necessar% fof“themtube 5 to be

conpletely |l oaded in the tubeway 8 before t\he pI| at™n of the associated
sensors, the sensor carrier afm 690 act uat ed by s parate and del ayed
cam20 wth respect to action of the rest of onents affixed to

| ayshaft 512. Associ at e mnth exc he s carrylng arnms 690 is
a downwardly ext e@li ng sen arn1c n1 ol | ving a downward
bi ased spring -
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694 associated therewith. Affixed to a central portion of the sensor

carrying arm 690 and in substantially opposing contact with the
sensor arm cam 630, 25 632 is the sensor arm openi ng spring 696 which, in
the preferred enbodi ment is a leaf spring. This arrangenent allows
for both the opening of and the closure of the sensor array
associated with the upstream or downst ream sensor carri-er arm 690 by
a single camrespectively. 12731
-36 - As can be seen in Fégure 16, the sensor arm 690
further conprises a forward forcipate.end 698 which is operative in
conbi nation with a sensor handl e pin 799 inserted thereacross, to
support the associ ated sensor sub- assenbly. 5
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SENSORS ASSOCI ATED W TH THE TUBELOADER SUB- ASSEMBLY As
recited previously, there are a plurality of sensors associated with

the sensor arm 690 of the tubel oader sub-assenbly. The npbst downstream
of these sensors is the ultrasonic air detection apparatus or transducer
728 as 10 shown in Figure 22. The ultrasonic transducer 728 acts in
concert with a second transducerygignment |ocated in the downstream
pl aten 500, as af oredescri bed. The ultrasonic transducer 728 is
housed in a conpoundly pi votal housing 720. This sensor housing 720
conprises a vertically split housi ng body including a transducer
cavity 724. The housing 720 further 15 conprises a substantially
horizontally axially extensive suspension slot 722 whi ch, itself,
conprehends an oval joining ring 725, which is defined by a
substantially oval and | ongitudinally extensive sensor arm pin retainer

723. The suspension slot 722 serves to capture the sensor handle pin
799, while al l owi ng the sensor assenbly 720 to nove in fore and aft
relation thereto. 20 The sensor assenbly 720 is further restrained by the
vertically disposed sensor arm pivot slot 578 in conbination with
sensor housing lift pin 721, which is retained in |ift pin ports 726
and 746 allow ng vertical axial notion thereof, to allow the sensor
720 to roll over or tilt against the top of tube 5 when the sensor

arm cam 630 actuates the substantially downward notion of 25 the forward
forcipate end of the sensor arm690. This ability to roll over, or
conversely execute a rocking nottg;,mﬁth respect to the tube 5, allows the
sensor housing 720 to cone int 'dfﬂbstantially vertical conpressive

cont act Wi th the~t ube<€, s allows the tube to be extended or

412

FIG. 13 e



-37 - across the face of the associ ated sensor, thereby
elimnating either a vol unetric or stress gradient in the tube 5
beneath the associ ated sensor so as to i nprove the accuracy of
response of the sensor associated with, or connected to, housing 720.
Essentially all of the sensors associated with, or 5 actuated by, sensor
arm 690 execute the above described nd#i/3d so as to achi eve the above
~described result. The next sensor_| ocated inboardly of the
ultrasonic air detection t ransducer 720 (Es t he downstream prgssure
sensor whi ch resides in housing 734.gThemsensor i se conprises a
fairly standard, full bridge array on a 16 deflegtid e

defl ecti on beam 740 is actuated by a sensiAg foot &= T N udes
a substantially hem spherical tip 738. The j 798 is
surrounded by a coni cal «




deflectability of the deflection beam 740 is controlled by seat pin 742 and
stiffener. 744 in conjunction with sensor foot fastener 743. The 15

hem spherical foot tip 738, in conbination with a conical circunferenti al
encl osure thereof has, to achieve nmaxi num accuracy, the requirenent that
the conbination of the foot tip 738 and the conical enclosure be enpl aced
on the tube 5 in an essentially nornal orientation thereto. which is
achi eved by use of a compound rddde¥l arrangement, as previously
descri bed, associated 20 wth the transducer housing 720 as shown Fi gure
21. In this sensor, being contiguous with the ultrasonic detector

720, the conpound rocking notion thereof is actuated by the lift pin
721 and oval rocker slot 722 of the t ransducer housi ng 720.

The correspondi ng upstream pressure senso 4 esident in housing 750, 25

760 provi des an essential | y_siw+arTayol ave that the rocker assenbly is
unitary with the housi al ves 750, 760 and the rocker slot associated
herewith i s denoted a$ .@égrean1slot 758 ggfined in the upstreamrocker
handl e 756 whi ch i ncl { Aval Tnserts 7% and further conprises a separate

414

444

440

436
432

FIG. I5B  \ 45



-38 - lift pin 752 riding in an associ ated vertical slot 810 in

t he upstream pl at en 800. Also associated with the tubel oader assenbly
is the tubel oader notor encoder as aforementioned. The encoder

conpri ses an encoder flag wheel 702 which, in the preferred

enbodi nent, conprehends a tubel oader encoder 5 flag wheel hub 702A and a
plurality of flags 702F, resident theralgghiind is t he tubel oader
encoder support collar 703 which serves to support the t ubel oader
encoder optical switches 704, 705 and is affixed to notor 550 via

pi nch clanp 706 and further supports the optical swtch printed circuit

boar d 707. 10 The downstream platen 500 al so gerves to
support a plurality of tenperature sens@ s which consi stz of

therm stors 754T and 755T which are gbsﬂEted to the domﬁ%trean1platen
500 by nmeans of gaskets 760T and are qsuﬁborted from bel dgw by the
therm stor support 762T. 15 06’ DE GLAVP LOADER
SUB- ASSEMBLY The slide clanp | dade S

rel ated sensors are general |y associj at k

800. The upstream pl aten 800 conpri
barrier wall 801 which is connected by ¥

fluid barrier wall 801 serves witd the rear wall
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20 of the chassis and the rear wall of the downstream platen 500 to
effectively seal the electronic assenblies fromfluid ingress.
Mrroring the downstream pl aten 500, the upstream platen 800 further
has defined thereon a tube sweep chanfer 812. Wth the substantially
i dentical chanfer resident on the shuttle facing interior side of the
downstream pl aten 500, the upstreamtubg/3neep 25 chanfer 812 accounts
for forward shift of the tube therefor. The forward faci ng edge of
the upstream platen 800 future defines a plurality of t ubel oader paw
nesting slots 803 which are identical functioning to the t ubel oader
paw nesting slots 582. Furthernore, the upstream platen further

- 39 - has defined therein a simlar forward facing chanfer as the
downst ream pl aten chanfer 584.
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The upstream platen further has defined thereon the upstreamval ve

anvil 805 and a plurality of tube stops 809 of simlar function to the tube
5 stops 576 associated with the downstream pl aten 500. The upstream

pl at en further receives support fromthe upstreamend of the valve

pi vot shaft 410 residing in carrier 807. The upstream nost end of the
upstream pl aten 800 further haside¢Bilned on the exterior peripheral
edge t hereof a upstream tube retaining detent 842 which is identical
in function and cooperative with the 10 correspondi ng downstream t ube
retai ning detent 584. The base of the upstream pl aten 800 further has
defined thereon a slide clanp | oading groove 856. This groove, in
conbination with the upper slide clanp channel 824 resident in slide
clanp carrier 814, serves to capture the slide clanp 895 t hr ough

whi ch passes tube 5. Additionally, pkeserd in the ide clanp 15 channel
824 are a plurality of slide clanp | ggativg ping A, 824B whi ch

serve to provide, in conbination with an asymmetric slide glanp 895, a
preferred orientation of the sli%e clanp 895 and t hereby as the slide clanp
895 is already resident on thg twbe 5, \a preferred/| oadi ngydirection of the

tube 5 into the punp 10. 20 4 The Blidefcljfanp | oa eﬁjassenbly IS
driven by canshaft 510 anﬁgis actuN €d by|the slid¢g clranp | oadi ng
crank .650. The slide clamm | oadi ng .ﬂ~\“ank 650 has i/mserted therein a
slide clanmp | oadi ng crank pin 804 upon 4\ Y Swhi chri |idet clamp
actuat or bushing 802. The retati om\of t\»ﬁ HANK s onveﬂ%ed into a
substantially linear ion b 'vﬁk§n dp e 25 slide clanp
actuat or bushing 802 and the sli ¢@ aw%k“ﬁx by’ nmeans of
motion of the slid® clahp-actuat §r HessNINENSQR he/sl i de-€l anp
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travel er bushing race 813. The slide clanmp traveler 815, in cooperation
wth the slide clanp clam pin 826, provides substantially fore and
aft notion of -40 -

the slide clanp clans 820, 830, which are operative to grasp and rel easably
retain the slide clanp 895. The slide clanp clans 820, 830 are in a
substantial ly scissorlike arrangenment 9gtB respect to each other and reside
in the slide clanp clam shell 832, which is operative to allow fore
and aft 5 notion of the slide clanp clans 820, 830 therein. The

t ubel oader paw s further serve to raise the slide clanp shield 811.
This ensures that the slide clanp 895 will not be accidentally
renoved fromthe punp 10 as the position of the slide clanp traveler
815 provides that shield or visor 811 wll be in a | owered position
at such tine as the pu 10 is in operation, thereby

FIG. 18B
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10 precl udi ng renoval of the slide clanp fromthe slide clanp groove 856.
As aforenentioned, slide clanp 895 is adapted to be gripped by the '
slide clamp clanms 820, 830. This is achieved by a cooperation between the
slide clanmp 895, having detents or grippable elenents inpressed therein,

and the slide clanp | oader clamtips 820, 822 which are essentially
barblike so as 15 to ensure retenti or®3khe slide clanp 895 when the

cl ans are engaged. In operation the slide clanp |oader
functions in concert with the t ubel oager assepf {0 ensure correct

| oadi ng of the tube 5 and the associqged sliu@ , R 895. After the
t ubel oader pawl s 514 cl ose about the AR SRy Je cl anp | oadi ng
assenbly, specifically the slide cla | ans 82083 ) close onto the
slide clanmp resident about the tu a i Wi siNde cl amp

owers into
its operating position, and subsequent to the

|l owering to close off the tube % the clan
895 into the slide clanp groove 856, thgre
25 slides past tube 5 which is being® et ai

844. The cam arrangenent ve | oadi rf§ cam races
120, 122 and the tube | oader he slide clanmp wll
be cl osed by a reverse of the ég itgd/ notign of the slide clanp
895 with respect to the 0

FIG. 19



-41 - tube 5 prior to the tube being in a condition allow ng

renoval thereof from t he tubeway 8. SENSORS

ASSOCI ATED W TH THE SLI DE CLAMP LQADER 5 The slide clanp | oader
has two primary sensors associated therew th. The first of these
sensors is resident in the upstream platen 800 about the slide clam

groove 856. This sensor is denoted thglzgide cl anp positioning

sensor. The slide clanp positioning sensor is |ocated on sensor base 880.
Resi dent on sensor base 880 are two light emtting diodes 872 and 876 which
10 are positioned in a fore and aft arrangenment on a first side of the
slide clanmp groove 856. Dianetrically opposed to the light emtting
di odes 872, 876 across the slide clanmp groove 856, are a
correspondi ng pair of photocells 870, 874. The photocells 870, 874
are al so arranged fore and aft to align with the diodes 872, 876. The
di odes 872, 876 emt light into a first or 15 transmtting pair of |ight

pi pes 864, 868 which extend upwardly above the upstream pl aten 800 on
one side of the slide clanp groove 856. The |ight

- | 600

FIG. ISA



pi pes 868, 864 termnate in 45 degree internal reflecting surfaces 863

whi ch " serve to bend the output of the diodes 872, 876 into horizontal
beans transverse to the slide clanp groove 856 at a height suitable
for intersection 20 of the beanms with a slide clanp 895 present in the
groove 856. A correspondi ng set of receiving light pipes 860, 862
across fromthe transmtting |ig,4i pes 864, 868 serve to receive
the light beamemtted by t he diod%s 872, 876 and transmt same down
to the receiving photocells 870, 874 thus putting the |light sources
and sensors in photonic comunication. 25 The receiving |light pipes 860,
862 al so conprehend 45 degree internal reflecting surfaces 863 in
opposing relation to those of transmtting |ight pi pes 864, 868.
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In operation the slide clanp sensors serve to identify both the

position and presence of a slide clanp 895 in the slide clanp | oader sub-
assenbly. The two sensor sets corresponding to the outer photocell 874 and
the inner photocell 870 work in concert to accurately display the |ocation
of 5 the slide clanp 895 within the | oader sub-assenbly. Specifically,

the two sensors 874 and 870 det%gqﬁqe the location of the slide clanp
895 accordi ng to the following truth table wherein high denotes a
beamtransmtted across the slide clanp groove 856 and | ow denotes a
condition wherein reception of a specific beamis absent. 10

Quter Beam | nner Beam No Slide danp Hi gh

Hi gh Cl anp Present & Open Low Low

Clamp Present & O osed Hi gh Low Clamp Not Fully
Honme Low - . Hi gh 15 As can be seen fromthis table,
the duality of the sensor array all ows not only a detection of the
presence or absence of the slide clanp 895, but al so detection of the
position thereof within the slide clanmp groove 856 and, therefore, as
the tube 5is in a fixed |location within the tubeway 8, an i ndi cation
of the state of the slide clanp 895, nanely opened or closed, is 20 al so
provi ded. Al so associated with the slide clanp | oader
sub-assenbly, a mcro switch 882 in conbination with an actuator

882A, which is operated by crank pin 804, serves to detect operation
of the tubel oader canshaft 510 by 512
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means of handwheel 600 and with associated electronics will register an 25
al ar m when handwheel 600 is rotated.

-43 - THE PUMP HOUSI NG

The | ast of the mmjor sub-assenblies associated with the punp 10 is

t he punp housing 900. In general aspect, the housing 900, as well as the
punp assenbly 10, is adapted to be stansd e vertically so as to allow, in
an 5 alternative enbodinment, a plurality of punps 10 to be driven off of

a single associ ated control nodul e. The punp housi ng 900
provides for an attachnment and fixation point for the notor nount
strap 955 which serves to support the punp notor 24 and the
t ubel oader notor 550, which are supported in resilient grommets
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10 960, 965, which have associated therewith rotation-suppressing indents
970, 972 which serve to hold securely the two notors 24, 550 and
suppress torsional vibration thereof with the co-action of the

i ndents 970, 972 and the correspondi ng i ndent - engagi ng keys 972A,

972B. The case 900 further consists of a tubeway access sl ot
904 which has 15 an upstream end 9022§Zgla downstream end 901, wherein
both the upstream end 902 and t he downstream end 901 are

geonetrically adapted to formdrip - loops in the tube 5 by neans of a
downwar dl y angl ed orientation of each of t he tubeway access slot ends.
901, 902. This geonetric adaptation of the t ubeway sl ot ends 901, 902
serves to ensure a confornmation of the tube 5 20 which serves to prevent
fluid ingress of the punp 10 from | eaks associ at ed with fluid

delivery conmponents exterior to the punp 10. The housi ng 900 further
has defined therein an access port 906 agepted to receive therein the

t ubel oader canshaft handmﬁﬁel 600 so as MQui de access thereto by an
operator. 25 ~
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-44 - CONCLUSI ON Thi s
description of the preferred enbodi nent of the instant invention

is indicative of that enbodi ment presently preferred and shoul d not be
deened to restrict the scope of the instant invention in any way nore 5
restrictive than the scope of the C ains appended hereto, and other and
equi val ent enbodi nents of the instant 26&htion are to be deened as
expressly included in the clained elenents of the instant invention.
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45 VWhat is clainmed is: 1. An automatic | oadi ng apparatus for
| oading a fluid carrying tube into an infusion 5 punp wherein the

| oadi ng apparatus has associated therewith a platen and a | oadi ng paw
having a tip, said tip having a tube rejection surface, a m sl oad
activating surface, a tube capture surface, an angled tube engagi ng
surface and a horizontal tube engagidng surface di sposed about the

peri phery thereof. 10 2. The autonmatic | oadi ng apparatus according to
Claim 1, wherein the platen conprises a slot adapted to receive the
paw tip. 3. The automatic | oadi ng apparatus according to Caim
2, wherein the platen further conprises a tube stop defined thereon.
15 4, The automatic | oadi ng apparatus according to Claim3, wherein
the tubestop in cooperation with the horizontal tube engagi ng surface
and the angl ed tube engagi ng




surface are operable to lockingly retain the tube in the punp. 20 5. .
The autonatic | oading apparatus according to Caim?2, wherein the slot is
operabl e in cooperation with the tube capture surface to draw the tube into
t he punp. 6. The automatic | oadi ng apparatus according to Claim
2, wherein the platen is ext ensi ve beyond the slot. 25 7.

The autonmatic | oadi ng apparat us accor %leto Claim6, wherein the m sl oad
activating surface is operable to conpressively engage the tube agai nst the

pl aten exterior to the slot. 30 8. The automatic | oading
apparatus according to Claim1l, wherein the paw conprises a collet
and a layshaft to which the collet is circunferentially engaged, said
| ayshaft being operable to actuate said paw . 9. The autonatic

| oadi ng apparatus according to Caim@8 further conprising a 35 punp j aw
carrier associated with the [ayshaft.




46 10. The automatic | oadi ng apparatus according to Claim9,
wherein the punp jaw carrier is affixed to the layshaft. 5 11
The autonmatic | oadi ng apparatus according to Claim9, wherein the punp jaw
carrier conprises a camfollower arm a camfollower which is elastically

ext ensive fromthe camfollower armand a spring to provide the

el asti c extension. 10 12. The awtoymti c | oadi ng apparatus accordi ng
to Claim1l further conprising a camin sliding engagenent with the
cam fol |l ower, an encoder operable to determ ne the position of the cam

and a sensor operable to determ ne the position of the jaw carrier.




15 13. The autonatic | oadi ng apparatus according to Claim 12, wherein

t he conbi nation of the determ nation of the cam position by the
encoder, the elastic extension of the camfollower fromthe jaw
carrier and, by coaction with the |ayshaft, t he position of the paw
tip is operable to detect a m sload of the tube. 20 14. The automatic
| oadi ng apparatus according to Caim111l and further conpri sing a cam
havi ng a conpound surface. 15.30/3Fhe automatic | oadi ng appar at us
according to Claim 14, wherein the cam foll ower arm conprises a

| ocki ng arm associ ated therewith and cooperative with the 25 conpound
surface to inelastically lock the camfollower armin a punp operating

posi tion. 16. The autonmatic | oadi ng apparatus according to Claim
3, wherein the sl ot cooperates with the tube capture surface to slide
the tube over the platen into contact 30 wth the tube stop.
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/W SEARCH REPORT | Application No. 0000047-1

TEXT OF THE ABSTRACT

VOLUMETRIC INFUSION PUMP

A medical infusion pump (1) is disclosed which provides for greatly improved accuracy in the
delivery of medicaments to a patient. Among the various features included in the instant
invention is a pumping body which serves to deform and reform a tube (8) so as to maintain
the initial cross section thereof and thereby preserve the output accuracy of the pump. Also
disclosed with regard to the pumping body is a wholly mechanical synchronization of the
pumping body and valves associated therewith and coactive with the aforementioned
synchronization a mechanical linearization of output of the pumping body per each pumping
cycle. Additionally, several features which serve to enhance the utility of the instant invention
are also included therein among which is an associated assembly operative to automatically
load or disload a tube (8) or IV set into or out of the pumping body. Associated with the
assembly operative to automatically load or disload a tube (8) and disclosed herein is an
assembly operative to selectively open or close a slide clamp associated with the tube (8) in
such a way as to ensure that the tube is occluded such that in combination with the valves
associated with the pumping body, a condition of free-flow of medicament is never realized.
Additionally disclosed are sensor housings adapted to measure various quantities associated
with fluid flowing through the tube wherein the housings are with associated components
adapted to achieve a substantially normal orientation with respect to the sidewall of the tube

- (8) and in achieving of such normal orientation, expressing an essentially zero elastic stress
gradient across the tube.

Figure 1.
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