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BACKGROUND OF THE | NVENTI ON Previ ous medi cal infusion plhps
have conprehended a w de variety of methods for punping fluids into a
patient. The nbst comon of these 10 “1hpt hods has been a peristaltic punp.

In a peristaltic punp, a plurality of actuators @r mm serve to
massage a parenteral fluid delivery tube in a su & rally Iinear

progression. The primary problem associated with peristaltic punping
technol ogy is that the tubeVOLUMPERICHNFUSIGR®UME i n an

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 common of these

10 methods has been a peristaltic 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 results
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

of the specific pumping device to ensure that the IV set is loaded



I dentical manner, thereby over the course of tinme destroying the elastic 15
recovery properties of. the tube so that the tube maintains a conpressed
aspect. This destruction of the elastic recovery properties of the tube
results in the volunetric output of the punp changi ng nmarkedly over
time. Anot her common type of punp.gsed in the volunetric delivery of
medi cal fluids is commonly known as a cassette punp. Although
cassette punps do not 20 display the fairly rapid degradation of
performance as evidenced in a peristaltic punp, they require a fairly
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- 2- 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
50, Ioaciing 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
precautions 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 degradation of accuracy nentioned above, great difficulty is

encountered in correctly | oadi ng3the 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 eS$isy Palent'd]055 D02 b Natwick enslo disclbges mﬁiﬂﬁxsﬁrﬁgﬁﬁfﬁpto assure
that the tube is correctl | oaded into the punp. Even | oadi ng
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hospital staffs t ensure that critical errors are mnim zed.
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occur when an IV set is installed or renoved from a punp

hospi t al $tafliasmemmtasx\ﬁgmaop@&m@te!thanlg)&haadonﬂethai\teadtaerrpts to
assure that free-flow, gon ons.do nof. occur,,a denonstrabl e need
for additi ondUmPINg ﬁ@%&ﬁﬁ‘lﬁt&’@ ﬁY%c?%‘éF“t AR ESEREfent i on of a free- flow
condition has beenyg, Patentzwﬁtaﬂglwsémﬁ&rkﬁﬁﬂ&e?énﬂﬁ@lﬁ@ﬁﬁhﬁeﬂﬁh{‘gﬂS

U.S. Patent 5,199,852 to Danby. di scloses a punping arra
including a sandnbtand;aNeuﬂ&teraIvennﬁbimsnnang aqmlnmnggbodyflopdtethnt tubing first

'n therebetween wherein both the inlet valve mechanism and the outlet valve
10  mechanism 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.

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 programmable controller within the

pump.



one direction locally to reduce its volume, and in another direction
t endi ng to restore its original cross-section and on either side of
t he squeezi ng device, inlet and outl et valves which operate by
occluding the tubing. The 25 control of the valves is by a plurality of
notors controlled by a mcro- processor. U S. Patent
5,151,091 to Danby et al. discloses a puffpi ng device whi ch
alternately conpresses and reforns a section of tubing.
-3 - U S. Patent 5,055,001 to Natwick et al. discloses an
I nf usi on punp with spring controlled val ves designed to open at a
speci fic predet erm M&S. Patent 4,@?@,&12umlassawalla discloses a meBicaPamifesidén 3, 489, 097
to Genei nhardt discloses a flexible tube p
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 handles.
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 extracorporeal heart.

SUMMARY AND OBIECTS OF THE INVENTION
The instant invention provides for an infusion pump wherein the
pump has a 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.



5 having a unitary fixture operative to act as an inlet and outlet valve
and a punpi ng body | ocated therebetween, driven off an eccentric.

U S. Patent 2,922,379 to Schultz discloses a nmulti-line punp having

an inlet and an outl et val ve mechani sm and a punpi ng body | ocated

t her ebet ween wherein both the inlet val ve nmechanismand the outlet valve 10

mechani smare driven froma single cafi- U.S. Patent 3,359,910
to Lat ham di scl oses a cam driven punp having inlet and outl et val ves
driven froma single camand a punp body driven by an eccentric
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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 pawis 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 information on the state of the fluid passing
throixgh 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 directed to providing



-4- U S. Patent 4,273,121 to Jassawal | a di scl oses a nedi cal
I nfusi on ~ systemincluding a cassette and a defornmabl e di aphragm and
inlet and outl et wi nhdows whi ch are oceludable 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 sipofidonadlQocation tof did shgittlehs v-stiaped slovdfofenidtibiddd valve punp havi ng
a jointed armpivotally, attached at one end to a drive nenber and at
the other end ©BemtipRyHidesiamp location, migloaddeteetios, and masual wppration of rot ary

cam act uat or - Mok 80 Rk NERAR ! ©

The sensors relating to 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.
1t 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 a pumping cycle.
It is another object of the invention to provide for a plurality 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
Tecovery 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



urge against the armand reciprocate the drive nenber.

u. S

Pat ent 4,850,817 to Nason et al. discloses a nechanical drive 15 system

f.or a nedication infusion system conprising a cassett

e punp wherein

i nside the cassette a single camdrives the inlet and outlet val ves as well

as t he punp nechani sm U S. Patent

5,252,044 to Rai nes

di scl oses a cassette punp. -7-U.S. Patent 3,606,596 to Edwards
di scl oses a drug di spensi ng punp. 20 U S. Patent 3,518,033 to

Ander son di scl oses an extracorporeal heart.
AND OBJECTS OF THE | NVENTI ON - The i nstant

SUMVARY
I nvention provides

for an i nf usistide glamp sdneoraiperaﬁve to sense whethpr theslide plampi aforemedtionddi ch

consists of g v xggped ove extending 25 ||ongitudi
assenbly and 1582" d therewith a fixed,

nally along a punp
and a noveabl e jaw and

a plurality of valyes.! aff&t %je&iéfliﬁéin?%&ftotﬂ?&iﬂé for a shaped groove

or shuttle

synchronized, automatic closure of the slide clamp at all times when a free

5 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.

1t is a further object of the invention to provide for an infusion pump

capable of sensing an incorrectly automatically loaded IV set and further

10  capable of releasing the set from the pump in a state operative to prevent

free flow of medicament through the set.

1t 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.

15 It is an additional object of the invention to provide for a
synchronization 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

smteﬂ -
20 It is an additional object of the invention to provide

for a 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

aforementioned.

member

It is another object of the invention to provide a cam associated with

25  the pumping member wherein the cam is operative 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.



- 5- I n operation, an operator such as a nurse or patient

woul d commence I nfusi on of a nedi canent by inserting a standard |V
set tube into a tube | oading orifice located on the front of the
punp. Additionally, the operator woul d sinmul taneously insert a slide
clanp which is associated with the tube 5 into a appropriate slide clanmp
orifice located upstream i.e. nore towasd the fluid source, of the
tube |l oading orifice. The operator would then actuate a t ube | oadi ng
sequence in which a series of pawls 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- r . i pg.cycl.e 10
progresses the j avvsﬁgﬁg pa%@%gfgg@gé%‘?gp&?ﬁoeﬁﬁ)u de%eacglg@g# : ﬁ'"?ﬁént{ ube

within t bfepunnb ewpyt bySearyingtthe kpegd af thehsunysihy efenfepse to occl ude the
tube, the slide . cl arEQ,wo | d be moved to a position such that the
slide clanp woul d n¥ isanad lvmﬁgewe@dzﬁth@mvph@rt@mvr@pgwmwpm of

: . . . ) : i oh Ld det .
ehe porping. spbiipin chff 87 4t Bnf of aninnG Y AR AR B ecoire
the punp i s acpumaping nwieeei n fluid is drawn fromthe fluid source and

expelled fromthe punp in a constant and netered anount .
Shoul d the tube be Kiist Sathes obiecioofithe invehidomio providador aibpdrodyhianic

ori oo 3PP ol he, AU RS kb Sh e abdly B BS8 OF U @ o1t
pumping cycle.

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.

It is a further 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 1t 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,



At the end of the infusion, actuation by an operator would serve to
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 medicanent in addition to the sensors recited 25
previ ously which provide information on the state of the fluid passing

t hrough the punp, the punp conprehends®a variety of sensors operative to
provi de 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 orement i oned, vdlitisea further objeetr afl thoinvestiondte providefdracplutatiey ofri S| oad

det ecti on, an(ga};mnual, oper.at | on, of t he tubel oadi ng assenbl y.
shafts associated with the single datum body and cooperative therewith to fix

the relative location of the various elements of the pump.
It is an additional object of the invention 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.

1t is 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 preferred 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.



The sensors relating to the state of the fluid being passed through the 5
punp have thensel ves been inproved with regard to accuracy. This has

been acconplished by the devel opnment 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 neiither a volunetricl®or a stress gradi ent across the
tube. 10 Therefore, it is a primary object of the invention to

provi de for an i nfusi on punp capable to delivering an accurate vol une
of medi cament using a standard infusion set. It is

anot her obj ect of t IFigifevistandsorhelrio vivw oftheRalvelcdf IaAdseHhe main  having a
punpi ng shuttle and val ves associ ated therewith, wherein the 15 punpi ng
shuttl e and valdf¥§ c8fe nechanical |y synchroni zed. It is a

further object of t I nwent i on .t r.ovi de i pfusi o havi n
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r a plu val v

obj ect of the invention to provide ralirty o es in an
i nfusi on puhp dinearization of tiee fluidwetpuar e adapted to occl ude an i nf usi on
set tube while havi a shape .adapt.ed,to pronpte the el astic recovery
of the tube when thgggléﬁe Sjal 1sqmetc xiew plthe dpwpstream platen. It is an

addi tional object Ofgjii@ 9 #3\4EHH ; o VAN [ pafes] havi ng
enhanced resi stance t% medi cgi?%&r)\&earlrg%lrgéseg\t% pr%gfgﬁgr@%gé}m%n angle
autonatical |y |wwidbe simpeovidesrgliveasiomgaoedction fo thé pumpfidisplaemeat. -

It is a further objegt of the inventjon to provide, in the

af or ement i oned i nf ugiB¥eJOH acmsssectionakvewisybstantially alongdine Arh ef rors, a
10  Figure 1,

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 184 is a plan view of the downstream platen showing a pawl
in engagement with a tube,
Figure 18B is a plan view of a tubeloading 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 adc_i'#_i onal primary object of the
I nvention to provide for an I nfust 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 | oaded IV set and further 10 capabl e of
rel easi ng the set Figume I9eismnrassambled viewtaf the tubaloader camshafeanght free
fl ow of nedi & nt thr%Jrgh t he set.

oader motor.

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 isométn'c 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.



It is another object of the invention to provide an autotubel oader
assenbly operative to automatically |oad and unload a standard IV set from

an associ ated i nfusion punp. 15 It is an additional object of the
i nvention to provide for a synchroni zation of the slide clanp state
and the val ve state such that when one of the valves is in an open
state, the second of the valves is in a_ﬁ_osed state and when both
valves are in an open state, the slide clanp is in a cl osed state. 20

It is an additional object of the invention to provide for a partial cycle
of the punping nenber inmediately subsequent to the tubel oading cycle, so

t nsure that the_tube i roperly seated in the punpi ng nenber
Zfsor gmeant i oned. DETAH‘FD%‘%FR%‘%%?WWD@“gf)wgﬂmg'vent ion to
provi de a cam associﬁﬁ%&feﬁéd%%boﬁxﬂ&t%?ﬁf%iﬁga%ﬁﬁgﬂﬁoﬂ@ﬁxﬁﬁ g.sstenﬁlfam i s

operative to.linearize the out put e It is a
further object 18fconsists ofia phtrality af suHassembiied mslhewnéinlﬁgmblll; whidh

' d t he ,cour se, of ing cycle,
PUPI NG Spee %\ésf(r)rm various associated ﬁmgggxg m%oncyert 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 a 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 therein 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 side 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.



I't is another object of the invention to provide a further |inearization

of punp output by varying the speed of the punping nenber. I t
i.s an additional object of the invention to provide a variability in
punpi ng out put over the course of an infusion by varying the speed of the

5 punpi ng nenber. It ig a further object of the invention
to provide for a hydrodynam c as8istance in the elastic recovery of
the tube during the fill portion of a punpi ng cycl e. I t

i s anot her object of the invention to provide a punping body 10 havi ng an
aspect adapted to be assenbled with other punping bodies into a

mul ti pl e channel @Satrbeforerwvings26ds anbpstreamtfiuid bagrier tab 27A and a It is a
further object of the. ipvention &ﬁgprqvi de for a,tubge] oadi assenbly

n

havi ng pawl s 9eu¥asiream flyid basrier tab 2{B which arg;cqopgratixg v éhevﬁhld%iqmme
punp. 15 | arﬁf&’&\%fs& [ y ' | lon to provide
for a sensor actuator s _slfng an aﬁﬁg tua't?fgﬁlagcgssse Iﬁfggig%om ated with the
housi ng adaptshitld between theffluid sourcs @Vstube bnset)udixlt the tissatiased rebsotridal cont act

with the tube. It is agl addi t.i onal obgect of the invention to
provi de fdr @ppemyislocated abaft of the combined fluid stop assembly composed of the

three elements aforementioned.

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.



housi ng and an actuati on assenbly operative to place a sensor in contact
with 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 gradi ent of the tube beneathihe sensor is essentially zero. 25
It is another object of the invention to provide for a single datum
body operative to fix the relative | ocation of the various elenents within
t he punp -9 -

It is a furthe'r obj ?ﬁ%p?ﬁ%EWO} E&g%%mggﬁé@éﬁé%?tﬂi%Uﬂ%éﬁﬁhi ty of

shafts associated wt si ngle coopera erewith to
fix This motor is preferably a variable speed d.c. motor having an internal speed
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 pump 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 coliet 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 to 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 sensofs, 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 wheél 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
substantial'ly 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



the relative location of the various el enments of the punp. | t
is an additional object of the invention to provide a conpact nmeans 5

for punping a medi canment. It is a further object of the
i nvention to provide for a fluid seal barrier operative to prevent
fluid ingress to various electrical components of t he punp.

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

areas exterior to the punp. It is a further object of the
I nvention to provide for manual neans actuati ng the automatic
t ube | oadi ng ﬁe@‘ﬁﬂsé’e from the hub 72‘°ﬂ’ﬁ8§§79ndnl9tmp%?lb €Hbf the instant

i nvention w | I ion of the
preferred errbégg%gg%t%s Q?gﬁﬂ %%%%%eﬁ%ﬁh appeeg’c%{dﬁéer eto. -
BRI EF DESCRI Wmﬂdﬁr%ﬁwm wherem the cyhndn&lgjéﬁﬁml% éxté@flisi Sonmetric

view of the conplete punp assenbly. ure I s an expl oded

vi ew of the formpardu-ds (70 and the annular portion; %@@A%Mnmpdlpded Vi ew
iOfsoﬁrgter |mc)g \?r ‘53}‘? ﬁﬁ“’%ﬁ‘gégﬂ%gg% ‘y@tﬁ %Wﬁﬁftt%t he as Elog:J;teeg Iolztt 321
shafts. Annular portion 80 further defines a motor shaft port 82 which is

coextensive 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 the 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 the 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 Jand 106 act cooperatively to

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



25 Figure 4 is an isonetric view of the index wheel and the

associ at ed sensor. Figure 5 is a face-on plan view of
the punp drive cam - 10
- Figure 6 is an isonetric view of the valve camlands on

t he main drive cam Figure 7 is a graph show ng the

rel ati on between |inear displacenent -16- of the shuttle and volunetric

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 graph of displaced volune of the tube

;/ﬁresga ngagﬁi 23??&%‘% yit%é@e&m VORI Piis 46 Sctevelt B 3n! dteRBiof QF ygCL i on to
change in radial 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 inverse-sinc
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, the_élteration of the cam profile, as herein
described, provides a markedly more linear output by increasing the shuttle
| 15  speed during the middle 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 being 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 positions 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 10 is a cross-sectional view substantially along line A-A of 10

Figure 1. Figure 11 is an isonetric view of the rear of the
shuttl e platen and shuttl e. Figure 12 is an expl oded
view of the punp notor encoder. Figure 13 is an isonetric view
of the val ve sub-assenbly. 15 Figure 14 is an expl oded vi ew of
the val ve sub-assenbly as shown in -17- Fi gure 13. Fi gure 15A
is an isonetric view of substantially the rear and side of one of the
val ves. Figure 15B is an isonetric view show ng substantially

the bottom or 20 tube-facing side of one of the valves.
Figure 16 is an erﬂbMeaﬂmMonfoftoh@utmtmhﬂaMelecﬂomﬂgWy

Figure 17 is an.isonetric view of t ream n_.show ng the

tuge pr esent P8 %WW%WQ&P“WVR €?§]eb°s“b5 & y d mﬁ‘bgre 18 is an
e el vt St he! Belrbg ek 908 5hud U8 SBRIN ode £ of cam 100 is o © 194 1, @
pl an vi ew of the wnst eamp en s vm ng a engagénent with

a tube. As can be sedn, thereark@® ol coneenttiavalve eash ddnds 120pEINaT thes pawl .
Figure 19 is an expl oded vi ew_of. the tubel oader canshaft.

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 embodiment 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 s 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. -18Fi 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

e o P o ol S s s 196 e iU
Figure 27 is asurfasef@iof ichassiseld. dThd tefative Isbationd efhe shuttle platen 130 with
respect to the chassis 14 is defined by register pins 138 in the forward
chassis surface 53 for which corresponding shuttle platen register ports 140
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 which

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 theréof between the pump drive cam lands
106, 108. The shuttle drive cam follower 144 rides on the sﬁutﬁe 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.



Figure 28 is an isonetric view of the slide clanp sensor and the

associ at ed upstream pl at en. Figure 29 is an isonetric view of
t he downstream platen with the tenperature sensors in an expl oded

vi ew t her ebeneat h. 20 Figure 30 is an isonetric view of the punp
housi ng. - 12 -

DETAI LED DESCRI PTI ON OF THE PREFERRED-EVBODI MENT 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 associated functions in concert with the punp sub-assenbly
5 12 The shuttle platen 130 completes the datum or register point set based

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 plurality 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



THE PUM SUB- ASSEMBLY The punp sub-assenbly, as seen in Figure
2, conprises a hpusing 14 to which various associated el enents are

af fi xed. Housing or chassis 14 is 10 preferably nmade of a nol ded plastic
so as to speed assenbly and fabrication t hereof. Chassis 14 further
conprises an aft plate 16 forned integrgb W th chassis 14, wherein
aft plate 16 has defined therein a plurdfity of apertures.

Mot or shaft aperture 18 is substantially centrally located 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 notor_ nounting holes 22
whi ch ar ehanpels d46A affithe sbpttle platen dBY, and@royiderp fixation ofhetht aperture

18. These hql es ,ser. t ool t e agcurately pu t 4.1in
conbi nati on wi M‘g{q}@“ﬂ andYﬁ%f@PgégW‘h %th@%bpr?“&%@@?‘iﬁé%e chassis
14. Abaft of thegaft chassis plate 16 are a plurality of nounting
W ngs 26 which are operative to securely 20 fix the chassis to the
downst ream pl at en 5Whe frontsuefices201hef thesnstle 200wefinde a pump grobvé he chassi s
14 and the upstream %@t'ﬁ'ﬁial ocated on the upstream side of the

t

chassi s 1435 whép&hise RPERAWS: esindent 204 gis of @ ubatantiallyrshaped which i s

of o Ctne. agiBrion pi fas {rhal Blon oifie SPL BIRAIRET, | of 7

t herefrom 25 .conformation ofishestebe 5 and-thg grodveapertire 204 astenthd dube\§ fsher

defines a pl ur&l [ teci: of . apertures substantially transverse to the punp
not or axis 32 CEIHef i ned as being coaxial with punp notor shaft
20.

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, 310to
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 pl aten aft plate 580
to provide a fluid shield between the fluid source (I1V tube or set)

and the associated electrical 5 apparatus | ocated abaft of the conbi ned
fluid stop assenbly conposed of the “#“'~ three el enents aforenentioned.
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 datumpoint to fix the relative |ocations of the
various 10 sedondswitobBi@ o sensethedriddled1iMbof 4 hibsequentflsg PO4.t Thizssoci at ed
with these apertures, This st%Ie of manufacture_provides an accurate

and robust magAgsement ailgws forigreates; tioqeofametpr shadtpasitipna®@dnni | st provi di ng
an econony Ofgrestion as read by the encoder 300.

In this presently preferred embodiment, the resolution of encoder 300

5  is 173072 of a rotation of motor shaft 20. The encoder assembly 300 resides

in a pump motor encoder support collar 312 which is a sliding fit over motor
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, further 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



measured points requiring adjustment to ensure correct operation of the
devi ce. 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 | ocate the valve pivot shaft 410 relative to the chassis

14. The second such apertuf®-set supports the tubel oader
canshaft 510 20 and is denoted as the tubel oader canshaft ports 40, 42.
The third such aperture serves to support and |locate, relative to the
chassis 14, the tubel oader layshaft 512 and is denoted the tubel oader

| ayshaft plagalityt off magnbfs 3245.326, Shuttle position sdisor highéts 334,cIpcpert ure set
serves to allow access of the punp_ val ve 25 cam actuators 422, to the

interior of tHEC¥ALGRRAsIE poles R theshydadiallswiteh\322, so as torovidearfighér t s 46,
ouse the  ESHBSEHE Bl PR GR Y e BB i st o0 1
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 sub-assembly, in Figures 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



- 14 - The punp notor 24 is the aftnost elenment of this

sub-assenbly. This notor is preferably a variable speed d.c. notor
havi ng an internal speed reducti on gearbox 54 which in the preferred
enbodi ment provides a 64 to 1 reducti on of notor speed. 5

The output of the punp notor gearbox 54 is punp shaft 20. Punp shaf t
20, as aforedescribed, extends axially2¥i-nto cavity 52 via punp shaft
aperture 18. Interior to cavity 52 and in circunferentia
engagenent with punp shaft 20 is drive collet 56. Drive collet 56 has

a further nechanical 10 engagenent wth punp shaft 20 via a conbi nation

of a plural i 4y0ehd 6@ supported therebh dly/ah@ piuit beariips 416p4 ESHAhGRe shaft 20 so
as to provide a polﬁgonal.surface . operative to engage grubscrews 60
whi ch t hr ead clearagog it ento|pivotshafy A 10 and into valvesstlde 444 ubscrew hol es 62 whi ch

are situated radighly and tr varsel y t o s aft .axis 32 though drive
collet 56. Drive ?%'F?‘g? Vg].é"q gﬁ’h@# %gﬂﬁ’gﬂ ‘Hgﬂndf%ﬂyf’ﬁg}ee"pﬁtrﬁa’ﬁri ve pin
aperture 61 Whive!d12and SoddwiitBah vitvie@13!,| The apstrehmtallel 412 out war dl 'y
from punp shaft axis 32 and is operative to support and drive fixing
pin 63 i rs cocomptisasia pivotchearing aparture 420 edapssl taradcepb thereistoathe  20.
e oy ”g&%ﬁb&%ﬁ&%&f&g Q8T herely vt about valve givbt shag "0

410. The upstream valve 412 further comprises an upstream valveshaft

aperture 422 which is located axially parallel to the pivot shaft 410 and

substantially vertically displaced therefrom. The upstream valveshaft

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 operaﬁve 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  so as to 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 valve
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



20

determ ne the
defined there
whi ch are abo

wherein the h

| ndex wheel 64 is operative, with associated sensors, to
| ocation of the punp el enents. The i ndex wheel has
ina first radial slot 66 and a second radial slot 68,
ut the periphery of i ndex wheel 64. These two slots are
| ocat ed 180 degrees away from each ot her. 25 The i ndex
wheel 64 is conprised of a wheel disc ﬁ&?fion 70 and a hub portion 72
ub portion 72 is radially interior to and substantial ly
t he i ndex

forward of the wheel disc portion 70. The hub portion 72 of
wheel 64 is connected to the wheel disc 70 by a plurality of webs
74 extensive fbedtihsealadduringithe approptiate pad of theumpbeyeler whiter f urt her

comprefends 2 i 65'enk 219t hO B LT SLBIR S R0 76 2

10

15

approximation of its initial shape when the valve blade 432 is lifted from the
tube 5.

The rounded vertex 438 of the valve blade 434 defines a .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
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 partial
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
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
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
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

a



transverse annul ar portion 80, wherein the cylindrical portion 76 extends
forward of disc plate 70 and the annul ar 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 ang.a fixing pin port 84 |ocated

out war d fromthe notor shaft port 82 and parallel therewith. The
notor shaft port 82 all ows the notor shaft 20 to pass through the

i ndex wheel 64 while the 10 fixing pin port 84 enforces co-rotation of
the notor shaft 20 and the index wheel 64 when fixing pin 63 is

i nserted theraé@nemsntened tubeloader layshaft-gerasde aeqommadate the naetianrefthe her ei n t wo
access portsvg_gv @% W@‘Ch al l ow access to the collet grub screws 60.
These hub accéss Poéri's™e6, 88 are accessible fromthe exterior of the

chassis 14 via setTHRCdWHsBEAR YaIVEATY iDfesiddRt on the valgsp%vh'@t“'sﬁﬁtmid ng the index

wheel 64 and forward of the annul ar portion ereof, resides the

punp drive cadjaced totswshuitle 200y sThedewnstieammalve 414 is esseatially® consi sts of a
front face area 1Q2 and rear fa e, front face

104. Th
area 102 T ur (RETaGAES PEBe Bl ReivE 4 LEan 2 pipns grpnsverse to PR  nt er f or
cam | and 108.5,JQ16%h& Gis ay@ﬂﬂofﬁ{e%k&ﬁat&?&bﬁx@rﬁgﬁf&@?xrps ¢Rve are

cooperatively formed so as"to provide positive actuatron of punp cam
fol | ower 110.412he agkwersedorientadioaas sedn infkigorad4l SAhesdobaBtredm&alvee non- | i near

with respect to the vayjation of distance of variou artsg of the |ands
106, 1 BRI ARG 5 MPTSREd 0 Tign.the gownsiream Valvel cam iqlowest ar y t o

l'i near noti onys@QRMEe difer vAfve B lag€92PY cam 100, 25 i ntroduces
non-linear error, as shown 1 n Flgure % in the volunetric output of
the punpiov t h r esHrtaction bf the tivasvaiwes 412 £4114 is sadhathat atmoctitee dedagt s) . The

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 3324,
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



aspect of the interior Iand 108 and the exterior |and 106 act cooperatively
to achieve a first order correction of this error so as to linearize
t he out put of - 16 -

the punp with respect to volune. This is achieved by an alteration of the
change in radial displacenent of the camglands 106, 108 with respect to the
not or shaft axis 32 as aforedescribed so as to mnimze the effects of

angul ar error on the accuracy of the punp. 5 Speci fically,
to a first approxi mati on the cam executes an inverse sine function as
determ ned by the ragdj al,.di.gt nce of the nds. 106 108 rom-t

shaft axis 32. sensor?ﬁ 330'wi E‘@Lﬁ’e}"%‘qﬂ? 8l# spesi ctlﬁeméﬁgr acteristic
vol unetric out gitf 48¥e am locatios. ube bet ween two v-grooves executing a

relative notion i1s a non-linear
Residing outwardly from each valve 412, 414 and separated

therefrom on valve 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 determine
-the actual physical presence or abscnée of the IV tube in the pump 10. Each
of the 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
forwardly 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 valve 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 rearwardly
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 préscnt, the

tube sensor blade tip 344 rests on the associated vaive 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



10 function of displacenent 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 the alteration of the camprofile, as herein
descri bed, provides a markedly nore Itgggr out put by increasing the shuttle
15 speed during the mddle of the stroke (between 30 degrees and 60
degrees of cam angl e) and decreasing the speed of the shuttle 200 at
t he begi nning and end of the stroke. As seen in Figure
9, this variable linear velocitngéovides a significantux nor e

b

li neari sed vofamsbeftisdOsnd the tubpleader dayshafpl2.; Thessdwarshafty AR S12, in near

bet ween 30 de 40 variation . bet ween
dpuar d and dosyaaoR it e SEYE R P EI 38vie idpuitRiny Balpoints 71
the cam  for the relativddbeutioh$16f e WatiGusrdsSisitdich andiisoiag Rldmientcam | ands
106, 108 in face on aspect, shows the various cam positions clearly.

As shown, t hethsreofcthroughog the pumpaEhedocationsofptbesei thres shafts is shown

correspondi ng, tQ. do rd and u rd. . . novenent s o he shuttle 200.

Al so seen’ar e“ﬂ%ﬂ'fcm%o iX e_nﬂx%\,'ﬁll%nm@ﬁpumpto ?SFé&#shénénl et and

outlet val vesepehyao e etiakdsl145he Pahp shBctarIHs BeqRddxkd without @gSC! i bed.
necessity 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

10  which are driven by camshaft 510 rotate 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

15  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

20  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.

25 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.



-17- Further linearization of output is controlled

electronically via a position sensitive speed control which shall be
subsequent |y descri bed. 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

val ve cam |l and 120 drives the upstream-<28al et) val ve and the outer

val ve cam |l and 122 drives the downstream (outlet) valve. As can be

seen, at no tine are the inlet and outlet valves sinultaneously
operated, thereby positively preventing a free flow condition of

g\regi ;?Fgﬂzg'ed to 10Thﬁ%%@é%§w&ﬂper v F'{/%ﬂgyn%hromw on Zs-(feﬁghgﬁztzhe

i nner val ve canf thedip defines a hafizontal thbecengaging surfhoec525aan aagied fibé are at
differing radii_as, rreagfg rom t he punp shaft axis 32.

The rear hub 1$B238iNgSH ac‘ﬁ’iﬁ‘%@‘bﬁl@ﬁmﬁeﬁ'“fﬁé% S8 rm»gta&gxbm 100 ¢
124 whi ch Yo rive. cam o]
ggrtthat ofltche {)%’djgcu%%}rgoﬁ%&aég Vi a IXI ng plﬁ%g{kaﬁée% &OEfSB 8% t o that

of notor 5  53hofittheékterior side thereof; and the aforementioned surfaces are

disposed on the periphery of the pawl tip. These surfaces operate in concert
~with the downstream platen 500.

The design comprehended by tubeloader-pawl tip 524 is repeated on

the lower edge of the 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 partially 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



Mot or shaft 20 is capped by nosebearing 126 which is | ocated

| mredi ately afore cam 100. The notor shaft 20 passes through cam 100 via
cam notor shaft port 127 defined centrally in the cam 100. Surroundi ng 20
cam notor shaft port 127 is the forward cam annul us 128 which serves as a

| ash adj ustnment for cam 100 fl oat along notor shaft 20 between collet 56
and nosebearing 126. In t4e preferred enbodi nent of the

i nstant 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 chasgkéutdd togect kshding of the tube. (Thercdnibinatiof of dwt wbetgeashi ch connect
shuttle platen 130 to forward chassis surface 53 via a plurality of

fastener por serfacgf3detheyaislaad activating sprface $i0and the tube capture surface
528 provides for a sharp discontinuity 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 S03A 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



130 and a second plurality of fastener ports 136 defined in the forward
surface 53 of chassis 14. The relative |location of the shuttle platen 130
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 platen
130. Shuttle platen 130 addtti onal | y has defined therethrough
a shuttle drive camfoll ower throughport 142 which is defined to
allow the shuttle actuating camfollower 144 access to the shuttle
drive cam 100. The front surface of the shuttle platen 146 defines a
plurality of chearwatdy sa8s topmmideicontdolledtdoaformation of B@QubeS wdes in These
shuttle pl atenmcrf%s 48 are of a | ow friction finish so as to

all ow free nov HO%ht t | e 200 t her eacr oss. The front shuttle

platen surface 146 fwmmgmggm{tscggp’r t&%l&%@@ 5%6%“;@%%“ are

operative to limt torsional nove e shuttle shuttle

200 perforns i tpsovidasifontheldownstream sensofpivot I inst whidR, inasnedrowitiient i oned,
al | ows passage theyethrough cam fol | ower 144, Camfollower 144 is

of
an annul ar r ol 2$5°Ci3ed,3pp » 8§T¥es to correctly logats iths-doynsirgars SERspr AFFRY on

t hereof betweegqk dRclbd 9{93* 15&@2 ttle drive
cam f ol | owner 1% é@d%; on t%%fé/e’gﬁu tle ru?/"éngﬁ% &Bﬁgﬂ%}‘%ﬁr esides in
the shuttle drildgsqrves asecfioid bhbrferdetweenitobdoand thelelastridal edmporegs f ront

surface 201 of the shuttle 200. The drive pin 154 further conprises a

head 158 whi chbpling ths reer barmen wal S8l Theirear basrierawalbi&this tghehut t| e
Pt ve s BV e ORGSR B P38
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 576. Qutward 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.



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 fol |l oner 144.

- 19 - The shuttle platen 130 conpl etes the datum or
regi ster point set based on meastri ng | ocations throughout the punp
10 fromthe chassis 14 and associ at ed conponents. The

shuttle platen side rails 150, 152 have forward surfaces 162, 164 5 upon
which are located a plurality of datum surfaces 168, 170. These datum
pads 168, 170 ar e Thpaubdloader motdrishaft 586 extsadsrfosvdrdiynfrathithe | e 200 to t hat of
foed PRibeudadtr motor 350'and passey thiough the ibeloader motor mount 538 by o o
way of a central aperture 540 therein.
| The tubeloader motor shaft 536 has a flat 542 defined therein which
5 is operative to provide a seat for the tubeloader drive gear setscrew 544
which is inserted through a threaded setscrew aperture 546 in the tubeloader
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
10 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
by the longitudinally mounted tubeloader motor 550.
The tubeloader camshaft gear 564 is releasably engaged with the
15  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
20  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
25 594 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



must be maintained at 0.2 mm This distance is critical due to the punp
geonetry wherein, as shown in Figure 10, the initial deformation of the
tube 10 section acted upon by the punp is dependent upon the |ateral

di st ance bet ween the noving shuttle indent 204 and the fixed, or

non- novi ng, i ndent 206 so as to prgvide a deformation of the
initially circular tube cross-section 77 to an equi angul ar quadril ateral
cross-section. This initial deformation bears on the amount of
closure of the punp tube lunmen 6 as the punp cycles 15 through its stroke;
as the stroke throwis fixed by the |ift of the drive cam | ands 106,
108. The anounslidifig drgapement with tife dutbwapdiend §380ef dctuator gin 584, The the

vol unetric output of_ the punp, per stroke ar cyclge thereof.

The | ower porticﬂﬁc}bqabt‘sﬂzl%m%mfg‘?{’@dﬁ&h q@?“ér’%h"&?‘iﬁ%‘l’@"é‘ﬁ@ﬁ@hve
beyond t he shu e | extension
20 172, 174 ?éy vé%ggaga[t éxéSf ﬁerg‘wﬁﬂﬁgg@%@%@%@mﬁmﬁ% ds 176, 178
whi ch are oper gimy abdu clutch tab givdt pina0tewill caulkethle @lwtch Eam @04 jtaimpiagef r om t he
shuttle 200. The function of these | ower jaw datumpads 176, 178 are

simlar to % heondddepressihe ondogrdisad S981of tharctuatarapin 594 sausingther edescri bed.

Shuttle 200 further  congf, is i Olulr . [e ide 207 25
of the_ shuttleaétg’;’){or%H’ggr%tg%%vﬁuﬁwwg\l@%@g@%ﬁ?% sﬁrg{;g %VeG_f]ﬁ‘rqcejd therei n a
plurality of sindléng dluich pa0$88 ihkardly iaflé ool contiePwitheh®lRtchtslotesdpo provi de
for a mnimzation of friction betwi xt the shuttle 200 and the

shuttle plat eninggnshaft gear 5t4e tharehyealiawing tregamshalt S0 sabe fraelyiratated f ul |
face engagenentma%lily g)k,l fheans of handwheel 600 without rotating the camshaft gear

10 564.

The camshaft 510 is one of the three primary datum shafts resident in
the pumnp 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 cdmpound 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.



-20 - channel s 146A of the shuttle platen 130, and provide a

fixation of both | ongitudinal and | ateral |ash between the shuttle
200 and the shuttle platen 130. The front surfaces 201
of the shuttle 200 defines a punp groove s aperture 204. This aperture,

or indent 204, is of a substantially v-shaped cross-section and has a
rounded interior corner 211 so as to D:%Vide for a conformati on of
the tube 5 and the groove aperture 204 when the tube 5 is | oaded

t herei n. The rear surface 207 of the shuttle 200 further has

defined therein a 10 plurality of pockets 203 arranged in a substantially
vertical array. ThMdedng outwarglydkeh sho@imshafe deadlstopedl12,66220theai N a plurality

Che' | near pourelsaler Bk rans €14, o8 prve eachet the iibeloader pawls 314, o
Additionally, each of the tubeloader pawl cams 614, 624 has a locking
surface 616, 626 which serves to activate a second, rigidly affixed lifting

5  follower associated with the tubeloader layshaft 512 so as to provide a
positive fixation of the associated elements when the layshaft 512 reaches the
end of its travel.

Outward of the pawl cams 614, 624 are the valve loading cams 618,
628. These cams serve to lift the valves 412, 414 out of the tubeway 8

10  during the loading oper#tion. 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
20  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
layshaft 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



15 _ SENSORS ASSOCI ATED W TH THE PUMP SUB- ASSEMBLY

The punp sub-assenbly, as previously described, has associ ated

therewith a plurality of sensors which are operative to provide information
as to the function and | ocation of the various el enents thereof.

The aftnost of the sensors is the drive tor shaft encoder 300. This 20
sensor conprises an encoder flag wheel 302 which is attached to the
armature shaft 303 of notor 24. The punp notor flag wheel 302 has, in the
preferred enbodi nent of the instant invention, twelve flags 304 extending
radially outwardly fromthe hub 306 thereof. These flags 304
act in concert toendhrvesne eadihoekedo sstorsdarospring2gops 45 andt4% | ocat i on

ool 5,8 T2 eyl 398 1 BB Rl i B0 6 Hioer o ot LSS
T ons for o tipet e B o6 teRiy hitked PRoTH: SRR SR Sier 0 the
-21 - 652, 654. Each of the upper jaw carriers 652, 654 further comprises a
5  forwardly extending arm portion 658 which has a downwardly aimed -
terminus 660. Forwardly extending arm portion 658 is adaptbd, in
combination with upper jaw tie rod 662, to support the 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

ccam 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
5 be misloaded beneath the upper jaw 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



second switch 310 to sense the middl e 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 nent, the resolution of encoder 300 5 is 1/3072 of a
rotation of notor shaft 20. The encoder_ assenbly 300 resides in a
punp notor encoder support collar 312°¥ich is a sliding fit over notor
housing 24 and is affixed thereto by pinch clanp 313. The

not or encoder 300 senses arnmature shaft 303 rotation directly.

However, as there are nmechani sns resident between the armature shaft 303 10
and t he shut thetwenGhe hpper flaw caneies cam follevatasinré?0.and the radially Movi ng

forward al ong notor sh is 32,.o0ne returns .inde wheel 64. As
af or ement i onéé?mﬁwaé?t%%éé’ﬁ APRESIAY ‘anh?‘ﬁfm 6%‘?13 closed. M cunferentially
coext ensi ve radi V4.6l : , : [ it t hese
slots is an i"?{%@l‘iﬁh“e"gﬁcag’g?? %’éﬁ@%ﬁe&g@ %%jﬁlff ﬁgﬁsﬁé@glrﬂgo%%ﬁ %’83 a 15

li ght emittingbalbozide nidldr 550do aevepsetitsqatation) S ening the vppettja® 2BO and
The i ndex wheel sensor 314 is cooperative with the index wheel 64 and

the sl otsS 66, tulpdoadeepawls b tharehy expellingithe BBAS- | nf or mati on of the
tati [ | ti § . | ti ,
Lhe i ndex whoe sciuipurs andit BRef WeblzaBOR bt te poge jaw, 220 and fhe bfhef D07 500

to provide t hissenftdieh dtiogaby laySiaurnSi4i, et REKINE fdllower 668 ﬁdeﬁih{@ﬁtth@nm
i nformati on of the nmotor shaft 20. The index wheel sensor tines
locking surfaces 616, 626 of the tubeloader pawl cam or layshaft drive cam

614,.624, and is adjustably fixed relative to the upper jaw carrier arm 652,

10 . 654 by means of adjustment screws 680. The upper jaw carriers are fixed to
layshaft 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 carrying 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.



t he passage of each of the slots 66, 68 past the index wheel switch 314.

The two slots 66, 68 are of differing wdths so as to provide
information as to whet her the shuttle 200 is begi nning the upstroke
t hereof or the downstroke 25 t hereof, where a first width i ndexes the
upstroke and a second w dth i ndexes t he downstroke.

Associated with the shuttle 200 itself 413-a |inear gross position sensor
320. This sensor conprises a linear position Hall effect sensor 322 and a
-22 - plurality of magnets 324, 326. Shuttle posi ti on sensor

magnets 324, 326 present opposite poles to the shuttle Hall switch

322, so as to provi 48 c@nfbeQbksh in Fi umqrsameeséhs&m@oma RhPisetea an
i ndi ci um of the |inear position of the's huttle
forward forcipate end 698 which is operative in combmanon w1th & sensor
handle pin 799 inserted thereacross, to support the associated sensor sub-

assembly.

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 a2 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 axially 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 af't 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 §, 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



5 The conbi nati on of the encoder 300 and the ot her associ ated

sensors af orenenti oned, provide inputs to a control nechanism which
may 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 vari@P%lity of the output of the punp 10.
Addi tionally, such speed control 10 al'lows for an electronically
controlled linearization of the punp output per . individual stroke as
wel | as inproving the ti'ne integrated output of the punp 10. In the

preferred enbodi nent theﬂfer stroke |inearization of outpdt is
real i zed in coAfRsidke face of the assnciated spasaratheneby elimingtiog €itbend oned. The tine

i nt egrated out f. t y i.S . made re,accurate by. the punp speed 15
bei ng. mar kedl y o iapeis RSB Balifn B i 5L ofiGH As Ret¥pleigfaogo S

di scontinuity to improvethé B&u%?wtmﬂﬁbﬁieidf%@&nmé&m&ﬁ gespect to tine
so as to mnimze'the effects of such discontinuities in output.

As a manuf act wannectecbtoy doising 20.bBssentidlly alhefithe senisorsassociatesli witlnnor

sensor 320 _and the jindex wheel nsor 314 are eglectrically connected to the
20 assoc?at eac?&‘&?ﬁfrﬁ’ sﬁ‘ﬁ%é%i@@%@é‘[ﬁ%ﬁﬁ?%@%‘@%& Bt ed circuit
strip deifle96 tRSatole desiBed RASR! Circuit strip .

THE VALVE SUB- ASSEMBLY The val ve sub-assenbly is shown,

removed from the asEhechext echspulopatedinbogudly efsthe mittagonic pirfdetpatiors 13 and 14.
ivot, shaft 410 which is

-(I:-g(rar ?/levgys g Ea@%&&i@'ﬂ:% 9“@}'? ﬁ‘tg‘s’@g%ﬁg} pregpure s\églso\éﬁﬂgglwadpﬁnm%pgs haft ports
36, 38. Val vesyhlamydddodt iVl BRpHSest fafily> 8&dard, 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
enclosure thereof has, to achieve maximum accuracy, the requirement that
~ the combination of the foot tip 738 and the conical enclosure be emplaced on
the tube S in an essentially normal orientation thereto which is achieved by
use of a compound rocker arrangement, as previously dcsc;il;ed, 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 insérts 754 and further comprises a separate



-23 - 410 and are sypported thereon by val ve pivot bearings 416,
418 which are clearance fit onto pivot shaft 410 and into val ves 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 val ve
412 s conprises a pivot bearing aperture 420 adapted to accept thereinto
t he upst ream val ve pivot bearing 4B8-and thereby pivot about valve

pi vot shaft 410. The upstream val ve 412 further conprises an upstream
val veshaf t aperture 422 which is located axially parallel to the

pi vot shaft 410 and substantially vertically displaced therefrom The

upstream val vesiafgin 82 ridaipcintanr8sctiled verGchd o810 th &xbi\@hti’&kry?ra%ﬁei ve the

upstream val veshaft 424 . therein. The upstream val veshaft 424 extends
lateral |y from 80@ s zssegiated with the tubeloader assemblyiscthe phsloaderometorer i nto

the chassis 14 i a4ty o?erxrﬁe\t/lﬁpl:)r\{e%? "B encoder comprises an encoder flag wheel

702 which, in the preferred embodiment, comprehends a tubeloader encoder
5 - flag wheel hub 702A and a plurality of flags 702F, resident therebehind is
the tubeloader encoder support collar 703 which serves to support the
. tubeloader encoder optical switches 704, 705 and is affixed to motor 550 via
-pinch clamp 706 and further supports the optical switch printed circuit board
707.

10 The downstream platen 500 also serves to support a plurality of
temperature sensors which consist of thermistors 754T and 755T which are
gasketed to the downstream plafexi 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 shuttie
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 pawl nesting slots 803 which are identical functioning to the
tubeloader pawl nesting slots 582. Furthermore, the upstream platen further



aperture 48. The upstream val ve actuator shaft 424 is substantially
cylindrical and has defined therein an outer camrace cutout 426. The outer
15 camrace cutout 426 is operative to allow the upstream val ve actuator

424 to cl ear the outer or downstream val ve race 122 defined on cam
100. The upstream val ve actuator 424 termnates in a camfollower nub
428, which is adapted to suppory3%be upstreamval ve roller cam

foll ower 430. The upstream cam follower 430 is, in the preferred
enbodi ment, a roller bearing 20 so as to provide rolling contact between
the valve camland 120 and the upstream val ve actuator 424.

Returning to valve 412 or. 414, the valve _further conprises a valve
bl ade 432, ashasifishined thersin asimilas forwgsd dacingchamier as fhe dawasteamy v- shaped

cr OSS'SeCtion?lﬁ%ﬁ\rfg%@féeri rst side of the valve blade 434 and the second

25 si de of e bl'ade 436 subtend an angle of approximtely 90
degrees t her Thetpstream dldernfitthethis definad theleoni thé upRicam vadended vert ex
438. The conbi nati on of the included angle and the rounded vertex 438

provi de for aanvil 805 andi plasality-ef tahe stap 80%ef simiar funetioroterthe tubeng

necessiti §° Ogto 3576 z'tsrs]&:u}tgcf‘ With %ae 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 S 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



-24 - tube 5 is sealed during the appropriate part of the punp

cycle while simul 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 434 defines a .0.5 mm curvature. This curvature, in
combination with the 0.7 nmdistance -4- between the val ve bl ade 434 and
the val ve anvil 570, to be discussed 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 ddi al | due Its
def ormati on gf(e %Ihdgcémﬂagm%B 8%& futdl m%ﬁﬁlﬁ?@ﬂgfﬂ Bfger and
lover jaws 2%&mn2taashs@aﬁﬁngs@5dsnﬁamwaa{pc1ms 820,28304Fe M4 Rhi n that portion
of the tube lunmen 6 | ocated adjacent to shuttle 200, and the openi ng

of the inlet subatmmaﬂxzcmwhkq arzangomient with nqp@ﬁt to kachiather anduresitle i 00
Pr 0w <O RS SRRUACI 40, SRR BB kad B 001
\l/J\E;SE:Le?;n%gggg?%eﬂém&%%%g%%ﬂ@d?ﬁgﬂ%éﬁﬁl \(;I%?g{ljﬁs%% val ve duri ﬁgo
t he tube | oadurtheraparedpiraise therslide alamp thicld 821.2 Thisgnsetes itk the stideve spring
clamp 895 will not be accidentally removed from the pump 10 as the
position of the slide clamp traveler 815 provides that shield or visor 811 will
be in a lowered position at such time as the pump 10 is in operation, thereby
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
stide 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 pawis 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 5 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



200 seat tang 442 which extends upwardly fromthe distal end 444 of the
val ve bl ade arm 435. The val ve spring tang 442 defines a val ve spring
ret ai ner port 446 which is operative to provide support for the
distal end 448 of the val ve spring retainer 450. The val ve spring
retai ner 450, in conbination wi th valve spring tang 442, serves to
conpletely capture the valve spring 2541-.452 therebetween. The val ve spring
retai ner 450 conprises a substantially c-shaped base 454 which is
operative to slidingly fit about the tubel oader | ayshaft 512, to be
descri bed subsequently. The val ve spring retainer base 454 is

13500 1O PELTarR e e R e Bk A L BB B ot e

motion of thegpe wbewayd.ve 412, 414.

SENSORS ASSOCIATED WITH THE SLIDE CLAMP LOADER
5 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

10  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 photocells
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

15  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

20  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.

25 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.



The downstream val ve 414 is resident on the valve pivot shaft 410

adj acent to the shuttle 200. The downstream valve 414 is essentially a 5
mrror image of the upstreamvalve 412 about a plane transverse to the

pi vot shaft 410 and displays all of the associated el enents of the
upstream val ve 412 in a reversed orientation as seen in Figure 14.
The downstream val ve actuator armg456 is shortened to align the
downstream val ve cam f ol | ower 458 with the outer valve camland 122.
10 The action of the two valves 412, 414 is such that at no tine
during the punp cycle are both val ves open at the sane tine.

Furt hernore, as bot . the valves 412, 414 and,t huttle 200 are
driven by a singl e_ﬁkﬂpﬁfan?& ‘Eﬁah& éiamPWfffseQesﬁoﬂﬁ?’gﬁxlﬁpﬁé‘i‘%am body 100,
exact synchr onpfidnOmd rede gﬁmﬁ&,ﬁ? 89fmt5he%‘&gg%§1ﬁﬁﬁdd?%ﬁﬂ- shuttl e 200

I's positively "achi eved "by olly mechantcal 1
SENSORS ASSCCI as3driiblW THieTiwie séAdoriseSidBrrasgoRiiBE Yo the outer photocell8Fdandat ed wi t h

each of the valves 412, 414 js a valve notion sensoy, 328, 330. Each
of these val véhﬁmeaahg@ﬁébﬁjégmns%%%m@&ac%sviaéz%locamﬁ%t 332,
334 which s i : L nt nmRansh. p . , 334A in
t he out boa#d e@ggagﬁ%gt%g%%\éﬁ%&gg%%g% u5)." ?g%czﬁ%%@’ the twot her ebel ow,

in the associ adeasory 874 and8v0 detenifline the\Rcation ofathaiskide ¢lamp 8D @bedrding t he
val ve notion sensor Hall switch 328, 330 which, with associ at ed

sof twar e, | i nkiedhe &liawdng truputables whereinhighy denpiasrobeagiransmitied30ss330 t o
that 25 of tﬁg sﬁg‘lr glgmmg?ér%ve%ﬁ%ﬁalfgp&&g%g ravc%ﬁglt'ttign%h%%iﬁ Eg ﬁj&PofLo and

activate an s n operati orrectly.
This is essentg gddcific 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.



acconpl i shed by conparing the expected output of the appropriate valve

-26 - sensor 328, 330 with the expected signal therefromat a
speci fic notor 24 and drive cam | ocati on. Resi di ng
outwardly fromeach valve 412, 414 and separated t herefrom on val ve
pi vot shaft 410 by tube present arm spacers 460 is the 5 t ube present
sensor arm 340. The upstream tube presgfif sensor, in conjunction with
t he downstream tube present sensor, serves to determ ne t he actua
physi cal 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 wpﬁ$ Gthe val ve pivot shaft 410. 10
The tube sensor arm web 338 exte %ﬁ?@ fromthe tube sensor pivot

The last of the major sub-assemblies associated with the pump 10 is
the pump housing 900. In general aspect, the housing 900, as well as the
pump assembly 10, is adapted to be stackable vertically so as to allow, in an

5  alternative embodiment, a plurality of pumps 10 to be driver off of a single
associated control module.

The pump housing 900 provides for an attachment and fixation point
for the motor mount strap 955 which serves to support the pump motor 24
and the tubeloader motor 550, which are supported in resilient grommets

10 960, 965, which have associated therewith rotation-suppressing indents 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 consisfs of a tubeway access slot 904 which has

15  an upstream end 902 and a downstream end 901, wherein both the upstream
end 902 and the downstream end 901 are geometrically adapted to form drip
loops in the tube 5 by means of a downwar&ly angled orientation of each of
the tubeway access slot ends 901, 502. 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.



336 and serves to support the tube sensing blade 340 whi ch extends
forwardly fromthe sensor armweb 338 and the tube sensor flag 342 which
extends substantially rearwardly fromthe sensor armweb 338. The sensor

bl ade 340 conprises a downward extension thereof so, when installed, the 15
sensor blade tip 344 resides on the appropriate valve anvil. The insertion
of - a tube 5 between the blade tigp-344 and the valve anvil wll,

t herefore, serve to raise the blade 340 away fromthe anvil 570 and
cause the sensor armto pi vot about the valve pivot shaft 410. This
serves to lower the rearwardly . ext endi ng val ve sensor flag 342
thereby interrupting the tube pres 20 optical switch 346 by the
flag 342 noving into the intersticgﬂ%ﬁaigﬁﬂﬁhe t ube present sensor
optical sw tch 346Tkipdescription vptherpyefetred lempblinentof thetinsightrigvention

t hereacross, as shown in Figure 17. A return spring 350 serves to bias the

tube sensor ar nasliRsigat\A ORI prosBal pretdifed'adiSnBuliqior B Present,

t he tube sensor blade tip 344 r he assocl ate e anvil. 25
THE TUBELOADER SUB- EMBL.Y, .. As_ sho in Fiqures 18 and 19, the
t ubel oader sub- g?ﬁ%ﬁ%* fhe sgope of thel‘%“gﬂﬁ?'\tlﬂ@ona@sad‘é%ﬁyeﬂoﬁ th chassis
14. These two shafts are the tubel oader,

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.



-27 - canshaft 510 and the tubel oader | ayshaft 512. These two

shafts 510, 512, in conjunction with the val ve pivot shaft 410,
provi de the primary datum points for the relative |ocations of the
vari ous assenblies and associ ated el enents thereof, throughout the

punp. The | ocations of these three shaf is shown i

. By
referencing all points in the punp to these shafﬂﬂ"ﬂm_ Pl iy eby to
the chassis 14, the punp structure can be indexe il | ""MM'" [
necessity thi%lgf?ne‘é%:i ety of precision machined ‘paftst whi ISt #mai nt ai ni ng

the requisite accuracy of the conpleted assenbly. The
t ubel oader | ayshaft 512 provides an axis about which all parts 10 whi ch

are driven by Cag}s,{éqfoﬁ fg";l/-]g%d;[ﬁ é‘%ﬁ%%%ﬁ%{ %n iliSsiNPHIES c&ﬂ&isgv?ia(%a&ﬂ\ 8Bt and

Movi ng upstream along | a . , e _nost outboard the elenents
associ at ed Frarse{y @ﬁ%@“m@%%%@ﬁ%‘ﬁ%@& peBRr sahinethod camprgag the
downst r eam gpebader pawl s each consist of an annular body 516 which is
adapted to ride on the tubel oade&ﬁd,aﬁshgft 512 and is fixed thereto by the
15  ass6ci Hed PRFRGEE tyhednts fhe Igpdinds'dt ends t hrough the paw annul us 516

and t (g | aydlihg tHelmeans dor ddtopndtibaly dpasetie ubednto thet fuenppiandil us,

t hereby posiively . fi xing the associated pawl 514 to the | ayshaft
512. Extendbhg f aiyeing tag pum.

2. The method according to Claim 1, wherein the pump comprises a closeable jaw
and a movable shuttle cooperable with the tube to move a fluid therethrough and the
10 Mmeans for automatically drawing the tube .into the 'pump'comprises a plurality of pawls
which are operable to automatically draw the tube into the pump and wherein the method
further comprises the steps of :
(1) actuating the pawls;
(2) placing the tube within the jaw and against the movable shuttle;
15 (3)  closing the jaw;
4) cycling the movable shuttle so as to seat the tube thereagainst; and
(5) commencing pumping of the fluid through the tube.

20
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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 extendi ng 20
outwardly and downward fromthe pawl collet 516. The shape of
the arctuate section 522 of the pawl 514 is such that when the paw
514 is fully lowered, the tube 5 is firmy wedged agai nst the

downstream pl aten 500, thereby encircling the tube 5 between the pawl 514

and platen 500. 25 In greated6detail, the interior angled surface
526 of the paw tip 524 intersects the tube 5 at an approxinmately 45
degree angle wth respect to horizontal and is thereby operative to

urge the tube 5 downwardly aNOLUMETRICAMBUSION BgMPnst t he t ube detent 501
in the downstream pl at en 500.
-28 -

Abstract

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) ] —
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The pawl tip 524 enconpasses a plurality of areas. The interior side
of the tip defines a horizontal tube engagi ng surface 525, an angl ed tube
engagi ng surface 526, a vertical tube capture surface 528, a horizontal

t ube m sl oad activating surface 530 and an externally facing tube
rejection surface 5 532 on the exterior side thereof; and the

af orenenti oned surfaces are di sposed on the periphery of the paw
tip. These surfaces operate in conceri/31 wi th the downstream pl aten
500. The desi gn conprehended by tubel oader paw tip 524 is
repeated on the | ower edge of the upper punp jaw 220 and serves an

i dentical function 10 as shall be described herein. When an
operator is |oading a tube into punp 10 and actuates the t ubel oadi ng
cycle by means of an appropriate actuator, or a control button or

switch, the tubel oader pawl tips 524 are | owered over tubeway 8 which

in conbination with the Iowering of the upper jaw 220, serves to conpletely
15 cl ose off the |ongitudinal slot or opening on the outboard side of

t ubeway 8. Should aQube be partially inserted into the punp 10, yet
remai n whol Iy outside the tubeway 8, the tube reject surface 532 w |
operate in conmbinatipn wth nesting slats 582, which arecal so
resident on |ower jaw 222, togexpe g, 5 fromthe punp. In the
event of a tube 5 being 20 | oaded / ey and
partially exterior thereto) the { P AN vaX i ng supface 530 will
serve to pinch the tube 5 Hetweeg p

and the associ at &8 section lof f\cy g : AL
upstream pl aten 808, or theyl ;\,an ;K*\J/ 2\ {4 &Ny uate a
m sl oad detection a3 descri N

4




25 contenplated in the design of the pawl tip 524 is wherein the tube 5
S i nserted 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

-29 - execute a correct |oading of the tube. The conbinati on of

t he tube reject surface 532, thq2 ] sl oad activating surface 530 and

t he tube capture surface 528 provides for a sharp discontinuity

bet ween the various possibilities for | oadi ng scenari os

af orenenti oned. 5 The vertical tube capture surface 528
additionally works in conbination with the angl ed tube engagi ng
surface 526 and the_horizontal __. t ube engagi ng surface 525 to hold the
tube 5 seQurely 23 AR ERLd
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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 |l ock the tube 10 securely into the tubeway 8 when the | ongitudinal

t ubeway aperture is closed 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 aB€d1500 serves a variety of functions.

The tubel oader bearing cup 502 provides for a nounting area for the

t ubel oader powertrain. CGear box sidewalls 503A serve to house

t he tubel oader gearset 560 whigh conprises two helical gears 562, 564

in a perpendicular arrangement 20 o0 as to transfer rotation froma fore

and aft nounted tubel oader notor 550" to the transverse tubel oader

canshaft 510. The downstream pl aten gear box housi ng further

conpr ehends 3 z e i sxerves to support the

downstream S 3 [ \:r“ noves. The

@“- ses the downstream

p B ports 572 and the
areas are a

val ve anvi/l’ 578
| ower ai




-30 - rearwardly so as to provide controlled conformation of the
tube 5 when in t he | oaded condi ti on. Abaft of the tube
supports 576, the downstream pl aten 500 further provi des for the
downstream sensor pivot slot 578 which, in concert wwth 5 associated
apparatus, serves to correctly locate the downstream sensor array as
shal | be described. The rear barrier W?II 580, cooperative with chassis
14, serves as a fluid barrier between dde 5 and the el ectrical conmponent s
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 paw nesting slots 582 are seen. These paw slots
582, in conbination with the tubel oader paw s 514 and the chanfered
forward edge 584 of the downsitieam pl &en 500, serve to pronpbte a correct
15 loading of the tube 5 int@,the punp 10y allowing the pams 514 to
lift and <
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push the tube rearwardly agai nst the tube stops 576. Qutward of the
outernost 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
pawl s 514 during initial placenent of the tube 5 within the tubeway 8
defined by the 20 rai sed pawl s 514 and the downstream pl aten 500 when the
t ubel oadi ng assenbly is in a staﬁ? gllomﬁng the tube 5 to be | oaded.
As af oredescri bed, the tubel oader noto 850 drives, by nmeans of a
plurality of gears, the tubel oader canmshaft 510. The tubel oader notor 550
IS a d.c. nmotor. The tubel oader notor 550 further conprises a speed
reduction 25 gearset 534 operative to provide sufficient torque to rotate
canshaft 510 agai nst the drag placed thereon by the conponents in
contact therew th and resident onglayshaft 512.
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The tubel oader notor shaft 536 extends forwardly fromthe t ubel oader

not or 550 and passes through the tubel oader notor nount 538 by way of
a central aperture 540 therein. The tubel oader notor 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 tubel oader drive gear 562 and
thereby fix the rotation of the tubeleasler drive gear 562 to that of
t he tubel oader notor shaft 536. The tubel oader drive gear 536
is a helical cut gear wherein the teeth 10 thereof are about the
circunferential periphery thereof. These teeth engage correspondi ng

teeth on the face of the tubel oader canshaft gear 564, thereby
al | owi ng perpendi cul ar actuation of the transversely nounted canshaft 510

by the | ongitudinally nmounted tubel oader notor 550. The

t ubel oader canshaft gear 564 is rel easably engaged with the 15 canshaft
510 by neans of a slideabl e engagenent pin 588. The canshaft
clutch pin 588 is cooperative with a clutch slot 590 on the rear or

i nboard facing face of the canshaft gear 564. The clutchpin 588

resides transversely to the canshaft 510 in_ajjgongitudinal clutchpin slot
592 defined through the canshaft 510./ A | ongi tudi nal actuator pin 594
coaxially 20 enpl aced within the canshaff 510 and in endw se contact with
the clutchpin 588 serves to selectiyely insert and allow the

w t hdrawal of the clutch pin 588 pm engagenent with the clutch sl ot
590 on canshaft gear 564. A bi asi ng sp~g 596 is located within the
canshaft [B18._and i n opposifion to
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t he | ongi tudi nal actuator pin 594. The outboard end 598 of the actuator pin
25 594 is rounded to allow sliding contact therewith by the associ at ed

conmponent . Handwheel 600 provides a housing for a pivoting
clutch tab 602 whi ch conprises on its inboard facing surface a
clutch cam 604 which is in

-32 - slidi ng engagenent mﬁtﬁ/jbe out board 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 same about clutch tab pivot pin 606 wl |
cause the clutch cam 604 to inpinge 5 on and depress the outboard end
598 of the actuator pin 594 causing the actuator pin 594 to nove

i nwardly agai nst clutch biasing spring 596 and
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nmoving clutch pin 588 inwardly and out of contact with the clutch slot 590

in canshaft gear 564,

rot at ed manual
canshaft gear 10
primary datum shafts

two conpound cans denoted as the

cam 620.

noving 15 outwardly

564.

thereby allowi ng the canshaft 510 to be freely

y by means of handwheel 600 without rotating the

The canshaft 510 is one of the three
t he punp 10. The canshaft supports

8/3ownst ream cam 610 and the upstream

The downstream and upstream cans 610, 620 conpri se,

fromchassis, a canshaft deadstop 612, 622, a

resident in

tubel oaded p&USPLACEMEMN 14624 which is itself a conpound cam and

val ve | oadi ng cam 61
622 work in cooperat
provi de a po$sQ ve—s
sense the stall cond
power thereto when t
with the chassis rot
of the tubel oader as
wi th the tubel oader ¢
25 stops 28, 30 an
to the

contact with

t ubel oad
the chassis rotatag

B, 628. The canshaft deadstops 612,
on with the chassis rotator |[stops 28, 30 to
op for—camshaf t—r otati-on—~ 20 — oct ated el ectronics

tion of the tubel oader notor 550/ and interrupt
ne canshaft deadstops 612, 622 eqn cont act
it or stops 28, 30 during an i 'tia” i ndexi ng cycl e
tenbl y, thereafter the tubel gader 350 in conbination

bncoder 702, 704, 705 wil | back-count fromthe rotator
I under control of assoct’ated software interrupt power
ler nmotor 550 prior t he deadsto

qs 612, 622 making

St ops 28, 30.

° |
0.00 3.00
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- 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. Additionally, 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 pgsiative 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,
628. These cans serve to |lift the valves 412, 414 out of the tubeway 8 10
during the | oading operation. The val ve | oading cans acconplish this lift

in cooperation with the val ve | oadi ng tangs 440 as af oredescri bed.
Qut ernmost on the ranshaft 510 reside the senSbr armcans 630, 632.
The downstream segnsor arm cam 630 conpri se single surface and is
operative to raise or |ower the downstreamysensor arm
~
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15 The upstream sensor arm cam 632, however, is a conmpound cam
havi ng a sensor arm actuating surface 634 and, |ocated outwardly therefrom
and integral therewith, the slide clanp | oader crank 650. Al
of the canms associated with canmshaft 510 are fastened thereto by

helical pins driven transversely through the hubs of the various cans and

20 t hrough the canshaft 510. The tubel oader |ayshaft 512
supports all of the |oading nenbers 10/31associated with placing the tube
5 in the tubeway 8. Additionally, the | ayshaft serves to pivotally
support other elenents which are driven at differing rates than the
t ubel oader pawl s 514. Innernost along | ayshaft 512, 25 wher ei n i nner nost
defines that area cIosEL_Lo.chassis 14, are the upper jaw paw s 652,
654. The gpper|jaw paw s are biased in an upward position by

means of hel pre-rﬁad—sprrﬂgs—ﬁﬁF‘mhrth*aFe wound about | ayshaft
512 and are ‘ -34 -
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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 other end of
the preload spring 656 bei ng hooked onto the respective upper jaw carrier
652, 654. Each of the upper jaw carriers 652, 654 further conprises a 5
forwardly extending arm portion 658 which has a downwardly ai ned

term nus 660. Forwardly extending arn1f¥qii(3n 658 is adapted, in
conbination with upper jawtie rod 662, support the upper punp jaw 220.

The downwardly extending termni 60 of the upper jaw carrier 652, 654
further define a distinctive tubeloading tip shape, as nentioned in the 10
description of the tubel oader pawl s 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
associ ated 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 |ocking tangs 668 in the interstice

of the bifurcated central port@on 66@ of d he assgci ated upper jaw
carrier 652, 654. <vExtenﬁing“feanmaRdly of the centra
area 667, an upper jaw carrier cam f §l | oer éﬁnﬁ%?O has defi ned
therein an upper jaw camfoll @wer po 20 672 whi ¢h s adapted to receive
t he upper jaw carrier armcamgfollo 6i74. /Thg upper jaw cam
followers 674 are slidiqgly retNai ned An N he \upper
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jaw cam fol |l ower ports 672 and are biased agai nst tubel oader paw cam 614,
624 by prel oad-spring 675. The purpose behind this being that should a tube
5 be m sl oaded beneath the upper jaw 220 or paw s 514, a sensor associ ated
25 with the position of the upper jaw 220 and in conbination with a

t ubel oader encoder 702, 704, 705, associated with the tubel oader
not or armature shaft 701, will detect that the upper jaw 220 and

| ayshaft 514 have ceased their l?%)ffthi|e t he tubel oader notor
continues to rotate as the cl earance

- 35 - bet ween the upper jaw carrier camfollower arm670 and the
radi ally extensi ve seat 676 of the upper jaw camfollower 674 is

cl osed. An el ectronic detection circuit will record this differenti al
noti on and cause the t ubel oader motor 550 to reverse its rotation,
openi ng 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, the | ocking follower 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 nmeans of adjustnent sgyeys 680. The upper jaw carriers are

fixed to | ayshaft 512 by nmeans of spiral 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 retai ners 450 resides the innernost of

t he tubel oader pawl s 514 as 15 af or edescri bed. Associ at ed

wi th, and pivotal about |ayshaft 512, are the upstream and downst r eam

sensor carrier arnms 690. As it is necessary for the tube 5 to be

conpletely |l oaded in the tubeway 8 before the application of the associ ated
sensors, the sensor carrier arm690 is actuated by a separate and del ayed
cam20 wth respect to action of the rest of the conponents affixed to

| ayshaft 512. Associ ated with each of the sensor carrying arns 690 is
a downwardly ext endi ng sensor arm cam fol |l ower 692 having a downward

bi ased 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 openi ng spring 696

which, in the preferred enbodi nent is a |eaf spring. This arrangenent
allows for both the opening and the closure of the sensor array

associated with the upstreanlg///// downst ream sensor carrier arm 690 by

412
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-36 - As can be seen in Figure 16, the sensor arm 690
further conprises a forward forcipate end 698 which is operative in
conbination with a sensor handl e pin 799 inserted thereacross, to
support the associ ated sensor sub- assenbly. 5 SENSORS
ASSOCI ATED W TH THE TUBELOADER SUB- ASSEMBLY As recited
previously, there are a plurality of &3brs associated with t he
sensor arm 690 of the tubel oader sub-assenbly. The npbst downstream of
these sensors is the ultrasonic air detectionSapparatus or transducer 728
as 10 shown in Figure 22. The ultrasonig transducer %28Cacts immconcert
wWth a second transducer elenent |oeated-in the downstgeamPl aten
500, as “ “




af oredescri bed. The ultrasonic transducer 728 is housed in a conmpoundly

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 sl ot
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 suspensi/oit sl ot 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
conmbi nation with sensor housing, lift pin 721, which is retained in
lift pin ports 726 and 746 all ow ng verthﬁgg axi al notion t hereof, to
al l ow the sensor 720 to rol |_overor tilf ainst the top of tube 5

when t he sensor arn1ca4‘a§p actuates the substantially downward notion of
25 the forward forcic;iggend of the SE¥§ r arm690. This ability to rol
over, or convers ecute a roc 6 notion with respect to the tube
5, allows the wusing 720 to cone into a substantially
vertical conpressive €ont 8 wthThe tube 5. This allows the tube to
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-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 descri bed nofd so as to achi eve the above
described result. The next 'sensor | ocated inboardly of the
ultrasonic air detection transducer 720 is the downstream pressure
sensor whi ch resides in housing 734. The sensor itself conprises a
fairly standard, full bridge array on a 10 defl ecti on beam 740. The

defl ection beam 740 is actuated by a sensing,foot 730 %hi ch incl udes
a substantially hem spherical tip 738. Thetr hem spheri cal W tip 738 is
surrounded by a conical extension of the ipu$ ng 734. The
defl ectability of the deflection beam 740 js control | £&
stiffener 744 in conjunction with sensor f®o §?ﬁ
hem spherical foot tip 738, in conbination '_‘g

y s¢at pin 742 and

iy

b D
encl osure thereof has, to achieve nmaxi nuf¥ accyragy é&?ﬁ 0 eqent that

the conbination of the foot tip 738 and he CON CRh\HEN enpl aced
on the tube 5 in an essentially nornal N e 0 which is
achi eved by O e
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use of a conmpound rocker arrangenent, as previously described, associated
20 with the transducer housing 720 as shown Figure 21. In this sensor,

bei ng contiguous with the ultrasonic detector 720, the conpound
rocki ng notion thereof is actuated by the Iift pin 721 and oval
rocker slot 722 of the transducer housi ng 720. The

correspondi ng upstream pressure sensor 1lfgsident in housing 750, 25 760
provi des an essentially simlar |ayout save that the rocker assenbly is
unitary with the housing halves 750, 760 and the rocker slot associ ated
herewith is denoted as upstream slot 758 defined in the upstream rocker
handl e 756 which includes oval inserts 754 and further conprises a separate
-38 - “lift pin 752 riding in an associated vertical slot 810 in the
upstream pl at en
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800. Also associated with the tubel oader assenbly is the tubel oader notor
encoder as aforenentioned. The encoder conprises an encoder flag wheel

702 which, in the preferred enbodi nent, conprehends a tubel oader encoder 5
fl ag wheel hub 702A and a plurality of flags 702F, resident therebehind is
t he tubel oader encoder support collar 703 which serves to support the

t ubel oader encoder optical sw tches 4@431705 and is affixed to notor 550

Vi a pi nch clanp 706 and further supports the optical switch printed
circuit board 707. 10 The downstream pl aten 500 al so serves
to support a plurality of tenperature sensors which consi st of

therm stors 754T and 755T which are gasketed to the downstream pl aten
500 by nmeans of gaskets 760T and are supported from bel ow by the
therm stor support 762T. 15 THE SLI DE CLAMP LOADER

SUB- ASSEMBLY The slide !l amp | oadgr cub-assenbly and its

rel ated sensors are generalIy;@ssdﬁiated}&ﬁﬁh t he upstream pl at en
800. The upstream pl aten 800 conprises a rearward facing fluid
barrier wall 801 which is conne®ted Ry fdst pners t& chassis 14. The

fluid barrier wall 801 serveg wnth thy rgar walfl 20 of Y¥the chassis and
the rear wall of the downstrgam platen\500 to gfffectively® seal the
el ectroni c assenblies fr fluidN{ngress, \Mrrprfng the/d stream

t hereon a tube

pl aten 500, the upstreamepl atien B0O\fpugdigr has define
sweeﬁ ] ?:ham‘er 8]}2._Wt_h e sub r?" Ilﬁent'cal chaﬁer rggbden:}
on the shuttle Aci Ny |ne or \‘m‘&} / o} strampl?ten , the
upstream t ube sweep 232 cha r ao?o>¢;t/,or fdrwayd shift of the tube
therefor. The forward % ¥
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faci ng edge of the upstream platen 800 future defines a plurality of
t ubel oader pawl nesting slots 803 which are identical functioning to the
t ubel oader pawl nesting slots 582. Furthernore, the upstream platen further

- 39 - has defined therein a simlar forward facing chanfer as the
downstream pl aten chanfer 584. The upstream pl aten
further has defined thereon the upstref§1valve anvil 805 and a
plurality of tube stops 809 of simlar {fction to the tube 5 stops 576

associated with the downstream platen 500. The upstream pl aten

further receives support fromthe upstreamend of the valve pivot shaft 410°
residing in carrier 807. The upstream nost end of the upstream platen 800
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further has defined on the exterior peripheral edge thereof a upstreamtube
retaining detent 842 which is identical in function and cooperative with
the 10 correspondi ng downstream tube retaining detent 584. The base of

t he upstream pl aten 800 further has defined thereon a slide clanp

| oadi ng groove 856. This groove, in conbination with the upper slide
cl anp channel 824 resident in st4/de clanp carrier 814, serves to
capture the slide clanp 895 t hrough which passes tube 5.

Additionally, present in the slide clanmp 5 changel 824 are a plurality
of slide clanp locating pins 824A, 824B w§ch xe to provide, in
conbination with an asymmetric slide clanp, 895, a referred
orientation of the slide clanp 895 heref 4
is already resident on the tubq,5(€?%§%ﬁ%¥IB ,
tube S into the punp 10. 20 o The sli ¢

895

driven by canshaft 510 and is © actuat ed Ix ‘ ff cl anp 4,0adi ng
crank 650. The slide clanp Ioadﬁng gran 2 teddherein a
slide clanmp loading crank pin 804 upom v W i déPcl anp

actuat or bushing 802. The rotation of & hi g copverted into a

substantially linear notion by cooperative of the 28 slide clanmp
actuat or bushing 802 and the slide G 5 by neans of
motion of the slide clanp actuatqf iIs and tdhe slide clanp

15, in cooperation

wth the slide clanp clam f?n 826, pr¥wl des substantially fore and
aft notion of ‘

FIG. 19



-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 substantially scissorlike arrangenment with respect to
each other and reside in the slide clanp clamshell 832, which is

operative to allow fore and aft 5 notion of the slide clanp clanms 820,
830 therein. The tubel oader paw s 1/jjfjrther serve to raise the slide
clanp shield 811. This ensures that t%e slide clanp 895 will not be
accidentally renoved fromthe punp 10 as the position of the slide
clanp travel er 815 provides that shield or visor 811 w | be in a

| onered position at such tine as the punp 10 is in operation, thereby 10
precl udi ng renoval of the slide clanmp 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 clanp 895, having detents or grippable elenents inpressed therein,
and

600
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the slide clanp | oader clamtips 820, 822 which are essentially barbike so
as 15 to ensure retention of the slide clanp 895 when the clans are

engaged. In operation the slide clanp |oader functions in
concert with the t ubel oader assenbly to ensure correct |oading of the
tube 5 and the associated slide clanp 895. After the tubel oader paw s
514 cl ose about the t ube 5, the2§ygge cl anp | oadi ng assenbl y,
specifically the slide clanp clans 20 0, 830, close onto the slide

cl anp resident about the tube 5 and within the slide clanmp groove
856. As the pawl s 514 cl ose, and the upper jaw 220 |l owers into its
operating position, and subsequent to the valves 412, 414 | owering to
cl ose off the tube 5, the clans 820, 830 draw the slide clanp 895

into the slide clanp groove 856, thereby opening the slide clanp as it 25
slides past tube 5 which is being ré®ain by the upstream tube stops 844.

The cam arrangenent bejween the valéﬁ | oqdi Nng camraces 120, 122 and
t he tube | oader wgans @&ssures that the slide clanp will be closed by a
reverse ofE;he é@orerétited motion of the/slide clanp 895 with respect to

t he ~
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-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 prinmary sensors associated therewth. The first of these
sensors is resident in the upstream platen 800 about the slide clam

groove 856. This sensor is denoted th§3§§ide 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 clanp 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 also 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 pi pes 868, 864
termnate in 45 degree internal reflecting surfaces 863 which 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

i ntersection 20 of the beans with a slide clanp 895 present in the groove
856. A
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correspondi ng set of receiving |light pipes 860, 862 across fromthe
transmtting |light pipes 864, 868 serve to receive the light beamemtted

by the di odes 872, 876 and transmt sanme down to the receiving

phot ocel | s 870, 874 thus putting the |ight sources and sensors in
phot oni ¢ conmuni cation. 25 The receiving |light pipes 860, 862 al so
“conprehend 45 degree internal maf/l3act i ng surfaces 863 in opposing
relation to those of transmtting |ight pi pes 864, 868.

-42- In operation the slide clanp sensors serve to identify
both the position and presence of a slide clanp 895 in the slide clanmp
| oader sub- assenbly. The two sensor sets corresponding to the outer

phot ocel | 874 and
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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 deternmine the |ocation of the slide clanp
895 according to the following truth table wherein high denotes a
beamtransmtted across the slide clanp groove 856 and | ow denotes a
condi ti on wherein reception of 3 cific beamis absent. 10

Qut er Beam | nner Beam No "SI"I'de C anp Hi gh

Hi gh Cl anp Present & Open Low Low

Clamp Present & C osed Hi gh Low Clanmp Not Fully
Hone Low H gh 15 As can be seen fromthis
table, the duality of the sensor array allows 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 clanp groove 856 and,

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

i ndi cation of the state oﬁ%the slide clg Q5, nanely opened or closed, is
20 al so provided. ~ Al so agsgpci ated with the slide clanp

| oader sub-assenbly, a mcgo SW onbi nation wth an
actuator 882A, which is op n 804, serves to detect
operation of the tubel oader +0' by ~Means of ha eel 600
and with assggi at edlﬂel ectroni i F8yi ster an 25 alarm M’%ﬂhandv\heel
600 is rotatﬁy.
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-43 - THE PUMP HOUSI NG

The | ast of the major 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 stackable 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 nod2$&31 The punp housi ng 900
provi des for an attachnent and fixation point for the notor nount
strap 955 which serves to support the7 not or 24 and the

t ubel oader notor 550, which are sypgported in resilient grommets 10 960,
965, which have associated therewith rotation-suppressing indents 970,
972 which serve to hold secure the two_notors 24, 550 and suppress
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torsional vibration thereof wth the co-action of the indents 970, 972 and
t he correspondi ng i ndent - engagi ng keys 972A, 972B. The
case 900 further consists of a tubeway access slot 904 which has 15 an
upstream end 902 and a downstream end 901, wherein both the upstream

end 902 and the downstream end 901 are geonetrically adapted to formdrip

| oops in the tube 5 by neans of a domgvﬁégly angl ed orientation of each of
t he tubeway access slot ends 901, 902: I's geonetric adaptation of the
tubeway slot ends 901, 902 serves to ensure a conformation of the tube 5 20
whi ch serves to prevent fluid ingress of the punp 10 from | eaks associ ated
with fluid delivery conponents exterior to the punp 10. The housing 900
further has defined therein an access port 906 adapted to receive therein

t he t ubel oader canshaft handwheel 600 so as to provide access thereto
by an operator. 25

812

803




-44 - CONCLUSI ON Thi s description of
the preferred enbodi nent of the instant invention is indicative of that
enbodi ment presently preferred and should not be deenmed to restrict the
scope of the instant invention in any way nore restrictive than the scope
of the O ains appended hereto, and other and equival ent enbodi nents of the
instant invention are to be deened as, expressly included in the clained
. . ) 8/31
el ements of the instant invention.




45 What is clained is: 1. A nmethod for loading a tube into an

i nfusi on punp conprising a | oading slot and nmeans for automatically
drawing the tube into the punp, said nmethod conprising the steps of: 5
(1) pl acing the tube into the | oading slot; (2) actuating the means
for automatically drawing the tube into the punp; and (3) activating
t he punp. 2. The met hod. accopdyay to Caim1l, wherein the punp
conprises a closeable jaw and a novabl e shuttle cooperable with the
tube to nove a fluid therethrough and the 10 neans for automatically
drawing the tube into the punp conprises a plurality of paw s whi ch
are operable to automatically draw the tube into the punp and wherein the
met hod further conprises the steps of: (1) actuating the paw s;

(2) pl acing the tube within the jaw and agai nst the novable shuttle; 15
(3) closing the jaw,
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and
25

20

cycling the novable shuttle so as to seat the tube thereagainst;

comenci ng punping of the fluid through the tube.

(4)
(5)
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