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VOLUMETRIC INFUSION PUMP
~ FIELD OF THE INVENTION

The instant invention relates to volumetric infusion pumps for
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
methods has been a peristaltic pump. In a peristaltic pump, a plurality of
actuators or fingers serve to massage a parenteral fluid delivery tubein 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
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
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
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
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BACKGROUND OF THE | NVENTI ON Previ ous nedi cal infusion punps
have conprehended a wi de variety of nmethods for punping fluids into a
patient. The nost conmon of these 10 nethods has baen a peristaltic punp.
In a peristaltic punp, a plurality of actuators or fingers serve to
massage a parenteral fluid delivery tube in a substantially |inear
progress. TheV@STAHPY probl em associated with per i st al PCRHUSHTEI08 g
technol ogy is that the tube is repeatedly deformed in an i denti cal
manner, thereby over the course of tine destroying the elastic 15 recovery
propertles of the tube so that the tube nei®ttains a conpressed

aspect. This destruction of the elastic recovery properties of the tube

results in the volunetric output of the punp changi ng narkedly over
ti me. Anot her connnn type of pu used in the volunetric delivery of
medi cal fluids |sa mﬁu@mmwmpwmwmxgbf

cassette punps egradation of

per f or mance as %ﬂ@%@%wﬁ&@ﬂﬁwgt hey require a fairly
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expense of having,tgo change a cassette al ong wi,th an set every

time an operator W'S‘ﬁ MJ@W %ﬂﬁ&nﬂﬂaﬂ@mg’r e rapd t he
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as both peristaltic and cassette”punps, as wel I'n u3| on

devi ces present i mnwdyrhadmmemqnmm punps presesitlylio thet ast. k Thestate 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
S0, loadmg 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 requirement
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 concer 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.
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appropriatey, generally nedical infusion punps were purely to purview of

t he nursing or Lcal staff in a hospital environnent. The
necessity of WQ&E&T’F@ | oading a set into an IV punp is uni velr’cs% §97/04708 I n

the art. Cenerally when a standard |V set is used, in addition to the rapid
-3-

U.S. Patent 5,055,001 to Natwick et al. discloses an infusion pump
with spring controlled valves designed to open at a specific predetermined
pressure, '

U.S. Patent 3,489,097 to Gemeinhardt discloses a flexible tube pump

5  having a unitary fixture operative to act as an inlet and outlet valve and a
pumping body located therebetween, driven off an eccentric.

U.S. Patent 2,922,379 to Schultz discloses a multi-line pump having
an inlet and an outlet valve mechanism and a pumping body located
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. discioses a2 multiple pump
which is individually co_ntrolled by a programmable controller within the
pump.



5 degradati on of accuracy nentioned above, great difficulty is
encountered in correctly loading the 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 pM9¢"8& vely nore el aborate sensors 10 and al BFFESYEMesur e
that the tube is correctly | oaded into the punp. Even so, | oading
errors occur with regularity requiring great efforts on the part of
hospital staffs to ensure that critical ettors are nininized.

The state of the art in infusion punps al so includes the requirenent

of manually assuring that a free-flow condition of nedi canent does not 15
occur when an |V set is_ipnstall renoved froma punp, AI hough
hospital staffs exercﬁgﬁ.mﬁi‘&.gﬁ 3 ‘F&'Ppts to
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conditi on has beasvindows which areracciudahle tocpump the fluid ¢contdinddcinrthe cassdtier s. 20

U S. Patent 5, 199, 852 0S L Ng atrangenent
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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 OBJECTS 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.



25 control of the valves is by a plurality of nptors control | ed by a

m cr o- processor. U S. Patent 5,151,091 to Danby et al.
di scl oses a punpi ng device which alternately conpresses and reforns a
section of tubing. WO 97/ 37703
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In operation, an operator such as a nurse or patient would commence
infusion of a medicament by inserting a standard I'V set tube into a tube
loading orifice located on the front of the pump. Additionally, the operator
would simultaneously insert a slide clamp which is associated with the tube

5 into a appropriate slide clamp orifice located upstream, i.e. more toward the
fluid source, of the tube loading orifice. The operator would then actuate a
tube loading sequence in which a series of pawls and a moveable upper jaw
would serve to seize the tube and draw it into a tubeway, part of which is
comprised of the v-shaped groove and valves. As the loading cycle

10  progresses the jaws and pawls close about the tube capturing the tube within
the tubeway. Sequentially as the valves close to occlude the tube, the slide
clamp would be moved to a position such that the slide clamp would no
longer occlude the tube. Upon receipt of appropriate signals from associated
electronics which would determine the pumping speed, allowable volume of

15  air, temperature and pressure, the pump is actuated wherein fluid is drawn
from the fluid source and expelled from the pump in a constant and metered
amount. _

Should the tube be misloaded into the tubeway or the tubeloading
orifice, appropriate sensors would determine the existence of such a state and

20  effect an alarm directed thereto. '
| At the end of the infusion, actuation by an operator would serve to
automatically close the slide clamp and release the tube from the pump.

The pump comprehends a variety of sensors directed to improve the
safety of the infusion of medicament in addition to the sensors recited

25  previously which provide information on the state of the fiuid passing
through 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



U S. Patent 5,055,001 to Natwi ck et al. discloses an infusion punp

with spring controlled val ves designed to open at a specific predeterm ned
pressure. U S. Patent 3,489,097 to Cenei nhardt disloses a
flexible tube punp 5 having a unitary fixture operative to act as an
inlet and outlet valve and a punpi ng body | ocated therebetween,

driven off aWORTMric. U.S. Patent 2,922, 379PCTHUSHHRATE,

di scloses a nulti-line punp having an inlet and an outlet valve
mechani sm and a punpi ng body | ocat ed t her ebet ween wherein both the

i nl et val ve mechani smand the outlet val vé-10 mechani smare driven froma
single cam U S. Patent 3,359,910 to Latham di scl oses a cam
driven punp having inlet and outlet valves driven froma single cam
and a punp body .. driven by an eccentric co-rotating with the single

cam ~ positional locatien-ef the shyytic grv-skaped slat Hfprraey aviIVeod punp
bl unger 1ooat ed. oBerait s g IoRBE matell aBkicdth, M MRl Speciidh 9F 270"
A son descri bes thedubejoglimprassemblyg at | east one rotatable camand a
Conpr essed by the. f ol BSOS THATE By 1 Ml o the Fid DEnE Pated tipughyipe " " ' °
embodi ment  disscl pamg habethemsdles Bekf Smproved 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
amdﬂwtdxﬁsphmadhzaxﬁuﬁumhﬂMFwnkmsummmshiawhavwwthn
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.
It 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
recovery of the tube when the valve is released therefrom.
1t 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.
1t is a further object of the invention to provide, in the
aforementioned infusion pump having a resistance to medication errors, a



U S. Patent 5,131,816 to Brown et al. discloses a infusion punp
containing a plurality of linear peristaltic punps and includes a position
encoder nounted on the punp notor shaft to determ ne when the shaft has
reached the stop position in the punp cycle. 25 U. S. Patent

4,950, 245 to al. discloses a nmultiple punp wh% #}U&

I ndi vi dual |y ‘?@%ﬁ ed by a progranmabl e controller within e 504708 punp.
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slide clamp sensor operative to sense whether the slide clamp aforementioned
is opened or closed.

It is an additional object of the invention to provide for a
synchronized, automatic closure of the slide clamp at afl 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.

It is a further object of the invention to provide for an infusion pump
capable of sensing an incorrectly automatically loaded IV set and further

10  capable of releasing the set from the pump in a state operative to prevent
free flow of medicament through the set.

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

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
state.

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 member
aforementioned.

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.



U S. Patent 4,273,121 to Jassawal | a di scl oses a nedi cal infusion
systemincluding a cassette and a defornmabl e di aphragm and inlet and outl et
wi ndows whi ch are occludable to punp the fluid contained in the cassette.
U S. Patent 4,936,760 to WIIlians discloses a infusion punp adapted 5 to
use a special tube wherein the tube has dianetrically opposed handl es

ext endi ng | oWG¥@d%3al |y t hereon and wherein the handl es ar BCHUS}7048t 0 be
gri pped by punp actuators so as to deformthe tube transversely by pulling
or pushing on the handles. U S Patent 5,092,749 to Meijer

di scl oses a drive nmechanismfor 10 actL@&1ng the fingers of a peristaltic
punp having a jointed armpivotally attached at one end to a drive
menber and at the other end to a fixed point on the base of the punp
and a rotary cam actuator nounted on the base to urge against the arm
and reciprocate the ditisanathenpbject of the invention to pyovide p further lineagization 7 t o

't usi on syt em S5 PUFP.SBR B Sy hd biekl of the phphii dber 70 CT "
cassette a single camitisianadditiomal bbject of thelinveritiontto providesa variabitity irs
the pump mechani S[')rlpmping output over the course of an infusion by varying the speed of the

5  pumping member.

It is a further object of the invention to provide for a hydrodynamic
assistance in the elastic recovery of the tube during the fill portion of a
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 channe! 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 1t is another primary object 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
houﬁngandanawnmﬁonamwmﬂﬂyopmmﬁwet»phweasmnn&hlumumu\unh

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

pump.



U S. Patent 5,252,044 to Raines discloses a cassette punp.
U S. Patent 3,606,596 to Edwards di scloses a drug di spensing punp. 20
U S. Patent 3,518,033 to Anderson discloses an extracorporeal heart.

SUMMARY AND OBJECTS OF THE | NVENTI ON The instant invention
provi des for %9% 'Hd?i on punp wherein the punp has a p 'QQ y
whi ch consistS of "a v-shaped groove extendi ng 25 | ongi tudi nal' Ty along a
punp assenbly and has associated therewith a fixed, and a noveabl e
jaw and a plurality of valves located at eigher end of the v- shaped
groove or shuttle. WO 97/ 37703
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1t is a further object of the invention to provide for a plurality of
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.

It 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 expioded 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.

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



In operation, an operator such as a nurse or patient would conmence

I nfusi on of a nmedi canent by inserting a standard |V set tube into a tube
| oading orifice located on the front of the punp. Additionally, the

oper at or woul d sinul taneously insert a slide clanp which is
associated with the tube 5 into a appropriate slide clanmp orifice

| ocat ed upst MRK¥37MBe. npre toward the fluid source, GCHUSTAR4HS

| oadi ng 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 "d% ubeway, part of which is
conpri sed of the v-shaped groove and val ves. As the |oading cycle 10
progresses the jaws and paw s cl ose about the tube capturing the tube
within t he tubeway. Sequentially as the valves close to occlude the
tube, the slide Rigure)§ isan ispmetric vicw of the valvesam lands on the majmt ¢ he

slide clanmp woul dqrﬂ,g | onger occl ude the tube. Upon receipt of
appropriate signals f70m associ at ed el ectroni cs which woul d determ ne

t he punpi ng speed, al |Rigael7isag@raphshowing the relation between linear displacement
of the shuttle and volumetric displacement of the tube when there is no
5 linearization of the fluid output.
Figure 8 is an isometric view of the downstream platen.
Figure 9 is a graph of displaced volume of the tube versus cam angle
when the cam provides a linearizing correction to the pump displacement.
Figure 10 is a cross-sectional view substantially along line A-A of
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 18A is a plan view of the downstream platen showing a pawl
in engagement with a tube.

Figure 18B is a plan view of a tubeloading pawl.
Figure 19 is an exploded view of the tubeloader camshaft.



15 air, tenperature and pressure, the punp is actuated wherein fluid is
dr awn fromthe fluid source and expelled fromthe punp in a constant
and netered anount . _ Shoul d the tube be m sl oaded into

t he tubeway or the tubel oading orifice, appropriate sensors would
determne th | ce of such a state and 20 effect an | ted
t hereto. %w8§h§kﬁﬁ At the end of the infusion, actuationqﬁéhgﬁggégfator
woul d serve to automatically close the slide clanp and rel ease the
tube fromthe punp. The punp_gonprehends a variety of sensors
directed to inprove the safety of the infusion of nedicanent 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,

regarding the state OfFi%ngl Sﬂ%&%@égi%&%ﬁ&m@é&‘éﬁ%%Lrﬁt It ?\2
punp itself. Anongbélogdes @it S are devices directed to providing
Figure 20 is an exploded view of the tubeloader motor and encoder.
Figure 21 is a plan view of the sensor housings wherein shadow-
5  views of the open and closed positions thereof are included.
Figure 22 is an exploded view of the downstream sensor housings.
Figure 23 is an exploded view of the upstream pressure sensor
housing.
Figure 24 is an isometric view of the air detector housing as
10  connected to the pressure sensor housing.
Figure 25 is an isometric view of the slide clamp loader sub-
assembly.
Figure 26 is an exploded view of the slide clamp loader sub-
assembly. _
15 Figure 27 is an isometric view of the slide clamp.
Figure 28 is an isometric view of the slide clamp sensor and the
associated upstream platen. '
Figure 29 is an isometric view of the downstream platen with the
temperature sensors in an exploded view therebeneath.
20 Figure 30 is an isometric view of the pump housing.
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sl ot aforenentioned, valve operation, slide clanmp |ocation, msload
det ecti on, and manual operation of t he tubel oadi ng assenbly.

The sensors relating to the state of the fluid being passed through the 5
punp have t hAYREWT®3 been inproved with regard to accuracy. POATUSITHEHI08
been acconplished by the devel opnment of the nmethod 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 thd2various sensors in such a way
t hat there is neither a volunetric nor a stress gradi ent across the
tube. 10 Therefore, it is a primary object of the invention to
provi de for an

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In the preferred embodiment of the instant invention, pump assembly
10 consists of a plurality of sub-assemblies as shown in Figure 1, which
perform various associated functions in concert with the pump sub-assembly
s 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 upstream 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 nfusi on punp capable to delivering an accurate volunme of nedi canent using
a standard infusion set. It is another object of the
invention to provide an infusion punp havi ng a punpi ng shuttle and
val ves associ ated therewith, wherein the 15 punpi ng shuttle and val ves

are nechani ca{a}@/ hr oni zed. It is a furtherl,e{)' .% t he
ATRtRY -

I nvention to an i nfusion punp havi ng greatly inprove
accuracy whereby the output of the punping menber is linearized over
the course of a punping cycle. .13. |t is another object of the
I nvention to provide for a plurality of 20 val ves in an infusion punp
such that the valves are adapted to occl ude an I nfusi on set tube
whi | e having a shape adapted to pronote the elastic recovery of the

tube when the valve is_ el eased t ef rom . . I S, an
addi ti onal object of t %MB“&W%WWP&#*&Wa havi ng
enhanced resi st anwhstreadRCfldid baftier b 275 which Rfedooperaive with the skifle clamp
automatically | oaded slide clanp associated with the infusion set.

I't i's a further olgcwator supporiand downstream platen aft platr-80 to provide a fluid
af orementi oned i NfHE I NRLIRNRE Aid Wufke (B hubk 3P 5&) 4 tHE Gisbahiel UeStricl S+ 2

5  apparatus located 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.
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slide clanmp sensor operative to sense whether the slide clanp

af orenent i oned i s opened or closed. It is an

addi tional object of the invention to provide for a synchroni zed,
aut omati ¢ cIS@%?@”@F the slide clamp at all tines when a fr EETUSITNEMNE,y of
medi canment i s possible. It is an additional primary object of
the invention to provide for an I nf usi on punp capabl e of

automatically | oading a standard |V set tTMrei n.

The pump motor 24 is the aftmost element of this sub-assembly.
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 collet 56 has a further mechanical

10  engagement with pump shaft 20 via a combination of a plurality of collet
flats 58 which are impressed on shaft 20 so as to provide a polygonal surface
operative 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 S6. Drive collet 56 further has defined

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

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

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

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



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 capable of releasing the set fromthe punp in a state operative to

pr event free fl ow of nmedi canent through the set. It is
anot her obje i nvention to provide an autotubel oader

assenbl y operéfﬁ$@;£§ automatically |l oad and unl oad a stand m%npgn@gpmfrom

an associ ated infusion punp. 15 It is an additional object of the
i nvention to provide for a synchronjgation 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 closed state and when both
val ves arein an open state, the slide clanp is in a cl osed state.

cartial cycle A cRisnsivy SO e RHE 7 i fhe (E Tn0 R B Jolbp i T 1o ¢ he
t ubel oadi ng cycl emmpmmammmmam@ﬁeem%amaperl y seated

i n the punping nmenber af orenenti oned i s _anot her

obj ect of the | nvﬁﬂ#wmﬂmwmmmg “Fﬂ'és punpi ng
gﬁg?r wherein th?ﬁ%ﬁ?ﬁdﬁ@ﬁﬁﬁ%‘é@dg@ej ect ;:bﬁﬁg mven@%mg% prowydfah?or
a variability Sf from the cylindrical portion 76 to the motor shaft 20.
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 paralle] 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. S 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 Jand 108 and the exterior land 106 act cooperatively to
achieve a first order correction of this error so as to linearize the output of



punpi ng speed over the course of a punping cycle.
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It is another object of the invention to provide a further |inearization
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of punp output by varying the speed of the punping nenber.

I's an additional %ect of the invention to provide a vari abi Iits\; in
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the pump with respect to volume. This is achieved by an alteration of the
change in radial displacement of the cam lands 106, 108 with respect to the
motor shaft axis 32 as aforedescribed 30 as to minimize the effects of angular
error on the accuracy of the pump.

Specifically, to a first approximation the cam executes an inverse sine
function as determined by the radial distance of the lands 106, 108 from the
shaft axis 32.

As can be seen in Figure 7, the characteristic volumetric output of a
tube between two v-grooves executing a relative motion is a non-linear
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
UK. Pat. No. 2,225,065 as aforerecited.

As seen in Figure 5, the alteration of the cam profile, as herein
described, provides a markedly more linear output by increasing the shuttle
speed during the middie of the stroke (between 30 degrees and 60 degrees of
aunangh»anddemnaﬁnéthcsg&ﬂ<ﬁ1heﬂmnﬂe200atﬂmlughuﬁngand
end of the stroke.

As seen in Figure 9, this variable linear velocity provides a
significantly more linearised volumetric output wherein output is essentially
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
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.

WO 97/ 37703
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punpi ng out put over the course of an infusion by varying the speed of the

5 punpi ng nenber. It is a further object of the invention
to provide for a hydrodynam c -assistance in the elastic recovery of
the tube during the fill portion of a punpi ng cycl e. It
I s anot her objec f the invention to provide a punping body. Qg an
aspect adaptéﬁSF%B%QBassenbled w th ot her punping bodies int%&§0$g%*hg
mul ti pl e channel punp having a single controller. It is a
further object of the invention to provide,.or a tubel oading assenbly
havi ng pawl s adapted to capture and restrain an |V tube within the

punp. 15 It is another primary object of the invention to provide
for a sensor housi ng and an actuati on assenbly associated with the

housi ng adapted to | ace a sensgr in.substantiallvy.narmal contact
with the tube. Fﬁ“%%"@%ﬂpﬁwrh*ﬁ%ﬁﬁf@ﬂww&?nvemion to
provide for a senpgiition sensitive sced Goritivl whichoehhll be sibizequeatydéseribair at i ve to
place a sensor in contact with 20 _ a tube such that the volunetric

gradi ent across the tuRefesdng.naw ta Figuseh,dhe reverse side 118 afcam, 10Q,js| shown; .

It is a further olxse&}l bgfse&bwm%&mr%%f%qzégmrmy ng
5 embodiment, the inner valve cam land 120 drives the upstream (inlet) valve

and the outer valve cam land 122 drives the downstream (outiet) 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, lzzueamhged 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 for 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 shuttie platen



and an actuation assenbly operative to place a sensor in contact with a

t ube such that the stress gradient of the tube beneath the sensor
essentially zero. 25 It is another object of the invention to
provi de for a single datum body operative to fix the relative

| ocation of the various elenents within the punp. VO

97/ 37703 WO 97/37703 PCTMUS97A04708
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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 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
s  are defined in the back surface of shuttle platen 130.

Shuttle platen 130 additionally has defined therethrough a shuttie
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 thereof between the pump drive cam lands
106, 108. The shuttle drive cam follower 144 rides on the shuttle drive pin
154 which resides in the shuttie 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,



It is a further object of the invention to provide for a plurality of
shafts associated with the single datum body and cooperative therewth to
fix the relative location of the various el enments of the punp.
It is an additional object of the invention to provide a conpact nmeans 5

for punping a nedicanment. It is a further objec h
invegtrgn ?ovﬂ?BU??”?'for a fluid seal barrier operaiivé?iﬂ#”%PEW%nt
fluid ingress to various electrical conmponents of t he punp.

I't is another object of the invention to pfovide for a case having a 10
geonetry operative to enforce a downward ofr’lentation of the tube in those
areas exterior to the punp. It is a further object of the

i nvention to provide for manual neans for actuating the automatic
tube | oadi ng feature. ese .and ot I nst ant

i nvention will become %Mﬁﬂi@ 1&%’1\@%%&5{?8’2 g SPS’I&H;% e

preferred enbodi Mghineadiirin MBealitit thfodghdift the pump 1GFBRNNE ChaRGS T4 And ,
BRI EF DESCRI PTI ON OF THE “DRAW NGS Figure 1 is an Isonetric

vi ew of the conpl assecigedrgompenemts| v .
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



20

Figure 2A is an expl oded view of the notor
not or .

Figure 2 is an expl oded view of the punp sub-assenbly.

body with the associ at ed datum shafts. 25
i sometric view of the i ndex wheel and the associ at ed

Fi

gure 5 is ¥WA¥BIMIn pl an view of the punp drive cam
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nmounts and punp drive
Figure 3 is an isonetric view of the chassis or datum

Figure 4 is an
sensor.
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channels 146A of the shuttle platen 130, and provide a fixation of both
longitudinal and lateral lash between the shuttle 200 and the shuttle platen

130.

The front surfaces 201 of the shuttle 200 defines a pump groove
5  aperture 204. This aperture, or indent 204, is of a substantially v-shaped
cross-section and has a rounded interior corer 211 so as to provide for a
conformation of the tube 5 and the groove aperture 204 when the tube 5 is

loaded therein.

The rear surface 207 of the shuttle 200 further has defined therein a
10 plurality of pockets 203 arranged in a substantially vertical array. These
pockets 203 are adapted to contain a plurality of magnets which are
cooperative with a magnetic sensor 322 to sense the linear position of the

shuttle 200.

is 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 varions elements thereof.

The aftmost of the sensors is the drive motor shaft encoder 300. This
20  sensor comprises an encoder flag wheel 302 which is attached to the
armature shaft 303 of motor 24. ‘The pump motor flag wheel 302 has, in the
preferred embodiment of the instant invention, twelve flags 304 extending

radially outwardly from the hub 306 thereof.

These flags 304 act in concert with two optical switches 308, 310 to
25  fix the location of the armature shaft 303 of the pump drive motor 24. The
switches 308, 310 further consist of a light emitting diode and a photocell as
shown in Figure 12. The arrangement of the optical switches 308, 310
allows for a first switch 308 to sense the edge 311E of flag 304, and the



-10 - Figure 6 is an isonetric view of the valve cam | ands
on the main drive cam Figure 7 is a graph show ng the
rel ati on between |inear displacenent of the shuttle and vol unetric
di spl acenent of the tube when there is no 5 |l inearization of the fluid

out put . Figure 8 is an isonetric view of the d%)'?{]
pl at en. WO 9737703 ; gure 9 is a graph of displaced vol ume ﬁe tube

versus cam angl e when the cam provides a linearizing correction to

t he punp di spl acenent. : Fi gure, 10 is a cross-sectional view
substantially along line A-A of 10 Fi gure 1 Figure 11 is an
I sonetric view of the rear of the shuttle platen and shuttle.

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

Fi gur e ifi o an cRpPR oo VY foseask e Mtle" NP 0 ikRlvtar g 204, This
Figure arrangement allows for greater resolution of motor shaft position and
direction as read by the encoder 300.
In this presently preferred embodiment, the resolution of encoder 300
5  is 1/3072 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 shuttie 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



Figure 15A is an isonetric view of substantially the rear and side of
one of the valves. Figure 15B is an isonetric view show ng
substantially the bottomor 20 tube-facing side of one of the val ves.
Figure 16 is an expl oded view of the tubel oader sub-assenbly.

Figure 17 is an isonetric view of the upstream platen show ng the

t ube- present V&3 n contact with a tube. Fi RGTAISIU4T8 o
assenbl ed vi ew of the tubel oader sub-assenbly. 25 Figure 18A is a
pl an vi ew of the downstream pl aten show ng a paw I n engagenent with
a tube. Figure 18B is a plan“«iew of a tubel oading paw .

Figure 19 is an expl oded view of the tubel oader canshaft.

plurality of magnets 324, 326. Shuttle position sensor magnets 324, 326
present opposite poles to the shuttle Hall switch 322, so as to provide a field
gradient operative to provide an indicium of the linear position of the shuttle
200.

5 The combination of the encoder 300 and the other associated sensors
aforementioned, provide inputs to a control mechanism, which may operate
more than one pump so as to accurately control the speed of variable speed
motor 24, the primary feature provided by such speed control is a temporal
variability of the output of the pump 10. Additionally, such speed control

10  allows for an electronically'oontmlled 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
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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 noygar encoder . Figure 21 is a pl ' t he
sensor housiﬁ§§97 dP%in shadow 5 views of the open and cﬁ%géﬂﬁ@%®$tions
t hereof are included. - Figure 22 is an expl oded view of the
downst r eam sensor housi ngs. Fjsqure 23 is an expl oded view of

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

I sonetric view of the air detector housing as 10 connected to the
pressure sensor housi ng. Figure 25 is an isometric view of the

slide clanp | oadey; Ul are supporad Bzfdn'by valve pivot bearings 416, 418 which are
clearance fit onto pivot shaft 410 and into valves 412, 414.

The two valves 412, 414 are denoted individually as the upstream

valve 412 and the downstream valve 414 . The upstream valve 412
5  comprises a pivot bearing aperture 420 adapted to accept thereinto the

upstream valve pivot bearing 416 and thereby pivot about valve pivot shaft
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 operative to allow the upstream valve actuator 424 to
clear the outer or downstream valve race 122 defined on cam 100. The
upstream valve actuator 424 terminates in a cam follower nub 428, which is
adapted to support the upstream valve roller cam follower 430. The
upstream cam follower 430 is, in the preferred embodiment, a roller bearing

20  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
ccombination of the included angle and the rounded vertex 438 provide for an
optimal arrangement between the conflicting necessities of ensuring that the



Figure 26 is an exploded view of the slide clanp | oader sub-

assenbly. 15 Figure 27 is an isonetric view of the slide clanp.
Figure 28 is an isonetric view of the slide clanp sensor and the

associ at e 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 ebeWHA77030 Figure 30 is an isonetric vPEWUBYO4ME punp
housi ng. WO 97/ 37703
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tube § is sealed during the appropriate part of the pump cycle while
simultaneously ensuring that the tube will reform into an accurate
approximation of its initial shape when the valve blade 432 is lifted from the
tube 5.

s 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

10  appropriate part of the pump cycle.

Additionally, the tube 5, due to its deformation by the shuttle 200 in
combination with the upper and lower jaws 220, 222, comprehends a 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

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

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

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

25 452 therebetween. The valve spring retainer 450 comprises a substantially
c-shaped base 454 which is operative to siidingly 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



-12- DETAI LED DESCRI PTION OF THE PREFERRED EMBCODI 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 PUMP SUB- ASSEMY,

The punp subJ¥2§3%§F§, as seen in Figure 2, conprises a housT?Efﬁ%FMﬂm to
whi ch various associ ated el enents are affixed. Housing or chassis 14 is 10
preferably made of a nol ded plastic so as_?g speed assenbly and fabrication
thereof. Chassis 14 further conprises an aft plate 16 fornmed integral wth
chassis 14, wherein aft plate 16 has defined therein a plurality of
apertures. Mot or shaft aperture 18 is substantially centrally

| ocated in aft plate . 6, and, i rative_t | 1.ow.punm.. ot shaft 20
to pass therethro%mm%%éy%ﬂﬁkﬁgi‘%itﬁ%%%?@%ﬁ punp
mot or nounti ng hotfige £12,\Whigch are spaced radially outwardly from punp

not or shaft aperture 18. These L. .
: The downstream valve 414 is resident on the valve pivot shaft 410

adjacent to the shuttle 200. The downstream valve 414 is essentially a

5  mirror image of the upstream valve 412 about a plane transverse to the pivot
shaft 410 and displays all of the associated elements of the upstream valve
412 in a reversed orientation as seen in Figure 14. The downstream valve
actuator arm 456 is shortened to align the downstream valve cam follower
458 with the outer valve cam land 122.

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

15 means.

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

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

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

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



hol es serve to | ocate accurately punp notor 24 in conbination with the
not or bearing boss with respect to the chassis 14. Abaft of the aft chassis
plate 16 are a plurality of nounting w ngs 26 which are operative to
securely 20 fix the chassis to the downstream platen 500 | ocated on the

downst ream si de of the chassis 14 and the upstream platen | ocated on
t he upstreamW@EE™M; t he chassis 14; wherein upstreafCTQIFSVYU8; he
side of the assenbly 10 which is | ocated closer to the fluid inlet

t hereto and downstream denotes that side of the assenbly 10 which is
| ocated closer to the fluid outlet thereffdm 25 As seen in Figs.
2 and 3, chassis 14 further defines a plurality of apertures

substantially transverse to the punp notor axis 32 which is defined

as being coaxial wth_punp notor shaft 20.
sensor 328, 330 with the expected signal therefrom at a specific motor 24

and drive cam location.
Residing outwardly from each valve 412, 414 and separated

therefrom on valve pivot shaft 410 by tube present arm spacers 460 is the

S  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 absence 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 S not be present, the
tube sensor blade tip 344 rests on the associated valve anvil.

THE TUBELOADER SUB-ASSEMBLY
As shown in Figures 18 and 19, the tubeloader sub-assembly utilizes
two shafts associated with chassis 14. These two shafts are the tubeloader
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Set before wings 26 is an upstream fluid barrier tab 27A and a
downstream fluid barrier tab 27B which are cooperative with the slide clanp

actuat or support _and downstream platen aft plate 580 to provi |.d
shiel d bet wee®AME7™Pui d source (I'V tube or set) and the assggﬁg?%iqh%

el ectrical 5 apparatus | ocated abaft of the combined fluid stop assenbly
conposed of the three el enents aforengentioned. 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

Wth these - anmsbaty 510 s e BEBGRE g 32, rse e BRSO NI o o
and robust means conjunctitin Witk tieSalve pivot Siafi . ifidry/dainini poidisOVvi di ng
an econony of measur ed points_ requiring adjustnent to ensure correct
operation of the for the relative locations of the various assemblies and associated elements
thereof, throughout the pump. The locations of these three shafts is shown
5 in Figure 3. By referencing all points in the pump to these shafts, and
thereby to the chassis 14, the pump structure can be indexed without the
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 S00, thereby encircling the tube 5 between the pawl 514
and platen S00.
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.



devi ce. These apertures are reproduced on both the upstream sidewall 32 15
and downstream sidewal | 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 aperture set supports the tubel oader
camshaft 510WQ937#Md i s denoted as the tubel oader canshaft PEEUSS7/04@08 42
The third such aperture serves to support and |locate, relative to the
chassis 14, the tubel oader |ayshaft 512 and is denoted the tubel oader

| ayshaft apertures 44, 48. -28-  The fourth such aperture set
serves to all ow access of the punp valve 25 cam actuators 422, to the
interior of the chassis 14, and is denoted val ve actuator ports 46,
50. The chassis defines a cavity 52 therein which serves to
house t he punp dhe pewktipS24 srcempgsses;a of-areasy The interior side

of the tip defines a horizontal tube engaging surface 525, an angled tube
engaging surface 526, a vertical tube capture surface 528, a horizontal tube
misload activating surface 530 and an externally facing tube rejection surface

5§ 532 on the exterior 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 S 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
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The punp notor 24 is the aftnost elenment of this sub-assenbly. Thi s
notor is preferably a variable speed d.c. notor having an internal speed

reducti on gearbox 54 which in the preferred enbodi nent provi gﬁ@?@?’%g@éo 1
reducti on of m93P77§5eed. 5 The out put of the punp r box
54 is punp shaft 20. Punp shaft 20, as aforedescribed, extends

axially into cavity 52 via punp shaft _sgaperture 18.
Interior to cavity 52 and in ci rcum‘erenti%? engagenment with punp
shaft 20 is drive collet 56. Drive collet 56 has a further nechanical

execute a correct loading of the tube. The combination of the tube reject
surface 532, the misload activating surface 530 and 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 § 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 376 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 503A serve to house the tubeloader gearset S60
which comprises two helical gears 562, 564 in a perpendicular arrangement

20  so as to transfer rotation from a fore and aft mounted tubeloader motor 550
to the transverse tubeloader camshaft 510. The downstream platen 500
gearbox housing further comprehends a camshaft bushing race 566 which
serves to support the downstream camshaft bushing 568 in which the
camshaft moves. The forward section of the downstream platen 500

25  comprises the downstream valve anvil 570 as well as the temperature sensors
ports 572 and the lower air sensor transducer housing 574. Abaft of these
areas are a plurality of tube stops 576 which serve to support the tube 5



10 éngagerrent Wi th punp shaft 20 via a conbination of a plurality of

col | et flats 58 which are inpressed on shaft 20 so as to provide a
pol ygonal ‘surface operative to engage grubscrews 60 which thread
through collet 56 via t hreaded grubscrew holes 62 which are situated
radially and transversely to shaft axis 32 though drive collet 56.
Drive col | et WOB3MBher has defined 15 therein a drive pinPGEESITME8G1
which is longitudinally parallel and radially outwardly from punp
shaft axis 32 and is operative to support and drive fixing pin 63 in

concert with novenent of collet 56 and mof®r shaft 20.

Surmounting drive collet 56 and coaxial therewith, is the punp index

wheel 64, as shown in Figure 4. 20 | ndex wheel 64 is operative,

w th associ ated sensors, to determne the | ocati on of the punp

el enents. The i naestwardbeso aste paevidecontiotled eonformatipp of the tube S when in  s| ot 66
and a second radi t . i ch are about the periphery of I ndex
wheel 64. These two slots are |ocated 180 degrees away from each

other. 25 TiAbaft of the tubesipports 576, tiewlownstreany platen§08durthiersc porti on

rgt gpido? to andh%‘b"‘g&r‘tglﬁ‘ggféﬁwmgﬁr‘g %&Mﬁé&%ﬁ ‘i!?fs'?(r’:"adj ![ : gn 70.
The hub portion ggsobfated a?mm,w@xmy 16tdtei the Sevribtrear GerisOr avay Wheel
disc 70 by a plurallty ol webs ) . . ]

as shall be described. The rear barrier wall 580, cooperative with chassis

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

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

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

10  downstream tube present sensor switch 346.

Returning to the foreward edge of the downstream platen 500, a
plurality of tubeloader pawl nesting slots 582 are seen. These pawl slots
582, in combination with the tubeloader pawls 514 and the chamfered
forward edge 584 of the downstream platen 500, serve to promote a correct

15  loading of the tube 5 into the pump 10 by allowing the pawls 514 to lift and
push the tube rearwardly against the tube stops 576. Outward of the
outermost of the pawl nesting slots 582, a tube retaining detent 584 serves to
retain the tube 5 in a position adapted to be captured by the pawls 514
during initial placement of the tube 5 within the tubeway 8 defined by the

20  raised pawls 514 and the downstream platen 500 whea the tubeloading
assembly is in a state aliowing the tube 5 to be loaded.

As aforedescribed, the tubeloader motor S50 drives, by means of a
plurality of gears, the tubeloader camshaft 510. The tubeloader motor 550 is
ad.c. motor. The tubeloader motor 550 further comprises a speed reduction

25  gearset 534 operative to provide sufficient torque to rotate camshaft 510
against the drag placed thereon by the components in contact therewith and
resident on layshaft 512.
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74 extensive fromthe hub 72 to the disc 70. The hub portion further
conprehends a cylindrical longitudinally extensive portion 76 and a

transverse annul ar rtion 80, wherein the cylindrical porti nds
i s

forward of di 70 and the annular portion 80 extends ra
inwardly 5 fromthe cylindrical portion 76 to the notor shaft 20.

-3t -

The tubeloader motor shaft 536 extends forwardly from the
tubeloader motor 550 and passes through the tubeloader motor mount 538 by
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 S90 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 siot 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



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

out war d fromthe notor shaft port 82 and parallel therewith. The
notor shaft port 82 allows 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 sh¥Q9%J7nd t he i ndex wheel 64 when fi xi ng RGTAISET04Te8

i nserted therethrough. Hub portion 72 has defined therein two
access ports 86, 88 which al l ow access to the collet grub screws 60.
These hub access ports 86, 88 are ad@essible fromthe exterior of the
chassis 14 via set screw access port 90. 15 Surmounti ng the index
wheel 64 and forward of the annular portion 80 thereof, resides the
punp drive cam 100 shown in Figs. 5 and 6. Pu cam 100 consists of a
front face area Blidingeagagement with the cutheard end 598 of actuator pin 594718 hef r ont f ace

area 102 further g ' . i an interior
cam | and 10, TS B U02 i€ i 0 btianhalt oo g b ¥ingea esply iy
cooperativel y fonaegiveppin6060 Inoperation, actaation/of the thutchitabi602 byotilting cam

foll ower 110. The shagglf and aspec¢t of the two Iatggs '1‘86, 108 are non-Iinear
with respect to tSAwegReytolyteh,tagpivpt vil)icayse; the, glutch cam 604 to jmpinge n s

106, 108 fr&%*&p%e%ﬁ%&d%%ﬁ%f&eacgmmﬁng%mﬂi fet ary to

| i near notion conversion, as reallzed by cam 10 i nt roduces

non- | i near error actatospbnsd4 to moveinwardly againsheluteh biasiag spring)526and
moving clutch pin 588 inwardly and out of contact with the clutch slot 590
in camshaft gear 564, thereby allowing the camshaft 510 to be freely rotated
manually by means of handwheel 600 without rotating the camshaft gear
10 564.

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

The downstream and upstream cams 610, 620 comprise, moving

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

The camshaft deadstops 612, 622 work in cooperation with the

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

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

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



of the punp with respect to tinme (as neasured in shaft encoder counts).

The

aspect of the interior land 108 and the exterior |land 106 act cooperatively
to achieve a first order correction of this error so as to linearize

t he out put of

PCT/ US97/ 0470‘@09.”3
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the punp with

10

15
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Moving outwardly from the camshaft deadstops 612, 622, the
tubeloader pawl cams 614, 624 serve to actuate the tubeloader pawls 514.
Additionally, each of the tubeloader pawl cams 614, 624 has a locking
surface 616, 626 which serves to activate a second, rigidly affixed lifting
follower associated with the tubeloader layshaft 512 5o 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

during the loading operation. 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.

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
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,
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

o . - pEfUs9TIN
'(7378? to volunme. This is achieved by an alteration o-foat he



change in radial displacenent of the cam|ands 106, 108 with respect to the
notor shaft axis 32 as aforedescri bed so as to mnimze the effects of
angul ar error on the accuracy of the punp. 5 Speci fically,
to a first approximation the cam executes an inverse sine function as
determ ned by the radial distance of the |ands 106, 108 fromthe

shaft axis 32V0973773 As can be seen in Figure 7, the RATAVS9¥P4P8 st i
vol unetric output of a t ube between two v-grooves executing a
relative notion is a non-linear 10 function of displacement of the
grooves. This shuttle 200 structure is r e ed in the Patent to Danby
et al, US Pat. No. 5,150,019 corresponding to U K Pat. No.
2,225,065 as aforerecited. As seen in Figure 5, the

aI teration of the camprofile, as herein descrj bed, provides a

mar kedl y nore | i rogkedsgiandhays oneendhooked torthe.tossien spring sops43aad 4dur i ng t he

m ddl e of the strQleitdy gam angl e)
and decreasing the speeﬁ“ﬁ? tr@&éﬂﬁﬁﬁg&?ﬁWbem nni ng aeng end

of the stroke. the preload spring aﬁbﬂngnhooh&ngnnhe Bespective upper jawarrier near

\\//\ﬁl ocity p: ov![ desésgsggm% | cant. rmre Wd vol uet ri googt put
erein outpu @HR) egr ees
of cam angl e. sTh%wgwmmﬁmmmammetrokes bei ng

due to use of sinple radii
terminus 660. Forwardly extending arm portion 658 is adapted, 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
cam foliower 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 pawi 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



within the cam Referring now to Figure 5, which depicts cam

| ands 106, 108 in face on aspect, shows the various cam positions
clearly. As shown, there are two 25 prinmary punping portions 110, 112
correspondi ng to downward and upwar d novenents of the shuttle 200.

Al so seen ar ortions 114, 116 which al l ow the | 97@&@8
outl et val vegwg’\(,)ﬁ%lémgct uated as shall be subsequently ggg@%l ed.
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between the upper jaw carrier cam follower arm 670 and the radially

extensive seat 676 of the upper jaw cam follower 674 is closed. An

electronic detection circuit will record this differential motion and cause the

tubeloader motor 550 to reverse its rotation, opening the upper jaw 220 and
S tubeloader pawis 514 thereby expelling the tube S.

To assure a final fixed registration of the upper jaw 220 and the other
assemblies driven by layshaft 514, the locking follower 668 rides up on the
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.



Further linearization of output is controlled electronically via a
position sensitive speed control which shall be subsequently descri béd.
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 enbodinment, the inner valve camland 120 drives the upstream (inlet)

val ve WONBTME outer val ve cam land 122 drives the doRFE

(outlet) valve. As can be seen, at no tine are the inlet and outl et
val ves si nmul t aneously operated, thgreby positively preventing a free
fl ow condition of nmedi canent. The™Ulur ati on and dwel | of the valve
cam | ands 120, 122 are arranged to 10 provide for proper valve
synchroni zati on al t hough the inner valve camrace 120 and the outer
val ve camrace 122 are at differing radii_ as neasur from t he punp

shaft axis 32. As can be seen in Figyre 1y, $he sensorrarmy 600 fusther comprises@ 41 so

defines a cam fi g Rdnd faﬂﬁ?aﬁ Bmpgy : FM‘F‘?“’E gﬁﬁbﬂlﬂiohqﬁpli | ative
| ocati on of the ?rlve ca tostl"%’ﬂxat4 at” o t%{e rrve co etg@g{nevia

fixing pin 63 anhliandepindO9insertedthereacross, torsupport the i
Mot or shaft 20 is c%gged by nosebearing 126 which is | ocated

5
SENSORS ASSOCIATED WITH THE TUBELOADER SUB-ASSEMBLY

As recited previously, there are a plurality of sensors associated with
the sensor arm 690 of the tubeloader sub-assembly. The most downstream
of these sensors is the ultrasonic air detection apparatus or transducer 728 as

10  shown in Figure 22. The ultrasonic transducer 728 acts in concert with a
second transducer element located in the downstream platen 500, as
aforedescribed. The ultrasonic transducer 728 is housed in a compoundly
pivotal housing 720. This sensor housing 720 comprises a vertically split
housing body including a transducer cavity 724. The housing 720 further

15  comprises a substantially horizontally 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 aft relation thereto.

20  The sensor assembly 720 is further restrained by the vertically disposed
sensor arm pivot slot 578 in combination with sensor housing lift pin 721,
which is retained in lift pin ports 726 and 746 allowing vertical axial motion
thereof, to allow the sensor 720 to roll over or tilt against the top of tube §
when the sensor arm cam 630 actuates the substantially downward motion of

25 the forward forcipate end of the sensor arm 690. This ability to roll over, or
conversely execute a rocking motion with respect to the tube 5, allows the
sensor housing 720 to come into a substantially vertical compressive contact
with the tube 5. This allows the tube to be extended or stretched equaily



I medi 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 nosebearin In the preferred enbodi nme

I nst ant inven?&ﬁ%ﬁgﬂBsebearing 126 is aroller type bgg?ﬁﬁﬁﬁ&ﬁh“
Nosebearing 126 fits into the nosebearing race 25 132 in the rear side of

the shuttle platen 130. Shutt,be 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

across the face of the associated sensor, thereby eliminating either a
volumetric or stress gradient in the tube 5 beneath the associated sensor so as
to improve the accuracy of response of the sensor associated with, or
connected to, housing 720. Essentially all of the sensors associated with, or

5  actuated by, sensor arm 690 execute the above described motion so as to
achieve the above described result.

The next sensor located inboardly of the ultrasonic air detection

transducer 720 is the downstream pressure sensor which resides in housing
734. The sensor itself comprises a fairly standard, full bridge array on a

10  deflection beam 740. The deflection beam 740 is actuated by a sensing foot
730 which includes a substantially hemispherical tip 738. The hemispherical
tip 738 is surrounded by a conical extension of the housing 734. The
deflectability of the deflection beam 740is 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 5 in an essentially normal orientation thereto which is achieved by
use of a compound rocker arrangement, as previously described, associated

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

The corresponding upstream pressure sensor resident in housing 750,

25 760 provides an essentially similar Jayout save that the rocker assembly is
unitary with the housing halves 750, 760 and the rocker slot associated
herewith is denoted as upstream slot 758 defined in the upstream rocker
handle 756 which includes oval inserts 754 and further comprises a separate
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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 res&ect to the chassis 14 is defined by reglsterdflns 138 |n t he
f orward MY surface 53 for which corresponding sh

regi ster ports 140 5 are defined in tie back surface of shuttle platen
130. Shuttle platen 130 additjonally has defined therethrough
a shuttle drive camfollower throughpgdrt 142 which is defined to

all ow the shuttle actuating camfollower 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 chifhpin ﬂbﬂb”'@mwm of 810Q.in the upstreamiplajen as t o

all ow free nove Q&ngﬁﬂ*&l %ﬁﬂﬁaﬁ%ﬁﬁﬁ’ wﬁeﬁ%ﬁr shuttle
pl aten surface 14 fu&[séler et nes side ral 11_35‘2e &&tare

operative to |i nencoderasafoxementioned. The esvodaricomprisesZ2miencader flag whetlt | e
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 :platen 500 by means of gaskets 760T and are
supported from below by the thermistor-support 762T.

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

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

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

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



200 perfornms its notion. 15 Thr oughport 142, as aforenenti oned,

al |l ows passage therethrough of camfollower 144. Camfollower 144 is
an annul ar roller bearing of such di rension as to allow notion
t her eof between the punp drive cam | ands 106, 108. The shuttle drive

cam f ol I owner L.des on the shuttle drive pin 154 s in
the shuttle d&ééa&ﬁﬂﬁ recess 156 so as to be flush with 20mn$§ﬂgé$@%ﬂg
surface 201 of the shuttle 200. The drive pin 154 further conprises

head 158 which is operative to spread driyvg forces evenly to the shuttle
200 and furthernore, provides an adequate peri pheral 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

SRR ot e B il o
cam foll omwmsa
Theummmmnphumihnhm1msddhwdﬂmnmnﬂqumuaunvﬂve
anvil 805 and a plurality of tube stops 809 of similar function to the tube

5  stops 576 associated with the downstream platen 500. The upstream platen
further receives support from the upstream end of the valve pivot shaft 410
residing in carrier 807. The upstream-most end of the upstream platen 800
further has defined on the exterior peripheral edge thereof a upstream tube
retaining detent 842 which is identical in function and cooperative with the

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

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

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

25  slide clamp actuator bushing 802 and the slide clamp traveler 815 by means
of motion of the slide clamp actuator bushing 802 and the slide clamp
traveler bushing race 813. The slide clamp traveler 815, in cooperation with
the slide clamp clam pin 826, provides substantially fore and aft motion of
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The shuttle platen 130 conpl etes the datum or regi ster point set based

on neasuring |locations throughout the punp 10 fromthe chassis 14 and
associ at ed conponents. The shuttle platen side rails 150, 152
have forwar dWOMPPHERs 162, 164 5 upon which are |ocat ed BCHUSI@T0By of
datum surfaces 168, 170. These datum pads 168, 170 are operative to
fix the distance fromshuttle 200 to that of the upper jaw 220 of the
punp assenbly. This distance, experinent'%bs f ound, must be

mai ntained at 0.2 nmm 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 &urrp I s dependent upon the |ateral
di st ance the slide clamp clams 820, 830, which are operative to grasp and releasably

retain the slide clamp 895. The slide clamp clams 820, 830 are in a
substantially scissorlike arrangement with respect to each other and reside in
the slide clamp clam shell 832, which is operative to allow fore and aft

s  motion of the slide clamp clams 820, 830 therein. The tubeloader pawls
further serve to raise the slide clamp shield 811. This ensures that the slide
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
slide clamp 895, having detents or.grippable elements impressed therein, and
the slide clamp loader clam tips 820, 822 which are essentially barblike so as

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

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

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



beween t he noving shuttle indent 204 and the fixed, or non-noving, indent
206 so as to provide a deformation of the initially circular tube
Cross-section to an equi angul ar quadrilateral cross-section. This
initial deformation bears on the amount of closure of the punp tube

|l umen 6 as th ycles 15 through its stroke; as the st S
fixed by the ﬁ“ﬁ#ﬁaﬁﬁthe drive cam | ands 106, 108. The$§ﬁ§§%?h%$

def ormati on of the punp tube |umen fixes the volunetric output of the
punp, per stroke or cycle thereof. -41- The | ower portion of the
side rails 150, 152 are laterally extensive beyond the shuttle 200.

The forward surfaces of the |lower |ateral extension 20 172, 174 have
associ ated herewith a second set of datum pads 176, 178 whi ch are

Chut 1200, The PR SxHeRlr Y8R e btk Sl ot s b o

simlar to the fumtmmfsthe upper datum pads 168, 170 as af oredescri bed.
Shuttle 200 further conprises, as shown in Figure 11, a rear side 207 25

of the shuttle 200. The rear shuttl e side 207 further has defined therein a
plurality of slide. rails SESSORSIASSOSIATER WIEH THE SIJDE GLAMBEOABER ve to provi de

fsﬁlrjt ?I e plat 21nn|1g1ozat ! ?Hcmf]ﬁfw ﬁ&wWe I'n SMW&%T ul |

face engagenment wIhéfirstef 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.
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channel s 146A of the shuttle platen 130, and provide a fixation of both
| ongi tudi nal and | ateral |ash between the shuttle 200 and the shuttle

pl aten 130. The front surfaces 201 of the shuttle 200
defines a puYP¥H3P 5 aperture 204. This aperture, or i rREESIHOMNOB | s of
a substantially v-shaped cross-section and has a rounded interior

corner 211 so as to provide for a 2

In operation the slide clamp sensors serve to identify both the
position and presence of a slide clamp 895 in the slide clamp loader sub-
assembly. The two sensor sets corresponding to the outer photocell 874 and
the inner photocell 870 work in concert to accurately display the location of

5  the slide clamp 895 within the loader sub-assembly. Specifically, the two
sensors 874 and 870 determine the location of the slide clamp 895 according
to the following truth table wherein high denotes a beam transmitted across
the slide clamp groove 856 and low denotes a condition wherein reception of

a specific beam is absent.
10 Quter 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.



conformation of the tube 5 and the groove aperture 204 when the tube 5 is

| oaded t herein. The rear surface 207 of the shuttle 200
further has defined therein a 10 plurality of pockets 203 arranged in a
substantially vertical array. These pockets 203 are adapted to
contain a plurality of magnets which are cooperative w_t netic
sensor 322 t oAt he linear position of the shuttl erég‘(}%’%”
SENSORS ASSOCI ATED WTH THE PUMP SUB- ASSEMLY The punp
sub-assenbly, as previously described, has, associated therewith a
plurality of sensors which are operative {8 provide information as to
the function and | ocation of the various el enents thereof. The

aftnbst of the sensors is the drive notor shaft encoder 300. This 20

sensor conprises an encoder flag whegl 302 %ui ch is attached to the
armature shaft 303 of notor 24. The g wheel 302 has, in the

adi al 1y outwardly fromns s 9FRS Aor s Ritkibhes sitiakéd witirh pidp 10,00
act in concert wi the pump howsing £00.kni geotrabasped, the housing 300, as wellrasdhe ocat i on
308, 310 furtner  DobSEALlY 10, iFaBiiR 18 b SRaRleertkany 4y o atiom, if'en o °°
5  alternative embodiment, a plurality of pumps 10 to be driven 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 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 geometrically adapted to form drip
loops in the tube 5 by means of a downwardly angled orientation of each of
the tubeway access slot ends 901, 902. This geometric adaptation of the
tubeway slot ends 901, 902 serves to ensure a conformation of the tube 5§
20  which serves to prevent fluid ingress of the pump 10 from leaks associated
with fluid delivery components exterior to the pump 10. The housing 900
further has defined therein an access port 906 adapted to receive therein the
tubeloader camshaft handwheel 600 so as to provide access thereto by an

operator.



shown in Figure 12. The arrangenent of the optical sw tches 308, 310
allows for a first switch 308 to sense the edge 311E of flag 304, and the
WD 97/ 37703
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second switch 310 to sense the mddle 311M of a subsequent flag 304. This
arrangenment WOBREPor greater resolution of notor shaft poEFTRJE??’%?ﬂ?

-44-

CONCLUSION
This description of the preferred embodiment of the instant invention

is indicative of that embodiment presently preferred and should not be

deemed to restrict the scope of the instant invention in any way more
5 restrictive than the scope of the Claims appended hereto, and other and

‘equivalent embodiments of the instant invention are to be deemed as

expressly included in the claimed elements of the instant invention.



direction as read by the encoder 300. In this presently
preferred enbodi nent, the resowo 5 is 1/3072 of a
rotation of notor shaft 20. The encoder assenbly 300 resides in a
punp notor encoder support coII yﬂﬂ ’mm?m'ﬂ ’sl iding fit over notor
housing 24 and is affixed theret m 313.

not or encoder"@ ses armature shaft 393 Yot*aton di rectlyl.’(:'l""’sswn)yag
However, as there are mechani snms resident between the armature shaft 303 10
and the shuttle 200, further sensors are desired. Movi ng
forward al ong notor shaft axis 32, one returns to index wheel 64. As
af orenenti oned, index wheel 64 has a plurality of circunferentially
coextensive radially disposed slots 66, 68. Associated with t hese
slots is an index wheel optical sensor t.éié&’ghis sensor conprises a 15
light emtting diode 315 and an opti cal r or swtch 316.

The i ndex wheel sensor 314 is cooperative with the index wheel 64 and
the slots 66, 68 ther NACCORDANGE WIZH OUBINVENTION WBCBAIMGt | on of t he

rotational |ocation of the punp notor shaft 20. I n operation,
the i ndex wheel sensor lm4msmwmmmmmmmamﬁmsbaencoder 300

|t or mat on of t PEOMEG g g i Bbrighf a s fr gt EitARAY

passage of eagh thtahmkmmmwmmgmumcmmmgmw 314. The
pump.

2.) The invention according to Claim 1 and said means for
automatically loading said segment of tubing into said pump being further
10  operative to execute the removal of said segment of tubing from said pump.

_ .3.) - The:invention according to Claim 1 and said means for
- automatically:loading said :segment of tubing into said pump further
comprising means for capturing said-segment of tubing and:drawing said
15  segment of tubing into said pump.

4.) The invention according to Claim 3 and said means for
capturing said segment of tubing and drawing said segment of tubing into
said pump further comprising means for compressively retaining said tubing

20  in said pump.

5.) The invention according to Claim 1 and said means for
automatically loading said segment of tubing into said pump further
comprising, wherein said tubing may be misloaded, means for detecting a
misloading of said tubing in said pump.

25 6.) The invention according to Claim 5 and said means for
detecting the misloading of said tubing in said pump further comprising
means for executing an alarm indicative of said misloading of said tubing.

T'ns Sheet Has Been Rer
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two slots 66 68 are of differing wi dt hs so as to provide information as to
whet her the shuttle 200 is beginning the upstroke thereof or the downstroke
25 thereof, where a first width i ndexes the upstroke and a second wi dth

indexes ~ the downstroke. ”I'J"“MJ"J“II,”HWOM ated with the shuttle 200
itself is a |linear gross positlt 320. This sensor conprises a
| i near posi t H? ef fect sensor 322"andl a* WO 97PCTISY04708
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7.) The invention according to Claim 5 and said means for
detecting the misloading of said tubing in said pump further comprising
compressive means for squeezing said tube and, wherein said means for
automatically loading said tube into said pump has an extent of travel

5  associated therewith, the combination with an encoding means for
determining an extent of travel of said means for automatically loading said
tube into said pump.

8.) An automatic loading apparatus associated with an infusion
pump and a tube for use in said pump, said automatic loading apparatus
10  comprising a pawl operative to releasably grip and retain said tube and a cam
operative to actuate said pawl.

9.) The invention according to Claim 8 and said pawl comprising
a pawl tip.

10.) The invention according to Claim 9 and wherein said paw] tip
15 further comprises an interior side and an exterior side.

11.) The invention according to Claim 9 and said pawl tip
comprising a substantially horizontal tube-engaging surface, said

substantially horizontal tube-engaging surface operative to compresswely
engage said tube.

20 12.) The invention according to Claim 11 and said substantially
horizontal tube-engaging surface being disposed on said interior side of said
pawl tip.

13.) The invention according to Claim 10 and said pawl tip further

comprising an angled surface disposed on the interior side of said pawl tip,
25  said angled surface operative to deformably engage said tube,

ThlS Sheet Has Been Repl
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plurality of magnet 324, 326. Shuttle position sensor magnets 324, 326
present opposite poles to th i tch 322, so as to provide a

field gradi ent operativ ' Lde _an indiciumof the linear
position of the shuttle jmﬂlﬁmi. i ion of the encoder 300 and
t he ot her ass%gﬁ%sensors * ¢ i"¥hed, provide iww

control nechanrsm I ch may operate nore than one punp SO as to
accurately control the speed of variable speed notor 24, the primary
feature provided by such speed control is_g tenporal variability of

the output of the punp 10. Additionally, such speed control 10 all ows for
an electronically controlled linearization of the punp output per
i ndi vidual stroke as well as inproving the tinme integrated output of the

punp 10. In the preferyed enbodi nent th er. stroke |inearj zation of
output is realiz 3 n&éﬁmi'ﬁf‘f”aﬁ"ﬁo ﬁ?@“‘dﬂ% ‘B‘ﬁrﬂayggp;gé‘“
af or enent i oned. Twmpﬁmasubmﬁmwmwwwtbwe nor e
accurate by the punp speed 15 being markedly increased, at such points as
woul d provi de for S3dbeand wnder action of saidipawl asactiated hy idgam, furtherneasur ed
Wi th respect to tj tﬁ%ﬂ@sﬂh'ﬁwiﬂﬁéﬁ?ﬂmm effects of such

: a“manu

di scontinuities in" output facturing conveni ence,

both the shuttle linear position
5 15.) The invention according to Claim 7 and said compressive

means for squeezing said tube further comprising a pawl, said pawl having a
tip and said tip defining a substantially horizontal misioad activating surface
thereon.

10 16.) The invention according to Claim 9 and said paw! tip
comprising a tube rejection surface operative to expel said tube from said
pump associated with said automatic loading apparatus.

17.) The invention according to Claim 16 and said paw] tip having
15  an exterior side and an interior side wherein said tube rejection surface is
disposed on said exterior side of said pawl tip.

18.) An automatic loading apparatus for loading a fluid carrying
tube into an infusion pump wherein said loading apparatus has associated
20  therewith a platen and a loading paw] having a tip, said apparatus comprising
said tip wherein said tip has defined thereon a tube rejection surface, a
misload activating surface, a tube capture surface, an angled engaging
surface and a horizontal engaging surface and a periphery; wherein said
rejection surface, misloading activating surface, tube capture surface, angled
25  engaging surface and horizontal engaging surface are disposed about said
19.) The invention according to Claim 18 and said platen
comprising a slot adapted to receive said pawl tip. |

R
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sensor 320 and the index wheel sensor 314 are electrlcally connected to the
20 associated signal process+ag—e#ee%#en+es-by a shared printed circuit

strip denoted as the pu U|t strip .
THE VALVE SUB- ASSEMBLY J iﬁ! ub assenbly is shown,
renmoved fromthe associated p in Figures 13 and 14.

The val ve sYWOBEY@ply consists of a valve pIVOt shafRCTAHS? his
carried by chassis 14 by being supported thereby in pivot shaft ports
36, 38. Valves 412, 414 pivot about this shaft WO 97/ 37703

PCT/ US97/ 04703 -48

20.) The invention according to Claim 19 and said platen further
comprising a tubestop defined thereon.

5 21.) The invention according to Claim 20 and said tubestop in
cooperation with said horizontal tube-engaging surface and said angled
engaging surface operative to lockingly retain said tube in said pump.

22.) The invention according to Claim 19 and said slot operative,
in cooperation with said tube capture surface, to draw said tube into said
10 pump.

23.) The invention according to Claim 19 and said platen being
extensive beyond said slot.

24.) The invention according to Claim 23 and said misioad
activating surface operative to compressively engage said tube against said
15  platen exterior to said slot.

25.) The invention according to Claim 18 and said pawl
comprising a collet, a layshaft to which said collet is circumferentially
engaged and said layshaft operative to actuate said pawl.

26.) The invention according to Claim 25 and a pump jaw carrier
20  associated with said layshaft.

27.) The invention according to Claim 26 and said pump jaw
carrier being affixed to said layshaft.

28.) The invention according to Claim 26 and said pump jaw
carrier further comprising a cam follower arm and a cam follower wherein

Sheet Has Been RTlaced
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- 23- 410 and are supportéd t hereon by val ve pivot bearings 416,

418 which are clearance fit onto pivot shaft 410 and into val ves 412,
414. The two val ve ; ed individually as the
upstream val ve 412 and the . 414 . The upstream val ve
412 5 conpri [ vot beari nglaﬁmﬁmmmﬂm&ted to acc her ei nt o

t he up§@$§yﬁpgglve pivot b «sner eby pivotg U8, e

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

pi vot shaft 410 and substantially vertically displaced therefrom The
upstream val veshaft 10 aperture 422 is adapted to slidingly receive the
upstream val veshaft 424 therein. The upstream val veshaft 424 extends

| aterally fromthe, upstream . .valve 412 and i s, dispgsed to enter into
the chassis 14 vi’&“{fg@ﬁl&ml&l%ﬁﬁymﬂwgﬁm owet Arm and & cam

val ve actuator shgf jive @ i@ daidPéthstic extensiony! | ndri cal and has defi ned
therein an outer Camrace cutout 426. The outer 15 <can race cutout 426 is

operative to allow the stream val ve actuator 424 to
P 2619 Theinvent?onacoordingtoClaimZSandaeaminsliding

engagement with said cam follower and an encoder operative to determine,
5  wherein said cam has a position, the position of said cam and a sensor
operative to determine, wherein said jaw carrier has a position, the position

of said jaw carrier.

30.) The invention according to Claim 29 and wherein the
combination of the determination of said cam position by said encoder and
10 said elastic extension of said cam follower from said jaw carrier and by co-
action with said layshaft, wherein said pawl tip further has a position, the
position of said pawl tip; is operative to detect a misload of said tube.

31.) In an infusion pump having an automatic tubeloading

apparatus associated therewith, said automatic tubeloading apparatus having

15 a pawl, said pawl being extensive from a layshaft, a jaw carrier associated
with said layshaft and co-rotational therewith said jaw carrier having a cam
follower arm and a positional sensor on said cam follower arm, a spring
loaded cam follower associated with said cam follower arm, a cam in sliding
contact with said cam follower and an encoder operative to provide

20  positional information of said cam, said paw! having a tube compressing tip
portion and a platen cooperative with said tube compressing tip portion to
compress a tube therebetween; the method of detecting a misioad of said
tube into said pump comprising the steps of:

1. wherein said tube is positioned between said tube compressing
25 tip portion and said platen, compressing said tube;

This Sheet Has Been Replaced




cl ear the outer or downstream val ve race 122 defined on cam 100. The
upstream val ve actuator 424 ternminates in a camfollower nub 428, which is
adapted to support the upstreamvalve roller camfoll ower 430. The -
upstream cam fol | ower 430 is, iﬂ nﬁlmmﬂﬁumﬁl mbodi nent, a roller bearing
20 SO as to&rovi de rolling c il (HBhe- val ve cam | and 120 and

<,

t he upNQ ¥RWBal ve actuator 424 " Ret ur ni RETESOYVOANE 412
or 414, the valve further conprises a valve bl ade 432, as shown in
Figure 15B, which is of a substantially v-shaped Cross-section

wherein the first side of the valve bl ade¥34 and the second 25 si de of
the val ve bl ade 436 subtend an angl e of approxinmately 90 degrees

t her ebetween and also define a 0.5 mllinmeter rounded vertex 438. The

conmbi nation of the included angle and the rounded vertex 438 provide for an

opti mal arrangenment batweewhersia saidapring doaded came follower and said camsur i ng t hat
the follower arm define an interstice therebetween, rotating said cam so
as to close said interstice;

3. wherein said encoder has an output indicative of the position

5 of said cam, wherein said cam has a plurality of positions,
determining the change of position of said cam as said interstice is
closed; '

4. wherein said sensor has an output capable of change and

wherein said change is indicative of the position of said jaw carrier
10 wherein said jaw carrier has a plurality of positions noting the lack of

change of position of said jaw carrier as said interstice is closed;

5.  comparing the outputs of the encoder and the sensor to
determine that the interstice is being closed as the pawl is prevented
from moving due to its engagement with said tube;

15 6. wherein said outputs have associated therewith an alarm,
actuating said alarm;

7. wherein said cam has a motion which can be reversed,
reversing the motion of said cam;

8. by co-action of said cam, cam follower, jaw carrier, layshaft,
20 pawl and tube compressing tip portion, releasing said tube from
beneath said tip portion by said reversal of motion of said cam.

32.) A method for loading a tube into an infusion pump
comprising steps of:

1. wherein said pump bas a loading slot associated therewith
25 placing said tube into said loading slot;
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tube 5 is sealed during the apprQELLaLe~earr’6T’tﬂe/bunp cycle while

si mul t aneously ensuring that the tube Wi gmhn\ to an accurate

approxi mati on initial sha e ade 432 i rom
tﬁg t ube ?Ebgn p r tyemtei 438 of the Jg?béﬁﬁﬁgﬂé 434
defines a .0.5 nm curvature This curvature, in conmbination with the
0.7 nmm di stance bet ween t he val ve bl.gfe 434 and the valve 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 appropri ate part of the punp cycle.

Additionally, the tube 5 dug 0 s'a}ds def&sr;alt‘a%gfgydrt‘%gs&attle t%’00 in

said pump actuating said means;
3. activating said pump.

33.) The invention according to Claim 32 and said method further
5  comprising the steps of:

1. wherein said means for drawing said tube into said pump
includes a plurality of pawls operative to draw said tube into said
pump, actuating said pawls;

2. wherein said pump has a jaw and a moving shuttle cooperative
10 with said tube to move a fluid therethrough, emplacing said tube

within said jaw and against said moving shuttie;

3. wherein said jaw is closeable, cloging said jaw;

4, cycling said moving shuttle so as to seat said tube there
against;

15 5. commencing pumping of said fluid through said tube.

~ 34.) The invention according to Claim 28 and said cam further
comprising a compound surface thereof.

35.) The invention according to Claim 34 and said cam follower
arm further comprising a locking arm associated therewith and cooperative
20  with said compound surface to inelastically lock said cam follower arm,
wherein said cam follower arm has a pump operating position, in said pump
operating position, '
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conbination with the upper and | ower jaws 220, 222, conprehends a parti al
vacuum wi t hi n that portion of tWted adj acent to shuttle
200, and the opening of the inl alve 412 V\ntg“‘he positioning of the 15

shuttle 200 providing conditions \:‘m \“ st hydrodynam cally the
el astic recovery of the tube sect m et valve 412. '
The upstreamW@ ody 412 furthef conpri é‘es a val ve |ifti METURIF04708

440 which is cooperative with a valve |oading camto raise the valve during
t he tube | oading operation. The val ve body 412 conprehends a val ve spring
20 seat tang 442 which extends upwardy” 2omthe 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
di stal end 448 of the val ve sprlng retai ner 450 The val ve spring

retai ner 450, in conbl?fﬁa) Ardrive appargus ffior an| automatic itehe lt’%hyﬂﬂmﬂhlyerves to

conpl etely captu |§ sﬁ) | ve spring
retai ner 450 corrprl SEes a su J{ul a gaééﬁbl&q?mgmpl}gga ch is
operative to sli dhmghynﬂmbnphmpﬁsaidinWhnaﬂdeompnmgahmhafpluﬁn@, to be

descri bed subsequ ntI

desi gned to per gFT‘ valm%{ﬁ%%g%YWiy %‘3@3&?& Ihz

5 geamopmhvewacummeamnsforloadmgsmdmbemtomdpump.

37.) The invention according to Claim 36 and said plurality of
gears and said camshaft and a clutch cooperative therewith, said clutch
comprising a tubeloader camshaft gear rotatable about said camshaft, said
camshaft gear further defining a clutch slot therein, said clutch slot

10  cooperative with a clutch pin associated with said camshaft to rotationally
lock said camshaft gear to said camshaft; said clutch pin being longitudinally
slideable along said camshaft and an actuator pin transverse to said clutchpin
and operative fo induce a sliding motion of said clutch pin along said
camshaft.

1s 38.) The invention according to Claim 37 and said clutch further
comprising a pivoting clutch tab and a handwheel wherein said pivoting
clutch tab is interiorly associated with said handwheel and a clutch cam
wherein said clutch cam is in substantially full face engagement with said
actuator pin and operative to slideably move said actuator pin along said cam
20  shaft,

39.) The invention according to Claim 38 and said clutch and
handwheel operative to perform a manual operation of said automatic
tubeloading assembly.

40.) The invention according to Claim 36 and a clutch means for
25  manually actuating said automatic tubeloading assembly.
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af orenenti oned tubel oader | aysh l m\m modate the nmotion of the

val ve 412, 414. et414 Is resident on the
val ve plvot S adj tIe 200. Thepdy, ;ﬁﬁ m
valve 414 is gg&gnfﬁglly a 5_ mrror Lnnge_of t he upstrean1va|v ﬁ%
about a plane transverse to t he pi vot shaft 410 and displays all of
the associated el enents of the upstream vahye 412 in a reversed
orientation as seen in Figure 14. The downstream val ve

41.) The invention according to Claim 3 and a jaw, said jaw
comprising means for engaging said segment of tubing.

' 42.) 'The invention according to Claim 41 and said means for
engaging said tube further comprising means for capturing said segment of
5 tubing and drawing said segment of tubing into said pump.

43.) The invention according to Claim 42 and said means for
engaging said tube further comprising a plurality of tube engaging tips, said
tips defining a plurality of oriented surfaces adapted to engage said tube.

44.) An infusion pump operative to pump a fluid through a
10  segment of tubing, said pump comprising a moving shuttle operative to
periodically compress said tube and a means for automatically loading said
segment of tubing into said pump.

45.) The invention according to Claim 20 in said slot cooperative
with said tube capture surface to slide said tube over said platen into contact
15  with said tube stop.

46.) In an infusion pump operative to pump a fluid throilgh a tube
said infusion pump having an automatic means for loading said tube and said
tube having associated therewith a slide clamp, said automatic means for
loading said tube comprising means for releasably retaining said slide clamp

20  operative to, wherein said slide clamp has an opened position and a closed
position, selectably open and close said slide clamp.

47.) The invention according to Claim 46 and said means for
releasably retaining said slide clamp comprising clam means for drawing
said slide clamp into said pump and crank means for actuating said clam

25  means.

\
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actuator arm 456 is shortened to align the dovvnst ream val ve cam fol | ower
458 with the outer valve camla 10 The action of the two
val ves 412, 414 is such that at no ti e duri ng the punp cycle are
bot h val ves open at the sane t| mgm bot h t he val ves
412, 414 and_the shuttle 200 are a"’ﬁ”ﬂ“ﬂfe notor 24 and of f
of a single ¥YVE™Im body 100, exact® synchroni zation of thEPCTASIUUTS o
414 and the punp shuttle 200 is positively achieved by whol |y mechani cal 15
nmeans. SENSORS ASSOCI ATED W TH THE VALVE SUB- ASSEMBLY
Associ ated with each of the valves 412, 2% is a valve notion sensor

328, 330. Each of these valve notion sensors 328, 330 is actuated by a 20
magnet 332, 334 which is inserted into a valve sensor magnet port 332A,
334A in the out board end 444 of t he val ve bl ade tang 435. Located

therebel ow, in the asé®e) atbejinyention agenrding fo Glaim:40-and, I'BQ?&F@!!’therefrom

iazsoci at e:jhe val w&w*ﬁﬁéw owﬁwﬁﬁg%e sensor

swi tches 328, 33preferentially fiXing anodrientation rof said istideoclamop sherein Sidslidecr ves t o

stop the punp 10 and ,activ . alarmif a valve 412, 414 is not
operating correcf ﬁg‘ é’rfaft%"gg ientation; | acconpl i shed by conpari ng
t he expected out put of t he appropriate vaI ve

5 49.) The invention according to Claim 48 and said slide clamp

being asymmetric so as to have said preferred orientation defined thereon.

50.) The invention according to Claim 47 and said means for
releasably retaining said slide clamp further comprising visor means for
preventing removal of said slide clamp from said pump.

10 51.) The invention according to Claim 49 and a platen associated
with said means for releasably retaining said slide clamp, said platen further
comprising a tube stop thereon.

52.) The invention according to Claim 51 and a pawl operative to
retain said tube against said tube stop.

15 53.) The invention according to Claim 52 and said pawl and tube
stop operative to hold said tube fixed such that said slide clamp may execute
a motion relative to said tube.

54.) The invention according to Claim 53 and said clam means
being further operative to move said slide clamp relative to said tube so0 as to
20  selectably close and open said slide clamp to fluid flow therethrough.

55.) The invention according to Claim 46 and means for sensing
the position of said slide clamp wherein said slide clamp has a plurality of
positions.

—_—
This Sheet Has Been R

[ ﬁu



VO 97/ 37703 =
PCT/ US97/ 04708 _26-

sensor 328, 330 with the expected—stgmat—therefromat a specific notor 24

and drive cam | ocati on. Hmimm““m\ wardly from each val ve

412, 414 and S@pga, d th I pi vot shaft be
Cebz.; 60 i r‘!““c L M 5 ¥ P&R’S%‘GIIM

present arms Is the

-55-

56.) The invention according to Claim 55 and said means for
sensing the position of said slide clamp being further operative to sense the
presence and absence of said slide clamp.

57.) The invention according to Claim 56 and said means for
5  sensing the position of said slide clamp comprising a first optical sensor and
a second optical sensor.

58.) The invention according to Claim 57 and wherein said slide
clamp rides in a groove, said first optical sensor and said second optical
sensor being resident along said groove.

10 59.) The invention according to Claim 57 and said first optical
sensor and said second optical sensor each comprising a light source, a
transmitting light pipe in photonic communication with said light source and
a receiving light pipe in photonic communication with said transmitting light
pipe and operative to intermittently transmit light to an associated photocell.

15 60.) The invention according to Claim 59 and said transmitting
light pipe and said receiving light pipe each comprehending a respective
internal reflecting surface.

61.) The invention according to Claim 59 and a groove adapted to
receive a slide clamp and said groove having a first side and a second side

20  wherein said transmitting light pipe is resident on said first side and said
receiving light pipe is resident on said second side.

62.) In an infusion pump having associated therewith a tube, and a
slide clamp associated with said tube and said slide clamp having a plurality
of positions, a method for determining the position of said slide clamp

25  comprising the following steps:
-_—
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5 tube present sensor arn1340._IEE_EE§LLQQHLLQD§~DIesent sensor, in
conjunction with the downstream tube present sensor, serves to determ ne

t he actual physical presence or ab E mmmube in the punp 10. Each
of the tube present sensors 332, BE‘!“m“mu“ ﬂ nnul ar bearing or tube
sensor pi vot §$§y¥hich surrounds and rfdes cdh tthe*valve pivot shaft 410. 10
The tube sensSBy  HMPweb 338 extends outwardl Vv fromthe tube REFAES704308, ot
336 and serves to support the tube sensing blade 340 which extends
forwardly fromthe sensor armweb 338 and_i he tube sensor flag 342 which
extends substantially rearwardly fromthé“sensor arm web 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 tip 344 and {he valve anvil wll,

therefore, serve Lt o whemsin sjdtube moﬁméy‘“g%lm%invil 570 and

cause the sensor armto pi vot about the valve pivot shaft 410. This

serves to |ower the re@rwar@hdrein said infisicR I al oF Lnshes t her eby
interrupting the tube present sensor 20 optical switch 346 by the flag 342

novi ng i nto the inter threeeiveya slider clamp inte pssociation thexewithnemplacing saidpt i cal
swtch 346 and interr i | A £extendi ng t her eacross, as
shown in Figure 17. A%t%%%?#?g%%%\/es to bias the t ube
sensor armto a position wherein, should the tube 5 not be present, the

t ube sensor I ade ti p3344 wherein said sehsorsibave aihighestate aksociated writh the

absence of said slide clamp and a low state associated with the
presence of said slide clamp, noting the states of said plurality of
Sensors;

4. wherein said plurality of sensors are arranged in specific
10 ~ positions, noting the positions of the various sensors;

5. comparing :the state of said sensors against the position
thereof’

6. correlating said state and position information into indicia of
said position of said slide clamp.

15 63.) In an infusion pump having a plurality of elements assembled
to form said pump, a method of manufacturing said pump comprising the
following steps:

1. forming one of said elements with at least one accurate
surface;

20 2. wherein the remaining elements have relative locations,
. measuring the location of the remaining elements from said accurate
surface.
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25 THE TUBELOADER SUB- ASSEMBLY As
shown in Figures 18 and 19, the tubeloader subassenbly utilizes t wo

shafts associ ated with chassis 14 e tubel oader

i A. These two shﬂ“i] are th
PCT/ USS 7/ 047080 gnsmes (Moo,

-57-

64.) The invention according to Claim 63 and said method further
comprising the steps of:

1. associating with said accurate surface at least one accurate
shaft upon which said remaining elements depend;

5 2. measuring the location of said remaining elements from said
accurate shaft.

65.) In an infusion pump having a tubeway, said pump operative to
pump a fluid through a tube, and having a plurality of sensors operative to
discover information regarding said fluid, said fluid and said sensors being

10 in contact with said tube, a method for placing said sensors in contact with
said tube comprising the following steps:

1. emplacing said tube in said tubeway;

2. placing said sensors in contact with said tube in said tubeway
wherein said sensors are in a normal relation to said tube;
15 3. wherein said tube has a stress gradient thereacross,
compressing said tube against said sensors such that said gradient is
inimized.
66.) A method for placing sensors in contact with the tube,
wherein said tube and sensors are associated with an infusion pump said
20  method comprising:

1. placing said sensors against said tube;

2. rolling said sensors over said tube whilst compressing said
tube against said sensors;
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canshaft 510 and the tubel oader | ayshaft 512. These two shafts 510, 512, in
conjunction with the valve pivet—shatt 410, provide the primry datum

poi nts for the relative locations of the various assenblies and
associ ated el enents thereo’fli ﬂ”mﬂﬂﬁm," punp. The | ocations of :
these three shafts is shomm 5 referencing all points in
the punp to tW@IEEMafts, and “héreBy fo the chassis 1RECTASY
structure can be indexed wthout the necessity of a wide variety of
preci sion machi ned parts, whilst maintaining the requisite accuracy
of the conpleted assenbly. THB"t ubel oader | ayshaft 512

provi des an axis about which all parts-10 whi ch are driven by canshaft
510 rotate save the val ves and slide clanp. Movi ng upstream al ong

| ayshaft 512, the nost out board of the el ements assocated therewith
are the downstream t udel oadehergin said tubehas 4 fransverse volymetria gradient ubel oader

paw s each consi st of agﬁgéw{h%&mﬁﬂ sﬁéﬁqnﬁmlﬁ ted to ride on
t he tubel oader | aysha I'S ‘(fj%(e ereto %“’t“ﬁ‘é assom at ed
helical pin 518 whi ch vokinestris gtadieatiy mihimizegdaw annul us 516 and t he

| ayshaft 512 and into the opposed area of the annulus thereby positively

fixing the associ ated 514.t0.the | ayshaft 51 I ng, forward of
the pawl annul us or co&fﬁcll"g’lén MH’?’S ihand 3, s o
substanti al | ys| i nessor ag6éiaed Mbemhmmwwﬁaawﬂxt endi ng 20

outwardly and downward from.the paw col ] et, K 516,
leonsaldtube,a method of placing said sensor in contact with said

tube comprising:
1, placing said sensor against said tube;

2. positioning said sensor such that said tube volumetric gradient
10 thereagainst is minimized.

_ 68.) In an infusion pump having a tube associated therewith and a
sensor associated with siidtube, and a stress gradient definable on said tube,
a method of placing said sensor in contact with said tube comprising:

1. placing said sensor against said tube;

15 2. positioning said sensor such that said tube stress gradient
thereagainst is minimized.

69.) In an infusion pump having a tube associated therewith, said
pump being operative to pump a fluid through said tube and said pump
having a sensor in contact with said tube and a housing operative to

20  positionally hold said sensor, said housing comprising a housing body, said
housing body having a suspension slot defined thereby, and a pin, wherein
said suspension slot is moveable about said pin.

70.) The invention according to Claim 69 and a pivot slot and a lift
25  pin resident in said pivot slot and affixed to said housing wherein a coaction
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The shape of the arctuate section 522 of the pawl 514 is such that

when the pawl 514 is fully Iomemirmy wedged agai nst the
downst ream pl at en 500, thereby e t he tube 5 between the pawl 514
and platen 500. 25 'mawl he interior angled surface

526 of the paw lntersec 5 at an ap ILgately 45
degree angl e WP t’hﬂ%ggpect to hor i zont a’ &nd is therebgé’g@%f eto
urge the tube 5 downwardly and i nwardly agai nst the tube detent 501

in the downstream pl aten 500. V\Dng/ 37703
PCT/ US97/ 04708 )

of said lift pin and said pivot slot and said pin and said suspension slot is
operative to allow a substantially normal contact of said sensor with said
tube.

5 71.) The invention according to Claim 70 and said substantially
normal contact of said sensor with said tube being achieved by said sensor
housing rolling over said tube.

72.) In an infusion pump having a plurality of sensors associated
10  therewith and a tube associated with said sensors, a means for locating said
sensors against said tube, said means for locating comprising a tiltable means
for housing said sensors actuated by said tube.
73.) ‘The invention according to Claim 72 and a first axis and a
second axis, said tiltable means for housing said sensors further comprising
15 slot means for allowing movement of said means for housing said sensors
along said first axis and pivot means for allowing independent movement of
said means for housing said sensors along said second axis wherein said
second axis is substantially perpendicular to said first axis.

20 74.) The invention according to Claim 73 and said tube having a
top thereof and said pivot means in combination with said slot means
cooperative with said top of said tube to allow said tiltable means for
housing said sensors to roll over the top of said tube.

25 75.) In an infusion pump having a plurality of sensors said sensors
residing in housings, and an arm operative to support and move said
housings, and an upstream platen and a downstream platen wherein said
upstream platen and said downstream platen have vertical slots defined
thereby, a compound rocker assembly comprising a first suspension pin
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-28- The pawl tip 524 enconpasses a plurality of areas.

The interior side of the tip defines a horizontal tube engaging
surface 525, an angled tube eéngagi ng surface 526, a vertical tube
capture surface 528, a hori zont oad activating surface 530
and an external Iﬁ_ésfam ng tube r$||“uam““ lmlamms 532 on the exterior

si de thereof WAXPTe af or enenti oned surfhces dre s (REFEPIUW 0 o
peri phery of the paw tip. These surfaces operate in concert with the
downst ream pl at en 500. The desi gn conprehended by tubel oader
pawl tip 524 is repeated on the | onf edge of the upper punp jaw 220

and serves an identical function 10 as shall be descri bed heren.
When an operator is loading a tube into punp 10 and actuates the
t ubel oadi ng cycl e by neans of_ an approprlate actuator, or a control button

or switch, the t8ssesiated withsaid arm and operative o mmmesumwmm. ch,

I n conbi nati on wW §ﬁ5*¥9‘¥3?'5'93 I conpl et eI y
15 cl ose off the ?onglb'ﬁ I'nal sl ot or opem ng 0 e%@t g%'r‘%somde of

t ubeway 8. ﬁﬁthcmdeﬁmngupmbpetpﬁvetoeduppoﬁmmndaﬂmmidsﬁdoﬂdpm_ 10, yet

remain wholly  oident in said vertical slots abaft said substantially oval slot and said oval

5  slot and said vertical slot with said first suspension pin and said second pin
operative to allow said housings to execute a compound rocking motion.

76.) The invention according to Claim 69 and said suspension slot
having an oval aspect.

10
77.) The invention according to Claim 69 and a handle associated

with said housing body, said suspension slot being defined therein.
78.) An infusion pump operative-to pump a fluid and a tube,
operative to carry said fluid-therethrough, said pump comprising a shuitle
15  having upstream and downstream sides and said shuttle operative to
cyclically deform and reform said tube and a first vaive and a second valve
associated with said shuttle wherein said first valve is associated with said
upstream side of said shuttle and said second valve is associated with said
downstream side of said shuttle and a cam having a first face and a second
20 face wherein said first face is operative to actuate said shuttie and said
second face is operative to actuate said first valve and said second valve.

79.) The invention according to Claim 78 and said first valve and
said second valve being actuated by said cam such that said first valve and
25  said second valve are actuated individually.

80.) The invention according to Claim 79 and said first valve
having an open position and a closed position and said second valve having
an open position and a closed position wherein, in said open position said
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outside the tubeway 8. the tube—reject surface 532 will operate in

conbi nation with nesting slots 582, whi.ch are al so resident on | ower jaw
222, to expel the tube 5 fromthﬁmmmnmﬂm ent of a tube 5 being 20
| oaded partially wi thin the tube ”m exterior thereto, the
m sl oad activgi rface 530 will Ser've™oS pi hch the tube %}W t he
m sl oad activating surface 530 and t he associ ated section of e
downst ream pl at en 500, the upstream platen 800, or the | ower jaw 220 and
t hereby actuate a m sl oad detection as desgribed herein. Another
possibility 25 contenplated in the design of the paw tip 524 is wherein
the tube 5 is Inserted into the tubeway 8 yet has not been fully
drawn into contact with the t ubestops 576. In this event, the tube

capture surface 5 || serve t.Q dr. .thet bS] dI and into
contact with the %'ﬁﬁgs'{"ﬁ?ﬁé“@@"g ﬁ\g"ﬁﬂ}’m Rai e 1 oo, sala

cam operative to actuate said valves such that in combination said tube is

always occluded while said fluid is being pumped.

5 81.) An infusion pump operative to pump fluid and a tube, said
tube operative to carry said fluid and moving shuttle and a jaw wherein, in
operation, said tube is resident therebetween, and said moving shuttle in
cooperation with said jaw serves to cyclically deform and reform said tube
and said tube has an output of said fluid having a nonlinear dependence upon

10  said cyclical deformation thereof; a shuttie actuating cam comprising a
means for linearizing said nonlinear dependence of said output upon said
cyclical deformation of said tube.

82.) The invention according to Claim 81 and said means for
linearizing said nonlinear dependence of said outpnt further comprising a

15  first cam land, said land having a profile, wherein said profile serves to

substantially linearize said nonlinear dependence.

83.) The invention according to Claim 82 and said means for
linearizing said nonlinear dependence of said output further comprising an
20  encoder operative to determine, wherein said deformation has an amount
associated therewith, the amount of said deformation and a speed control
operative, wherein said cyclic deformation has a rate, to change the rate of
said cyclic deformation.

25 84.) The invention according to Claim 83 and said encoder and
said speed control cooperative to selectively alter said rate of cyclic
deformation dependent upon said amount of said deformation.
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execute a correct loading of th 1e conbi nati on of the tube reject
surface 532, the m sl oad actlvati ' , j imlhnd t he tube capture
surface 528 provides for ity between the various

possi bi | i ti eSVQ8F37703 | oadi ng scenarl 0S af orenenti oned. SPCT/USITN4T08 he
vertical tube capture surface 528 additionally works in conbi nati on
wi th the angl ed tube engagi ng surface 526 and the hori zont al t ube

engagi ng surface 525 to hold the tube 5 s®arely against the tube stops
576 and to provide for a deformation of the tube 5 by co-action of the
angl ed surface 526, the horizontal surface 525 and the tube stop 576
to |l ock the tube 10 securely into the tubeway 8 when the | ongitudinal

t ubeway aperture is clﬂﬁskdmmmmtdingswt(ﬂﬁmwimwmmlly full

face engagenent of tsauel tu%e gmxm h.th wuhmdw%sso%ab% sensors
linearize said nonlinear dependence.

5 86.) The invention according to Claim 82 and said cam further
comprising said first cam land and a second cam land cooperative to control
said cyclical deformation of said tube.

87.) An infusion pump having a valve, said valve operative to
10  occlude a tube wherein said tube is elastically deformable and recoverable,
said valve comprising a valve blade and a vertex associated with said valve
blade wherein said vertex is rounded and has a radius defined thereon.

88.) The invention according to Claim 87 and said vertex having a
15  radius of .0.5 millimeters.

89.) The invention according to Claim 87 and said valve blade
having a first blade side and a second blade side and said vertex
therebetween wherein said first blade side and said vertex and said second

20  Dblade side define an angle therebetween, said angle being approximately 90
degrees.

90.) The invention according to Claim 87 and a moving shuttle
operative to cyclically collapse and expand a tube and said valve and said
25  moving shuttle cooperative to intermittently form a partial vacuum within
said tube and wherein there is a fluid resident in said tube exterior to said
shuttle, the coaction of said fluid and said partial vacuum operative to assist
the elastic recovery of said tube residing beneath said valve.
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The downstream pl
are preferably co
pol yphenyl sul fi de.
The tubel oader be

and aft nounted t

aten 500, or the correspondi ng upstream pl aten

800,

nstructed of aw as glass filled 15
The downstream pl at en a variety of functions.
aring cup 502 pr”m,m unting area for the
t ubel oader powertrain. ﬂ!@ﬂ\al | s 503A serve t o house

t he tubel oade™Y¥FA™ 560 " \Vhi €h Eonpr wo hel i cal TGEARST8EB 564
i n a perpendi cul ar arrangenent 20 so as to transfer rotation froma fore

ubel oader notor 550 6;0 the transverse tubel oader

canshaft 510. The downstream pl aten 500 gear box housi ng further
conprehends a canshaft bushing race 566 which serves to support the
downst ream canshaft bushing 568 in which the canshaft noves. The

forward section o

val ve anvil 570 as wel 1915 Inanip Pump having

| ower air sensor

f the downstrea | at en 500 25 conpri ses the downstream
X tube. Wpl fH ] )

and the

pl urallty of tubeh{stops W S rvgmgéhgé%%g{rl?ﬁ?ﬁﬁﬁgat%w Feas are a

10

15

defined therein, a tube present sensor comprising a first sensor arm having a
blade operative to engage said tube and an axis about which said first sensor
arm is pivotable and a sensor flag associated with said first sensor arm and
operative to actuate an optical switch when a tube is in engagement with said
sensor arm blade.

92.) The invention according to Claim 91 and said tubeway
comprising an upstream side and a downstream side and a second sensor arm
located on said upstream side of said tubeway and said first sensor arm
located on said downstream side of said tubeway.

93.) Inan infusion pump having a moving shuttle, a fixed jaw and
a moveable jaw wherein said moving shuttle, said fixed jaw and said
moveable jaw define a tubeway therein, a position sensor operative to
determine the displacement of said moving shuttle with respect to said
tubeway, said position sensor comprising a first magnet presenting a first
magnetic pole and a second magnet presenting a second and opposite
magnetic pole and a Hall effect sensor located between said first magnet and
said second magnet and fixed so as to allow said first and second magnets to
move with respect thereto.

94.) The invention according to Claim 93 and a clocking encoder
cooperative with said position sensor to determine the position of said
moving shuttle with respect to said tubeway.

95.) The invention according to Claim 94 and said position sensor
and said clocking encoder and a drive motor being cooperative to cycle said

This Sheet Has Been Re
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rearwardly so as to provide con““ilwmm"m mlmlll on of the tube 5 when in

t he | oaded conditi on. . t ube supports 576, the
downstream pl aten 500 further provi des for the downstream sensor
pivot slot STOWRA®, in concert with 5 associated appar atPGIUSIU4Ts t o
correctly locate the downstream sensor array as shall be descri bed.
The rear barrier wall 580, cooperative with chassis 14, serves as a
fluid barrier between tube 5 and the el ecf#tcal conponents behi nd t he

rear barrier wall 580. The rear barrier wall 580 is affixed to the
chassis 14 by fasteners and additionally serves a fastening point for the

shuttle in relation to said tubeway so as to encourage conformation of a tube
with said tubeway and shuttle.

96.) An infusion pump comprising an upsiream platen, a
5  downstream platen and a chassis therebetween wherein said upstream platen,
said chassis, and said downstream platen are cooperative to provide a fluid
barrier abaft said upstream platen, chassis and downstream platen.

97.) The invention according to Claim 96 and a combination of
10  said upstream platen, said downstream platen and a shuttle associated with
said chassis partially define a tubeway thereon and wherein a fluid may be
resident in said tubeway and a plurality of electrical components resident
abaft said upstream platen, chassis and downstream platen, said fluid barrier
operative to exclude fluid from said electrical components.

15
98.) An infusion pump having a shuttle and a control mechanism

operative to control said pump, said pump comprising a shuttle actuating
mechanism and an automatic loading mechanism wherein said shuttle, shuttle
actuating mechanism and automatic loading mechanism are adapted for a

20  plurality of said pumps to be controlled by a single control mechanism.

99.) A bhousing for an infusion pump having an inlet side and an
outlet side and a tubeloading slot adapted to receive an IV set therein and
positioned between said ends, said tubeloading slot comprising a first end

25  and a second end wherein said first end is directed downwardly and said
second end is directed downwardly.

100.) The invention according to Claim 99 and said first end being
on said inlet side and said second end being on said outlet side.

—_—
This Sheet Has
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10 downstream t ube present sef: Returning to
the foreward edge of the downst 0 plurality of

t ubel oader pawl nesting slots: SHBHI "@ uﬂi"’Me paw slots 582, in
conbi nati on with the tubel oader e chanfered forward

edge 584 of t{e fAawpstream platen 500, serve to pronpte a co
| oadi ng of the tugé E into the punp 10 by all ow ng the pamﬁsig?@$¥ﬁ§rmft

and push the tube rearwardly agai nst the tube stops 576. Qutward of
t he outernost of the paw nesting s|gts 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 wthin the

tubeway 8 defined by the 20 rai sed paw s 514 and t he downstream pl at en

Lo be |oaded. o 161y Themin deeesinemichin 100Rf pBetfad 8% 550

drives, by means %d%mndmdammhgwaﬁﬁvaw&rcébmwﬁum furé 8B haf t

510. The tubel oader motor 550 is .C. notor. The tubel oader notor
550 further conpr paiddVaubgoced reduction 25 gearset 534 operative to
provi de sufficient torque to rotate canshaft 510 agai nst the drag

pl aced thereor} by the fﬁ‘?%ﬁé‘ﬁ%&&nmﬁwéﬁ{:ﬁ%i me‘&?a downward r.esi dent on

| ayshaft 512.
curvature operative to form a drip loop in said IV tube exterior to said inlet
side and said outlet side.

Sheet Has Been Re laced
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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 nmount 538 by way of

a central apeg&y&&nﬁéo t herei n. The tubel oader notor shaft 536
has a flat 542 defined therein which 5 is operative to pro$ﬁﬂ¥%¥@ﬁﬂ& for

t he tubel oader drive gear setscrew 544 Lé'?B which is inserted through a
et Oader

t hreaded setscrew aperture 546 in the t

10




drive gear 562 and thereby fix the rotation of the tubel oader drive gear
562 to that of the tubel oader notor shaft 536. The

t ubel oader drive gear 536 is a helical cut gear wherein the teeth 10

t hereof are about the circunferential periphery thereof. These teeth engage
correspondi ng n the face of the tubel oader canshaft gear 564

t her eby “ﬁff%&?%g per pendi cul ar actuation of the transvECTHSII ed
canshaft 510 . by the | ongitudinal by unt ed tubel oader notor 550.

The tubel oader canshaft gear 564 is releasably 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 t he
rear or inboard facing face of the canshaft gear 564. The cl utchpin 588
resides transversely to_the canshaft{_510 in a |ongitudinal clutchpin slot
592 - def/ied t hragrgh\t he ARt 510. A |ongitudinal actuator pin 594
coaxially 2@ /‘w panshaft 510 and in endw se contact with
: yoRt2gL ectively insert and all ow the

7 %38 from engagenent with the clutch slot

V ~4
@gﬁ?’ing spring 596 is located wthin the

the | ongi tudi nal actuator pin 594.
PN
By soci at ed conponent .

590 on canshaf gear 562"
canshaft 510 and in oppo
The outboard end 598 of j

pin 25 594 is rounded to all ow
sliding contact therew tH [




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

WD 97/ 37703
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sl i ding engag .th the outboard end 598 of actuator pin 594. The
clutch tab 60§'aegrs}ki.’wferi or to handV\/neeI3 ?(531 and i s hinged t h&CEU§ITRITOR

cl utch

'9}
w0
1224




tab pivot pin 606. In operation, actuation of the clutch tab 602 by tilting
same about clutch tab pivot pin 606 will cause the clutch cam 604 to

i mpi nge 5 on and depress the outboard end 598 of the actuator pin 594
causi ng the actuator pin 594 to nove inwardly against clutch biasing
spring 596 an nmoving clutch pin 588 inwardly and out of contact with
the clutch sl g‘{o%’%‘m in canshaft gear 564, thereby al | oRCRESYHU708
canshaft 510 to be freely rotated Lﬂ?jually by neans of handwheel 600
Wi thout rotating the canshaft gear 10 564. The canshaft 510
is one of the three primary datum shaft resident in t he punp 10. The
canshaft supports two conpound cans denoted as the downstream cam 610
and the upstream cam 620. The downstream and upstream cans
610, 620 conprise, noving 15 outwardly fromchassis, a canshaft deadstop
612, 622, a tubel oaded paw cam 614, 624 which is itself a conpound
cam and val ve | oadi ng cam 618, — 628. 1n © The canshaft

deadst ops 612, 622 work in cooperati®h with the S chassi s rotator stops
28, 30 to provide a positive stop fon canshafyY rotation. 20 Associ at ed

el ectronics sense the stall condition\of the t\ubehoader notor 550 and
i nterrupt power thereto when the canmshaft dead§$topg 612, 622 are in

contact with the chassis rotator g ops\28, 30 during an initial indexing
cycle N
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. of the tubel oader assenbly, thereafter the tubel oader 550 in conbination
wi th the tubel oader encoder 702, 704, 705 will back-count fromthe rotator
2s stops 28, 30 and under control of associated software interrupt power

to the t ubel oader notor 550 prior to the deadstops 612, 622 making
contact with e chassis rotator stops 28, 30. 703
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Movi ng outwardly fromthe canshaft deadstops 612, 622, the t ubel oader
pawl cans 614, 624 serve to actuate the tubel oader pawl s 514.

Additionally, each of the tubel oader pawl canms 614, 624 has a | ocking
surface 616, 626 which serves to activate a second, rigidly affixed lifting
5 follower giﬁﬁE%ﬁBEd wi th the tubel oader |ayshaft 512 so as t%ﬁgﬁovide a
positive fixallo the associ ated el ements when the | ayshaPETHISIWPEches
t he end of its travel. 6/ ghtmard of the paw cans 614,
624 are the val ve | oading cans 618, %58. These cans serve to lift the
val ves 412, 414 out of the tubeway 8 10 during the | oading operation. The

val ve | oadi ng cans acconplish this lift in cooperaion with the val ve
| oadi ng tangs 440 as af oredescri bed. Qut ernpost on the
canshaft 510 reside the sensor armcans 630, 632. The downstream
sensor arm cam 630 conprises a single surface and is operative to

rai se or | ower the downstream sensor arm 15 The upstream sensor
arm cam 632, however, is a compound cam havi ng a sensor arm actuati ng
surface 634 and, |ocated outwardly therefrom and integral therewth,
the slide clanp | oader crank 650. Al'l- of the cans associ ated
with canshaft 510 are fastened thereto by eljygal pins driven

transversely through the hubs of the various cang and
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20 through the canmshaft 510. The tubel oader | ayshaft 512

supports all of the |oadi ng nenbers associ ated with placing the tube
5in the tubeway 8. Additionally, the | ayshaft serves to pivotally
support other elenments which are driven at differing rates than the
t ubel oader p | nnernost al ong | ayshaft 512, 25 wherein.d st
defi nes that%£$§y§§ﬁ%ser to chassis 14, are the upper jaw E&HU%Q&? 652,
654. The upper jaw paw s de%giased in an upward position by
means of helical pre-load springs 656 which are wound about | ayshaft

512 and are WD 97/ 37703
PCT/ US97/ 04708

104

122




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

45 and 47, associ at ed with the tubel oader | ayshaft apertures

44, 46. The ot her 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 domnmaﬂﬁ?ﬁwﬁp d term nus 660. Forwardly extendi @ﬁ%ﬁ%ﬁ”tion

658 i s adapted, i C i nation Wt er jawtie rod 662, to support
t he upper punp jaa/@?d-.ACEomN? d“ '?he@d%mwar dly extending termni 60 of
t he upper jaw carrier 657 654 further define a distinctive

t ubel oadi ng tip shape, as] nentioned in the 10 descri ption pf t he
t ubel oader pawl s B39. —|=— — — -0c&t ee Fearward e~ he FAaF-eH Y

extending arm portion 658§, a spring slot 664 is for Gbin the upper
jaw carrier 652, 654 and }i s operative to retain thgfasgoci at ed
torsion springs 656 therdgin. The upper jaw carrier 652, 654 have
further defined a bifurcdted central portion 667 whi S 15| adapted to

retain the upper jaw carrjfer |ocking tangs 668 in tie intersfice of

0.00 : 3.00
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the bifurcated central portion 667 of the associated upper jaw carrier 652,

654. Extendi ng rearwardly of the central area 667, an upper
jaw carrier cam foll ower arm 670 has defined therein an upper jaw cam
foll ower port 20 672 which is adapted to receive the upper jaw carrier
arm cam fol | owers 674. The upper jaw camfollowers 674 i.dLngly
retined in t hWOA3FEI3 jaw cam fol |l oner ports 672 and ar%é%’?’%‘?'}“aﬁh :
agai nst tubel oader pawl cam 614, 6/23 by prel oad-spring 675. The

pur pose behind this being that should g t lle 5 be m sl oaded beneath

t he upper jaw 220 or pawl s 514, a sensor associated 25 wth the position
of the upper jaw 220 and in conbination with a tubel oader encoder
702, 704, 705, associgted with the tubel oader @ armature shaft

701, will detect thatfthe upper jaw 220 and | ay§h®t 514 have ceased their
noti.on while the tubefoader notor continues to Jotate as the cl earance

B DOWNWARD PUMP

FIG. O

CAM ANGLE ( DEGREES, DEGREES - 180)

| A UPWARD PUMP
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bet ween the upper jaw carrier camfollower arm 670 and the radially
extensive seat 676 of the upper jaw camfollower 674 is closed. An

el ectronic detection circuit will record this differential nption and cause
t he t ubMOEHE®3 ot or 550 to reverse its rotation, openfRYUSNO4MSper
jaw 220 and 5 t ubel oader pawi s 514 @hﬁizby expelling the tube 5.

To assure a final fixed registration B t upper jaw 220 and the ot her
assenblies driven by layshaft 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 neans ust O—the—tppery jaw carriers are
fixed to | ayshaft y ngans of spiral -p]jrjs so as}fo actuate a

co-rotation thereof. 4|

—

FIG. 10
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As seen in Figure 16, noving outwardly fromthe upper jaw carrier
arns are the valve spring retainers 450. Qutward of the valve spring
retai ners 450 resides the innernost of the tubel oader paw s 514 as 15

af or edescri bed. Associ ated with, and pivotal about |ayshaft
512, are the #@ﬁh g g1and downstream sensor carrier arns 690. As it
i s necessary Phe tube 5 to be conpl etely | oaded i nPERYSYMBRay 8

before the application of the associaﬁa sensors, the sensor carrier
arm 690 is actuated by a separate and e(é&ed cam 20 wth respect to
action of the rest of the components affixed to |ayshaft 512.

Associ ated with each of the sensor carrying arns 690 is a downwardly
extendi 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 wth the
sensor arm cam 630, 25 632 is the sensor arn1gpenkpg spring 696 which, in
the preferred enbodi ment is a Ieaf pr| ngo This arrangenent al | ows
for both the opening of and the cl esure of* thé“sensorcﬁrray

associated with the upstream or v dowpst r earh senfsor arPier arm 690 by
a single camrespectively.
e
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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 §34dsed thereacross, to support the associated sensor sub-
assenbl y. SENSORS ASSOCI ATED W TH THE TUBEL ODERTESE/4I8-\BLY
As recited previously, there are a plygq}§3y of sensors associated with

the sensor arm 690 of the tubel oader sUb-assenbly. The npbst downstream

of these sensors is the ultrasonic air detection apparatus or transducer
728 as

312




10 shown in Figure 22. The ultrasonic transducer 728 acts in concert with
a - second transducer elenment |ocated in the downstream platen 500, as
af oredescri bed. The ultrasonic transducers 728 is housed in a conpoundly

pi votal housing 720. This sensor housing 720 conprises a vertically split
housi ng body | ing a transducer cavity 724. The housing g& t?ﬁr 15
conprises a su gbéﬂ??ally hori zontal |y axially extensive susééﬂ |%@M ot
722 whi ch, itself, conprehends q; p\qaf joining ring 725, which is
defined by a substantially oval "and 1 ongi tudi nal |y ext ensi ve sensor
arm pin retainer 723. The suspension slot 722 serves to capture the
sensor handle pin 799, while all 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
conbi nation wth sensor housing lift pin 721, which is retained in
lift pin ports 726 and 746 all owi ng vertical axial notion thereof, to
all ow the sensor 720 to roll over or tilt against the top of tube 5

when the sensor arm cam 630 actuates the substantially downward notion of
25 the forward forcipate end of the sensor arm 690. This ability to rol

over, or conversely execute a rocking notion with respect to the tube
5, allows the sensor housing 720 to cone into a substantially
vertical conpressive contact with the tube 5. This allows the tube to

be extended or stretched equally

4i2

FIG. I3 410
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across the face of the associated sensor, thereby elimnating either a
volunetric or stress gradient in the tube 5 beneath the associ ated sensor
SO as tQ. I ve the accuracy of response of the sensor_associated
with, or %“t ed to, housing 720. Essentially all of P[‘ﬁ@’%'é{?@@rs
associated with, or 5 actuat ed by, 13epspr arm 690 execute the above
described notion so as to S |




adhieve t he above described result. The next sensor | ocated

i nboardly of the ultrasonic air detection transducer 720 is the
downst ream pressure sensor which resides in housing 734. The sensor
itself conprises a fairly standard, full bridge array on a 10 defl ection
beam 740. The defl ection beam 740 is actuated by a sensing foot 730

whi ch i ncl ude¥9478TB¥t anti al | y heni spherical tip 738. The hePSHBSA04708)

tip 738 is surrounded by a coni cal enggﬁgqn of the housing 734. The
deflectability of the deflection beam!”40°i's controlled by seat pin 742 and
stiffener 744 in conjunction with sensor foot fastener 743. The 15

hem spherical foot tip 738, in conbination with a conical circunferenti al
encl osure thereof has, to achieve nmaxi num accuracy, the requirenent that

t he conbi nation of the foot tip 738 ohfldal encl osure be enpl aced
on . the tube 5 in an esgentlally normal orientation thereto which is
achi eved by use of ag X arrangenent, as previously

descri bed, associated 20 re e4 4i6ousi ng 720 as shown Figure
21. In this sensor, being ZAcontiguous with the ultrasonic detector

720, the conpound rocking &pti s actuated by the lift pin
721 and oval rocker slot 7 ' housi ng 720.
The correspondi ng upstreg i n housing 750, 25

760 provides an essenti 2 A3genbly is

444
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unitary with the housi ng hal ves 750, 760 and the rocker slot associated
herewith is denoted as upstream sl ot 758 defined in the upstreamrocker

handl e 756 whi ch includes oval inserts 754 and further conprises a separate
WD 97/ 37703
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lift pin 752 ‘?’Pa’f’ﬁa"’?n an associ ated vertical slot 810 in thgc[(&%"(”é%
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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 enbodinment, conprehends a tubel oader encoder
5 flag wheel hub 702A and a plurality of flags 702F, resident therebehind
IS t he tubel gader encoder support collar 703 which seryv port

t he tuB%?&ﬁ'H@P encoder optical switches 704, 705 and ipﬁifs?'?’%zgsoto
not or 550 via pi nch clanp 706 anﬂ/ﬁyqther supports the optical swtch
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
downst ream pl at en 500 by neans of gaskets 760T and are supported from
bel ow by the therm stor support 762T. 15 THE SLI DE
CLAMP LOADBR SUB- ASSEMBLY The slide clanp | oader sub-assenbly
and its related sensors are general ly associated with the upstream

pl aten 800. The upstream pl aten 800 conprises 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

el ectronic assenblies fromfluid ingress. Mrroring the downstream
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pl aten 500, the upstream platen 800 further has defined thereon a tube

sweep : chanber 812. Wth the substantially identical chanfer resident
on the shuttle facing interior side of the downstream platen 500, the
upstream t ube sweep 25 chanfer 812 accounts for forward shift of the tube

therefor. Th faci ng edge of the upstream pl at ure
PR RS, el

defines a plur t ubel oader paw nesting slots 8 are
i dentical functioning to the t uhg pggler pawl nesting slots 582.
Furthernore, the upstream platen further WO 97/ 37703
PCT/ US97/ 04708 . - 39-
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has defined therein a simlar forward facing chanfer as the downstream

pl aten chanfer 584. The upstream pl aten further has defined

t hereon the upstream val ve anvil 805 and a plurality of tube stops
809 of simlar function to the tube 5 stops 576 associated with the
downst r eam pl . The upstream pl aten further recgj ort
fromthe upst?@ﬁﬁlgﬁ% of the valve pivot shaft 410 resﬁ%ﬁﬁéwﬁﬁﬁg
carrier 807. The upstream nost end of gﬁp Zpstrean1p|aten 800 further
has defined on the exterior perlpheral 8 t hereof a upstreamtube
retaining detent 842 which is identical in function and cooperative with
the 10 correpondi ng downstream tube retai ning detent 584. The base of the
upstream pl aten 800 further has defined thereon a slide clanp | oading
groove 856. This groove, in conbination with the upper slide clanp
channel 824 resi den ide clanp carrier 814, serves to capture
the slide clanp 895 ' i iti
present in the slide cla

jannel 824 are a plurality of slide clanp
serve to pr#vide, in conbination with
| preferredn orlcsntatlon of the slide
fe cl anp

530
FIG. 18B
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895 Is already resident on the tube 5, a preferred |oading direction of the

tube 5 into the punp 10. 20 The slide clanp | oader assenbly is
driven by canshaft 510 and is actuated by the slide clanp | oading
crank 650. The slide clanp | oading crank 650 has inserted therein a

slide clamp | gading crank pin 804 upon which rides a slide cl

act uat or busﬁma-”gg?. The rotation of this crank is c&%&%’yﬂ?ﬁto a
substantially |inear notion by cooper 9M$1nnvenent of the 25 slide clanmp
actuat or bushing 802 and the slide cl ravelgr 815 b/ of

notion of the slide clanp actuator bushing 802&nd the\!_.
travel er bushing race 813. The slide clanp traf®ler 81y Fn

wth the slide clanp clam pin 826, ovi de
aft notion of r/,,/SEE::::::D

(o]
o
w0

operation
fore and
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the slide clanp clans 820, 830, which are operative to grasp and rel easably
retain the slide clanp 895. The slide clanp clans 820, 830 are in a
substantial |l y_sci rli ke arrangement with respect to each o -esi de
in t he g’ﬁ’&?@f’arrp clam shell 832, which is operative %%F@% ore
and aft 5 notion of the slide clanpgqypgﬁ 820, 830 therein. The

orais

t ubel oader paw s further serve e the side clanmp shield 811.
This ensures that the slide clanp 895 will not be accidentally
renoved fromthe punp 10 as the position of the slide clanp traveler
815 provides that shield or visor 811 wll be in a |l owered position
at such tinme as the punp 10 is in operation, thereby 10 precluding renoval
of the side clanp fromthe slide clanp groove 856. As

af orenenti oned, slide clanp 895 is adapted to be gripped by the slide

clanp clanms 820, 830. This is achieved by a cooperation between the
slide clanmp 895, having detents or grippable elenents inpressed therein,
and

600

FIG. I9A



the slide clanp | oader clamtips 820, 822 which are essentially barblike 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 th&YO 3 3associated slide clanp 895. After the tubel cader paw s
514 cl ose aboltCiHg® tube 5, the slide clanp |oading asé@ﬂﬂﬁ?ﬂ“ﬂm
specifically the slide clanp clans 20?§?psﬁ30, cl ose onto the slide clanp
resi dent about the tube 5 and within e side cl anp 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 | onering to close off
the tube 5, the clans 820, 830 draw the slide clanp 895 into the

slide clanmp groove 856, thereby opening he shmde clanp as it 25 slides
past ‘tube 5 which is being retained by t®e up§tream tube stops 844.

The cam arrangenent Retwe the val ve | dadi ng' cam races 120, 122 and
t he tube | oader~ canmeoassumes that the slijde cllanp will be closed by a
reverse of theﬁbforé?cited notion of thef slide clanp 895 with respect to
the

14V
(o]
'4]



WO 97/ 37703

PCT/ US97/ 04708 -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 SLDE CLAMP
LOADER 5 The slide clanp | oader has two primary

associ at ed t TEQPEWRTH The first of these sensors is rﬁgﬁﬁ’“‘f'ﬂs t he
upstream pl aten 800 about the égegglanp groove 856. This sensor
denoted the slide clanp positioning ensor. 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

512
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10 are positioned in a fore and aft arrangenment on a first side of the
slide clanmp groove 856. Dianetrically opposed to the light emtting
di odes 872, 876 across the slide clanmp groove 856, are a
correspondi ng pair of photocells 870, 874. The photocells 870, 874
are al so arraggﬁ% %&5e and aft to align with the diodes 872,: 876.
The di odes 872° 876" 2mit light into a first or 15 transm tt PRGUSEHQ4E

| i ght pipes 864, 868 which extend upmgqp)¥%§bove t he upstream pl at en
800 on one side of the slide clanp grdove 6. The |ight pi pes 868,
864 term nate 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 suggable for

i ntersection 20 of the beans with a slide cianp 895 Bsent in the groove
856. A correspondi ng set of receiving | nght pipg 862 across
~ fromthe transmtting |ight pipe$864, BB8 servg Rceive the |ight
beam em tted by t he di odes 872, é36 and ( ransnit/same down to the
receiving photocells 870, m 8&4 thus putting the lfi ght sgurces and
sensors in photonic_connunicaﬁEon“’ZS e recei W ng ght pipes 860, 862
al so conprehend 45 degree internar' eflecti purf aces 863 in
opposing relation to those of ffarlgmtting ig pi pes 864, 868.
< MY
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M~
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In operation the slide clanp sensors serve to identify both the

position and presence of a slide clanp 895 in the slide clanp | oader sub-
assenbly. The two sensor sets corresponding to the outer phq@gﬁégg?§@§ and
the i nner phd¥@8®MB70 work in concert to accurately displa 2 ation
of 5 the slide clanp 895 within t@g kfsger sub-assenbly. Specifically,
the two sensors 874 and 870 det 5 ' the | ocation of the slide clanp

895 according

O
v
~
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to the followng truth table wherein high denotes a beamtransmtted across
the slide clanp groove 856 and | ow denotes a condition wherein reception of
a specific beamis absent. 10

Quter Beam | nner Beam No Slide O anp Hi gh

Hi gh ' np Present & Open Low Low

Camp Pr esentwggasg;ggd Hi gh Low OPHFFBSW”F—’UI |y
Hone Low Hi gh 15 6/ 3/]\5 can be seen fromthis table,
the duality of the sensor array aIIov% 7380t only a detection of the
presence or absence of the slide clanp g95, but al so detection of the
position thereof within the slide clgip groove 856 and, therefore, as
thetube5isinafixed|ocahinthbevvay 8, an i ndi cation

"'.Jg;‘-\ closed, is 20 al so
-t

provi ded. E0-< Lt De=f\\\le clanp | oader 720
sub- assenbl y, Ao ) $n with an g€tuator
882A, which |} [ AN} ,,{/;;, gifees to detéct operation
of the tubel [Farbeycafe / : s oimneel B00 and with
associated € e Y . TR \/;-/./ -J‘ andwheel 600 i s
r ot at ed. =
D)
g 726
S S
I 813
[
25
/}’\ 8 . 632
801
800

811

Q y d 650
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THE PUWP HOUSI NG The | ast of the mmjor sub-assenblies
associated with the punp 10 is t he punp housing 900. In general

aspect, the h biHym0300, as well as the punp assenbly 10, is adapted
to be stackabﬁ’aﬁ%ertlcal ly so as to allow, in an Ji’CT’US97f°470¢D

277 3
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5 alternative enbodinment, a plurality of punps 10 to be driven off of a

singl e associ ated control nodul e. The punp housi ng 900
provi des for an attachnent and fixation point for the notor nount
strap 955 which serves to support the punp notor 24 and the

t ubel oader notor 550, which are supported in resilient grommets 10 960,
965, whi ch haV@¥8IB8i at ed t herewi t h rotati on-suppressi ng i n@ERUSIIAROS

972 which serve to hold securely the E%Plgﬁtors 24, 550 and suppress
torsional vibration thereof with the -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 downwardly angled orientation of each of
the tubeway access slot ends 901, 902. This geonetric adaptation of the

t ubeway sl ot 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 housi ng 900
further has defined therein an_agcess port 906 adapted to receive therein

t he t ubel oader canshaf eel 600 so as to provide access thereto
by an oper at or.

895

FIG. 27
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CONCLUSI ON This description of the preferred enbodi nent of the
i nstant i nvention
WO 9737703 PCT/US97/64708
28731
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is indicative of that enbodi ment presently preferred and should not be
deened to restrict the scope of the instant invention in any way nore 5
restrictive than the scope of the C ains appended hereto, and other and
equi val ent enbodi nents of the instant invention are to be deened as
expressly included in the clainmed elenents of the instant invention
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1. An i nfusion punp operative to punp a fluid through a segnent of tubing
havi ng a | ongitudi nal axis defined thereon, said punp conprising a neans

for punpi ng said fluid and a neans for automatically |oading said
segnent of tubing, substantially transversely to said | ongitudinal
axis, into sajd punp. 2. The i nfusion punp accordi om 1
wherein the n@gﬁgngﬁP automatically |oading the segnen?gg%gwﬁkﬁkg

into the punp is further 10 operabl§1%p3qxecute t he renoval of the
segnent of tubing from the punp : The infusion punp according to
Claim1l or Caim2, wherein the pearse—fton automatically | oadi ng the
segnent of tubing into thed

901

900\\

902




corrprl ses neans for_capt_u_r_l_ng_t_h_e_s_egmant of tubind and drawi ng the 15,
segnment of tubing into the punp TheREPEAGEMENFUSHEETS. or ¢iGhg tjo

Claim3, wherein th t ) MiWessAgitN: pagtd t. o d.. I
it UMK | omeraigements

he 2 ugyﬁa,
i nfusi on punp according to any one of &Pains mg(s) paged.... agggém
means for auiClaihs:cal |y | oading the segment pf tAlF)I ng |ntoag I?l'e""pu """
further corrprl ses neans for detecting a m sl )a.BAq.% 8]:: ﬁ%ﬂl@blqut he

1.  Aninfusion pump operative to pump a fluid through a segment of tubing
havmg a longitudinal axis defined thereon, said pump comprising a means for
pumping said fluid and a means for automahcally loading sdid segment of tubing,
substantially transversely to sald longitudinal axis, into said pump.

2."  The infusion pump according to Claim I, wherein the means for
automatically. loading the segment of tubing into the pump is further

10 operable to execute the removal of the segment of tubing from ihe pump.

3. The infusion pump according to Claim 1 or Claim 2, wherein the
means for automatically loading the segment of tubing into the pump
comprises means for capturing the segment of tubing and drawing the

15 segment of tubing into the pump.

4. The infusion pump according to Claim 3, wherein the means for
capturing the segment of tubing and drawing the segment of tubing into

the pump comprises means for compressively retaining the tubing in the

20 pump.

5. The infusion pump according to any one of Claims 1 to 4. wherein
the means for automatically loading the segment of tubing into the pump
further comprises means for delecting a misloading of the tubing in the

25  pump.

6. The infusion pump according to Claim 5. wherein the means for

“detecting the misloading of the tubing in the pump further comprises

means for executing an alarm o indicate the misloading.
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25 |durrp. © 6. __The infusion punp according to C ai m 5. wherein the

nmeans for sl oadi ng of the tjfg ] tur t her
conpri ses ”"me,mtlmﬁuﬂmﬂ‘u ng an alarmto i EHL%;%% ﬁ%%%ai| ng.

46 7. The i ntuskons pwip according to Ca : BHALED: he rdlans for
detecting the m sloading of the tubingggn the purrp further conprises

conpressi ve neans for squeezing the tubing and wherein the neans for
7. The infusion pump according to Claim 5, wherein the means for

detecting the misloading of the tubing in the pump further comprises
compressive means for squeezing the tubing and wherein the means for
5 automatically loading the tubing into the pump has an extent of travel
associated therewith and further comprises encoding means for

determining the extent of travel.

8. The infusion pump according to any one of Claims 1 to 7, wherein
10 the means for automatically Igading the segment of tubing into the pump
comprises a pawl operable to releasably grip and retain the tubing and a

cam operable to actuate the pawl.

9. The infusion pump accordmg to Claim 8, wherein the pawl

15 comprlses a pawl tip.

10. The infusion pump according to Claim 9, wherein the pawl tip

comprises an interior side and an exterior side.

20 11. The infusion pump according to Claim 10, wherein the pawl tip
comprises a substantially horizontal tube-engaging surface, said tube-

engaging surface being operable to compressively engage the tubing.

12.  The infusion pump according to Claim 11, wherein the substantially

25 horizontal tube-engaging surface is disposed on the interior side of the

pawl tip.
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5 automatically loading the tubing into the punp has an extent of travel

associ ated t er conprises encodi ng neans_far.

det er ni ni ngﬂmﬂlﬂﬂmrﬂﬂﬂﬂﬂmmel 8. [T tie I ALUS Opepynp according to
any one of Clalng 1%t o"7, Swherein 10 the i BAS 3 %Enatlcl 'y | oading
the segment of tubing into the punp  45conpLi APVt

rel easably grip and retain the tubing and a cam operable to actuate the
paw . B The infisioh PurRy Becsraiied ed Gty ool Clhimsh g0 cion 10 paw
15 conprises a paw tip. 10. TRe infudsion punp according t6 Caim
9, wherein twheneimithe ipawl tip furthgr caraprises antaapled suifsee disgosed entdei or

si de. 20 11. The infusion punp according to Caim 10, wherein the paw
tip interior side thereof, said angléd surface being operable to deformably

s engage the tubing.

14. The infusion pump according to any one of Claims 10 to 13,
wherein the pawl tip further comprises a substantially vertical tube capture
surface which is operable to capture the tubing and under the action of the

10 ° cam actuated pawl further operable to draw the tilbing into the pump.

15.  The infusion pump according to Claim 7, wherein the compressive
means for squeezing the tubing further comprises a pawl having a tip
defining a substantially horizontal misload activating surface.

y -
16. The infusion pump according to Claim 9, wherein the pawl tip
comprises a tube rejection surface operable to expel the tubing from the

pump.

20 17.  The infusion pump according to Claim 16, wherein the pawl tip has
an exterior side and an interior side and the tube rejection surface is

disposed on the exterior side.
18.  The infusion pump according to Claim 1, wherein the means for
25 pumping the fluid comprises a movable shuttle which is operable to

periodically compress the tube.

19.  The infusion pump according to claim 18 further comprising a

control mechanism operable to control the pump and a shuttle actuating

REPLACEMENT SHEET
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The infusiorf panptactording to Caimll, whesein-t] he s tantially 25
hori zontal tube-engagi ng surface is disposed ¢ of the
paw tip. 48 13_. The

I nfusi on punp according to any one of O ains 10 et'n the pawl

tip further cmephamiem, awhereih ale s whuels ﬁm@!@%ﬁmmg Imechamsta@idl e Si de
t hereof, said angl ed surfac_e bei ng pperabl e to defornmably 5 engage the
t ubi ng. means for automatically loading the segment of tubing are adapted for a

plurality of pumps to be controlled by a single control mechanism.

20. The infusion pump according to Claim 3 further comprising a jaw

having means for engaging the segment of tubing.

21. The infusion pump according to Claim 20, wherein the means for
engaging' the segment of tubing comprises means for capturing the

segment of tubing and drawing the segment of tubing into the pump.

22. The infusion pump according to Claim 21, wherein the means for
engaging the segment of tubing comprises a plurality of tube engaging tips

which define a plurality of oriented surfaces adapted to engage the tubing.

23.  An automatic loading apparatus for loading a fluid carrying tube
into an infusion pump wherein the loading apparatus has associated
therewith a platen and a loading pawl having a tip, said tip baving a tube
rejection surface, a misload activating surface, a tube capture surface, an
10 angled tube engaging surface and a horizontal tube engaging surface

disposed about the periphery thereof.

24. The automatic loading apparatus according to Claim 23, wherein
the platen comprises a slot adapted to receive the pawl tip.

15
25. The automatic loading apparatus according to Claim 24, wherein

the platen further comprises a tubestop defined thereon.
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14. The infusi on ﬁﬂi"]pﬂaccordl nE to any one of Clainms 10 to 13, wher ei n

the paw tip fur ﬂnt llsubst antially verti cal tube capture
surface which |s ure the tubi ng aed-—tne: er—tHe—aerrgn of the
er’ operabl e to draw t

10 cam actuated pawic furt a'mslBHﬁﬁTi-%ﬁcBEErﬁ\b punp.

15. The infusion punp according to C a|4? 7, wheriin tmERidkﬁtﬁﬁessw
means for squeezing the tubing further "conprises i fraving a tip

def t I f
The 1nf Uston Toamp. Che autpetfic 16if ABbatdtRs 85Il ' BICRi 357 wieteln |, (0.
a tube rej ectthetubeltdR iR ABFERELA With e HorizdAcal ttﬁb@@ngigiﬁgtéiﬁface and PUNP.

the angled tube engaging surface are operable to lockingly retain the tube
5  in the pump. '

27. The automatic loading apparatus accofding to Claim 24, wherein
the slot is operable in cooperation with the tube capture surface to draw
the tube into the pump.
10
. 28. The automatic loading apparatus according to Claim 24, wherein

the platen is extensive beyond the slot.

29. The automatic loading apparatus according to Claim 28, wherein
15 the misload activating surface is operable to compressively engage the

tube against the platen exterior to the slot.

30. The automatic loading apparatus according o Claim 23, wherein
the pawl comprises a collet and a layshaft to which the collet is
20 circumferentially engaged, said lavshaft being operable to acwate said

pawl.

31.  The automatic loading apparatus according to Claim 30 further

comprising a pump jaw carrier associated with the layshaft.

32. The automatic loading apparatus according to Claim 31, wherein

the pump jaw carrier is affixed to the layshaft.

REPLACEMENT SHEET -
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20 17. The—imfusion punp according to Caim 16, wherein the paw tip has
urface is

an:exterior SI ﬂ“ H r side andthetuberejectlo

di sposed on t lﬂﬂ Zii”ﬂ %"r The {FFUST.O! UNR Seae ing to
C aim1, whereifl tehewneansstor 25 punp in the | TDd A e vabl e
shuttle which is operable to per| caI ly fonp -t

19. The infusion punp according to cl 18 further corrprl sing a
control mecha3.smixe aabimatio leating alpphbitud aeporiial 20 Vlaihl 81 Actluating

the pump jaw carrier comprises a cam follower arm, a cam follower
which is elastically extensive from the cam follower arm and a spring to

5 provide the elastic extension.

34. The automatic loading apparatus according to Claim 33 further
comprising a cam in sliding engagement with the cam follower, an
encoder operable to determine the position of the cam and a sensor

10 operable to determine the position of the jaw carrier.

35. The automatic loading apparatus according to Claim 34, wherein

the combination of the determination of the cam position by the encoder,

the elastic extension 6f the cam follower from the jaw carrier and, by
15 coaction with the layshaft, the position of the bawl tip is operable to detect |

a misload of the tube.

36. The automatic loading apparatus according to Claim 33 and further

comprising a cam having a compound surface

20
37. The automatic loading apparatus according to Claim 36, wherein
the cam follower arm comprises a locking arm associated therewith and
cooperative with the compound surface to inelastically lock the cam
follower arm in a pump operating position.

25

38. The automatic loading apparatus according to Claim 25, wherein
the slot cooperates with the tube capture surface to slide the tube over the

platen into contact with the tube stop.

\_
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48 ) - mechanism wereirm the shuttle, shuttle actuating nmechanism

and the rreans tically loading t are
adapt ed for a lﬂmm"ﬂ,"mgw; to be cofnt 6P SEEERYIAS BEENy
control nechantsns ' The infusion puim acd¥thAER o daim 3
further conprisi ng a jaw havi ng ans for engaging the segment of

t ubi ng. The i nfusion pu accordi ng to Caim20, wherein the
nmeans for e n ment | |ses ans .for
capturing t RS- segr@%ﬁ%&%&ms&ﬁﬁ?ﬁ@ 5'%@ ich i$)i ng

into the PUYPerable to place a tube into an infusion pump accordmg to Claim 1, said

drive apparatus comprising a motor, a plurality of gears driven by the
motor and a camshaft driven by the plurality of gears which is operable to

actuate a means for loading the tube into the pump.

40. The drive apparatus according to Claim 39 further compﬁsing a
clutch which cooperates with the plurality of gears and the camshaft, said
clutch comprising a tubeloader camshaft gear rotatable about the camshaft,
said tubeloader camshaft gear further defining a clutch slot therein, said
clutch slot cooperating with a clutch pin associated with the camshaft to
rotationally lock the tubeloader camshaft gear to thc camshaft; said clutch
pin being long:tudmally slideable along the camshaft and an actuator pin
transverse to the clutch pin and operable to induce a sliding motion of the

clutch pin along the camshaft.

41. The drive apparatus according to Claim 40, wherein the clutch
further comprises a handwheel, a pivoting clutch tab which is intériorly
associated with the handwheel and a clutch cam which: is in substantially
full face engagement with the actuator pin and operable to slideably move

the actuator pin along the cam shaft.

4. The drive apparatus according to Claim 4], wherein the clutch
and handwheel are operable to perform a manual operation of the

automatic tubeloading assembly.

43. The drive apparats according to Claim 39 further comprising

clutch means for manually actuating the automatic tubeloading assembly.
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22. The infusion punp according to Caim21, wherein the neans for

i ch det EZ ZTﬂlﬂllllllﬁllllmﬂIMIEﬁ?E&' See 2 BLUralLLy of tube engeging tipe

15 driYe pparatus for an aut onptyis SHEET HAaBERY dssenbl y
which is ' operableto pl ace a tube into |an mfﬂEﬂME}ﬂmpacordingto
Claiml, said drive appar at us con’E | SI Ng—a—Troi atity of

gears driven 4y thgn"GhfrsicE $uin g{ogmq g ity of
gears which is opergbl e t%) ag)tu eh%vm ans g taﬁg e into
the punp. associated . thereWith,drshide AROMALE Umb’e@é‘@ﬁ&g ﬂ@aﬁsahﬁﬁfg fair t her

conprising a clutch whi ch cooperates with the pI urality of gears and

the canshaf t,layshaft,claupawl which isextensiverdromt dieellayshaft hawiigafat tabe at abl e
about the canshaft, said tubel oader 25 canshaft gear further defining a
clutch sl dt toMARFEsSINENIP ROrtiosh asplatenc oogperativegvith the tubenicompaessing ch pi n
associated wth the canshaft to rot aél onal Ly I ock the tubel oader

camshaft geart® PYHON LOGOIpLess 4 Jube (DEFEhsweEsThi A glavb F@TTigH; Whichy is
| i deabl t d t to th
clutcn pin artrsppafeb i Re BIBET ariBo Bedtonal Bereliiy o810 i Brbecn

pin al.ong thegsRRRadim and a positional sensor on the cam follower arm, a spring

loaded cam follower associated with the cam follower arm, a cam in

10 sliding contact with the cam follower and un encoder which is operable to
provide positional information of the cam, wherein a misload of the tube
into the pump is detectable by a method comprising the steps of:

(1)  when the tube is positioned between the tube compressing tip
portion and the platen, compressing the tube;

15 (2) when the spring loaded cam follower and the cam follower arm
define an interstice therebetween, rotating the cam so as to close
the interstice;

(3)  when the encoder has an output indicative of the position of the
cam, determining the change in position of the cam as the interstice

20 is closed; '

(4)  when the sensor has an output capable of change and when the
change is indicative of the position of the jaw carrier, noting the
lack of change in position of the jaw carrier as said interstice is
closed;

25 (5) comparing the outputs of the encoder and the sensor to determine
that the interstice is being closed as the pawl is prevented from
moving due to its engagement with the twbe;

(6)  when the outputs have associated therewith an alarm, actuating the

FURRRRRT RS
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drdi ve appar at aim 24, wherein the clutch furt

conprises a hvﬂ“mgm“jmﬂ““mm ng clutch tab which—=s= _
with the handwheelc an Putth camwhich is mswbStSahﬁ’fT

engagerrent with the actuator pin and operabl e tf sli REHAR

actuator 5 pin along the cam shaft.

25. The

dlssoci at ed
face

(7) when the cam has a motion which can be reversed, reversing the
motion of the cam; and
(8) by co-action of the cam, cam follower, jaw carrier, layshaft, pawl
5 and tube compressing tip portion, releasing the tube from beneath

the tube compressing tip portion by reversing the motion of the

cami.

45. A method for loading a tube into an infusion pump comprising a
loading slot and means for drawing the tube into the pump, said method
comprising the steps of:

(1) placing the tube into the loading slot;

(2) actuating the means for drawing the tube into the pump; and

(3)  activating the pump.

46.  The method according to Claim 45, wherein the pump comprises a
closeable jaw and a movable shuttle cooperable with the tube 10 move a
fluid therethrough and the means for drawing the tube into the pump
comprises a plurality of pawls which are operable to draw the tube into the
pump and wherein the method further comprises the steps of:

¢)) actuating the pawls; -

(2)  placing the tube within the jaw and against the mdvable shuttle;

(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.

3
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26. The drive apparatus according to d ai zbﬁmgcgmﬁwgﬂggmch smd
handwheel are rma maenual gp haegqaut

t ubet-oadi ng asiﬂ“ﬁﬂ"ﬁmﬂﬂﬂr [m The dfi Efﬁ a U ¥: gcﬁ'%rgagﬁd’ﬁc\

Cl ai'm 23 further® cbnptist ng cI*utch msa\:_l]s ¢ "“g:@ iie&'aébu 11d the
aut omati ¢ tubel oadi ng assenbly. 45 28. Z% s OTL OUT. A <y di ng
to daim1l agdafiayi ng an automatic 15 = tube FW appg? ,Lt us* associ ated
therewith, said automatic tubel oadi ng appar at us havi l%a haft, |a
pawl which is extensive fromthe |ayshaft DATEA@CW@G\E ¢o %s& n
ti-p portion, a platen cooperative with the tube corrpre55| ng tip

portion to cdrrpresﬂmmﬁimepmﬁlﬁmmwmmlpuma;imdduougleasegmqmofmbmg i s

associ at ed Whating Eﬁloﬂlgﬁﬂhﬁfbns’ﬂdﬁﬁns&tﬂm sdid plimp omprising amaannfpra cam 20

fol | ower ar m;ﬁ mﬂ&awhmia@maﬁeal Badify bAdeegneeneof fublig] | Ng

| oaded BH06kd &glﬁwpmme amghh@w arm a camin
e

sliding cont ac cam ower an encoder which is
operabl e to provide positlonal i nformati on of the cam wherein a
m sl oad of the tube into the punp is detect abl e by a net hod

compr i 5119 e St pSe Shiushih pugf bocortli'd RatPF, IhePlR bleoEd O ThPeC"

automatically. loading the segment of tubing into the pump is further

10 operable (o execute the removal of the segment of tubing {rom ihe pump.

~ 3. The infusion pump according o Claim 1 or Claim 2, wherein the
means for auldmalica!ly loading the segment of tubing into the pump
éomprises means for capuuring the segment of tubing and drawing the
(s segment of tubing into the pump.
9. The 1infusion pump according to Claim 3. wherein the means for
capturing the segment of tubing and drawing .r-t':e segment of tubing into
the pump comprises means for- compressively retaining the tubing in the
20 pump.
9 _
5. The infusion pump according to any one of Claims 1 to 4. wherein
the means for aummaﬂcally loading the segment of tubing into the pump
further comprises means for delecting 2 misloading of the tubing in the
25 pump.
0. The infusion pump according to Claim 5. wherein the means for
detecting the nmisloading of the tubing in the pump further comprises
means for executing an alarm to indicate the misloading.
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detecting the misloading of the tubing in the pump further comprises
compressive means for squeezing the tubing and wherein the means for
automatically loading the tubing into the pump has an extent of travel
associated therewith and further comprises encoding means for

determining the extent of travel.

8. The infusion puinp according to any one of Claims 1 to 7, wherein
the means for automatically ldading the segment of tubing into the pump
comprises a pawl operable to releasably grip and retain the tubing and a

cam operable to actuate the pawl.

9. The infusion pump accordmg to Claim 8, wherein the pawl

compnses a pawl tip.

10. The infusion pump according to Claim 9, wherein the pawl tip

comprises an interior side and an exterior side.

11. The infusion pump according to Claim 10, wherein the pawl tip
comprises a substantially horizontal tube-engaging surface, said tube-

engaging surface being operable to compressively engage the tubing.

12.  The infusion pump according to Claim 11, wherein the substantially

horizontal tube-engaging surface is disposed on the interior side of the

pawl tip.
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14. The infusion pump according to any ome of Claims 10 to 13,
wherein the pawl tip further comprises a substantially vertical tube capture
surface which is operable to capture the tubing and under the action of the

10 * cam actuated pawl further operable to draw the tubing into the pump.

15.  The infusion pump according to Claim 7, wherein the compressive
means for squeezing the tubing further comprises a pawl having a tip
defining a substantially horizontal misload activating surface.

s . .-
16.  The infusion pump according to Claim 9, wherein the pawl tip
comprises a tube rejection surface operable to expel the tbing from the

pump.

20 17.  The infusion pump according to Claim 16, wherein the pawl tip has

an exterior side and an interior side and the tube rejection surface is

disposed on the exterior side.

18.  The infusion pump according to Claim 1, wherein the means for
25  pumping the fluid comprises a movable shuttle which is operable to

periodically compress the tube.

19.  The infusion pump according to claim 18 further comprising a

control mechanism operable to control the pump and a shuttle actuating
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mechanism, wherein the shuttle, shuttle actuating mechanism and the means for
automatically loading the segment of tubing are adapted for a plurality of pumps

to be controlled by a single control mechanism.

5 20. The infusion pump according to Claim 3 further comprising a jaw

having means for engaging the segment of tubing.

21. © The infusion pump according to Claim 20, wherein the means for

\_ engaging the segment of tubing comprises means for capturing the segment of

10 tubing and drawing the segment of tubing into the pump.

22.  The infusion pump according to Claim 21, wherein the means for
engaging the segment of tubing comprises a plurality of tube engaging tips
which define a plurality of oriented surfaces adapted to engage the tubing.

15
23. A drive apparatus for an automatic tube loading assembly which is
operable to place a tube into an infusion pump according to Claim 1, said drive
apparatus comprising a motor, a plurality of gears driven by the motor and a
camshaft driven by the plurality of gears which is operable to actuate a means
\_ 20 for loading the tube into the pump. |

24.  The drive apparatus according to Claim 23 further comprising a clutch
which cooperates with the plurality of gears and the camshaft, said clutch
comprising a tubeloader camshaft rotatable about the camshaft, said tubeloader
25 camshaft gear further defining a clutch slot therein, said clutch slot cooperating
with a clutch pin associated with the camshaft to rotationally lock the tubeloader
camshaft gear to the camshaft; said clutch pin being longitudinally slideable

along the camshaft and an actuator pin transverse to the clutch pin and operable

to induce a sliding motion of the clutch pin along the camshaft.
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25.  The drive apparatus! according to Claim 24, wherein the clutch further
comprises a handwheel, a pivoting clutch tab which is interiorly associated with
the handwheel and a clutch cam which is in substantially full face engagement
with the actuator pin and operable to slideably move the actuator pin along the
cam shaft.

26.  The drive apparatus according to Claim 25, wherein the clutch and
handwheel are operable to perform a manual operation of the automatic

tubeloading assembly.

27.  The drive apparatus according to Claim 23 further comprising clutch

means for manually actuating the automatic tubeloading assembly.
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25.  The drive apparatus according to Claim 24, wherein the clutch further
comprises a handwheel, a pivoting clutch tab which is interiorly associated
with the handwheel and a clutch cam which is in substantially full face
engagement with the actuator pin and operable to slideably move the actuator

pin along the cam shaft.

26.  The drive apparatus according to Claim 25, wherein the clutch and
handwheel are operable to perform a manual operation of the automatic

tubeloading assembly.

27.  The drive apparatus according to Claim 23 further comprising clutch
means for manually actuating the automatic tubeloading assembly.

28.  The infusion pump according to Claim 1 and having an automatic
tubeloading apparatus associated therewith, said automatic tubeloading
apparatus having a layshaft, a pawl which is extensive from the layshaft

having a tube compressing tip portion, a platen cooperative with the tube

- compressing tip portion to compress a tube therebetween, a jaw carrier which

is associated with the layshaft and co-rotational therewith having a .cam

follower arm and a positional sensor on the cam follower arm, a spring loaded

cam follower associated with the cam follower arm, a cam in sliding contact

with the cam follower and an encoder which is operable to provide positional

information of the cam, wherein a misload of the tube into the pump 'is

detectable by a method comprising the steps of:

(1)  when the tube is positioned between the tube compressing tip portion
and the platen, compressing the tube;

(2)  when the spring loaded cain follower and the cam follower arm define
an interstice therebetween, rotating the cam so as to close the

interstice;
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when the encoder has an output indicative of the position of the cam,
determining the change in position of the cam as the interstice is
closed; _

when the sensor has an output capable of change and when the change
is indicative of the position of the jaw carrier, noting the lack of
change in position of the jaw carrier as said interstice is closed;
comparing the outputs of the encoder and the sensor to determine that
the interstice is being closed as the pawl is prevented from moving due
to its engagement with the tube; |

when the outputs have associated therewith an alarm, actuating the
alarm; |

when the cam has a motion which can be reversed, reversing the
motion of the cam; and |

by co-action of the cam, cam follower, jaw carrier, layshaft, pawl and
tube compressing tip portion, releasing the tube from beneath the tube

compressing tip portion by reversing the motion of the cam.
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(54) Title: VOLUMETRIC INFUSION PUMP
(57) Abstract

A medical infusion pump is*disclosed which provides
for greatly improved accuracy in the delivery of medica-
ments 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 pump-
ing body and valves associated therewith and coactive with
the aforementioned synchronization a mechanical lineariza-
tion of output of the pumping body per each pumping cy-
cle. Additionaily, several features which serve to enhance
the utility of the instant invention are also included therein
among which is an associated assembly operative to auto-
matically 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 closc a slide
clamp associated with the tube in such a way as to ensure
that the tube is occhuded 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 the achieving of such normal orientation, expressing an essentially zero elastic stress gradient

across the tube,
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