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A FLUID DEL RY MECHANISM
Field of the Invention

The present invention relates to a fluid delivery mechanism for the delivery of liquids

and other fluids. ' '
Background of the Invention

Fluid delivery mechanisms are known in the art. Positive displacement pumps are one
category of fluid delivery mechanisms that bperate on a flexible tube to generate a pumping
action. One category of positive dfsplacement pumps that operate on the flexible tube are also
known as valve-type pumps. In the operation of the valve-type pump, a piunger compresses
the flexible tube thus forcmg a liquid contained in the flexible tube out of the flexible tube.

One such application for the positive displacement pump is the administration of
intravenous liquids. The administration of intravenous liquids to a patient is well known in the
art. Typically, a solution such as saline, glucose or electrolyte contained in a flexible container
is fed into a patient’s venous system through a conduit such as a polyvinyl chloride ®VC)
tube which is accessed to the patient by a catheter. Many times, the fluid is infused under the
forces of gravity, and the rate of flow is controlied by a roller clamp which is adjusted to
restrict the flow lumen of the tube until the desired flow rate is obtained.

Flow from the container to the patient also is known to be regulated by means other
than a roller clamp. It is becoming more and more common to use an electronically controlled
infusion pump. Such pumps include, for example, valve-type pumps. In such devices, a
container or bag typically provides for the delivery of the fluid to the tube. A mechanism
pinches on the tube using an occluder, and typically a pair of occluders. A plunger, pressing
on the tube between the occluders provides the motive force to deliver fluid to the patient.
When fluid is delivered to a patient, one of the occluders opens. Different bolus sizes are
accomplished by controlling a stroke distance of the plunger. Different flow rates are
accomplished by varying the frequency of the operation of the occluders and plungers
open/close cycle.

One disadvantage of the prior art infusion pumps is that the operation of an occluder
and/or a plunger on the tube will eventually deform the tube and change the pumping volume.

This disadvantage may arise for many reasons. The operat_ion of the occluder or the plunger
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may stretch the tube thus changing the volume contained ‘within the tube. The operation of

the occluder or the plunger may cause the tube to permanently set in a shape that also resuits
in a changed volume contamed vnthm the tube Therefore, over time, such devices become
less accurate as to the amqun}:.of liquid delivered to a patient. While mechanical devices have
been designed that return the tube to its original shape between pumping cycles, such devices
do not completely ehmmate the inherent inaccuracy in the valve-type pumps.

What is needed is a medlcal infusion pump which improves the accuracy of valve-type
pumps. What is also needed 1s a medzcal infusion pump that does not lose accuracy of bolus
delivery the more times the pump isused. What is further needed is a medical infusion pump
that offers these advantages yet uses standard tubing and is readily adaptable for use in
multiple clinical settings. -

L Summary of the Invention _

The present invention provides a fluid delivery mechanism which improves the
accuracy of valve-type pu_i_hp‘_s. The present invention provides a fluid delivery mechanism that
does not lose accuracy of belus delivery the more times the pump is used. The present .
invention provides a fluid néﬁveq mechanism that controls the shape of the tubing throughout
the pump cycle. The preeenit:invention also provides a fluid delivery mechanism that is readily
adaptable to use in multipie clinical settings. The present invention further provides a fluid
delivery mechanism that is readily adaptable to multiple pump settings.

The present inventi_on provides a fluid delivery mechanism for providing a flow of a
deliverable fluid through & e'tnbe Examples of the deliverable fluid are a liquid and a medical
liquid. The fluid dehvery mechamsm includes at least two occluders having an open position
and a closed position for releasahly pinching-off the tube. A tube portion between the two
occluders forms a metermg chamber. A first plunger and a second plunger are provided, each
plunger having an open posi;ion and a closed position for releasably compressing the metering
chamber. In the method of the present invention, an occluder releasably pinches-off the tube
near the source of the liquid at a first location. The second occluder releasably pinches-off the
tube at a second location that is downstream from the source of the liquid and the first
location. The tube is released at the first location and a plunger compresses the tube between
the first location and the see'ond location, thereby generating a flow of the liquid through the

tube in a direction towards the source of liquid.
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Bricf Description of the Diawings

Figure 1 is an example of an intravenous fluid infasion pump in which the present
invention can be utilized. _ _

Figure 2 is a perspective view of the intravenous fluid infusion pump of figure 1 in an
open position. _

Figure 3 is an exploded view of the intravenous fluid infusion pump of figure 1
illustrating components internal to the intravenous fluid infusion pump.

Figure 4 is a further exploded view of the intravenous fluid infusion pump of figure 1
illustrating further components internal to the intravenous fluid infusion pump.

Figure 5 is a schematic of a fluid delivery mechanism made in accordance with the
principles of the present invention. ' _ _ _

Figure 6 is a plan sectional view of an occluder mechanism made in accordance with
the principles of the present invention that utilizes a single plunger.

Figure 7 is an elevation sectional view of the occluder mechanism of figure 6.

Figure 8 is an elevation sectional view taken along axis A-A of figure 6.

Figure 9 is an elevation sectional view taken along the B-B axis of figure 6.

Figure 10 is an elevation sectional view taken along the C-C axis of figure 6.

Figure 11 is an elevation sectional view taken along the D-D axis of figure 6.

Figure 12 is a sectional view of the downstream occluder of figure 6 taken along axis
E-E of figure 6. . _ _ _

Figure 13isa sectional view of the upstream occluder of figure 6 taken along axis F-F
of figure 6. _

Figure 14 is a diagram of a system in accordance with the principles of the present
invention.

Figure 15 is a schematic of a valve/occluder/plunger arrangement in accordance with
the principles of the present invention. _ _

Figure 16 is an operating profile diagram of the valve/occluder/plunger arrangement of
figure 15. _

Figure 17 is a schematic of an alternative embodiment of a valve/occluder/blunger

arrangement in accordance with the principles of the present invention.
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Figure 18 is an operatmg proﬁle diagram of the valve/occluder/plunger arrangement of
figure 17.

Figure 19is a schematlc of an alternative embodlment of a fluid delivery mechanism
made in accordance with the pnnclples of the present mventron that utilizes two plungers.

Figure 20 is a plan seeuonal view of an alternative emb_odlment of an occluder -
mechanism made in accordanee with the principles of the preSent: invention utilizing two
plungers. .

Figure 21 is an elevatlon sectional view of the occluder mechamsm of figure 20.

Frgure 22isan elevatton sectional view taken along : axls A-A of figure 20.

Figure 23 is an elevatron sectional view taken along the B-B axis of figure 20.

Figure 24 is an elevatlon sectional view taken along’ the C-C axis of figure 20.

Figure 25 is an elevatlon sectional view taken along the D-D axis of figure 20.

Figure 26 is a schematlc of a dual plunger arrangement in accordance with the
principles of the present mventron

Figure 27 is an operating profile diagram of a high volume infusion of the dual plunger
arrangement of figure 26. - ' .'

Figure 28 is an operatmg profile diagram of a medium volume infusion of the dual
plunger arrangement of ﬁgure 26.

Figure 29 is an operatmg profile diagram of a low volume infusion of the dual plunger
arrangement of figure 26. |

Figure 30 is an alternate embodiment of a fluid delivery mechanism made in
accordance with the principles of the present invention that utilizes a cam-actuated
mechanism. a | -

Figure 31isa eross—sectzonal view of the cam shaft of figure 30.

Figure 32a is an operating profile diagram of the occluder mechanism of ﬁgure 30.

- Figure 32b is an operating profile diagram of the occluder mechanism of figure 30

~ illustrating the relationship of a cam angular position with a-'position of an occluder and a

plunger. _ _
. Detailed Description of a Preferred Embediment
Referring to ﬁgure'_ 1, an example of a fluid delivery device in which the present

invention can be utilized is referred to generally as 210. While the example described herein is
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an ambulatory intravenous infusion pump, the principles.of the present invention can be
applied to a number of different fluid delivery environments. The pump 210 includes a main
body portion 214 and at least one fluid delivery mechamsm 216. The pump 210 also includes
a cover 212, : :

Referring to figure 2, the pump 210 of figure 1 is seen in the open position. At least
one fluid delivery mechanism 216 is located within the main body 214 of the pump 210. The
fluid delivery mechanism 216 includes a tube-loading channel 228 into which a tube 28 is
loaded into the pump 210. The fluid delivery mechanism 216 may further include a tube-
loading feature. Associated with the fluid delivery mechanism 216 is a bottom plate 229.
Associated with a cover 212 is a top plate 227. Disposed on the bottom plate 229.are
receiving mechanisms 281, 283. Disposed on the top plate 227 and operatively associated
with receiving mechanisms 281, 283 are latching mechanisms 291, 293.

Referring now to figure 3, an exploded view of the pump 210 of figure 1 is depicted.
The pump 210 further includes a pad 216 disposed on the cover 212, the pad 216 providing
keypad access to the pump 210. A window is provided in the pad 216 for a display 217. In
the preferred embodiment, the display 217 can be an LCD display. The pump 210 includes an
electronic control 230 for controlling the operation of the pump 210. An occluder mechanism
240 is disposed within the pump 210, the occluder mechanism 240 providing the means to
move a fluid through the tube 228, as described in detail below. A power supply 232 is also
disposed in the pump 210, the power supply 232 providing a source of power to operate the
pump 210. In the preferred ambulatory embodiment described herein, the power supply 232 is
a series of batteries. Included in the occluder mechanism 240 are solenoid valves 242, 243,
244 and 245. The functions of the solenoid valves 242, 243, 244 and 245 are described in
more detail below. _

Referring to figure 4, an exploded view of the pump 210 illustrating components
internal to the pump 210. The j)ump 210 further includes occluders 252, 262 and plungers
272, 273. The function of occluders 252, 262 and plungers 272, 273 are described in further
detail below.

Referring now to figure 5, a schematic of a fluid delivery mechanism made in
accordance with the principles of the present invention is seen. A flexible fluid container 23 is

provided filled with a liquid and connected to the tube 28. The fluid container 23 is loaded
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into a chamber in the fluid delivery device (not shown). In one embodiment, the container 23
may be optionally placed between a fixed plate 22 and an mﬂatable bladder 24." On the outside
of the inflatable bladder 24a restramt 26 is provided. The purpose of the restraint 26 is to
limit the inflation of the bladder 24 so that the bladder 24 pushes against the container 23 upon
inflation. The bladder 24 can be a fluid-actuated chamber.

When the tube 28 is loaded in the fluid delivery device, a segment of the tube 28 is pre-
compressed between a ﬁrst ﬁxed plate 75 and a plunger 73. '_The tube 28 is pre-compressed to
a.non-occluded position. Two occluders 152, 162 are provided with one on each side of the

- plunger 73 to pinch-off the tube 28. A metering chamber i is dnsposed between the occluders

152, 162. The occluder that is located on the fluid contamer 23 side of the plunger 73 is
referred to as the upstream occluder 152 and the other occluder is referred to as the

. downstream occluder 162

The pre-compressrort ‘of the tube 28 results in an approximately oval cross-sectional
shape for an otherwise round tube. The pre-compression of the tube also produces a partial
vacuum in the tube. By p'reéi;'ompressing the tube into an afipro:dmately oval cross-sectional
shape, the bolus volume dehverable per unit stroke distance of the plunger 73 is greater than
the bolus volume dellverable without the use of the pre-compressnon Furthermore, the pre-

compression of the tube mamtams the tube in a pre-stressed condttton thus providing a force

. to return the tube to the shape the tube accepted due to the | pre-compressron after the further

compression of the tube by the plunger has been released. Addtttonally the pre-compression

. prevents an over extensxon of the tube during the generatton of a flow of a liquid through the
- tube in a direction towards the source of the liquid. Each of these aspects of the pre-

compression are explamed m further detail below.
The largest bolus volume achievable may be descnbed by the following equation:
Vo= (V/THQUT)
- %:’-VJNG; where,
Vi --?_:;bolus volume;
V,. = lowest flow rate-delivered volume;
T = time over which the bolus volume is delivered; and

N, number of delivery eycles
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It is generally desxrable that the bending radius that the tube realizes as a result of the
pre-compression should be equal to or greater than the wall thlckness of the tube. This is to
minimize the stresses realized by the tube during the pre-compression that may cause a
reduction in the flexural modulus of the tube. Applying this radius limitation, the maximum
stroke distance of the plunger is defined as follows:

| Stinax = IDpin — 2ZWinay; whefg

Stonax = maximum stroke distance;
Dy, = minithum inside diameter of the tube; and
Winax = maximum wall thickness of the tube.

The theoretical bolus volume can be defined as a function of the tube length residing
between the upstream and downstream occluders and the tube diameter as the diameter
changes during the delivery of the bolus volume. Accordingly, the bolus volume may be
defined as follows:

Vb=V, —V,; where
V} = the bolus volume;
V, = the original volume of the tube;
V; = the volume of fluid remaining in the tube after the bolus
volume is delivered.

V; may be calculated as follows:
V=V, +Vg where.
V.= the volume of an oval’s arc having an arc diameter D,;
V. =Py (Dy/2)’
= 7PL[(D/2)(Dy/2)]
=.1tPL[D.2/4]; where
Py = the plunger length;
V¢=the volume of an oval’s flat segment having a length L;
Ve=D,L#P;; where |
D, =ID - S;; where
ID = the inside diameter of the tube; and
S; = the stroke distance of the plunger;
Le=(Ci-L)2 |



10

15

20

25

30

WO 00/51670 : PCT/US99/29436

={(zID) - (xD,)}2
= [xID - = (I —SY)/2
= (nS)/2; where
_ C; = the inside circumference of the tube;
'V, =nPy(D/2)?
= =P, [(ID - S/2)’
= 7P {[(ID - Sy(ID - S)}/4}
. =mP{(ID*-2IDS, + & }/4}
Vf =D)Ly .
=PL{(ID - S)(%8)/2])
= 7P {(ID - S)(S/2))
= xPL[IDS, - §/')/2]
= nP[(2IDS, - 28.%)/4];
L Ve=V Ve .
- =mPL{[D? - 2IDS, + S7/4) + nPL{2IDS, - 25t,)/4)
| = =P, {[(ID” - 2IDS, + St) + (DS, - 25*))/4}.
Combxmng the terms developed above provides:
\ V -V;
= 1:PL[ID ?/4] - =P {[ID* - §; ]/4}
= nP([ID"/4] - [(ID" - S//4]}
= nPL[m’ ID? - S2)/4]
= 7PLS/4.
Thus it can be seen that because of the pre-compreésion, by which the tube assumes an
approximately oval shape, th_e bolus volume does not depend on the magnitude of the inside
diameter of the tube. Also, because the shape of the tube chaxiges from round to oval, the
bo__lhs volume does not change linearly wjth respect to ihe plunger stroke distance.
When the plunger 73 pushes on fhe tube 28, for a fixed stroke distance the bolus
volume deliv_ered will less WBen starting with a round tube as compared to the case where an
oiral-shaped tube 28 is used ét the start bf _ihe plﬁnger 73 stroke. But because the stroke

distance is fixed, the enefgy consumed in moving the plunger over the stroke distance will be
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the same regardless of the starting tube shape. Therefore, pfjé,-éompressing the tube 28 results
in less energy consumption in pushing fluid through the tube 28 for a given bolus volume.
When the plunger 73 is withdrawn from pushing on the tube 28, the plunger 73 is withdrawn
so that the pre-compression of the tube 28 is restored. -Accordingly, the tube 28 is
decompressed to a second non-relaxed position.

Figures 6 through 13 depict an embodiment of an occluder mechanism 40 made in
accordance with the principles of the present invention. Figure 6 is a plan sectional view of
the occluder mechanism 40. Figure 7 is an elevation sectional view of the occluder mechanism
40. . _ _

The upstream occluder 152 and the downstream occluder 162 are both spring loaded
to bias the occluders 152, 162 to a closed position. The plunger 73 is spring loaded to bias the -
plunger 73 to an open position. The occluders 152, 162 and the plunger 73 are each
connected to pneumatic cylinders, which are operated by compressed air and controlled by a
controller (not shown). Each pneumatic cylinder associated with occluders 152, 162 is
preferably controlled by a 3-way solenoid valve 43, 45, and the pneumatic cylinder associated
with the plunger 73 is preferably controlled by a solenoid valve 42. The two solenoid valves
42, 44 may be used to control the pneumatic cylinder associated with the plunger 73,
depending on the pneumatic design and the controlled operating sequences of the occluder
mechanism 40. _

To ensure the tube 28 is opened and ready for delivery, the downstream occluder 162
is open prior to the plunger 73 moving towards a closed position. To prevent back flow, the
downstream occluder 162 also is closed before the plunger 73 returns to an open position.

The upstream occluder 152 is not opened during the downstream occluder open period. This
method of operating sequences is designed to prevent free-flow of the fluid.

The upstream and downstream occluders 152, 162 are mechanical valves that open and
close the fluid path between the container 23, the metering chamber, and the distal end of the
tube 28. The upstream and downstream occluders 152, 162 also allow liquid to fill the
metering chamber and escape from the metering chamber without free-flow or back-flow of
the liquid. .

The upstream and downstream occluders 152, 162 are normally closed. The upstream

and downstream occluders 152, 162 pinch-off the tube 28 by a force of preferably about 2.5
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pounds generated by the pre-loaded spring. Both the upstream and downstream occluders .
152, 162 are designed so that the pre-loaded spring force can be adjusted. The pre-loaded -

- spring force should be wfﬁment to allow the occluders 152, 162 to pinch off the tube 28.

The plunger 73 is desiglxed as a moving plate to apply pressure on the tube 28. The
plunger is preferably made of aluminum, althdngh other materials, both metals and plastics, are

- suitable materials of construetidn The plate 75 is optionally configured in the shape of

channel that operatively recelves the plunger 73. The plate 75 and the plunger 73 are

-/ positioned within the occluder ‘mechanism 40.

10

Likewise, the occluder mechanism 40 can be constmcted of aluminum or other suitable

material. The occluder mechamsm 40 is constructed with three pneuma'nc cylinders

- “- incorporated for the Operatlon of the upstream and downstream occluders 152, 162 and the.

plunger 73. Each of the pneumatlc cylinders associated with the upstream and downstream

- occluders 152, 162 are connected directly to an in-line solenoid valve The plunger 73 is

connected to at least one m—lme solenmd valve.

Figure 8 presents an el_evatlon sectional view of the occluder mechanism 40 taken

- along axis A-A of figure 6. The upstream occluder 152 is shown in a closed position and the

20

25

30

plunger 73 is likewise shownf.in a closed position. The downstream occluder 162 and the
plunger 73 are both shown man opened position. The positi'on of the solenoid valve 42,
operatively associated with tne plunger 73 is shown.

 Figure 9 is an elevation sectional view taken along the B-B axis of figure 6. The inlet

" pneumatic connection 47 between the solenoid valve 42 and the plunger 73 is illustrated.

Figure 10is an eleVa_,y_ion sectional view taken along the C-C axis of figure 6. The
location of the pneumatic' cennection from the solenoid valve 43, and from the solenoid valve
45, to the upstream occluder 152 and the downstream occluder 162, respectively, can be seen.

Figure 11 is an elevation sectional view taken along the D-D axis of figure 6. The
outlet pneumatic connection 82 between the solenoid valve 42 and the plunger 73 is
illustrated. '

Figures 12 and 13 illustrate elevation sectional views of the downstream and upstream
occluders 162, 152, respectively. Figure 12 is a section taken along axis E-E of figure 6,
whereas figure 10 is a section faken along axis F-F of figure 6. In figure 12, the upstream
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occluder can be seen in a closed position pinching-off the tulié 28. In figure 13, the
downstream occluder 162 is shown in an opened position.

In one embodiment, a conventional commercially available air compressor is used to -
provide all of the air pressure for the occluder mechanism 40 and the bladder 24. Alternately
one air compressor may be used to provide air pressure to the bladder 24, and a second air
compressor may be used to provide air pressure to-the occluder mechanism 40. A plurality of
air compressor may also be used.

Referring now to figure 14, a diagram of a system in accordance with the principles of
the present invention is seen. The system utilizes a fluid compressor 39. A power supply 32
provides power to a valve control 35. The valve control 35 controls a bladder control valve
31. The bladder control valve 31 provides compressed air to the bladder 24, which in turn
presses upon the container 23 to create a source of pressurized liquid.

The power supply 32 also provides power to a control 33 and to the compressor 39.
The control 33 controls the compressor 39 used to generate fluid pressure to be stored in an
energy storage tank 37. The energy storage tank 37 allows for intermittent operation of the
compressor 39, thus conserving the power supply 32. In the preferred embodiment, the fluid
is air. The control 33 also controls an optional solenoid spike and hold circuit 36. The
solenoid spike and hold circuit 36 controls the solenoids that control the occluder mechanism
40. In the absence of the spike and hold circuit 36 the control 33 directly controls the
occluder mechanism 40. The control 33 controls the solenoid spike and hold circuit 36. The
compressed air is distributed from the energy storage tank 37 to the occluder mechanism 40,
including the upstream occluder 152 and the downstream occluder 162, the plunger 73, and
the bladder 24. The operation of the solenoid valves is further described below.

The energy storage tank 37 is preferably constructed of about 0.3175 cm (0.125 inch)
thick welded aluminum with a capacity of about 315 cm® (19.2 cubic inches). However, other
materials and methods of construction and other sizes may be used. The energy storage tank
37 must be constructed to safely contain the air pressure necessary to operate the bladder 24,
the upstream and downstream occluders 152, 162, and the pluhgers 73. The pressure may
range from about 1 psig (gage pressure) to about 50 psig and preferably from about 3 psig to
about 15 psig. The size of the energy storage tank 37 and the air pressure can be selected to

minimize the run time of the air compressor and thus conserve energy. The upstream and
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downstream occluders 152, 162 will preferably operate under about 9 psig air pressure witha

range of about 7 psig to about 11 psig, whereas the bladder 24 will preferably operate under

about 3 psig air pressure with a range of about 2 psig to about 4 psig.
' As the pressure in the energy storage tank 37 drops below a minimum set point, as

* determined by a pressure transducer (not shown) that is part of the control 33, the control 33

activates the air compressor 39 to re-fill the energy storage tank 37, increasing the air pressure -
in the energy storage tank 37 to a maximum pressure as determined by a second pressure
transducer. The pressure range defined by the set points of the pressure transducers is called
the operating pressure envelope. ' _

The pressure in the bladder 24 is monitored by a pressure transducer and controlled by
the control 33. The air pressure in the bladder 24 is ultimately applied on the fluid container -
23. The pressure in the container 23 is applied to the tube 28. As fluid escapes from the fluid
container 23, pressure in the b_ladder 24 decreases to a lower pressure set point determined by
a transducer. At that point, the control 33 will activate a solenoid valve to aliow compressed
air to flow into the bladder 24. thus increasing the air pressure in the bladder 24 until an upper
pressure set point determined by the pressure transducer is reached. Then the control 33 re-
activates the solenoid valve to shut-off and isolate the pressure between the energy storage
tank 37 and the bladder 24.

The solenoid valves are, for example, available from PACKER CORPORATION. The
solenoid valves will preferably have an operating voltage of about 1 volt to 12 volts DC, a
power consumption of about 50 milliwatts to about 1000 milliwatts, and a respbnse time of
about 1 milliseconds to about 1000 milliseconds. The flow rate through solenoid valves is
about 0.25 mL/minute (6.6 x 10” gallon/minute ) to about 1000 mL/minute (0.26
gallon/minute). The solenocid vaive used to control the pressiu‘e in the bladder has an
operating voltage of 4 volts DC and a power consumption of about 500 milliwatts.

'A microprocessor 36, included in the control 33, includes a plurality of independent
programs. The microprocessor 36 may also include a plurality of microprocessors. One

program controls the bladder 24, and the other program controls the occluder mechanism 40.

‘It is known that the more the bladder 24 is expanded, the less efficiently the bladder 24

transfers energy to the container 23. Therefore, the program contained in the microprocessor
is designed so that the pressure set point of the bladder 24 will be increased by a certain
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pressure at each re-charge ¢ycle. This pressure incrementatiori is called the bladder efficiency
compensation pressure or the adjust pressure. Ideally, the pressure in the bladder 24 is as low
as possible to prevent leaks or bursting of the container 23 and internal expansion of the tube
28, yet great enough to push liquid out of the container 23. The program also periodically
checks the pressure in the energy storage tank 37 and the pressure in the bladder 24.

The program used to operate the occluder mechanism 40 performs three primary
functions: - user interface, operating pressure control, and operating timing control. A Munich

or other adjust pressure subroutine known in the art is included in the program used to control

the bladder 24. As the bladder 24 becomes extended, determined by sensing cumulative

compressor 39 activity, 2 maximum pressure set point is biased upward. This method of
cumulative pressure control reduces inefficiency of energy transfer through the bladder 24;
therefore, the metering chamber is filled consistently and produces consistent bolus volumes
leading to higher flow rate accuracy. _ _

As the fluid delivery device is switched on, by activating a power switch, the program
that controls the bladder 24 executes a self test. Upon successful completion of the self test,
the program initiates pressurization of the bladder 24 and initiates a check on the pneumatic
components of the fluid delivery device for leaks and checks the position of the occluders 152,
162 and the plunger 73. The leak test will take approximately 30 seconds to complete; during
this time if liquid is allowed to escape from the container 23, the leak test will fail and an alarm .
may turn on. Ifno leak is found, the program will indicate a ready signal by emitting a low-

- high buzzer. Next, the program will check for user input, preferably in the form of a

password, from the user interface 38. From the time the power is switched on, the program
will periodically activate the sequence described above if no password is received. If during
this sequence the air pressure falls below any of the set-points, the microprocessor will turn on
the air compressor 39. Additional programs may be used. .

The user interface 38 includes three functions: a programming panel, an LCD display,
and an IR communication port. The programming panel includes a keypad that is used to

program, for example, the flow rates, bolus volumes, the number of doses, the volume to be

- infused, the time of delivery, the status of the fluid delivery device, and/or the pressure to be

applied to the upstream and downstream occluders 152, 162. The keypad can may also be

used to program a sequence of operations for the occluder mechanism 40. Each key press is
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- acknowledged by a short beep. A volume to be infused may be selected from a list of bolus

volumes that includes, for example, SmL (0.00132 gallon), 10mL.(0.00264 gallon), 50mL
(0.0132 gallon), 100mL.(0.0264 gallon), 250mL (0.066 gallon), 300mL (0.079 gallon), and
999mL (0.264 gallon). Preféfably, flow rates may be selected from a list of flow rates that
includes, for example, 0. SmLIhr (0.000132 gallon/hr), lmL/hr (0.000264 gallon/hr), 2mL/hr
(0.000528 gallon/hr), 3mLIhr (0.000793 gallon/hr), 4mL/hr (0 00106 gallon/hr), SmL/hr

(000132 gallon/hr), IOmL/hr (0.00264 gallonlhr) 20mL/hr (0 00528 gallon/hr), SOmL/hr

(0.0132 gallon/hr), IOOmL/hr (0.0264 gallon/hr), and 200mL/hr (0.0528 gallon/hr). The
status of the fluid delivery dewce is addressable through a switch that is used to start and/or
stop the fluid delivery dewce As the switch is activated, the microprocessor 36 will initiate
the infusion based on'the programmed parameters received from the user interface 38 and will

‘be operated according to a t1me cycle entered through the R oomnmmcatlons port. The
- switch is pushed again to stop the fluid delivery. A menu sw_ltch can also be provided that

allows a preview of the status of a fluid delivery. -
The pressure to be: apphed to the upstream and downstream occluders 152, 162 is

~addressable through a load switch that manually activates the venting of the solenoid valves

42, 44 of the plunger 73, respectively, and pressurizes both the solenoid valves 43, 45 that

.control the upstream and denstream occludérs 152, 162, respectively. This feature is-

designed to provide easter 1§ading of the tube 28 into the occluder mechanism 40.
The LCD display prbvides a visual output of the programmed parameters of the fluid
delivery. For example, when used as an infusion pump, the LCD displays bolus volume, flow

rate, and status, and also dlsplays a current cumulate volume of liquid delivered to a patient.

_The current cumulative volume is determined based on the number of times a bolus volume

has been delivered to a patlent.
The IR communications port examines and/or modifies the fluid delivery device

operating parameters, incIud_ing the timing of the delivery of a bolus volume, the bolus volume;

- and the operating pressure parameters. A program displays a menu of parameters along with

~ the current settings when the power of the fluid delivery device is switched on or whenever a

user requests such a display through the user interface 38. The operating parameters are kept
in an erasable programmable read only memory (EPROM) and any changes made are

persistent.
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The occluder mechamsm program also controls the aif éompressor 39 that supplies the
compressed air to the energy storage tank 37; the compressed air from the energy. storage tank
37 is used to operate the upstream and downstream occluders 152, 162 and the plunger 73. A

~ pressure set-point and a pressure envelope can be adjusted through the IR communications

port. The pressure in the energy storage tank 37 is not critical to the performance of the
occluder mechanism 40 so long as the pressure remains above a minimum level that is

definable based on the operating pressure requirements of the components of the occluder

-mechanism 40,

The occluder mechanism program also controls the timing of the solenoid valves 42,
43, 44,45 and the timing of the delivery of the liquid. A solenoid valve timing control
program is used to operate the upstream and downstream occluders 152, 162 and the plunger -
73. .

The scheduled timing control program is based on the selected flow rate and the bolus
size. When the flow rate and the bolus size are input through the user interface 38, the
program will automatically calculate the scheduled time for delivery. For example, to find the
time schedule for delivering at 100mL/hr flow rate with the bolus size of .083mL, first the
program assumes that the bolus size is consistent throughout the delivery. To deliver 100mL
at .083mL per bolus, will require 1204.8 delivery cycles; to operate the occluder mechanism

- 40 at 1204.8 cycles per hour, or 3600 seconds, the occluder mechanism 40 will perform one

cycle within 2.988 seconds. Accordingly, the delivery time schedule can be calculated.

Referring to figure 15, a schematic of an arrangement utilizing three solenoid valves
with a single plunger; for use in the occluder mechanism 40, is shown. The solenoid valve 43
is used to control the upstream occluder 152, the solenoid valve 45 is used to control the
downstream occluder 162, and the solenoid valve 42 is used to control the plunger 73.

Referring now to figure 16, an operating profile of the occluder mechanism 40 utilizing
the arrangement of figure 15 is presented. The solenoid valve 45 is energized, and common
and normally closed ports are connected allowing air pressure to enter the pneumatic cylinder
of the downstream occluder 162, thus pushing against the pre-loaded spring force to open the
downstream occluder 162. This action allows the liquid to escape the metering chamber when
the plunger 73 pushes on the tube 28. The downstream occluder 162 remains opened (the

solenoid valve 45 remains energized) during the plunger 73 forward movement and until the
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plunger 73 reaches the maximum stroke during the time period (m). After the time period

- (m), the solenoid valve 45 is de-energized and common and normally opened ports are

connected to vent the pneumatic cylinder of the downstream occluder 162. At this point, the
pre-loaded spring will apply a force to pinch-off the tube 28 at the downstream occluder 162.
After the downstream occluder 162 is opened for the time period (c), the solenoid
valve 46 is energized, and common and normally closed ports are connected allowing air
pressure to enter the pneumatic cylinder of the plunger 73, thus pushing against the pre-loaded
spring force to activate the plunger 73 forward for the time period (d). The time period (d - e)

- is designed to allow enough ;Spened time for the solenoid valve 42 so that sufficient pressure is

built-up inside the pneumatic cylinder of the plunger 73. Then solenoid valve 42 is de-
energized, venting the pne'x_ima‘tic cylinder of the plunger 73 to allow the plunger 73 to return
to its original position.

Although the time functions are shown as step-functions, non-linear time functions are
possible. S : _ o '

- After the solenoid 4_5' is de-energized for the time period (£), the solenoid 43 is
energized, and common and normally closed ports are connected allowing air pressure to enter
the pneumatic cylinder of the upstream occluder 152, thus pushing against the pre-loaded
spring force to open the upsiream occluder 152. This action allows the liquid to escape back

- . to the fluid source through the upstream occluder 152, thus flushing back, which in turn will
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re-open a pinched-off area in the tube 28 created by the upstream occluder 152.

After the flush-back cycle, while the upstréam occluder 152 is still open, both the
solenoid valve 42 is de-eriergized. Common and normally opened ports are connected
allowing air to vent from thé pneumatic cylinder of the-plunéer 73. At this point, the pre-
loaded spring of the plunger 73 applies a force to push the plunger 73 open, thus relieving the
tube 28 and creating a suction force to draw the liquid from the container 23 to fill the
metering chamber.

After the time period (a/h), the solenoid 43 is de-energized, and common and normally
opened ports are connected to vent the pneumatic cylinder of the upstream occluder 152. At
this point, the pre-loaded spring of the upstream occluder 152 applies a force to pinch-off the
tube 28 at the upstream occluder 152 and the control 33 switches into the waiting mode for
the remaining scheduled time before waking-up to perform the next delivery cycle. Once




10

15

20
- the pneumatic cylinder of the plunger 73. Then the solenoid 44 is de-energized. At this point,

25

30

WO 00/51670 PCT/US99/29436
17

-again, all of the above activities and sequences are operated within the scheduled time period
- (T) which represents the frequency of delivery cycles at certain flow rates and a given bolus

volume.

‘Referring to figure 17, a schematic of an arrangement utilizing four solenoid valves, for

- use in the occluder mechanism 40, is shown. The solenoid valve 43 is used to control the

upstream occluder 152, the solenoid valve 45 is used to control the downstream occluder 162,

the solenoid valve 42 is used to control the forward movement of the plunger 73, and the

~ solenoid valve 44 is used to vent the plunger 73.

- Referring to figure 18 , an operating profile of the occluder mechanism 40 utilizing
four solenoid valves is provided. As the solenoid valve 45 is energized, common and normally
closed ports are connected allowing the air pressure to enter the pneumatic cylinder of the
downstream occluder 162, thus pushing against the pre-load spring force to open the
downstream occluder 162. This allows fluid to escape the tube 28 when the plunger 73
pushes on the tube 28. The downstream occluder 162 remains opened as the plunger 73
moves to compress the tube 28 for the time period (ct+d+e). _

After the downstream occluder 162 is opened, the solenoid valve 42 is energized,
common and normally closed ports are connected allowing the air pressure to enter the
pneumatic cylinder of the plunger 73 thus pushing against the pre-load spring force to activate
the plunger forward for the time period (d). The time period (d - €) is designed to allow

enough open time for the solenoid valve 42 such that sufficient air pressure is built-up inside

the plunger-73 reaches the end of its stroke and remains in this forward position.
After the solenoid valve 42 is de-energized for the time period (e), the solenoid valve

~ 45 is de-energized, common and normally opened ports are connected to vent the pneumatic

cylinder associated with the downstream occluder 162. At this point, the pre-load spring of
the downstream occluder 162 will apply a force to pinch-off the tube 28 at the downstream
occluder 162. The time period (¢) is designed as a variable to define the amount of time the
downstream occluder 162 is in the open position; this variable can be eliminated if a value for
the time the downstream occluder 162 is in the open position is established.

After the solenoid valve 45 is de-energized for the time period (f), the solenoid valve

43 is energized, and common and normally closed ports are connected allowing air pressure to
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enter the pneumatic cylinder of the upstream occluder 152, thus pushing against the pre-load |
spring force to open the upstream occluder 152. This action allows liquid to fill the metering
chamber when the plunger 73 returns to an open position. The upstream occluder 152
remains opened for the a time period to ensure that fluid completely fills the metering
chamber. The time period (f) is designed to ensure that the downstream occluder 162 is
closed prior to opening of the upstream occluder 152.

The solenoid valve 44 is also energized at the same ﬁme that the solenoid valve 43 is
energized, and common and normally closed ports are connected allowing air to vent from the
pneumatic cylinder of the plunger 73." At this point, the pre-load spring of the plunger 73 will
push the plunger 73 back to an open position, relieving the tube 28 and creating a suction
force to draw liquid from the container 23 to fill the metering chamber. The upstream
occluder 152 remains opened for the a time period to ensure that fluid completely fills the
metering chamber.

In the embodiment of the fluid delivery device depicted in figures 17 and 18, a fluid
flush-back operation is possiﬁle. In the fluid flush-back operation, fluid is pushed through the
tube 28 back towards the source of the fluid. In this way, the force of the flush-back can be
used to re-open an otherwisé collapsed tube 28. The flush-back is functional so long as there
is some fluid in the tube 28. '

‘Referring now to figure 19, a schematic of an alternative embodiment of a fluid
delivery mechanism made in pccordance with the principles of the present invention is seen in
which a duel plunger arrangement is utilized. Consistent with the description of the related
embodiment depicted in figures 5 through 18, where possible like numbers are used to identify
like elements. When the tﬁbé 28 is loaded in the fluid delivery device, a segment of the tube
28 is pre-compressed betw'ee_h a first fixed plate 75 and a first plunger 72 while a further
segment of the tube 28 is pre-compressed between a second fixed plate 76 and a second
plunger 73. The first fixed plate 75 and the second fixed plate 76 may be portions of one

‘continuous plate. Two occluders 152, 162 are provided with one on each side of the plungers

72, 73 to pinch-off the tube 28. A metering chamber is disposed between the two occluders
152, 162. '
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Figures 20 through 25 depict the alternative embodinient of the occluder mechanism
40 of figure 19. Figure 20 is a plan sectional view of the occluder mechanism 40. Figure 21 is
an elevation sectional view of the occluder mechanism 40.

The upstream occluder 152 and the downstream occluder 162 are both spring loaded
to a closed position. The plungers 72, 73 are both spring loaded to an open position. The
occluders 152, 162 and the plungers 72, 73 are each connected to pneumatic cylinders, which
are operated by compressed air. Each pneumatic cylinder associated with occluders 152, 162
is preferably controlled by a 3-way solenoid valve 43, 45, and the two pneumatic cylinders
associated with the plungers 72, 73 are preferably controlled by solenoid valves 42, 44,.
respectively. A control 33, that includes a microprocessor 36, controls the operation of the
solenoid valves 42, 43; 44, 45. The microprocessor 36 may include a plurality of
microprocessors. The function and operation of the control 33 and the microprocessor 36 in
the present embodiment is similar to the function and operation of these components as
described above. _

Optionally, a pressure transducer (not shown) may be used to facilitate controlling a
stroke distance of the plungers 72, 73. Associated with the pressure transducer an additional
solenoid valve (not shown) is provided for each of the plungers 72, 73. The additional
solenoid provide the capability of opening and closing the venting of air from the pneumatic
cylinders. The pressure transducer provides an output signal proportional to the pressure in
each of the pneumatic cylinders. The output signal is sensed by control 33. The control 33
controls the opening and the closing of the solenoid valves 42, 44 and the additional solenoid
valves associated with each plunger. Thus, the solenoid valves 42, 44 and the additional
solenoid valves can be opened and closed to incrementally pressure or vent the pneumatic
cylinders and thereby control the stroke of the plungers 72,. 73.

To ensure the tube 28 is opened and ready for delivery, the downstream occluder 162
is open prior to the plungers 72, 73 moving toward a closed position. To prevent back flow,
the downstream occluder 162 also is closed before the plungers 72, 73 return to an open
position. The upstream occluder 152 is not opened during the downstream occluder open
period. This method of operating sequences is designed to prevent free-flow of the liquid.

The upstream and downstream occluders 152, 162 are mechanical valves as described

above. The design, manufacture and function provided by the occluders 152, 162 in the
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present embodiment is consistent with the description above: The plungers 72, 73 are
designed as moving plates to appiy'pre‘ssure on the tube 28 as described above. Accordingly,
the design, manufacture and function provided by the plungers 72, 73 in the present
embodiment is consistent with the description above. -

The occluder mechanism 40 is constructed with four pneumatic cylinders incorporated
for the operation of the upstream and downstream occluders 152, 162 and the plungers 72, 73.
Each of the pneumatic cylinders associated with the upstream and downstream occluders 152,
162 are connected directly to an in-line solenoid valve. The plungers 72, 73 are each
connected to at least one m—lme solenoid valve,

Figure 22 presents an elevatlon sectional view of the occluder mechanism 40 taken
along axis A-A of figure 20. The upstream occluder 152 is shown in a closed position and the
plunger 72 is likewise shown m a closed position. The downstream occluder 162 and the
plunger 73 are both shown in an opened position.  The position of the solenoid valve 42,

- operatively associated with the plunger 72 is shown. Similarly the position of the solenoid

valve 44, operatively associated with the plunger 73 is shown.
Figure 23 is an elevation sectional view taken along the B-B axis of figure 20. The

*inlet pneumatic connection 47 between the solenoid valve 42 and the plunger 72 is illustrated.
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- Similarly, the inlet pneumatic connection 49 between the solenoid valve 44 and the plunger 73 -

is illustrated.
Figuré. 24 is an elevation sectional view taken along the C-C axis of figure 20. The
location of the pneumatic connection from the solenoid vaive:43, and from the solenoid valve
45; to the upstream occluder 152 and the downstream occluder 162, respectively, can be seen.
Figure 25 is an elevation sectional view taken along the D-D axis of figure 20. The
outlet pneumatic connection 82 between the solenoid valve 42 and the plunger 72 is
illustrated. - Similarly, the outlet pneumatic connection 84 between the solenoid valve 44 and
the plunger 73 is illustrated. The outlets 82, 84 vent the pneﬁmatic cylinders associated with

- each of the plungers 72, 73, respectively. -

The cross-sectional views of the downstream and upstream occluders 152, 162 are
similar to views presented in figures 12 and 13, respectively. Thus the view along section E-E -
of figure 20 has the same appearance as shown in figure 12. Likewise, the view along section
E-F of figure 20 has the same appearance as shown in figure 13.
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- Referring to figure 26, a schematic of a dual plunger atrangement utilizing four
solenoid valves, for use in the occluder mechanism, is shown. The solenoid valve 43 is used to
control the upstream occluder 152, the solenoid valve 45 is used to control the downstream
occluder 162, the solenoid valve 42 is used to control the plunger 72, and the solenoid valve
44 is used to control the plunger 73. The dual plunger arrangement provides the following
functions: at higher liquid flow rates, both plungers 72, 73 may be programmed to operate in -

parallel to produce larger bolus volumes; at medium liquid flow rates, one of the plungers,

: plunger 72 for example, may be operated while plunger 73 is disabled to produce more stable

flow, or both plungers 72, 73 can be programmed to operate in series to save energy; and at

'slower flow rates where the upstfeam occluder 152 is pinching-off the tube 28 for a long

period of time, the plungers 72; 73 may be programmed to perform a flush-back operation.
When the tubing 28 is pinched-off by the occluders 152, 162 for a long period of time, the -
tube 28 may not re-open to allow a fluid to refill the metering chamber. The flush-back . .
operation pushes liquid back into the tube 28 towards the container 23 and thus opens the tube
28 at the opened upstream occluder 152. - In the preferred embodiment, the flush-back
operation is provided by utilizing at least two plungers. The use of two plungers assures there
being some fluid in the tube 28 to provide the flush-back. .
‘Generally, the flush-back operation is the process by which the tube 28 is restored or
re-expanded to about its original diameter so that an accurate bolus volume will be infusedto
a patient. When the tube 28 is pinched-off for a long period of time by the downstream
occluder 152, the tube 28 will only slowly uncompress once the downstream occluder 152

moves to its open position. Subsequently, the metering chamber may not completely fill prior

- to the downstream occluder 152 closing in anticipation of infusing a patient with a bolus

volume. A consequence of the incompletely filled metering chamber, is that a patient will be
infused with an inaccurate bolus volume. By pushing the liquid in a flow direction that is back -
towards the source of the liquid through the tube 28, where the tube 28 waspinchedbff, the
tube may be re-expanded to about its original diameter before the metering chamber is refilled
with the liquid. This is described in more detail below.

At high liquid flow rates, the solenoid valve 45 is energized, and common and normally
closed ports are connected allowing air pressure to enter the pneumatic cylinder of the

downstream occluder 162 thus pushing against the pre-loaded spring force to open the
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downstream occluder 162. This action allows the liquid to escape the metering chamber when
either the plunger 72 or the plunger 73 pushes on the tube 28.

Referring now to figure 27, the downstream occluder 162 remains opened (the
solenoid valve 45 remains energized) during the plungers 72, 73 forward movement and until
the plungers 72, 73 reach the maximum stroke during the time period (m). After this time -

period (m), the solenoid valve 45 is de-energized and common and normally opened ports are

connected to vent the pneumatic cylinder of the downstream occluder 162. At this point, the -
pre-loaded spring will apply its force to pinch-off the tube 28 at the downstream occluder 162.

After the downstreani occluder 162 is opened for a time period (c), the solenoid valve -
42 is energized, and commoxi and normally closed ports are connected allowing air pressure to
enter the pnenmatic cylindér of plunger 72, thus pushing againét the pre-loaded spring force to-
activate the plunger 72 forward for a time period (d). This time period (d - €) allows enough
opened time for the solenoid valve 42 so that sufficient préssure is built-up inside the

-pneumatic cylinder of the plunger 72 to deliver the first bolus. Then, after the downstream -

occluder 162 is opened for a time period (n), the solenoid 44 is energized, and common and
normally closed ports are connected allowing air pressure toenter the pneumatic cylinder of
the plunger 73, thus pushing against the pre-loaded spring force to activate the plunger 73
forward for a time period (o).. This time period (o - e) allows sufficient opened time the
solenoid valve 44 so that sufficient pressure is built-up inside the pneumatic cylinder of the
plunger 73 in order to deliver the second bolus. Although the time functions are shownas =
step functions, non-linear fméti‘ons are possible.

After the solenoid ?vélve 45 i3 de-energized for a time period (f), the solenoid valve 43 -
is energized, and common and normally closed ports are connected allowing air pressure to-

enter the pneumatic cylinder of the upstream occluder 152, thus pushing against the pre-

loaded spring force to open the upstream occluder 152. This action allows the liquid to fill the.
metering chamber when the plungers 72, 73 return. The upstream occluder 152 is opened for -
a time period (a/h) to ensure that the liquid completely fills the metering chamber. The time
period (f) is designed to ensure that the downstream occluder 162 is closed prior to opening
the upstream occluder 152,

At the same time fhat the solenoid valve 43 is energized, the solenoid valves 42 and 44

are also de-energized, and common and normally opened ports are connected allowing air to -
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vent from the pneumatic cyliriders of the plungers 72, 73. At this point, the pre-loaded springs
will apply a force each to push the plungers 72, 73 back, thus relieving the tube 28 and
creating a suction force to draw the liquid from the container 23 to fill the metering chamber.
The upstream occluder 152 remains opened for the time period (a/h) to ensure that the liquid
completely fills the metering chamber. '

- After the time period (a/h), the solenoid valve 43 is de-energized, and common and
normally opened ports are connected to vent the pneumatic cylinder of the upstream occluder
152. At this point, the pre-loaded spring of the upstream occluder 152 applies a force to
pinch-off the tube 28 at the upstream occluder 28. The control 33 switches into the waiting
mode for the remaining scheduled time before waking-up to perform the next delivery cycle.

All of the above activities and sequences are operated within the scheduled time period
(T). The scheduled time period (T) represents the frequency of delivery cycle at certain flow
rates and a given bolus volume,

Referring now to figure 28, in the medium flow rate range of delivery, the operating
profile is similar to the higher flow rates with the exception that the plunger 73 is disabled or is

. programmed to activate in series with the plunger 72. If the plunger 73 is programmed to

operate, the time periods (m), (d), (f), and (T) are extended to accept the second bolus within
a single delivery cycle.

In the lower flow rate range of delivery, the scheduled time between delivery cycles is
long, causing the tube 28 to be pinched-off and deformed at the upstream occluder 152 as

- described above. The pinched-off tube 28 can prevent the liquid from filling the metering

chamber quickly. _

Referring now to figure 29, to deal with the lower flow rate range of delivery, the
solenoid valve 45 is energized, and common and normally closed ports are connected allowing
air pressure to enter the pneumatic cylinder of the downstream occluder 162, thus pushing
against the pre-loaded spring force to open the downstream occluder 162. This action allows
the liquid to escape the metering chamber when the plunger 72 and/or the plunger 73 pushes
on the tube 28. The downstream occluder 162 remains opened (the solenoid valve 45 remains
energized) during the plungers 72, 73 forward movement and until the plungers 72, 73 reach
the maximum stroke during the time period (m). After the time period (m), the solenoid valve

45 is de-energized and common and normally opened ports are connected to vent the
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pneumatic cylinder of the downstream occluder 162. At this point, the pre-loaded spring will
apply a force to pinch-off the tube 28 at the downstream occluder 162.
After the downstre;u_n occluder 162 is opened for the time period (c), the solenoid

‘valve 42 is energized, and ¢6mmon'and normally closed ports are connected allowing air

pressure to enter the pneumatic cylinder of the plunger 72, thus pushing against the pre-loaded
spring force to activate the plunger 72 forward for the time period (d). The plunger 72

remains at its forward position until the flush-back cycle is completed. The time period (d - €)
is designed to allow enoughropened time for the solenoid valve 42 so that sufficient pressure is

- built-up inside the pneumatic cylinder of the plunger 72.. Then solenoid valve 42 is de-
: energlzed venting the pneumatic cylinder of the plunger 72 to allow the plunger 72 to return

to its original position. _ o

After the solenoid 45 is de-energized for the time period (f), the solenoid 43 is
energized, and common and normally closed ports are connected allowing air pressure to enter
the pneumatic cylinder of the upstream occluder 152, thus pushing against the pre-loaded
spring force to open the upstream occluder 152. This action allows the liquid to escape back

.. to the fluid source through the upstream occluder 152, thus flushing back, which in turn will
* re-open a pinched-off area in the tube 28 created by the upstream occluder 152.

At the same time that the solenoid valve 43 is energized, the solenoid valve 44 is also

energized, and common and normally closed ports are connected allowing air pressure to enter

the pneumatic cylinder of the plunger 73, thus pushing against the pre-loaded spring force to
activate the plunger 73 forward for the time period (0). The time period (o) allows enough
opened time for solenoid valve 44 so that sufficient pressure is built-up in the pneumatic
cylinder of the plunger 73, in order to perform the reverse delivery. Then solenoid 44 is de- -
energized, venting the pneumatic cylinder of the plunger 73 to allow the plunger 73 to return
to its original position. As the plunger 73 moves forward, a certain volume of the liquid is

- pushed back to spike the upstream occluder 152 opened. This is called the flush-back cycle.

_-After the ﬂush-baék cycle, while the upstream occluder 152 is still open, both the
solenoid valves 42 and 44 are de-energized. Common and normally opened ports are -
connected allowing air to vent from the pneumatic cylinder of the plungers 72, 73. At this
point, the pre-loaded springs of the plungers 72, 73 apply a force each to push the plungers
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72, 73 open, thus relieving the tube 28 and creating a suction force to draw the liquid from the
container 23 to fill the metering chamber. §

After the time period (a/h), the solenoid 43 is de-energized, and common and normally
opened ports are connected to vent the pneumatic cylinder of the upstream occluder 152. At
this point, the pre-loaded spring of the upstream occluder 152 applies a force to pinch-off the
tube 28 at the upstream occluder 152 and the control 33 switches into the waiting mode for
the remaining scheduled time before wakiné—up to perform the next delivery cycle. Once
again, all of the above activities and sequences are operated within the scheduled time period
(T) which represents the frequency of delivery cycles at certain flow rates and a given bolus -
volume. ' |

It is important to control the operating phases and the associated timing in order to
achieve the ﬂoﬁv accuracy of the present invention. There are three different dynamic phases
within the operation of the occluder mechanism 40. These are the filling phase, the delivery
phase, and the delay or waiting phase. : :

The filling phase starts from the time the solenoid valve 43 is energized to open the
upstream occluder 152; the plungers 72, 73 return to create a suction force generated by the -
elasticity of the tube 28 and the pressured container 23 to draw the liquid into the metering
chamber. The filling phase ends when the upstream occluder 152 closes to shut-off the tube
28, separating the metering chamber from the container 23.

The delivery phase starts from the time the solenoid valve 45 is energized to open the
downstream occluder 162; the plungers 72, 73 moves forward, pushing on the tube 28 to
deliver the bolus. The solenoid valve 45 is de-energized (or re-energized) to close the
downstream occluder 162, followed by a delay period. This delay period is used to ensure
that the downstream occluder 162 is completely shut-off prior to the opening of the upstream
occluder 152. _

The last phase of a delivery cycle is the delay or waiting phase. Preferably, the waiting
phase is the time period left-over from the scheduled time (T,) after the delivery and filling

phases. The following formula describes the waiting phase:
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Where, Ty, is the time of the waiting phase, T, is the scheduled time, T¢is the time of the filling
phase, and Ty is the time of the delivery phase. Since the scheduled time varies based on the-
flow rates, the waiting time is also based on the flow rates: The bolus sizes will also be
affected depending on which phase sequentlally starts the delivery cycle, and the method of
refilling the metering chamber.

The pneumatlc-actuated fluid delivery mechanisms of the present invention may be

operated as modular systems using a single compressor, such as an air compressor, to provide -

- compressed fluid to a plunger and an occluder and, optionally, to an energy storage tank. An
- optional inflatable bladder may be included with each individual fluid delivery mechanism used

in the modular system. Thus a plurality of medical hqulds, for example, could be delivered to

. a patient using such a modular system.

An option to usmg-ap air compressor to operate the components of the occluder

* - mechanism 40 is a cam-actuated mechanism depicted in figure 30. An electric motor 181
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rotatably drives a cam shaft 189 causing an incremental rotation of cams disposed on the cam

-shaft 189. Operatively asso;iiated with the cams are cam followers. The rotation of the cam -

-shaft 189 thus causes the rotation of the cams which in turn act upon the cam followers in a

manner that is known in the art The cam followers in turn operate the components of the
occluder mechanism 40.

A cam 172 and an associated cam follower 182 illustrate the operation of the cam-
actuated mechanism 180. As the cam 172 is rotated, the cam follower 182 is caused to move
in plane and into and away ﬁ_'om the cam shaft 189. The cam follower 182 is further
operatively associated with the downstream occluder 162 such that as the cam follower moves

into and away from the cam shaft 189, the downstream occluder is caused to open and close.

. Asillustrated, the downstream occluder 162 is integrally formed at the distal end of the cam

follower 172. In a similar manner, a cam follower 183 is operatively associated with the

- upstream occluder 152 and the upstream occluder 152 is caused to open by the rotation of the

cam 173.

It is possible to have a plurality of cams operatively associated with a plurality of
plungers. As illustrated in figure 30, five cam followers 185a, 185b, 185c, 185d, 185e are
operatively associated with five different cams 175a, 175b, 175c, 175d, 175¢. At the distal -
end of each of the cam followers 185a, 185b, 185¢c, 185d, 185¢ are disposed five plungers,
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respectively. The plungers are caused to open and close by the rotation of the cams 175a,
175b, 175¢, 175d, 175¢ acting on the cam followers 185a, 185b, 185¢c, 185d, 185e,
respectively. '

Figure 30 also illustrates one embodiment for placing the tube 28 (not shown) in _
position to be acted on by the occluder mechanism 40. A cover 195, for example, may have a
trough 193 disposed on a face of the cover 195. The cover 195 may be hingedly attached to
the-occluder mechanism 40. When the cover 195 is rotated towards the plungers 175a, 175b,
175¢, 175d, 175e and the occluders 152, 162, the tube 28 may be brought into position to be
acted on by plungers 175a, 175b, 175c¢, 175d, 175¢ and the occluders 152; 162,

Referring to figures 31, the cam 175a is seen in a cross-sectional view disposed on the
cam shaft 189. The cam follower 185a is operatively associated with the cam 175a. Typical
of cams, the cam 175a defines a change in its surface elevation. This is seen as an upper
region 211 and a lower region 213.

As the cam 175a rotates on the cam shaft 189, the cam follower 185a is moved back
away from the cam shaft 189 when the cam follower 175z is in contact with upper region 211.
When the cam follower 175a begins to move into the lower region 211, the cam follower 175a
moves closer to the cam shaft 189. The longitudinal axis of the cam follower is about
coextensive with the transverse axis of the cam shaft 189.

The cams of the cam-actuated mechanism 180 are arranged about the cam shaft 189 so
that as the electric motor rotates the cam shaft 189 the cam followers operate the components
of the occluder mechanism 40 in the proper sequence. The proper sequence is controlled by
the controller 33 and the program included in the microprocessor 36, as described above.
Thus, it can be seen that the cam-actuated mechanism 180 of the present invention can operate-
the plungers 175a, 175b, 175¢, 175d, 175¢ and the upstream and downstream occluders 152,
162. In doing so, the cam-actuated mechanism replaces the solenoid valves 42, 43, 44 and 45
and results in the elimination of the pneumatic cylinders operatively associated with each of
the plungers 175a, 175b, 175¢, 175d, 175¢ and the upstream and downstream occluders 152,
162, respectively.

Figures 32a and 32b illustrates an operating profile diagram for the occluder
mechanism 40 of figure 30. Both the figures 32a and 32b are identical with respect to an
identification of an open and a closed position for the cams 172, 175a, 175b, 175c, 175d,
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175e, and 173. Figure 32a describes the positions while figure 32b identifies the angle through
which the cam shaft 189 will rotate to effect the positions described in figure 322. With the
cam actuated mechanism it iS; possible to peiform the flush-back operation using only one
plunger. Where a plurality of phingers are used, flush-back may be effected by simultaneously
activating all of the plungers.. The flush-back process is illustrated in figure 32a.

1t should be understbbd that various changes and modifications to the preferred

-embodiments described herein will be apparent to those skilled in the art. Such.changes and

modifications can be made without departing from the spirit and scope of the present invention
and without diminishing its attendant advantages. It is therefore intended that such changes

“and modifications be covered by the appended claims.
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What is claimed is: _
1 A device for providing a ﬂow of a deliverable fluid through a tube, the device

comprising: .
a metering chamber in the tube formed between a pair of occluders;
a first occluder located upstream of the metering chamber;
a second occluder located downstream of the metering chamber;

each occluder having an open position and a closed position for releasably closing off

the metering chamber; and

a first plunger and a second plunger, each plunger havmg an open position and a closed
position for releasably compressing the metering chamber. : . _
1.1 The device of claim 1 further including means for providing a source of the deliverable
fluid to the metering chamber under pressure. , _
1.1.1 The device of claim 1.1 further wherein the means for providing the source of the-
deliverable fluid under pressure includes an inflatable biadder.
1.1.1.1 The device of claim 1.1.1 further wherein the means for providing the source of the
deliverable fluid under pressure includes a fluid compressor for providing compressed fluid to
the inflatable bladder.
1.1.2 The device of claim 1.1 further wherein the means for providing the source of the
déliverable fluid under pressure includes an energy storage tank in fluid communication with a
fluid compressor and the inflatable bladder, the energy storage tank storing the compressed
fluid under a pressure.
1.1.2.1 The device of claim 1.1.2 wherein the fluid compressor intermittently provides.
compressed fluid to the energy storage tank. N
1.1.2.2 The device of claim 1.1.2 further wherein the pressure in the energy storage tank is
increased over time. | -
1.1.2.3 The device of claim 1.1.2 further including a pressure transducer in fluid
communication with the energy storage tank and in electrical communication with the fluid
compressor such that when a high pressure occurs the fluid compressor is switched off.
1.1.2.4 The device of claim 1.1.2 wherein the fluid compressor provides pi'essure to the energy

storage tank and further wherein a second fluid compressor prowdes pressure to the inflatable
bladder.
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1.2  The device of claim 1 further including a closed pressﬁre system defined upstream of . -
the metering chamber. S |
1.2.1 The device of claim 1.2 further wherein the closed pressure system is a negative

WO 00/51670

pressure.
1.3 The device of claim 1 wherein the occluder is fluid actuated.
1.3.1 The device of claim 1.3 wherein the fluid-actuated occluder includes a solenoid.

‘1.4 The device of claim 1 wherein the occluder is biased to a closed position.

1.5 - The device of claim 1 wherein the plunger is ﬂuid.actuat'ed. o

1.5.1 The device of claim 1.5 wherein the fluid-actuated plunger includes a pneumatic

cylinder.
1.6 - The device of claim 1 wherein the plunger is biased in an open position.

17 The device of claim 1 wherein the fluid is a medical liquid.

1.8 The device of claim 1 further including means for opéning and closing the occluder and

the plunger.

1.8.1 The device of claim 1.8 wherein the means for opening and closing the occluder and

the plunger includes a cam-actuated mechanism.

- 2. Adevice for providing a flow of a liquid through a tube, the device comprising:

a first means for occldding the tube at a first location;
~ a second means for occluding the tube at a second location; .
- a first means between the first location and the second location for compressing the

liquid in the tube; and '

a second means between the first location and the second location for compressing the
liquid in the tube.
2.1  The device of claim 2 further including means for providing to the tube a source of
liquid under pressure. :
2.1.1 The device of claim 2.1 further wherein the means for providing a source of liquid
under pressure includes a fluid compressor for providing compressed fluid to an inflatable
bladder.

2..1.1.1 The device of claim 2.1.1 wherein the fluid includes air.
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2.1.2 The device of claim 2.1 further wherein the means for providing a source of liquid
under pressure includes an energy storage tank in fluid communication with a fluid compressor
and the inflatable bladder, the energy storage tank storing the compressed air under a pressure.
2.1.2.1 The device of claim 2.1.2 wherein the fluid compressor intermittently provides
compressed fluid to the energy storage tank.

2.1.2.2 The device of claim 2.1.2 further wherein the pressure in the energy storage tank is
increased over time. _

2.1.2.3 The device of claim 2.1.2 further inéluding a pressure transducer in fluid
communication with the energy storage tank and in electrical communication with the fluid
compressor such that when high pressﬁre occurs the fluid compressor is switched off,

2.1.2.4 The device of claim 2.1.2 wherein the fluid compressor provides pressure to the energy
storage tank and further wherein a second fluid compressor provides pressure to the inflatable
bladder. .
22  The device of claim 2 forther including a closed pressure system defined upstream of a
metering chamber, the metering chamber disposed between the first occluding means and the
second occluding means.

2.2.1 The device of claim 2.2 further wherein the closed pressure system is a negative
pressure. |

23  The device of claim 2 wherein the means for occluding the tube includes an occluder.
2.3.1 The device of claim 2.3 wherein the occluder is fluid actuated.

2.3.1.1 The device of claim 2.3.1 wherein the fluid-actuated occluder includes a solenoid.
2.3.2 The device of claim 2.3 wherein the occluder is biased to a closed position.

233 The device of claim 2.3 wherein the occluder is cam actuated.

24  The device of claim 2 wherein the means for compressing the tube includes a plunger.
2.4.1 The device of claim 2.4 wherein the plunger is fluid actuated.

2.4.1.1 The device of claim 2.4.1.wherein the fluid-actuated plunger includes a pneumatic
cylinder.

242 The device of claim 2.4 wherein the plunger is biased in an open position.

2.43 The device of claim 2.4 wherein the plunger is cam actuated.

2.5  The device of claim 2 wherein the liquid is 2 medical liquid.
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3. Amethod for delivering a liquid, the method comprising:
providing a source of liquid in fluid communication with a metering chamber;
releasably pinching-off the chamber near the source of the liquid at a first location;
releasably pinching-off the chamber at a second location that is downstream from the
source of the liquid and the first location; ' ' '
releasing the first location; and
compressing the chamber between the first location and the second location, thereby
generating a flow of the liquid through the tube.
3.1  The method of claim 3 wherein the step of providing i source of liquid m fluid
communication with the chamber further includes providing the liquid under pressure.
32  The method of claim 3 wherein the step of providing a source of liquid in fluid

communication with the chamber further includes providing a closed pressure system defined

. upstream of the chamber.

3.2.1 The method of claim 3.2 further wherein step of providing a closed pressure system
further includes providing a negative pressure. '

33  The method of claim 3 wherein the step of releasably pinching-off the chamber further
utilizes fluid actuation.

3.4  The method of claim 3 wherein the step of compressing the chamber further utilizes
fluid actuation.

4, A device for providing a flow of liquid from a source of the liquid through a tube
comprising:

means for pinching-off a section of the tube;

a first means for pushing the liquid in the tube in a flow direction; and

a second means for directing the flow of the llqmd through the pinched-off sectnon of
the tube towards the source of the liquid,

such that the tube is re-opened using the liquid pushed towards the source of the liquid
and through the pinched-off section of the tube thereby improving the accuracy of the flow of
the liquid. '
4.1  The device of claim 4 wherein the pushing means includes a plunger.

4.1.1 The device of claim 4.1 wherein the plunger is a fluid actuated plunger.
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4.1.1.1 The device of claim 4.1.1 wherein the fluid actuated plunger includes a pneumatic
cylinder.

4.1.1.2 The device of claim 4.1.1 wherein the fluid includes air. _

4.1.2 The device of claim 4.1 wherein the plunger is a cam actuated plunger.

- 42  The device of claim 4 wherein the directing means includes an occluder.

4.2.1 The device of claim 4.2 wherein the occluder is a fluid actuated occluder.
4.2.1.1 The device of claim 4.2.1 wherein the fluid actuated occluder includes a pneumatic

. cylinder. .

4.2.1.2 The device of claim 4.2.1 wherein the fluid includes air.

4.2.2 The device of claim 4.2 wherein the occluder is a cam actuated occluder.

43  The device of claim 4 wherein the pushing means includes a piurality of plungers.
44  The device of claim 4 wherein the directing means includes a plurality of occluders.

4.5  The device of claim 4 wherein the directing means includes a plunger and an occluder.

5. A method for infusing a liquid from a source of the liquid through a tube comprising:
occluding the tube; and -

compressing the tube to push the liquid in the tube in a direction towards the source of

the liquid and through the occluded section of the tube;

such that the tube is re-opened using the liquid pushed towards the source of the liquid
and through the pinched-off section of the tube, thereby improving the accuracy of the flow of
the liquid. . ' -
5.1  The method of claim 5 wherein the plunger is a fluid actuated plunger.
5.1.1 The method of claim 5.1 wherein the fluid actuated plunger includes 2 pneumatic
cylinder.
5.1.1.1 The method of claim 5.1.1 wherein the fluid includes air.
5.2 . The method of claim 5 wherein the plunger is a cam actuated plunger.
53  The method of claim 5 wherein the occluder is a cam actuated occluder.
5.4  The method of claim 5 wherein the occluder is a fluid actuated occluder.
5.4.1 The method of claim 5.4 wherein the fluid actuated occluder includes a pneumatic
cylinder.
5.4.1.1 The method of claim 5.4.1 wherein the fluid includes air.
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6. A device for re-opening a tube connected to a source of a liquid, the device
comprising: '

means for releasably pinching off a section of the tube;

a first means for pushing the liquid in the tube in a flow direction; and

a second means for directing the flow of the liquid through the pinched-off section of
the tube towards the source of the liquid;

such that the flow of the liquid re-opens the tube thereby improving the accuracy of the
flow of the liquid. |
6.1.  The device of claim 6 wherein the pushing means includes a plunger.
6.1.1 The device of claim 6.1 wherein the plunger is a fluid actuated plunger.
6.1.1.1 The device of claim 6.1.1 wherein the fluid-actuated plunger includes a pneumatic
cylinder. .

6.1.1.2 The device of claim 6.1.1 wherein the fluid includes air.

6.1.2 The device of claim 6.1 wherein the plunger is a cam actuated plunger.

6.2  The device of claim 6_' wherein the directing means includes an occluder.

6.2.1 The device of claim 6.2 wherein the occluder is a fluid actuated occluder.

6.2.1.1. The device of claim 6.2.1 wherein the fluid actuated occluder includes a pneumatic
cylinder. -

- 6.2.1.2 The device of claim 6.2.1 wherein the fluid includes air.

6.2.2 The device of claim 6.2 where in the occluder is a cam actuated occluder.
63  The device of claim 6 wherein the pushing means includes a plurality of plungers.
6.4  The device of claim 6 wherein the directing means includes a plurality of occluders.

6.5  The device of claim 6 wherein the directing means includes a plunger and an occluder.

7. A device for use with a tube and a container containing a liquid in fluid communication
with the tube, the device comprising:

a metering chamber in the tube; -

a bladder for compressing the container thereby pressurizing the liquid in the tube and

causing the liquid to flow into the metering chamber; and
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a plunger for releasably compressing the metering chamber and thereby generating a
flow of the liquid from the metering chamber.
7.1  The device of claim 7 further including an energy storage tank in fluid communication
with the bladder and in fluid communication with a fluid compressor for storing compressed
fluid under pressure.
7.1.2. The device of claim 7.1 wherein the fluid compressor intermittently provides
compressed fluid to-the energy storage tank.
7.1.2.1 The device of claim 7.1.2 further wherein the pressure in the bladder is increased over
time. |
7.1.3. The device of claim 7.1 further includes a pressure transducer in fluid communication .
with the energy storage tank and in electrical communication with the fluid compressor such
thﬁt when high pressure occurs the fluid compressor is switched off.
7.1.4 The device of claim 7.1 wherein the fluid compressor provides pressure to the energy
storage tank and further wherein a second fluid compressor provides pressure to the occluder.
7.1.5 The device of claim 7.1 wherein the fluid includes air.

7.2  The device of claim 7 wherein the liquid is a medical liquid.

. 7.3 The device of claim 7 further wherein the metering chamber is defined by two

occluders having an open position and a closed position for releasably pinching-off the tube.
7.3.1 The device of claim 7.3 wherein the occluders are biased to a closed position

7.3.2 The device of claim 7.3 wherein the occluders are fluid-actuated..

7.3.2.1 The device of claim 7.3.2 wherein the fluid-actuated occluders includes a solenoid.
7.3.3 The device of claim 7.3 wherein the occluder is cam actuated.

7.4  The device of claim 7 wherein the plunger is fluid actuated.

7.4.1 The device of claim 7.4 wherein the fluid-actuated plunger includes a pneumatic
cylinder.

7.5  The device of claim 7 wherein the plunger is biased in an open position.

7.6  The device of claim 7 wherein the plunger is cam actuated.

8. A device comprising;

at least one fluid compressor for providing compressed fluid;
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an energy storage tank in fluid communication with the fluid compressor for storing
the compressed fluid under a pressure;

a fluid driven mechanism in fluid communication with the energy storage tank; and

a tube operatively associated with the fluid driven mechanism.
8.1  The device of claim 8 wherein the fluid compressor intermittently provides compressed
fluid to the energy storage tank. | |
8.2. The device of claim 8 further includes a pressure transducer in fluid communication
with the energy storage tank and in electrical communication with the fluid compressor such
that when a high pressure occurs the fluid compressor is switched off.
83  The device of claim 8 wherein the fluid compressor provides pressure to the energy

storage tank and further wherein a second fluid compressor provides pressure to the inflatable

. bladder.

8.4  The device of claim 8 wherein the fluid includes air.

8.5 . The device of claim 8 wherein the device is a medical pump.

8.5.1 The device of claim 8.5 wherein the pump is ambulatory. -

8.6  The device of claim 8 further wherein the fluid driven mechanism includes two
occluders having an open position and a closed position for releasably pinching-off the tube.
8.6.1 - The device of claim 8.6 wherein the occluders are biased to a closed position

8.6.2 The device of claim 8.6 wherein the occluders are fluid actuated.

8.6.2.1 The device of claim 8.6.2 wherein the fluid-actuated occluders includes-a solenoid.
8.63 The device of claim 8.6 wherein the occluders are cam actuated.

8.7  The device of claim 8 further wherein the fluid driven mechanism includes a plunger
for releasably compressing a chamber. '

8.7.1 The device of claim 8.7 wherein the plunger is fluid actuated.

8.7.1.1 The device of claim 8.7.1 wherein the fluid-actuated plunger includes a pneumatic
cylinder.

8.7.2 The device of claim 8.7 wherein the plunger is biased in an open position.

8.7.3 The device of claim 8.7 wherein the plunger is cam actuated.

8.8  The device of claim 8 wherein the fluid driven mechanism includes a plurality of fluid

driven mechanisms.
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9. A method of storing and distributilig energy to a devme, the method comprising:
providing compressed fluid to an energy storage tank;
providing a fluid-actuated mechanism; and ,
providing compressed fluid to the fluid-actuated mechanism from the energy storage
9.1 - The method of claim 9 wherein the step of providing a fluid-actuated mechanism
further includes providing a fluid actuated pump. :
9.1.1 The method of claim 9.1 wherein the 'step of providing a fluid actuated pump further
includes providing a fluid actuated medical infusion pump. _ :
9.2  The method of claim 9 wherein the step of providing compressed fluid to a fluid-
actuated mechanism further comprises:

utilizing the compressed fluid to compress a tube;

utilizing the compressed fluid to pinch-off the tube distal to the compressed tube at a
first location;

stopping the compressed fluid to release the compressed tube;

utilizing the compressed fluid to pinch-off the tube at a second location that is proximal

to the compressed tube and the first location;

stopping the compressed fluid to release the pinched-off tube at the first location; and
utifizing the compressed fluid to re-compress the tube.
9.3  Themethod of claim 9 wherein the step of providing compressed fluid to an energy

storage tank further includes providing compressed fluid intermittently to the energy storage

. 94  The method of claim 9 wherein the step of providing compressed fluid to an energy

storage tank further includes monitoring the pressure in the energy storage tank such that
when high pressure occurs the supply of compressed fluid is stopped.
10. A device for providing a flow of a liquid through a tube, the device comprising:

means for providing a source of liquid under pressure and in fluid communication with
the tube;

a first means for occluding the tube at first location;

a second means for occluding the tube at a second location; and



10

15

20

25

30

o | IO reomse
*x ¢ L M 5§ * i38 '

means for compressing tube between the first occluding location and the second
occluding location.

10.1 The device of claim 10 further wherein the means for providing a source of liquid

. under pressure includes an inflatable bladder.

10.1.1 The device of claim 10.1 further wherein the means for providing a source of liquid

under pressure includes a fluid compressor for providing compressed fluid to the inflatable

. bladder.

10.1.1.1 The device of claim 10.1.1 wherein the fluid includes air.
10.1.2 The device of claim 10.1 further wherein the means for providing a source of liquid

~under pressure includes an energy storage tank in fluid communication with a fluid compressor

and the inflatable bladder, the energy storage tank storing the compressed air under a pressure.
10.1.2.1. The device of claim 10.1.2 wherein the fluid compressor intermittently provides -
compressed fluid to the energy storage tank.

10.1.2.2 The device of claim 10.1.2 further wherein the pressure in the energy storage tank is
increased over time. ,

10.1.2.3. The device of claim 10.1.2 further includes a pressure transducer in fluid
communication with the energy storage tank and in electrical communication with the fluid
compressor such that when high pressure occurs the fluid compressor is switched off.

10.1.24 The device of claim 10.1.2 wherein the fluid compressor provides pressure to

the energy storage tank and further wherein a second fluid compressor provides pressure to

the occluder.

10.2 The device of claim 10 wherein the device is ambulatory.

10.3 The device of claim 10 wherein the means for occluding the tube includes an occluder.
10.3.1 The device of claim 10.3 wherein the occluder is fluid actuated.

10.3.1.1 The device of claim 10.3.1 wherein the fluid-actuated occluders includes a solenoid.

10.3.2 The device of claim 10.3 wherein the occluders are biased to a closed position.

- 10.3.3 The device of claim 10.3 wherein the occluder is cam actuated.

10.4 The device of claim 10 wherein the means for compressing the tube includes a plunger.
10.4.1 The device of claim 10.4 wherein the plunger is fluid actuated.

10.4.1.1 The device of claim 10.4.1. wherein the fluid-actuated plunger includes a pneumatic
cylinder.
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10.4.2 The device of claim 10.4 wherein the plunger is biaseéd in an open position.
10.4.3 The device of claim 10.4 wherein the plunger is cam actuated.
11. A method for infusing liquid, the method comprising: | N
providing a source of liquid under pressure in fluid communication with a tube;
compressing the tube between the first location and the second location;
pinching-off the tube distal to the source of the liquid at a first location;
releasing the tube between the first location and the second location;
pinching-off the tube at a second location that is proximal to the source of the liquid and the
first location; and | .
compressing the tube between the first location and the second location.
11.1  The method of claim 11 wherein the step of releasably pinching-off the tube further
utilizes fluid actuation. _
11.2 The method of claim 11 wherein the step of compressing the tube further utilizes fluid
actuation. _
12. - Andevice for providing a flow of a liquid through an tube, the device comprising:
a fluid-actuated chamber for placing a source of liquid under pressure connected to the
tube;
at least two fluid-actuated occluders having an open position and a closed position for
releasably pinching-off the tube;
a metering chamber disposed between the occluders; and
a fluid-actuated plunger having an open position and a closed position for releasably
compressing the metering chamber.

12.1 The device of claim 12 further including an energy storage tank in fluid communication-

~with a fluid compressor for storing compressed fluid under pressure.

12.1.2. The device of claim 12.1 wherein the fluid compressor intermittently provides
compressed fluid to the energy storage tank.

12.1.2.1 The device of claim 12.1.2 further wherein the pressure in the energy storage tank is
increased over time.

12.1.3. The device of claim 12.1 further includes a pressure transducer in fluid communication
with the energy storage tank and in electrical communication with the fluid compressor such

that when high pressure occurs the fluid compressor is switched off.
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12.1.4 The device of claim 12.1 wheréin tlre fluid coinpressbr provides pressure to the energy.
storage tank and further wherein a second fluid compressor provides pressure to the occluder.
12.2  The device of claim 12.1 wherein the fluid includes air.

123 The device of claim 12 wherein the device is ambulatory.

12.4  The device of claim 12 further wherein the fluid-actuated chamber is connected to an
energy storage tank that is inflated by a compressor. '

12.4.1 The device of claim _12.4 wherein the energy storage tank is connected to an inflatable
bladder. | - o '

12.5 The device of claim 12 wherein the fluid-actuated occiuders includes a solenoid.

12.6 The device of claim 12 wherein the ﬂuld-actuated plunger includes a pneumatic -
cylinder. '

12.7 The device of claxm 12 wherein the occluders are blased to a closed posrtron

12.8 The device of claim 12 wherein the plunger is biased in an open position.

- 13. A method of pumping fluid comprising:

providing a closed pressure fluid system including a source of fluid and a tube;

closing the tube in a first location to isolate the closed pressure system;

compressing the tube downstream of the closed tube;

closing the tube in 2 second location downstream of the compressed tube to maintain
the isolation of the closed pressure system; and

opening the tube in the first location.
13.1 The method of claim_5 13 wherein the closed pressure system is a negative pressure
system. | '
13.2 The method of claim 13 wherein the closed pressure system is a positive pressure system.
13.2.1 The method of claim 13 wherem the step of provxdmg a positive pressure fluid system
further includes providing the fluid under pressure. ' ' '
13.3 The method of claim 13 wherein the step of closing the tube in a first location
further includes utilizing fluid actuation. ' -
13.4 The method of claim 13 wherein the step of compressmg the tube further includes

 utilizing fluid actuation.

14. A method of metering fluid in a tube comprising:

closing the tube in a first location;
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downstream of the first location, compressing the tubé to a first non-occluded position;
downstream of the tube compression, closing the tube in a second location;
releasing the tube in the first location;
decompressing the tube to a second non-relaxed position.
14.1 The method of claim 14 further including the step of providing a source of liquid in
fluid communication with the tube.
142 The method of claim 14 further including the step of providing a closed pressure
system. ' '
14.2.1 The method of claim 14.2 further wherein step of providing a closed pressure system
further includes providing a negative pressure. .
143  The method of claim 14 wherein the step of closing the tﬁbe further includes utilizing
fluid actuation. | _
144 The method of claim 14 wherein the step of compressing the tube further includes
utilizing fluid actuation. |



