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FIELD OF THE INVENTION

The present invention relates to a pneumatic module for a surgical machine
and more particularly to a pneumatic module with a dynamically adjustable pressure

set point.

BACKGROUND OF THE INVENTION

Vitreo-retinal procedures include a variety of surgical procedures performed
to restore, preserve, and enhance vision. Vitreo-retinal procedures are appropriate to
treat many serious conditions of the back of the eye. Vitreo-retinal procedures treat
conditions such as age-related macular degeneration (AMD), diabetic retinopathy and
diabetic vitreous hemorrhage, macular hole, retinal detachment, epiretinal membrane,

CMYV retinitis, and many other ophthalmic conditions.

The vitreous is a normally clear, gel-like substance that fills the center of the
eye. It makes up approximately two-thirds of the eye's volume, giving it form and
shape before birth. Certain problems affecting the back of the eye may require a

vitrectomy, or surgical removal of the vitreous.

A vitrectomy may be performed to clear blood and debris from the eye, to
remove scar tissue, or to alleviate traction on the retina. Blood, inflammatory cells,
debris, and scar tissue obscure light as it passes through the eye to the retina, resulting
in blurred vision. The vitreous is also removed if it is pulling or tugging the retina
from its normal position. Some of the most common eye conditions that require a
vitrectomy include complications from diabetic retinopathy such as retinal
detachment or bleeding, macular hole, retinal detachment, pre-retinal membrane
fibrosis, bleeding inside the eye (vitreous hemorrhage), injury or infection, and certain

problems related to previous eye surgery.

A retinal surgeon performs a vitrectomy with a microscope and special lenses
designed to provide a clear image of the back of the eye. Several tiny incisions just a
few millimeters in length are made on the sclera. The retinal surgeon inserts
microsurgical instruments through the incisions such as a fiber optic light source to
illuminate inside the eye, an infusion line to maintain the eye's shape during surgery,

and instruments to cut and remove the vitreous.
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In a vitrectomy, the surgeon creates three tiny incisions in the eye for three
separate instruments. These incisions are placed in the pars plana of the eye, which is
located just behind the iris but in front of the retina. The instruments which pass
through these incisions include a light pipe, an infusion port, and the vitrectomy
cutting device or vitrector. The light pipe is the equivalent of a microscopic high-
intensity flashlight for use within the eye. The infusion port is required to replace
fluid in the eye and maintain proper pressure within the eye. The vitrector, or cutting
device, works like a tiny guillotine, with an oscillating microscopic cutter to remove
the vitreous gel in a controlled fashion. This prevents significant traction on the

retina during the removal of the vitreous humor.

The surgical machine used to perform a vitrectomy and other surgeries on the
posterior of the eye is very complex. Typically, such an ophthalmic surgical machine
includes a main console to which the numerous different tools are attached. The main

console provides power to and controls the operation of the attached tools.

The attached tools typically include probes, scissors, forceps, illuminators,
vitrectors, and infusion lines. Each of these tools is typically attached to the main
surgical console. A computer in the main surgical console monitors and controls the
operation of these tools. These tools also get their power from the main surgical
console. Some of these tools are electrically powered while others are pneumatically

powered.

In order to provide pneumatic power to the various tools, the main surgical
console has a pneumatic module. This pneumatic module conditions and supplies
compressed air or gas to power the tools. Typically, the pneumatic module is
connected to a cylinder that contains compressed gas. The pneumatic module must
provide the proper gas pressure to operate the attached tools properly. Providing
different pressures to a tool can alter the way in which it operates over that range of
pressures. For example, it is desirable to provide a low gas pressure when a vitrector
is operated at a relatively low cut rate, and it is necessary to provide a high gas

pressure when a vitrector is being operated at a high cut rate.
It would be desirable to have a pneumatic module that provides a dynamic

range of pressures so that the attached tools can be used over their full operating

ranges.
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SUMMARY OF THE INVENTION

In one embodiment consistent with the principles of the present invention, the
present invention is a pneumatic system for a surgical machine. The system includes
a reservoir, first and second proportional valves, and a controller. The reservoir holds
pressurized gas. The first proportional valve is located on an input side of the
reservoir and allows a variable amount of pressurized gas to enter the reservoir. The
second proportional valve is located on an output side of the reservoir and allows a
second variable amount of pressurized gas to exit the reservoir. The controller
controls the operation of the first and second proportional valves. The controller
adjusts the first and second proportional valves so that a constant gas pressure range is
maintained at an output of the reservoir over a first range of input gas pressures and a

second range of gas usage.

In another embodiment consistent with the principles of the present invention,
the present invention is a pneumatic system for a surgical machine. The system
includes a reservoir, first and second proportional valves, a controller, first and
second interfaces, and input and output pressure transducers. The reservoir holds
pressurized gas. The first proportional valve is located on an input side of the
reservoir and allows a variable amount of pressurized gas to enter the reservoir. The
second proportional valve is located on an output side of a reservoir and allows a
variable amount of pressurized gas to exit the reservoir. The controller is adapted to
control the operation of the first and second proportional valves, thereby adjusting an
amount of pressurized gas entering and exiting the reservoir. The first interface
electrically couples the first proportional valve to the controller. The second interface
electrically couples the second proportional valve to the controller. The output
pressure transducer is located on the output side of the reservoir, measures a pressure
of the pressurized gas exiting the reservoir, and is electrically coupled to the
controller. The input pressure transducer is located on an input side of the reservoir,
measures a pressure of the pressurized gas near the first proportional valve, and is
electrically coupled to the controller. The controller receives a first signal from the
input pressure transducer corresponding to the pressure of the pressurized gas near the
first proportional valve and a second signal from the output pressure transducer
corresponding to the pressure of the pressurized gas exiting the reservoir. The
controller uses the first and second signals to adjust the first and second proportional
valves so that a constant gas pressure range is maintained in the reservoir over a first

range of input gas pressures and a second range of gas usage.
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It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are intended to
provide further explanation of the invention as claimed. The following description, as
well as the practice of the invention, set forth and suggest additional advantages and

purposes of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part
of this specification, illustrate several embodiments of the invention and together with

5  the description, serve to explain the principles of the invention.

Figure 1 is a block diagram of a pneumatically-powered ophthalmic surgery

machine according to an embodiment of the present invention.

10 Figure 2 is a schematic of a pneumatic system capable of providing a dynamic
range of pressures according to an embodiment of the present invention.

Figure 3 is a schematic of a valve, transducer, and controller portion of a
pneumatic system capable of providing a dynamic range of pressures according to an
embodiment of the present invention.

15

Figure 4 is a graph depicting one method of operation of a pneumatic system

capable of providing a dynamic range of pressures according to an embodiment of the

present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference is now made in detail to the exemplary embodiments of the
invention, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers are used throughout the drawings to

refer to the same or like parts.

Figure 1 is a block diagram of a pneumatically powered ophthalmic surgical
machine according to an embodiment of the present invention. In Figure 1, the
machine includes gas pressure monitor system 110, proportional controllers 120 and
130, and tools 140, 150, 160, and 170. The tools 140, 150, 160, and 170 can be, for
example, scissors, vitrectors, forceps, and injection or extraction modules. Other

tools may also be employed with the machine of Figure 1.

As shown in Figure 1, gas pressure monitor system 110 is fluidly coupled via
a manifold to proportional controllers 120 and 130. A single manifold may connect
gas pressure monitor system 110 to proportional controllers 120 and 130, or two
separate manifolds may connect gas pressure monitor system 110 to proportional

controllers 120 and 130, respectively.

In operation, the pneumatically powered ophthalmic surgery machine of
Figure 1 operates to assist a surgeon in performing various ophthalmic surgical
procedures, such as a vitrectomy. A compressed gas, such as nitrogen, provides the
power for tools 140,150, 160, and 170. The compressed gas passes through gas
pressure monitor system 110, through one or more manifolds to proportional
controllers 120 and 130, and through additional manifolds and/or tubing to tools 140,
150, 160, and 170.

Gas pressure monitor system 110 functions to monitor the pressure of
compressed gas from a gas source as it enters the machine. Proportional controllers
120 and 130 serve to distribute the compressed gas received from gas pressure
monitor system 110. Proportional controllers 120 and 130 control the pneumatic
power delivered to tools 140, 150, 160, and 170. Various valves, manifolds, and
tubing are used to direct compressed gas from gas pressure monitor system 110,
through proportional controllers 120 and 130, and to tools 140, 150,160, and 170.
This compressed gas actuates cylinders, for example, in tools 140, 150, 160, and 170.
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Figure 2 is a schematic of a pneumatic system capable of providing a dynamic
range of pressures according to an embodiment of the present invention. In Figure 2,
the pneumatic system 200 includes input proportional valve 205, output proportional
valve 210, reservoir 215, output pressure transducers 220 and 225, input pressure
transducer 260, muffler 230, and manifolds 235, 240, 245, 250, and 255.

Manifold 235 connects input pressure transducer 260 to input proportional
valve 205. Manifold 240 connects input proportional valve 205 to reservoir 215.
Manifold 245 connects output proportional valve 210 to reservoir 215. Manifold 250
connects output proportional valve 210 to a venting port to which muffler 230 is
attached. Manifold 255 connects reservoir 215 to output pressure transducers 220 and
225.

In the embodiment of Figure 2, proportional valves 205 and 210 are standard
adjustable valves. As is commonly known, a proportional valve has a solenoid that
operates to move the valve to any number of positions. Proportional valves 205 and
210 can be opened to any degree within the operating parameters of the valve.
Typically, the percentage that each proportional valve 205, 210 is capable of opening
is any percentage in the range from 0% (fully closed) to 100% (fully open). For
example, proportional valves 205 and 210 can be opened 10%, 20%, 30%, etc. to
allow a precise quantity of gas to flow through them during a time period.
Proportional valves 205 and 210 are independently controlled by a controller (not
shown). In this manner, proportional valve 205 can be operated at one position while
proportional valve 210 can be operated at another.

Input proportional valve 205 controls the flow of pressurized gas from
manifold 235 to reservoir 215. In this manner, proportional valve 205 controls the
amount of gas that enters reservoir 215 over a given time period. Output proportional
valve 210 controls the amount of pressurized gas exhausted to the atmosphere from
reservoir 215. In this manner, proportional valve 205 controls the amount of gas that
exits reservoir 215 through manifold 250 and a venting port to which muffler 230 is
attached.

Reservoir 215 is a chamber that is capable of holding pressurized gas.
Typically, reservoir 215 is machined out of one or more pieces of aluminum. As
such, reservoir 215 holds a set volume of gas at a pressure. When used, reservoir 215
is air tight. Reservoir 215 may also have couplings or fittings to connect to

manifolds. In another embodiment consistent with the principles of the present
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invention, reservoir 215 and various manifolds may be machined out of a single piece

of aluminum.

Pressure transducers 220, 225 and 260 operate to read an atmospheric pressure
of the gas contained in manifolds 255, 245, and 235, respectfully. In other words,
pressure transducers 220 and 225 read the pressure of the compressed gas that is
adjacent to it in manifold 245 and 255. Two pressure transducers 220 and 225 are
provided for redundancy. In this case, the pressure measured by the process can be
more robust and less susceptible to transducer failure. Likewise, pressure transducer
260 reads the pressure of the compressed gas that is adjacent to it in manifold 235. In
the embodiment of Figure 2, pressure transducers 220, 225 and 260 are common
pressure transducers. Pressure transducers 220, 225 and 260 are capable of reading
pressure of a compressed gas and sending an electrical signal containing information

about the pressure of the compressed gas to a controller (not shown).

Manifolds 235, 240, 245, 250, and 255 are all configured to carry compressed
gas. In the embodiment of Figure 2, these manifolds are machined out of a metal,
such as aluminum. These manifolds are air tight, contain various fittings and
couplings, and are designed to withstand relatively high gas pressures. These
manifolds may be manufactured as individual pieces, or they may be manufactured as
a single piece. For example, manifolds 235, 240, 245, 250, and 255 may be machined
from a single piece of aluminum. In another embodiment consistent with the
principles of the present invention, manifolds 235 and 240 may be machined from a
single piece of aluminum, and manifolds 245, 250, and 255 may be machined from

another piece of aluminum.

Muffler 230 is a common muffler designed to suppress the noise made by

escaping gas. This muffler is typically cylindrical in shape.

In operation, the pneumatic system of Figure 2 is capable of providing a
constant gas pressure output range in manifold 255 over a range of input gas pressures
and gas usage. In general, pressurized gas enters pneumatic module 200 through
manifold 235. The pressurized gas that enters pneumatic module 200 has been
filtered and/or conditioned. The source of pressurized gas is typically a cylinder.
Many physicians use cylinders of compressed nitrogen. In other cases, physicians
may use another source of compressed air. Regardless of the source, compressed gas
enters manifold 235 at any of a range of different pressures. For example,

compressed gas in manifold 235 may be in a range of 60 psi to 120 psi (pounds per
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square inch). Depending on the source, compressed gas in manifold 235 may be at 60

psi, 120 psi, or any pressure in between.

Likewise, gas usage depends on the operation of the tools powered by the
compressed gas contained in reservoir 215. Compressed gas passes through manifold
255, and typically through other components, to power various surgical tools. For
example, compressed gas may be used to power a vitrector (not shown). The vitrector
may consume different volumes of compressed gas depending on the manner in which
it is operated. If the vitrector is operated at a slow cut rate, then it may consume a
relatively small quantity of compressed gas over a period of time. If it is operated at a
fast cut rate, then it may consume a relatively large quantity of compressed gas over a

period of time. This range of gas usage may vary widely.

In general, the greater the gas usage from reservoir 215, the greater the amount
of compressed gas must be input into reservoir 215 to maintain a constant gas
pressure range. Likewise, the smaller the gas usage from reservoir 215, the smaller
the amount of compressed gas must be input into reservoir 215 to maintain a constant
gas pressure range. Accordingly, input proportional valve 205 is opened a certain
percentage to allow a certain quantity of compressed gas to enter reservoir 215 for a
given gas usage and input pressure. Likewise, output proportional valve 210 is
opened a certain percentage to allow a certain quantity of compressed gas to exit
reservoir 215 for a given gas usage and input pressure. As the gas usage and input
pressure vary, the amount that proportional valves 205 and 210 are opened varies.
Input and output proportional valves 205 and 210 are controlled independently to
maintain a constant gas pressure range in reservoir 215 for a given gas usage and

input pressure.

The constant gas pressure range maintained in reservoir 215 has a mid point
that is typically a set point. A tight pressure range around this set point is maintained
in reservoir 215. For example, depending on the gas pressure, the range may be plus

or minus 0.5% or 0.05%.

Figure 3 is a schematic of a valve, transducer, and controller portion of a
pneumatic system capable of providing a dynamic range of pressures according to an
embodiment of the present invention. In Figure 3, controller 300 and interfaces 305,
310, 315, 320, and 325 are depicted along with proportional valves 205 and 210, and
pressure transducers 220, 225, and 260.

10
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In the embodiment of Figure 3, controller 300 receives pressure information
from pressure transducers 220, 225, and 260 via interfaces 305, 310, and 325,
respectively. In this manner, pressure transducer 220 is electrically coupled to
controller 300 via interface 305, pressure transducer 225 is electrically coupled to
controller 300 via interface 310, and pressure transducer 260 is electrically coupled to
controller 300 via interface 325. Controller 300 sends control signals to proportional

valves 205 and 210 via interfaces 315 and 320, respectively.

Controller 300 is typically an intergraded circuit capable of performing logic
functions. In this manner, controller 300 is in the form of a standard integrated circuit
package with power, input, and output pins. In various embodiments, controller 300
is a valve controller or a targeted device controller. In such a case, controller 300
performs specific control functions targeted to a specific device, such as a valve. In
other embodiments, controller 300 is a microprocessor. In such a case, controller 300
is programmable so that it can function to control valves as well as other components
of the machine. In other cases, controller 300 is not a programmable microprocessor,
but instead is a special purpose processor configured to control different valves that

perform different functions.

Controller 300 is configured to receive signals from pressure transducers 220,
225, and 260 via interfaces 305, 310, and 325, respectively. These signals, for
example, correspond to readings of gas pressure in manifolds 255 and 235. Controller
300 is also configured to send output signals via interfaces 315 and 320 to
proportional valves 205 and 210, respectively. These output signals allow controller

300 to control the operation of proportional valves 205 and 210.

Interfaces 305, 310, and 325 are designed to carry signals from pressure
transducers 220, 225, and 260 to controller 300. In this case, interfaces 305, 310, and
325 are common electrical conductors such as wires, buses, traces, or the like.
Likewise, interfaces 315 and 320 carry signals from controller 300 to proportional
valves 205 and 210. Interfaces 315 and 320 may be one or more wires, buses, traces,

or the like designed to carry electrical or data signals.

In one embodiment consistent with the principles of the present invention,
controller 300 implements a PID controller. A proportional-integral-derivative
controller (PID controller) is a common feedback loop component in industrial
control systems. A PID controller takes a measured value from a process or other

apparatus and compares it with a reference set point value. The difference or error

11
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signal is then used to adjust some input to the process in order to bring the process'
measured value back to its desired set point. Unlike simpler controllers, a PID
controller can adjust process outputs based on the history and rate of change of the

error signal, which gives more accurate and stable control.

In this embodiment, the set point is the pressure that is desired to be
maintained in reservoir 215. This set point is effectively selected by the physician by
depressing a footswitch treadle. In one embodiment, the set point is selected by using
a foot switch (not shown). Depressing the foot switch increases the pressure and the

quantity of gas used during a given time period.

The input gas pressure and the gas usage also influence the operation of
controller 300. For a given input pressure, as measured by input pressure transducer
260, proportional valves 205 and 210 are operated to maintain a constant pressure
range in reservoir 215 over a range of gas usage. Proportional valves 205 and 210 are
operated independently by controller 300. Controller 300 directs proportional valves
205 and 210 to open a certain percentage (e.g. 0%, 2%, 10%, 30%, 75%, 99%, 100%,

etc.) to maintain a constant gas pressure range in reservoir 215.

In one embodiment consistent with the principles of the present invention, the
input pressure of the pressurized gas in manifold 235 is measured by input pressure
transducer 260. Based on this input pressure, a set of control constants is selected for
use in a PID algorithm. Controller 300 uses this set of control constants to control the
operation of proportional valves 205 and 210. Proportional valves 205 and 210 are
adjusted by controller 300 to maintain a constant pressure range in reservoir 215 over

a range of gas usage.

Figure 4 is a graph depicting one method of operation of a pneumatic system
capable of providing a dynamic range of pressures according to an embodiment of the
present invention. In Figure 4, the x-axis shows time, and the y-axis shows the
pressure in reservoir 215. Three different gas pressures (P1, P2, and P3) are selected
at three different times. The graph of Figure 4 shows how the gas pressure in
reservoir 215 responds to the control of proportional valves 205 and 210 by controller
300.

In time period T1, the gas pressure in reservoir 215 climbs from zero to P1.
During this time period, proportional valves 205 and 210 are independently controlled

by controller 300. For example, a surgeon may depress a foot switch to effectively

12
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select a set point of P1. In response to this selection, controller 300 operates
proportional valves 205 and 210 to achieve a pressure of P1 in reservoir 215. As a
result of the control algorithm selected, the pressure rises from zero, overshoots P1,
and stabilizes at P1 after a very short period of time. Typically, the time period T1 is

a very short period of time — on the order of milliseconds.

In time period T2, the gas pressure in reservoir 215 has settled out at the
desired set point. In T2, the gas pressure in reservoir 215 is maintained in a tight gas

pressure range around the selected set point.

In time period T3, the gas pressure in reservoir 215 climbs from P1 to P2.
During this time period, proportional valves 205 and 210 are independently controlled
by controller 300. For example, a surgeon may depress a foot switch to effectively
select a set point of P2. In response to this selection, controller 300 operates
proportional valves 205 and 210 to achieve a pressure range of P2 in reservoir 215.
As a result of the control algorithm selected, the pressure rises from P1, overshoots
P2, and stabilizes at P2 after a very short period of time. Typically, the time period

T3 is a very short period of time — on the order of milliseconds.

In time period T4, the gas pressure in reservoir 215 has settled out at the
desired set point. In T4, the gas pressure in reservoir 215 is maintained in a tight gas

pressure range around the selected set point, in this case, P2.

In time period TS5, the gas pressure in reservoir 215 goes from P2 to P3.
During this time period, proportional valves 205 and 210 are independently controlled
by controller 300. For example, a surgeon may activate a foot switch to effectively
select a set point of P3. In response to this selection, controller 300 operates
proportional valves 205 and 210 to achieve a pressure range of P3 in reservoir 215.
As a result of the control algorithm selected, the pressure decreases from P2,
undershoots P3, and stabilizes at P3 after a very short period of time. Typically, the

time period T5 is a very short period of time — on the order of milliseconds.
In time period T6, the gas pressure in reservoir 215 has settled out at the
desired set point. In T6, the gas pressure in reservoir 215 is maintained in a tight gas

pressure range around the selected set point, in this case, P3.

From the above, it may be appreciated that the present invention provides an

improved system for providing pneumatic power to a surgical tool. The present

13
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invention enables the provision of compressed gas over a variable range of pressures
thus enabling the operation of a surgical tool over its complete functional range.
Moreover, the pressure set point is dynamically adjustable, and the response time is
short.  The present invention is illustrated herein by example, and various

modifications may be made by a person of ordinary skill in the art.
Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention disclosed herein.

It is intended that the specification and examples be considered as exemplary only,

with a true scope and spirit of the invention being indicated by the following claims.

14
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WHAT IS CLAIMED IS:

1. A pneumatic system for a surgical machine comprising:

a reservoir for holding pressurized gas;

a first proportional valve located on an input side of the reservoir, the first
proportional valve configured to allow a first variable amount of pressurized gas to
enter the reservoir;

a second proportional valve located on an output side of the reservoir, the
second proportional valve configured to allow a second variable amount of
pressurized gas to exit the reservoir; and

a controller adapted to control the operation of the first and second
proportional valves;

wherein the controller adjusts the first and second proportional valves so that a
constant gas pressure range is maintained at an output of the reservoir over a first

range of input gas pressures and a second range of gas usage.

2. The system of claim 1 further comprising:

a first interface electrically coupling the first proportional valve to the
controller; and

a second interface electrically coupling the second proportional valve to the

controller.

3. The system of claim 1 further comprising:
an output pressure transducer located on the output side of the reservoir, the
output pressure transducer configured to measure a pressure of the gas exiting the

TESErvolr.

4. The system of claim 3 further comprising:
a second, redundant output pressure transducer located on the output side of
the reservoir, the second, redundant output pressure transducer configured to measure

a pressure of the gas exiting the reservoir.
5. The system of claim 3 further comprising:
an input pressure transducer located on an input side of the first proportional

valve, the input pressure transducer configured to measure a pressure of the

pressurized gas entering the first proportional valve.
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6. The system of claim 1 further comprising:

a first manifold fluidly coupling the input pressure transducer to the first
proportional valve;

a second manifold fluidly coupling the first proportional valve to the
reservoir;

a third manifold fluidly coupling the reservoir to the second proportional
valve;

a fourth manifold fluidly coupling the second proportional valve to a venting

port.

7. The system of claim 6 further comprising:

a muffler located on the venting port.

8. The system of claim 1 wherein the constant gas pressure range that is

maintained can be selected from a range of pressures.

9. The system of claim 8 wherein the constant gas pressure range that is

maintained is selectable by the actuation of a foot switch.

10. The system of claim 1 wherein the first range of input gas pressures is

a range that has starting and ending pressures up to 100 pounds per square inch apart.

11. The system of claim 1 wherein the controller implements a
proportional integral derivative control algorithm with a variable pressure set point, a

variable input pressure parameter, and a variable output gas usage parameter.

12. The system of claim 5 wherein the controller receives a first signal
from the input pressure transducer corresponding to the pressure of the pressurized
gas entering the first proportional valve and a second signal from the output pressure
transducer corresponding to the pressure of the pressurized gas exiting the reservoir,
and the controller uses the first and second signals to adjust the first and second

proportional valves to maintain the constant gas pressure range.
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13. A pneumatic system for a surgical machine comprising:

a reservoir for holding pressurized gas;

a first proportional valve located on an input side of the reservoir, the first
proportional valve configured to allow a variable amount of pressurized gas to enter
the reservoir;

a second proportional valve located on an output side of a reservoir, the
second proportional valve configured to allow a variable amount of pressurized gas
to exit the reservoir;

a controller adapted to control the operation of the first and second
proportional valves, thereby adjusting an amount of pressurized gas entering and
exiting the reservoir;

a first interface electrically coupling the first proportional valve to the
controller;

a second interface electrically coupling the second proportional valve to the
controller;

an output pressure transducer located on the output side of the reservoir, the
output pressure transducer configured to measure a pressure of the pressurized gas
exiting the reservoir, the output pressure transducer electrically coupled to the
controller; and

an input pressure transducer located on an input side of the reservoir, the input
pressure transducer configured to measure a pressure of the pressurized gas near the
first proportional valve, the input pressure transducer electrically coupled to the
controller;

wherein the controller receives a first signal from the input pressure transducer
corresponding to the pressure of the pressurized gas near the first proportional valve
and a second signal from the output pressure transducer corresponding to the pressure
of the pressurized gas exiting the reservoir, and the controller uses the first and
second signals to adjust the first and second proportional valves so that a constant gas
pressure range is maintained in the reservoir over a first range of input gas pressures

and a second range of gas usage.

14. The system of claim 13 further comprising:

a first manifold fluidly coupling the input pressure transducer to the first
proportional valve;

a second manifold fluidly coupling the first proportional valve to the
reservoir;

a third manifold fluidly coupling the reservoir to the second proportional

valve; and
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a fourth manifold fluidly coupling the second proportional valve to a venting

port.

15. The system of claim 13 wherein the constant gas pressure range that is

5  maintained can be selected from a range of pressures.

16. The system of claim 15 wherein the constant gas pressure range that is

maintained is selectable by the actuation of a foot switch.

10 17. The system of claim 13 wherein the first range of input gas pressures is

a range that has starting and ending pressures up to 100 pounds per square inch apart.
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