wo 20217222881 A1 |0 000 KRN0 0 OO 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 O 0 0 0O R A0

International Bureau % (10) International Publication Number

WO 2021/222881 Al

(43) International Publication Date
04 November 2021 (04.11.2021) WIPO | PCT

(51) International Patent Classification: (72) Inventor: GROMAN, Boaz, Barry; 7021 Islegrove Place,
F04B 19/04 (2006.01) F04B 53/14 (2006.01) Boca Raton, FL 33433 (US).
F04B 19/22 (2006.01) F04B 53/16 (2006.01) (74) Agent: LINDEN, Gerald, E.; C/o Stauffer, 6362 Wood-
(21) International Application Number: hawk Dr., Mayfield Hts., OH 44124 (US).
PCT/US2021/030383 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available). AE, AG, AL, AM,
03 May 2021 (03.05.2021) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
(26) Publication Language: English HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

(25) Filing Language: English

(30) Priority Data:

63/018,518 01 May 2020 (01.05.2020) US NZ. OM. PA., PE. PG, PH. PL. PT, OA. RO, RS, RU. RW.
(71) Applicant: GROMAN INC. [US/US]; 2000 Banks Road, SA, SC, 8D, SE, 8G, 8K, SL, ST, SV, §Y, TH, TJ, TM, TN,
STE G-1, Margate, FL 33063 (US). TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(54) Title: TWO PNEUMATIC CYLINDER MEDICAL VENTILATOR, SYSTEM AND METHOD

FI1G. 2

two pnenmatic eylinder approach

100 100e

.......... AN

== E =
1201 Vi=AxL 1224 120c

(57) Abstract: A medical ventilator (200) comprising two pistons (1041, 104¢) moving in unison with one another within respective
two (a "first" and a "second") cylinders (100i, 100¢). During an exhale phase of a breathing cycle, the first cylinder (1001) receives
pressurized air which causes both pistons to move (upward). In the second cylinder (100¢), this creates a negative pressure to extract
exhaled air from a patient's lungs. During an inhale phase of the breathing cycle, a weight acting on a link (220) between the two pistons
causes both pistons to move in an opposite (downward) direction, whereupon (i) the first piston delivers the pressurized air to the patient
and (ii) the second piston vents the exhaled air. The second cylinder may have a larger bore or a larger stroke than the first cylinder,
or may comprise multiple (a bank of) smaller cylinders.

[Continued on next page]



WO 20217222881 A | [0 00 000 00O 0 OO0

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2021/222881 PCT/US2021/030383

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
INTERNATIONAL PATENT APPLICATION (PCT)

TWO PNEUMATIC CYLINDER MEDICAL VENTILATOR,
SYSTEM AND METHOD

FIELD OF THE INVENTION
This invention relates to (medical) ventilators. Generally, a ventilator is a machine that provides
mechanical ventilation by moving breathable air into and out of the lungs, to deliver breaths to a

patient who is physically unable to breathe, or breathing insufficiently.

BACKGROUND

The process of breathing (respiration) is divided into two distinct phases, inspiration (inhalation)
and expiration (exhalation). It is a mechanical process that depends on volume changes in the
chest cavity. The volume changes result in pressure changes, which lead to the flow of gases to
equalize the pressure. At the start of a breath, pressure inside and outside the lungs is equal.
Normally about 500ml (1 pint) of air is moved in and out per breath - this is known as the tidal

volume.

A ventilator is a machine that provides mechanical ventilation by moving breathable air into and
out of the lungs, to deliver breaths to a patient who is physically unable to breathe, or breathing
insufficiently. Modern ventilators are computerized microprocessor controlled machines, but
patients can also be ventilated with a simple, hand-operated bag valve mask. Ventilators are
chiefly used in intensive care medicine, home care, and emergency medicine (as standalone

units) and in anesthesiology (as a component of an anesthesia machine).
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Ventilators are sometimes called respirators, a term commonly used for them in the 1950s
(particularly the "Bird respirator”). However, in contemporary hospital and medical terminology,

a respirator is a protective face mask.

A ventilator’s basic function is to drive a specified volume of gas - air, pure oxygen, or
combination of both - into the patient’s lungs and withdraw the same volume of gas from the
lungs to remove CO2. The volume of gas driven into the lungs is called Tidal Volume and is
specific for each patient based on size and health of lungs. Normal Tidal Volume range is 200-
800ml and is usually calculated based on patient’s weight at 10-15ml/Kg. The volume of gas is
injected into the lungs at low pressure usually 0.50-1psi. Slightly higher initial pressure may be
required for patients with damaged lungs, but pressure can not be high as it may damage the

lungs.

Breathable gas - air, pure oxygen, or combination of both - is available via portable pressurized
gas tanks via through port connection available at hospitals. Hospital oxygen supply normally

provides 50-55psi.

In its simplest form, a modern positive pressure ventilator consists of a compressible air reservoir
or turbine, air and oxygen supplies, a set of valves and tubes, and a disposable or reusable
"patient circuit". The air reservoir is pneumatically compressed several times a minute to deliver
room-air, or in most cases, an air/oxygen mixture to the patient. If a turbine is used, the turbine
pushes air through the ventilator, with a flow valve adjusting pressure to meet patient-specific
parameters. When over pressure is released, the patient will exhale passively due to the lungs'
elasticity, the exhaled air being released usually through a one-way valve within the patient

circuit called the patient manifold.

Ventilators may also be equipped with monitoring and alarm systems for patient-related
parameters (e.g. pressure, volume, and flow) and ventilator function (e.g. air leakage, power
failure, mechanical failure), backup batteries, oxygen tanks, and remote control. The pneumatic

system is nowadays often replaced by a computer-controlled turbopump.



WO 2021/222881 PCT/US2021/030383

Modern ventilators are electronically controlled by a small embedded system to allow exact
adaptation of pressure and flow characteristics to an individual patient's needs. Fine-tuned
ventilator settings also serve to make ventilation more tolerable and comfortable for the patient.
In Canada and the United States, respiratory therapists are responsible for tuning these settings,
while biomedical technologists are responsible for the maintenance. In the United Kingdom and
Europe the management of the patient's interaction with the ventilator is done by critical care

nurses.

The patient circuit usually consists of a set of three durable, yet lightweight plastic tubes,
separated by function (e.g. inhaled air, patient pressure, exhaled air). Determined by the type of

ventilation needed, the patient-end of the circuit may be either noninvasive or invasive.

Noninvasive methods, such as continuous positive airway pressure (CPAP) and non-invasive
ventilation, which are adequate for patients who require a ventilator only while sleeping and
resting, mainly employ a nasal mask. Invasive methods require intubation, which for long-term
ventilator dependence will normally be a tracheotomy cannula, as this is much more comfortable

and practical for long-term care than is larynx or nasal intubation.

Open Source Ventilators

A number of "open source” ventilators are being developed, and there are some concerns/issues.

Refer to https:/f1000research.com/articles/9-218

One challenge is maintaining a proper level of sterility of devices fabricated using distributed
means. Specifically, for fused filament fabrication (FFF) based 3-D printing parts, it has been
reported that the prints are sterile at the time of print. If not kept in a sterile environment,
however, they could quickly become biologically contaminated. One approach to deal with this
is to use washing or a chemical bath. If a specific polymer is needed that cannot be 3-D printed
easily, it is possible to make molds in high-temperature plastics, such as polycarbonate, and then
use lower temperature plastics to make disposable single use plastic parts. Similarly, silicone

molds can be made from a 3-D printed reverse mold and used in the same way.
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For medical professionals to use an open source ventilator, they first must be convinced it will do
no harm to them (or others) as well as to the patient. As COVID-19 was reported to spread via
droplets, contact and natural aerosols from human-to-human, there has been a concern that high-
risk aerosol-producing procedures may put medical personnel at high risk of nosocomial

(originating in a hospital) infections.
There is clear technical potential for alleviating ventilator shortages during the current COVID19
pandemic, as well as for future pandemics, and for everyday use in low-resource settings using

open source ventilator designs that can be rapidly fabricated using distributed manufacturing.

Bird Ventilator

Forrest M. Bird is the inventor of the first convenient and reliable, low cost, mass-produced
medical respirator, referred to as a medical ventilator in Bird’s U.S. Patent No. 3,842,828. Bird
also helped reduce infant mortality rates in babies with respiratory issues with his invention

dubbed the “Babybird Respirator” whose technology traces back to U.S. Patent No. 3,191,596.

Bird was born in Stoughton, Massachusetts. Bird became a pilot at an early age due to the
encouragement of his father, a World War I pilot, and from meeting Orville Wright at an early
age. He performed his first solo flight at age 14. By age 16 he was working to obtain multiple
major pilot certifications.[2] Bird enlisted with the United States Army Air Corps, and entered
active duty in 1941 as a technical air training officer due to his advanced qualifications. This
rank, combined with the onset of World War II, gave him the opportunity to pilot almost every
aircraft in service, including early jet aircraft and helicopters.

https://en.wikipedia.org/wiki/Forrest_Bird

US 3,191,596 (1965-06-29; Bird et al.) discloses a respirator. As claimed therein,
1. In a respiratory apparatus having an inhalation phase and an exhalation phase in its
operative cycle, a controller having an inlet adapted to be connected to a source of gas under
pressure, said controller having an outlet adapted to be connected to the airway of the patient,
a main control valve in the controller movable between open and closed positions to control

the flow of gas from the inlet to the outlet, means for operating said main control valve so that
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the main control valve is in an open position during the inhalation phase and in a closed
position during the exhalation phase of the respiratory apparatus, said means including means
for sensing when a predetermined pressure is reached in the outlet for shifting said main
control valve from an open position to a closed position, a fluid source, valve means
connected to the outlet for sensing when the predetermined pressure is not reached in the
outlet in a predetermined time, and additional valve means controlled by said first named
valve means for introducing additional gas into the outlet to cause the pressure in said outlet
to reach the predetermined pressure, said first named valve means controlling the application
of fluid from said fluid source to said additional valve means to cause operation of said

additional valve means.

US 3,842,828 (1974-10-22; Bird) discloses pediatric ventilator having an inhalation phase and an
exhalation phase in its operative cycle with an inlet adapted to be connected to a source of gas
under pressure. A breathing circuit is adapted to be connected to the patient. Nebulizing means is
provided. Flow divider means is connected to the inlet and has one outlet coupled to the
nebulizing means so that at least a portion of the inlet gas is supplied to the nebulizing means.
The flow divider means includes an additional outlet coupled to the breathing circuit and has
means for controlling the flow of gas through the additional outlet whereby precise control over

nebulization can be obtained.

US 3,915,164 (1975-10-28; Bird) discloses ventilator with an inhalation phase and an exhalation
phase in its operative cycle having a servo controller with an inlet adapted to be connected to
supply gas under pressure and also having an outlet. The controller has control valve means
movable between open and closed positions to control the flow of gas from the inlet to the outlet
of the servo controller. The control valve means is an open position during the inhalation phase
of the ventilator and in a closed position in the exhalation phase of the ventilator. Means is
provided for supplying gases to the patient from the servo controller until a predetermined
pressure has been reached. After the predetermined pressure is reached, means is provided to
supply an additional flow of gases to the patient to provide an inspiratory apneustic plateau for
the patient. After a predetermined period of time, the patient is permitted to exhale and thereafter

the same cycle is repeated.
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Some more patents by Bird

The relevant teachings of the following Bird patents and publications (described in greater detail
in the provisional priority document) may be incorporated by reference herein:
US 2010/0125227 (2010-05-20)
US 2003/0010344 (2003-01-16)
US 8,347,883 (2009-04-10)
US 6,595,203 (2003-07-22)
US 6,581,600 (2003-06-24)
US 5,862,802 (1999-01-26)
US 5,165,398 (1992-11-24)
US 5,116,088 (1992-05-26)
US 5,007,420 (1991-04-16)
US 4,930,501 (1990-06-05)
US 4,867,151 (1989-09-19)
US 4,838,260 (1989-06-13)
US 4,805,613 (1989-02-21)
US 4,742,823 (1988-05-10)
US 4,592,349 (1986-06-03)
US 4,197,843 (1980-04-15)
US 4,164,219 (1979-08-14)
US 4,148,313 (1979-04-10)
US 4,148,312 (1979-04-10)
US 4,127,123 (1978-11-28)
US 4,121,579 (1976-08-09)
US 4,080,103 (1978-03-21)
US 4,060,078 (1977-11-29)
US 4,044,763 (1977-08-30)
US 4,039,139 (1977-08-02)
US 4,037,994 (1977-07-26)
US 4,020,834 (1977-05-03)
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US 3,984,133 (1976-10-05)
US 3,974,828 (1976-08-17)

Manley Ventilator

Roger Manley suggested the possibility of using the pressure of the gases from the anaesthetic
machine as the motive power for a simple apparatus to ventilate the lungs of patients in the
operating theatre. We discussed the principle of the Bird ventilator and the Stephenson pressure
valve system used by the American Paramedical Services to administer oxygen for resuscitation.
We puzzled as to whether the reduced gas pressure emerging from the Rotameters of an
anaesthetic machine would suffice to drive a ventilator. By the following Monday, Roger had
made a working prototype and demonstrated that the gas pressure was sufficient to fill a
reservoir bag, raising a weight to a point where it opened a valve an triggered off the
compression of the gas bag delivering its contents to the patient. It was a ‘mark 2’ version of this
apparatus that he took to Blease who refined it and developed it as the Manley ventilator. With
the advent of this ventilator a cheap, simple effective means of IPPV became available in every
operating theatre. It soon replaced the ‘educated hand’ as a means of ventilating patients and
hastened the acceptance of total paralysis and artificial ventilation rather than partial paralysis

and assisted ventilation. See Anaesthesia, 1995, Volume 50, pages 6471

Some additional background

The following are referenced, and may be incorporated by reference herein.

https://www.news4jax.com/health/2020/03/30/uf-researchers-develop-low-cost-open-source-

ventilator/

https://www.aast.org/Generallnformation/mechanicalventilation.aspx

https://www.medgadget.com/2020/03/university-of-minnesota-develops-simpler-inexpensive-

mechanical-ventilator.html
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https://www.discovermagazine.com/technology/how-to-build-a-mechanical-ventilator-for-a-few-
hundred-euros Cristiano Galbiati, at Princeton University, and a team of colleagues that spans
the Americas and Europe, who have published the design of a mechanical ventilator that they
have prototyped and built in just a few days and at minimal cost. The machine is designed to be

mass-produced specifically to tackle the COVID-19 pandemic.

The team base their design on an old but reliable machine called a Manley Ventilator, originally
developed in the 1950s by anesthetist Roger Manley. His key insight was to use the pressure of
gas from an anesthetic machine to help his patients breathe. So his machine was entirely gas-
driven. Later, engineers introduced various sensors and actuators to control and monitor what is

going on. But the design is still extremely simple, requiring just a power supply and a gas supply.

Galbiati and colleagues say the main difference between theirs and Manley’s machine is that
they use electronic pneumatic valves that can be controlled by computer, rather than mechanical

switches. This eases the move to large-scale production, they say.

The ventilator consists of a supply of oxygen or medical air under pressure; a flow meter to
measure the flow of gas; a couple of pneumatic valves to control this flow and a pressure sensor

and microcontroller to control the valves.

In addition, the machine maintains a specific gas pressure into and out of the lungs using the
weight of a column of water in a simple device known as a vent trap. Lastly a device known as a
spirometer measures the volume of gas expelled by the lungs on each breath, to monitor

breathing patterns.

The ventilator can also operate in an assisted mode where it senses the pressure change

associated with the first stage of a patient’s breath and then kicks in to help.

And that’s it. The machine is called the Mechanical Ventilator Milano and all its components are
readily available off the shelf. “The total cost of components is a few hundreds of euros,” say the

team. They have even ensured it meets the U.K.’s requirements, as far as possible.
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US 5,107,830 (1992-04-28; Younes) discloses a lung ventilator device. Ventilation to a patient
is provided in response to patient effort. The free flow of gas from a piston, or similar air source,
in response to patient inhalation is detected, the instantaneous rate and volume of flow are
measured and the measurements are used as control signals to a drive motor for the piston to
move the piston to generate a pressure which is proportional to the sum of measured and suitably
amplified rate and volume of flow signals. Since the command signal to the pressure generator
only changes subsequent to, and not in advance of, a change in flow and volume, the ventilator is
subservient to the patient and provides a proportional assist to patient ongoing breathing effort

during inspiration (Proportional Assist Ventilation, PAV).

US 20100116270 (2010-05-13; Edwards et al.) discloses Medical =~ Ventilator System and
Method Using Oxygen Concentrators. A medical ventilator system that allows the use of pulse
flow of oxygen to gain higher FIO2 values and/or conserve oxygen is described. In one
embodiment, the ventilator system includes an oxygen concentrator, a medical ventilator and a
breathing circuit between the ventilator and a patient. In one embodiment, the oxygen
concentrator includes a controller module that is configured to generate a trigger signal to initiate
the distribution of one or more pulses of oxygen from the oxygen concentrator to the patient
circuit at the onset of a ventilator supplied breath. A small flow of oxygen can be added in

between pulses to aid in gaining higher FIO2.

SUMMARY

It is an object of the invention to provide a medical ventilator ("ventilator") that is substantially
entirely mechanical. More particularly, it is desirable to avoid complicated electronics and
associated mechanisms to operate the ventilator, while ensuring proper volume movement of air

in-and-out of the lungs.

According to the invention, generally, a medical ventilator may comprise two pistons moving in
unison with one another within respective two (a "first" and a "second") cylinders. During an

exhale phase of a breathing cycle, the first cylinder receives pressurized air which causes both
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pistons to move (upward). In the second cylinder, this creates a negative pressure to extract
exhaled air from a patient's lungs. During an inhale phase of the breathing cycle, a weight acting
on a link between the two pistons causes both pistons to move in an opposite (downward)
direction, whereupon (1) the first piston delivers the pressurized air to the patient and (ii) the

second piston vents the exhaled air.

The second cylinder may have a larger bore than the first cylinder. Alternatively, the piston in
the second cylinder may have a longer stroke than the piston in the first cylinder. Alternatively,
the second (exhale) cylinder may comprise two or more (a bank of) smaller cylinders, such

multiple ones of the cylinder (such as a syringe) used for the first (inhale) cylinder.

Various configurations of cylinders, such as side-by-side or inline with one another are
disclosed. Alternatively, rather than the pistons moving in unison with one another (and the
cylinders being "fixed", the cylinders may be moved in unison with one another while the pistons

remain fixed.

According to an embodiment (example) of the invention, a ventilator may comprise: a first
(inhale) cylinder having a first piston and a first connecting rod; a second (exhale) cylinder
having a second piston and a second connecting rod; and a link between the two connecting rods
so that the two pistons move in unison with one another. A weight may be disposed on the link
to impart a downward force to the first and second pistons. Stops associated with the link may

establish a desired Tidal Volume.

According to an embodiment (example) of the invention, a pneumatic cylinder medical ventilator
system may comprise: a source of pressurized air comprising either (i) a first supply of air (or
oxygen), such as may be supplied in a hospital room, such as at a pressure of 50 - 55 psi, or (ii) a
second supply of air (or oxygen), such as may be supplied in a stand-alone tank, such as at a
pressure of 200psi (regulator included). The system may further comprise a first regulator valve,
receiving the pressurized air; and a second regulator valve, controlling flow of air out of the first
cylinder. A patient circuit may be selectively connected to (i) the inlet gas port of the second

cylinder (FIG. 2A) and (i1) the outlet gas port of the first cylinder (FIG. 2B).

10
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According to an embodiment (example) of the invention, a method of ventilating a patient ma
comprise: with the dual cylinder medical ventilator system described herein, alternately
providing (i) pressurized air to the patient for inhalation and (i1) "negative pressure" to the patient

for assisting in removing exhaled air from the patient.

Generally, the ventilator disclosed herein comprises two pistons moving in unison with one
another. The pistons are disposed in corresponding two cylinders. One cylinder may have a
larger bore than the other. (Alternatively, one cylinder may have a longer stroke than the other.)

A valve is associated with each cylinder.

In the overall system, a source of pressurized air is provided, and a patient circuit (tubing, mask)

is provided.

In the main hereinafter, the actions and effects created by two cylinders are described, with one
having a smaller bore than the other. These two cylinders may be referred to as the "small
cylinder" and the "large cylinder". The large cylinder may comprise a bank of two or more

smaller cylinders, such as a plurality of the aforementioned small cylinders.

As mentioned, the two pistons may move in unison with one another. This may be effected by a

mechanical linkage (link) between connecting rods associated with the pistons.

The small cylinder is arranged to receive pressurized air, and also to provide pressurized air to a

patient via the patient circuit.

The large cylinder is arranged to receive air exhaled by the patient, and also to vent that air to the

outside (environment).
During an exhalation phase of a breathing cycle, pressurized air is delivered to the small

cylinder, its piston moves (rises) and the piston in the large cylinder also rises and creates a

negative pressure for gathering (harvesting) exhaled air from the patient.

11
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During an inhalation phase of the breathing cycle, pressurized air in the small cylinder is
delivered to the patient, and previously exhaled air is vented from the large cylinder to the

environment.

The valves associated with the cylinders are arranged such that they switch between the phases
of the breathing cycle when end stops are reached. One end stop may be "fixed", representing
Tidal Volume = 0. The other end stop may be movable (adjustable) to be set at a desired tidal

Volume (such as a few hundred milliliters).

The ventilator disclosed herein may be made at least largely of plastic, such as PVC. Thus, it
may be made inexpensively, and may be very suitable for one-time use. Some "ancillary"

components such as valves and flow regulators and gauges may be reusable.

The invention is described more specifically in the description that follows.

Other objects, features and advantages of the invention(s) disclosed herein may become apparent

in light of the following illustrations and descriptions thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference will be made in detail to embodiments of the disclosure, non-limiting examples of
which may be illustrated in the accompanying drawing figures (FIGs). The figures may generally
be in the form of diagrams. Some elements in the figures may be stylized, simplified or

exaggerated, others may be omitted, for illustrative clarity.

Although the invention is generally described in the context of various exemplary embodiments,
it should be understood that it is not intended to limit the invention to these particular
embodiments, and individual features of various embodiments may be combined with one
another. Any text (legends, notes, reference numerals and the like) appearing on the drawings are

incorporated by reference herein.

12
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FIG. 1 is a diagram of a single acting pneumatic cylinder, illustrating some basic principles

which may be applied to the invention.

FIG. 2 is a diagram of a two pneumatic cylinder approach, forming a basis of the invention.

FIG. 2A is a diagram illustrating the operation of a two pneumatic cylinder ventilator, in the

exhale cycle, according to an embodiment of the invention.

FIG. 2B is a diagram illustrating the operation of a two pneumatic cylinder ventilator, in the

inhale cycle, according to an embodiment of the invention.

FIGs. 3A and 3B show some variations in arranging the two cylinders, according to an

embodiment of the invention.

Reference Numerals (some)

100 cylinders (1001 = inhale, 100e = exhale)
104 pistons (1041 = inhale, 104e = exhale)
106 vent ports (1061 = inhale, 106e= exhale)

110 connecting rods (1101 = inhale, 110e = exhale)
120 inlet gas ports (1201 = inhale, 120e = exhale)
122 outlet gas ports (1221 = inhale, 122¢ = exhale)
200 ventilator (system)

210 oxygen/air supply

212 oxygen/air supply

220 link (arm)

230 mass (weight)

310 connecting rod

There are some additional illustrations in the Appendices (1,2,3) provided herewith.

13
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DESCRIPTION

Various embodiments (or examples) may be described to illustrate teachings of the invention(s),
and should be construed as illustrative rather than limiting. It should be understood that it is not
intended to limit the invention(s) to these particular embodiments. It should be understood that
some individual features of various embodiments may be combined in different ways than
shown, with one another. Reference herein to “one embodiment”, “an embodiment”, or similar
formulations, may mean that a particular feature, structure, operation, or characteristic described

in connection with the embodiment is included in at least one embodiment of the present

invention. Some embodiments may not be explicitly designated as such (“an embodiment”).

One of the difficulties in ventilation is providing the proper volume movement of air in-and-out
of the lungs. If too much air is driven in with less being withdrawn, the patient may
hyperventilate as CO2 concentration in the lungs accumulate. Conversely, withdrawing more gas
than injecting causes oxygen deprivation. Both situation lead to patient discomfort, anxiety, and

panic.

The invention disclosed herein provides a simple method for ensuring that equal volumes of air
are injected and withdrawn for each breath. This may seem to be a simple task, but it is not. The
reason this task is challenging is that although the same volume of air is required to inflate and
deflate the lungs (i.e., no net inflation or deflation is a series of inflate/deflate cycles), the
injection (inflation, inhale) portion (phase) of the cycle requires higher pressure in order to
inflate the lungs, while lower pressure (vacuum) is required to deflate (exhale) the lungs.
Therefore, the air being injected is compressed to provide the required gas flow inward. The gas
in the lungs is fully expanded and must be withdrawn (exhaled). Hence, the volume of air under

pressure is different than the expanded air volume in the lungs.

The invention disclosed herein utilizes a set of ‘single-acting pneumatic cylinder’ type devices as

replacement for (instead of) traditional inflating and deflating bellows.

FIG. 1 illustrates an example of a one single acting pneumatic cylinder apparatus 100, a pair of

which may be adapted for use with the present invention.

14
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The apparatus 100 generally comprises:

a pneumatic cylinder 102 having a wall, an inside diameter (ID), and sealed at both of its top
(upper) 102a and bottom (lower) 102b ends. Alternatively, the top of the cylinder may be open
(not sealed);

a piston 104 capable of moving up and down (as illustrated) within the cylinder;

a connecting rod 110 extending from outside the cylinder, through the top end thereof, and
capable of moving the piston up and down (axially) within the cylinder in response to a motive

force provided by an external instrumentality (not shown).

An upper portion 102c of the cylinder may be defined as the area (i.e., volume) within the

cylinder, above the piston 104.

A lower portion 102d of the cylinder may be defined as the area (i.e., volume) within the

cylinder, below the piston 104.

The piston may comprise a simple, flat, disc-like structure having an outer diameter (OD)
corresponding with an inside diameter (ID) of the cylinder. The piston may be provided with
sealing means for creating a substantially air-tight seal between the piston and cylinder so that
the piston can move - i.e., compress or decompress - air within the cylinder in the upper and
lower portions thereof. The sealing means may simply comprise a reasonably precise fit between
the OD of the piston and the ID of the cylinder (i.e., no separate pieces). Or, separate means
such as O-rings may be provided around the circumference of the piston to effect the air-tight

seal.
In response to the connecting rod moving up and down, the piston moves up and down. And,
there may be mechanical stops incorporated into the cylinder to limit the piston's up and down

movement (aka "stroke").

One or more vent ports 106 may be provided in the wall (alternatively, in the top end) of the

cylinder, above the piston to prevent resistance to piston movement (i.e., due to the air resisting
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being compressed). The vent ports may be disposed above a topmost (uppermost) position of

the piston.

An inlet gas port 120 may be provided in the wall (alternatively, in the bottom end) of the
cylinder, below a bottommost (lowermost) position of the piston. Similarly, an outlet gas port
122 may be provided in the wall (alternatively, in the bottom end) of the cylinder, below the
bottommost (lowermost) position of the piston. The outlet gas port 122 may be integral with the
inlet gas port 120 so that a single port may function as both the inlet and outlet gas ports. They

are shown separately in some figures for descriptive purposes.

According to an aspect of the invention, two of these ‘pneumatic cylinder’ type devices (100)
may be paired, using the ideal gas law. One of these devices (100) may be used to implement an
"inhale phase” (i) of a breathing cycle, and another of these devices (100) may be used to
implement an "exhale phase” (e) of the breathing cycle - a single breathing cycle being defined
as one inhalation followed by one exhalation (or vice-versa). (The inhale phase of a breathing
cycle may be referred to as the "inhale cycle", and the exhale phase of the breathing cycle may

be referred to as the "exhale cycle".)

The ideal gas law, also called the general gas equation, is the equation of state of a hypothetical
ideal gas. It is a good approximation of the behavior of many gases under many conditions,
although it has several limitations. It was first stated by Emile Clapeyron in 1834 as a
combination of the empirical Boyle's law, Charles's law, Avogadro's law, and Gay-Lussac's law.

The ideal gas law is often written in an empirical form:

PV=nRT

where P, V, and T are the pressure, volume and temperature; n is the amount of substance; and R
is the ideal gas constant. The P;V; of the ‘Inhale (i) cycle’ and P.V. of the ‘Exhale (e) cycle’ can
be described as

PiVi=n;R;T;

PeVe=ncRe Te
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Since the same amount of substance/gas is injected and withdrawn n. = n ;; since the gas is the
same R; = R.; and temperature may be assumed to be the same for each cycle Tj=T.. (The

difference between Ti and Te is negligible.) Therefore,

Pi Vi = Pe Ve

Vi and Ve represent the volumes of two cylinders. Vi represents the volume of gas to be
injected into the lungs (inhale phase) and Ve represent the volume of gas extracted from the
lungs. Post exhale, the pressure of the air withdrawn from the lungs is at atmospheric pressure
(14.696psi, at sea level). The volumes and pressures which would provide equal volume of gas
for each cycle (i.e., for the inhale and exhale phases of the overall breathing cycle) should be

identified.

FIG. 2 shows two pneumatic cylinders (apparatuses), each of which may be of the type
described with respect to FIG. 1 - namely, one cylinder 1001 may be used for the inhale (i) phase
of a breathing cycle, and the other cylinder 100e may be used for the exhale (e) phase of a

breathing cycle.

Generally, elements of FIG. 1, such as the cylinder 100 may be used for each of the two
cylinders 1001 and 100e disclosed and described with respect to FIGs. 2A, 2B, et seq., and other
elements may also have "i" and "e" suffixes to indicate which of the two (or "dual") cylinders
they are associated with. For example piston 104 becomes piston 104i in cylinder 100i, and

piston 104 becomes piston 104e in cylinder 100e.

The cylinder 1001 may be designated as the "first" cylinder, and the cylinder 100e may be
designated as the "second” cylinder. The first cylinder 1001 may have a smaller diameter than
the second cylinder 100e. For example, the diameter (Di) of the first cylinder 1001 may be 1.5”
(3.75cm), and the diameter (De) of the second cylinder 100e may be 3” (7.5cm).
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For a typical round cylinder, the volume may be calculated by the stroke length (L) times the
area (A) of the cylinder bore (piston), i.e. V=LA
PiLi Aj=P. Lc A
IfL;=Le, then ...
P; Ai =Pe Ac
Assuming a round (and flat-top) piston, surface area A= mu” = (D/2)*, where r = piston radius

and D = piston diameter. Therefore, Pi in terms piston diameter,

Thus, given that Pe is a constant, this characteristic expression represents combinations of two
cylinder diameters where one cylinder (1 = inhale cycle) would deliver a preset volume of
pressurized air while the second would withdraw (e = exhale cycle) the same volume of gas at 1
atmosphere, for any equal stroke length. The diameter (volume) of the cylinder holding the
pressurized gas will always be smaller than the cylinder withdrawing. The stroke length or rod

travel distance represents a set Tidal Volume.

If the rods of these two cylinders are linked (connected) with one another (see dashed line "link"
in FIG. 2), the exhale and inhale cycles (phases) may be generated as follows, referring to FIGs.
2A and 2B, respectively.

It bears mention that the illustrative breathing cycle described herein may be presented as (i) and
exhale phase followed by (i1) an inhale phase. This is a matter of convenience for describing the
principles involved, it being understood that a give breathing cycle ordinarily may start with an

inhale phase followed by an exhale phase, and so on.
FIG. 2A shows an apparatus (or system) 200, having two cylinders 100i and 100e, such as were

described with respect to FIG. 2, performing an exhale phase of a breathing cycle. FIG. 2B

shows the apparatus (or system) 200 performing an inhale phase of a breathing cycle.
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FIG. 2A (exhale phase) also shows:

- a supply 210 of air (or oxygen), such as may be supplied in a hospital room, such as at a
pressure of 50 - 55 psi

- alternatively, or additionally, another supply 212 of air (or oxygen), such as may be supplied in
a stand-alone tank, such as at a pressure of 2000 psi (regulator included)

- a pressure regulator 214, receives pressurized air (or oxygen) from the one or the other of the
supplies 210 and 212, and provides the air (or oxygen) to the inlet gas port (120) of the cylinder
100i.

- The outlet gas port 122 of the cylinder 100i is closed, as indicated by "X".

- The outlet gas port 122 of the cylinder 100e is also shown as being closed, as indicated by "X".

With regard to the pressure regulator 214 shown in FIG. 2A and 2B, and associated with the
inlet port of the cylinder 1001, it should be understood that in conjunction with the pressure
regulator 214, such as between the pressure regulator and the cylinder 1001, there should be a

flow valve to control inflation rate, as is indicated in the illustrations in the Appendix 1 at Pages

1 and 2.

Similarly, with regard to the pressure regulator 216 shown in FIG. 2B, discussed below and
associated with the outlet port of the cylinder 1001, it should be understood that in conjunction
with the pressure regulator 216, such as between the pressure regulator and the cylinder 1004,
there should be a flow valve to control inflation rate, as is indicated in the illustrations in the

Appendix 1 at Pages 3 and 4.

It is important to control both pressure and flow. Two separate elements may be used, as

discussed above, or a combined pressure/flow regulator may be used for the elements 214 and

216.

Recall that the inlet gas port (120) and outlet gas port (122) for a given cylinder may be a single
port, not the two ports that are illustrated, two separate (inlet and outlet) ports being shown
separately in the diagrams to illustrate their function at a given phase of the overall breathing

cycle. Having a single port in a cylinder performing two (inlet and outlet) functions is clearly
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shown in Appendix 1 which shows each cylinder as having only a single port and a valve for
controlling the desired function of the respective cylinder and port at a given phase of the

breathing cycle.

FIG. 2A (exhale phase) also shows:

- a patient's lungs connected (in fluid communication with) - via appropriate conventional
tubing, mask, etc. (222 not shown in any detail, aka "patient circuit") - to the inlet gas port 120e
of the cylinder 100e.

FIG. 2B (inhale phase) shows many of the elements of FIG. 2A, and also shows:

- patient's lungs connected (in fluid communication with) - via the appropriate conventional
tubing, mask, etc. (222) - to the outlet gas port (120) of the cylinder 1001, via a pressure
regulator 216. This regulator 216 controls the flow of air from (out of) the cylinder 100i.

- The inlet gas port 1201 of the cylinder 1001 is closed, as indicated by "X".

- The inlet gas port 120e of the cylinder 100e is also shown as being closed, as indicated by "X".

FIGs. 2A and 2B also show a mechanical link (or arm) 220 (compare "link" in FIG. 2)
connecting the rods (110) of the two cylinders 1001 and 100e together so that they operate in
unison with one another. Typically, the pistons (104) in the two cylinders (100) may move up

and down the same amount as one another, and simultaneously with one another.

A weight (mass) 230 may be disposed on the link 220 to provide a constant downward
(restoring) force on the arm 220, hence on the pistons (104) of the two cylinders. A typical mass
for the weight may be 35 pounds (16 kg). In lieu of a weight, a spring (air or mechanical) could

be incorporated into the design to provide a similar downward force on the two pistons.

FIG. 3A shows that, alternatively, the second cylinder 110e could be disposed vertically above
the first cylinder 110i. The two cylinders could share the same connecting rod 310 (compare
110). The rod could enter the top of the first cylinder 100i (as described before), and enter the
bottom of the second cylinder 100e (contrary to before, where a rod also entered the top of the

second cylinder. A separate link (220) is not shown.
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Alternatively, the two cylinders could be oriented horizontally, to the left and right of each other.
In either case, the two cylinders would be in line (e.g., coaxial with) one another. A weight
(230) 1s not shown, other means such as springs may be provided for providing the restoring

force on the pistons.

The size (particularly the bore) of the two cylinders may be different than one another, in which
case the stroke (axial movement) of the two pistons may be the same as one another, but the
resulting volume of air moved by the two cylinders would be different than one another. Also,
note that when the "rod side” volume of the cylinder is utilized (such as in the cylinder 100e), the
rod area is subtracted from the piston area to determine the net piston area used in calculating

volume.

FIG. 3B shows that appropriate linkage could be incorporated into the link 220 so that the piston
of one cylinder can be caused to move a different "ratiometric" amount than the piston of the
other cylinder. For example, the link (220) could have a pivot located near its middle (such as
halfway between the two cylinders), and one of the cylinders could be inverted with respect to
the other, to achieve a desired ratio. Gears and the like could also be incorporated to achieve the
desired ratio. The result is that one cylinder may have a longer stroke than the other cylinder.
This may allow for the two cylinders to have the same bore (ID) as one another, while achieving
a similar result that is obtained by having one cylinder (100e) having a larger bore than the other

cylinder (1001).

Operation of the System
A patient's overall breathing cycle may comprise an exhaust phase (or exhaust cycle) and an
inhale phase (or inhale cycle). Or vice-versa. A methodology for ventilating a patient will now

be described, with respect to FIGs. 24, 2B.

Exhale Cycle

Referring to FIG. 2A, during an exhale cycle, pressurized gas (pressure = P1) is provided from

one or the other of the pressure sources 210/212 into the smaller diameter cylinder 100i. The gas
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pressure (P1) causes the piston 104i in the cylinder 100i to urge (push, move) the rod 1101
upward which, via the ink 220 will pull the piston 104e in the cylinder 100e upward via its

connecting rod 110e.

As the piston 104e in the cylinder 100e moves upward, a negative pressure (‘vacuum’) is created
in the lower portion (102d) of the cylinder 100e. This pressure will be lower than atmospheric
pressure (Pe = 14.696 PSI) thereby withdrawing (sucking, extracting) gas from the patient's

lungs.

The gas pressure (Pi) times the surface area of the piston 1041 in the cylinder 1001 generates an
upward (as viewed) force which will move the link 220, pistons 1041, 104e and weight 230
upward. (This may be referred to as the "upward cycle".) Gas flow (Pi) from the pressurized gas
sources 210 and/or 212 may be terminated when the pistons 1041 and 104e reach the top of their
stroke. The length of the upward stroke (in conjunction with piston surface areas) may be

adjusted to establish a given, desired Tidal Volume (TV).

Upward motion of the pistons may be limited by a simple adjustable mechanical stop 2401 or
240e incorporated into either one or both of the cylinders 1001, 100e, respectively. The stops
2401 and 240e may simply be set screws extending through the top ends of the respective
cylinders 1001 and 100e. Alternatively, and perhaps more preferably, stops (shown and
described hereinbelow in the Appendix 1 document) for limiting both upward and downward
motion of the pistons may be positioned to act upon and limit movement (up and down) of the

arm 220 connected to the two connecting rods 1101 and 110e.

During the "exhale cycle" represented in FIG. 2A, the inlet gas port 1201 of the cylinder 1001 is
open, the outlet gas port 1221 is closed (X). Recall (from above) that the outlet gas port 122 may
be integral with the inlet gas port 120 so that a single port may function as both the inlet and
outlet gas ports. If the two ports are realized separately, the exhaust port would need to be

closed, such as with a solenoid.
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Also, during the exhale cycle, the inlet gas port 120e of the cylinder 100e is open, to pull air
from the patient's lungs 220, and the outlet gas port 122¢ is closed (X).

Inhale Cycle
With reference to FIG. 2B, the inhale cycle (i.e., inhale phase of the overall breathing cycle)

commences, with or without a delay (Td), after completion of the exhaust cycle.

It bears mention that the order (sequence) of the inhale and exhale cycles may, of course, be
reversed, depending on one's point of view. However, the breathing cycle is appropriately
presented as exhale first, then inhale, due to the exhale cycle being initiated first, upon the
application of pressurized gas (Pi) to the cylinder 100i, as discussed above with respect to FIG.

2A - hence the sequence of exhale/inhale/exhale/inhale, etc, described herein.

During the inhale cycle, delivery of pressurized gas (Pi) to the cylinder 100i stops (ceases), if it
has not already been turned off, and pressurized gas which was "stored" (accumulated) in the
cylinder 1001 flows out of the pressurized cylinder 1001, through the exhaust gas port 122i, and
though a pressure regulator 216 into the patient's lungs. (Appendix 1 shows the switching
valves that control the flow into the breathing circuitry to switch between the inhale and exhale

cycles.)

The weight 230 on top of the link 220 utilizes gravity to keep the piston 104i moving downward
to maintain pressure in the cylinder 100i. The piston 104e will also move downward, since it is
linked to the piston 104i. (This may be referred to as the "downward cycle".) During this phase,

- the inlet port 1201 is closed (X)

- the outlet port 1221 is open, delivering gas (air) to the patient

- the inlet port 120e may be closed (X)

- the outlet port 122e may be open, and as the piston 104e moves downward, the patient's
previously expelled gas in the cylinder 100e may be expelled into the atmosphere (such as

through a suitable filter to remove contaminants, or into or a suitable container).
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In lieu of a weight, an arrangement of springs and the like may be used to maintain the desired
downward force on the pistons. The force need not be constant, rather it may have a "profile"

(force v distance).

The cycle(s), Tidal Volumes, and some other "details"

Using the dual cylinder medical ventilator system described above, a method of ventilating a
patient may comprise alternately providing pressurized air to the patient for inhalation and

assisting in removing exhaled air from the patient. Or vice-versa (exhale, then inhale).

The Exhale Cycle may resume (with or without a designated delay) once the downward stroke of
the Inhale Cycle is completed, and both cylinders are empty. The downward stroke length may
be preset with a movable stop, similar to the upward stroke stop 240, but in the bottom end of the

cylinder(s), that can be adjusted to accommodate the patient’s Tidal Volume.

In the examples set forth herein, the following "standard” exemplary cylinder bores may be

utilized.

If, for example, a 3” (7.5cm) bore (ID) cylinder is selected for the (larger diameter) "exhale"
cylinder 100e then the piston area is 7.068in”. If an 800ml (48.819 in®) tidal volume is
required, then the stroke length could be set to 6.91” (48.819in/7.068in?).

If, for example, a 1.5” (3.75cm) bore (ID) cylinder is selected for the (smaller diameter)
"inhale" cylinder 1001, then the piston area is 1.767in”.

The results indicate that when the input pressure (Pi) is equal to 58.784 PSI (or 44 PSIG)
utilizing the 3” and 1.5” bore diameter cylinder set, then any linear stroke when the rods are

connected will guarantee that the Tidal Volume to be equal in the inhale and exhale cycles.
PSI (pounds per square inch) refers to the amount of pressure (force) exerted on an object

having a surface area of one square inch. PSIG (pounds per square inch, gauge) is a unit of

pressure relative to the surrounding atmospheric pressure, and the “G” in PSIG means that it
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is a relative measurement. (Atmospheric pressure is ~14.7 psi. Hence 58.7 psi would

correspond with 44 psig.)

Furthermore, when 44 PSIG is delivered to the 1.5” diameter cylinder 1004, it is able to lift a
total maximum weight of 77.9 1bs (44psi x 1.767in%). This lifting force will act upon the piston
1041, the rod 1101, the link 220, the rod 110e and the piston 104e, plus the added weight 220,
plus frictional forces in the system. The net weight on the downward cycle (FIG. 2B) translates

to pressure in the small cylinder that is able to maintain sufficient flow (inhale) into the lungs.

In this example, ideal or custom diameter cylinders are selected. Again, if a 3” bore cylinder is
selected for the exhale cylinder 1002, then the piston area is 7.068in”. If an 800ml (48.819 in*)
tidal volume is required, then the stroke length could be set to 6.91” (48.819in/7.068in?).
However, knowing that 50 PSIG is available at the hospital connection, it may be advantageous

to optimize the diameter (ID) of the smaller inhale cylinder 100i.

Using the characteristic equation by solving for Di,

iPe Das {1655« 3
: = i

L0 PBE T i53 4+ 14498
K kY

&L =

R

Therefore, because the pressure (Pi) supplied to the system 200 is larger than in the previous
example, for the same stroke length, the diameter may be decreased slightly to reflect the
reduced volume required. However, at 50 PSIG and a diameter of 1.43” (piston area ~1.6in%) the

upward force is 801bs.
There has thus been shown and described, a dual (two) cylinder medical ventilator, system and

method that is simple, mechanical (no electronics required), very portable, inexpensive, effective

and easy to operate.
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Appendix 1

Appended hereto and forming a portion of the disclosure hereof is a document entitled "Control
Methodology”, 5 pages, which shows in greater detail the operation of the two piston ventilator

disclosed herein.

Some elements (components) which may not have been mentioned above (FIGs. 2, 2A, 2B), or

which were only briefly and broadly described, may be shown in greater detail in this document.

For example,

- a fixed end stop disposed below the link (220) to limit downward motion of the pistons, at
Tidal Volume =0

- an adjustable (movable) end stop disposed above the link (220) to limit upward motion of the
pistons, at a desired Tidal Volume, such as up to 200ml, 400ml, 500ml, or 600ml. (This
replaces the end stops 2401 and 240e described hereinabove.)

Page 1 (Exhalation Initiation)

This page shows:

- afirst (left, as viewed) cylinder corresponding with the previously described cylinder 1001
- a second (right, as viewed) cylinder corresponding with the previously described cylinder

100e

- the left cylinder may have a smaller diameter than the right cylinder, as described hereinabove

- a 50psi source (compare 210, 212) of pressurized air

- aflow regulator (compare 214)
- alink (compare 220) disposed between the two cylinders to cause their pistons (104) to move
up and down in unison with one another

- a weight (compare 230) exerting a downward force on the link, such as described hereinabove

- a fixed end stop disposed below the link to limit downward motion of the link and associated

pistons
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a movable end stop disposed above the link to limit upward motion of the link and associated
pistons
a Tidal Volume Scale is shown (in hundreds of milliliters) which, in conjunction the with

moveable end stop may be used to set the desired Tidal Volume for a given patient.

a first valve, such as a spool valve, is associated with the left cylinder, and is by design
balanced under pressure and therefore remains "open" or "closed" depending on the spool’s
mechanical position

a second valve such as a spool valve, is associated with the right cylinder , and is by design
balanced under pressure and therefore remains "open" or "closed" depending on the spool’s
mechanical position

these two valves were not shown in the FIG. 2 descriptions of the apparatus

each valve is shown twice in the diagram, once positioned near the respective cylinder with
which it is associated to explain the air flow in or out of the cylinder, and once on the link to
illustrate how the valve may be operated (open or closed) depending upon the position of the
link.

For example, in use, as pressurized air is being delivered to the first cylinder (1001), the two
valves disposed on the link will bump against the fixed end stop at Tidal Volume Zero to
initiate pressurized gas flow to the small cylinder (1001), initiating its upward movement,
thereby pulling the large cylinder (100e) upward and generating a negative pressure to remove

the CO2 (oxygen depleted air) from the lungs

Flow of pressurized air is shown (curved arrow) into the inlet port 120i of the cylinder 1001
Flow of air from the patient's lungs is shown (curved arrow) into the inlet port 120e of the

cylinder 100e

It bears mention here that the first part (phase) of the breathing cycle likely to be initiated by the

apparatus would be the exhale phase. This may be attributed to a "start" situation, before

pressure is provided, where the two pistons fall to the bottom of their travel, due to the weight

(230) and air escaping into the environment. When pressure is applied, the pistons start to move

upward, and the exhalation phase (pages 1,2 of the Appendix) starts. At the end of the exhalation
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phase, the valves contact the movable end stop (set at the desired Tidal Volume), and the
inhalation phase (pages 3.4 of the Appendix) of the breathing cycle begins as the pistons
commence their downward travel. Hence, the descriptions of the breathing cycle set forth herein

being "exhale, then inhale" (rather than "inhale, then exhale").

Page 2 (Exhalation Step)

This page shows the same elements (components) that were shown on Page 1, and illustrates

what happens during the exhalation phase of the breathing cycle.

A duration of the Exhalation Step (compare FIG. 2A) may be set (by the physician) by setting
the flow regulator (214) to adjust the fill rate of the small cylinder (1001).

The images in Appendix 1 are more detailed in some respects than in FIGs. 2A/B, and include a

flow regulator which is separate from the pressure regulator (214) and is set to a fixed pressure

due to cylinder size selection. A flow regulator controls the inflation rate of the cylinder and
therefore the exhale duration cycle. Also a separate flow regulator may be disposed in the circuit

after the pressure regulator (216).
At a common "default" setting of 12 breaths per minute (bpm), the duration of a breathing cycle
is about 5 seconds. Exhalation is about 1-2 seconds of the 5 second duration. Inhalation is about

3-4 seconds of the breathing cycle.

The illustration on Page 2 shows that the link (220) has moved upward towards the movable end

stop to a position corresponding with approximately 400ml Tidal Volume.

This represents the end of the exhalation phase of the breathing cycle.

Page 3 (Inhalation Initiation)

This page shows the same elements (components) that were shown on Page 1.

This page additionally shows
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a filter (P100)

The illustration on Page 3 shows that the rod (220) has (at the end of the exhalation phase)

moved upward to the movable (adjustable) end stop to a position corresponding with

approximately 450ml Tidal Volume, whereupon

the link (and valves) stops

the valves are operated (switched);

the weight (230) starts to force the link (220) and pistons (1041, 104e) downward; and
the inhalation phase of the breathing cycle begins.

More particularly, when the link (220) and the valves reach the movable (adjustable) end stop,

the following things happen:

the small cylinder (1001) valve switches over from (i) providing pressurized air from the
source (210, 212) to the small cylinder (1001) to (ii) communicating air in the lower portion
(102d) of the cylinder (100i) to the patients lungs, optionally through a flow regulator (as
shown). The air pressure being delivered to the patient may be regulated to 0.5 - 1.0 psi.
(One regulator controls the inlet gas pressure to the cylinder inflation pressure, another

regulator limits the cylinder inflation pressure down to the lung inhalation pressure.

the large cylinder (100e) valve switches over from (i) communicating air from the patient's
lungs to the bottom portion (102d) of the large cylinder (100e) to (ii) expelling air to the
environment, optionally through a filter; and

the inhalation phase of the breathing cycle will commence, as illustrated at pages 3,4 of the

Appendix.

Before going further, it is worth noting that the following adjustments may be made (by the

physician):

the desired Tidal Volume has been set by adjusting the movable end stop; and

- the flow regulator that sets the inflation rate of the small cylinder at inlet 120i; and

- the pressure regular (216) and flow regulator at output of 122i.
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The illustration at page 3 of the Appendix shows:

flow (curved arrow) of previously pressurized air out of the outlet port (1221) of the small
cylinder (1001)
flow (curved arrow) of air which was extracted from the patient's lungs, out of the outlet port

(122¢) of the cylinder (100e), through a filter (P100) and into the environment.

Recall that each cylinder 1001 and 100e may have a single port acting as its inlet and outlet gas

ports. In other words:

the inlet port 1201 and the outlet port 1221 of the cylinder 100i may be implemented as a
single port
the inlet port 120e and the outlet port 122e of the cylinder 100e may be implemented as a

single port

In this inhalation phase of the breathing cycle, the two valves bump against the Movable End

Stop, and they both open, resulting in the following:

With the weight 230 acting upon the link 220, this causes the pistons 1041 and 104e in the
cylinders 1001 and 100e, respectively, to move downward which (with respect to the cylinder
1001) allows for and initiates the release (arrow) of a volume of previously pressurized gas out

of the cylinder 100i, through a flow regulator (216), into the patient's lungs.

The piston 104e in the cylinder 100e also moves downward, and CO2 gas (previously
gathered exhaled, de-oxygenated air) in the large cylinder 100e is pushed out (arrow) and

vented in the environment through a particulate filter (P100).

Page 4 (Inhalation Step )

This page shows the same elements (components) that were shown on Page 1.

This page shows that the link (220) has begun to move downward, away from the movable end

stop and towards the fixed end stop.
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As mentioned before, at a common "default" setting of 12 breaths per minute, the duration of a

breathing cycle is about 5 seconds. Exhalation is about 1-2 seconds of the 5 second duration.

Inhalation is about 3-4 seconds of the breathing cycle.

The end of the inhalation phase of the breathing cycle is demarked by the link (220) reaching the

fixed end stop, at which point the following things happen:

the small cylinder (1001) valve switches over from (i1) communicating air in the lower portion
(102d) of the cylinder (100i) to the patients lungs to (i) providing pressurized air from the
source (210, 212) to the small cylinder (1001)

the large cylinder (100e) valve switches over from (ii) expelling air to the environment,
optionally through a filter to (i) communicating air from the patient's lungs to the bottom
portion (102d) of the large cylinder (100e) to; and

the exhalation phase of the breathing cycle will commence, as illustrated at pages 1,2 of the

Appendix.

The duration of the Inhalation Step is set by the Tidal Volume, plus the pressure and flow

regulators that reside on the tubing going into the lungs.

There has thus been described, in the text above as may be illustrated by the descriptions on

pages 1-4 of the Appendix, an apparatus, system and method for assisting a patient to breathe by

(Pages 1-2) extracting used air from the patient's lungs during an Exhale Step (or exhale phase
of an overall breathing cycle)
(Pages 3-4) providing pressurized air to the patient's lungs during an Inhale Step (or inhale

phase of an overall breathing cycle)

Notably, the system may operates substantially entirely mechanically, without electronics.

The system basically comprises:

two pistons, a piston 104i in a smaller cylinder 1001 and a piston 104e in a larger cylinder

100e;
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a link 220 which will ensure that the two pistons move up and down in unison with one
another;

a source of pressurized air;

two valves, one per cylinder; and

two flow regulators, one servicing the inlet port (exhalation phase; pages 1-2) and one

servicing the outlet port (inhalation phase pages 3-4) of the pressurized cylinder.

A weight 230 is disposed on the link to provide a downward (restoring) force upon the pistons.

Mechanical stops establishing limits for upward and downward movement of the pistons, and

setting the desired Tidal Volume.

The two valves were described and illustrated as being mounted on the link (220), which is
moving up and down. Assuming (reasonably) that the pressurized air source, cylinders and
patient circuit are "fixed" (not moving), some flexible tubing may be required between the valves
and their respective cylinders. This may introduce a "weak link" into the system, the tubing
being flexed incessantly and repeatedly, such as at 12 cycles per minute, or 17280 times per day.
And, a single patient's time "on the ventilator" is typically measured in days (plural)! For 5 days
of treatment, approximately one hundred thousand flexures of the tubing (and associated fittings)
may occur. Although flexible tubing is regularly utilized for breathing air circuits and may be
required to be changed between patients, it may be advantageous to eliminate the tube and fitting

movements.

Page 5

This page illustrates an alternative to moving the valves relative to the cylinders. In this
arrangement, the valves remain in a fixed position - i.e., they do not need to move relative to the

supply, the pistons, the patient circuit, etc.

In this "embodiment”, the Spool Valves are fixed with respect to the cylinders, rather than being

mounted to the link (220).
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The Tidal Volume Scale linkage may be adjustable with respect to the link (220). The valves
may be bumped against the Cylinder Rods Linkage (defined as Tidal Volume = 0 when cylinders
are empty) to initiate pressurized gas flow to the small cylinder 100i. The Tidal Volume Setting
based on the Tidal Volume Scale determines the distance the rods move upward. Once the Tidal
Volume Scale bumps the valves, the desired Tidal Volume is reached. The Spool Valves reverse

direction and downward movement is initiated.

Appendix 2
Appended hereto and forming a portion of the disclosure hereof is a document entitled "Alternate

Embodiment" which shows some alternate embodiments, as follows

Page 1 shows an alternate embodiment where weight (230) placement reduces (lowers) the
center of gravity. Note that the connecting rods are disposed in the operative parts of the
cylinder, below their respective pistons. Hence, as mentioned with respect to FIG. 3A
(concerning the "inverted" cylinder 100e), when the rod side volume of the cylinder is utilized

the rod area must be subtracted from the piston area when calculating net area and volume.

Note also that a complete ventilator apparatus is shown on the left-hand side of the illustration.
Here, the size difference between the two cylinders is apparent. And the weights are shown

disposed below the link.

Page 2 shows an alternate embodiment similar to that shown in FIG. 3A, with one cylinder
disposed in-line with and above (or below) the other. A cylinder rod linkage (link 220) is shown

"connecting” the two (or common single) connecting rods.

Page 3 shows an alternate embodiment similar to that shown in FIG. 3A, with one cylinder
disposed in-line with and above (or below) the other. In contrast with the embodiment shown at
Page 2 (and many of the other embodiments described herein, in the Page 3 embodiment, rather
than the connecting rods(s) moving and being connected with one another by a link (and the

cylinders are fixed), in this embodiment it is the cylinders that move and the connecting rods that
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are fixed. And, in this case, the link (compare 220) connects the two cylinders together (rather

than connecting the rods together) to move in unison with one another.

Page 4 shows some alternate embodiments where a single or dual double-ended cylinders (these
double-ended cylinders push one object while pulling another) simplify the mounting of weights
to a coaxial design which simplifies mechanics; plus provides additional means for attaching the

Tidal Volume adjustment.

Some Final Comments

There has been described, hereinabove, a dual cylinder ventilator apparatus that is substantially
entirely mechanical, including (i) the two cylinders, and (ii) the control mechanism (e.g.,

mechanical stops, etc.).

In the embodiment(s) described above, typically the small cylinder has a small connecting rod,
and the large cylinder has a large connecting rod. Alternatively, the small cylinder could have a

large connecting rod, and the large cylinder could have a small connecting rod.

In yet another embodiment (not shown), rather than having a single cylinder on each of the
inhale and exhale sides, a plurality of cylinders may be used for either or both of the inhale and
exhale sides to accommodate tight spaces or other restrictions as long as the sum of their

respective areas (Ai and/or Ae) complies with the relationship Pi Ai = Pe Ae.

Appendix 3

This shows an embodiment which may use disposable syringes as the cylinders. The Inhale
cylinder may be a single syringe. The Exhaust cylinder may comprise a plurality (four shown)
of syringes. In other words, a larger displacement cylinder (such as the exhaust cylinder) may
have a larger bore (diameter), a larger stroke, or may comprise a bank of two or more smaller

cylinders.

Appendix 3 illustrates what may be considered to be a disposable device, using one 300cc

syringe for inhale and four additional 300cc syringes for exhale. The exhale syringes (bank of
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cylinders) may be disposed around the single inhale syringe (cylinder). The "numbers2 work out
very well with supply pressure set to 44psi (for the specific 300cc syringes), but may change
with another supplier's syringes as the piston size may be different. Ideally, the syringes, tubing,
pressure and flow regulators, as well as the valves can all be made to be single use. The structure

for holding the syringes and weights can be the only non-disposable items.

Controls, etc.

It is possible, and within the scope of the invention, to implement the controls with electronics,
such as with appropriate sensors, solenoids, actuators, and the like. And, once the control
mechanism is electronic, it can readily be computer-controlled. It is also possible to control the

movement of the pistons with mechanical means such as actuators.

With the addition of another valve(s), pressurized air could be used to push down one (or both)
of the pistons, instead of using a weight (or to reduce the mass of the weight). However, if
running on oxygen only, then the gas is wasted to perform work that gravity can do. If that is not
a consideration (such as if air, rather than oxygen is being used), then the weights can be

eliminated.

The operation of the system may have been described with a sequence of exhale, inhale ...
(exhale first, rather than inhale first). Usually ventilators are powered up prior to connecting to
the breathing circuit, so the cycle initiation is not critical. Due to the weights, our cycle starts
with exhale, but if gas is used for the down cycle then we can start with inhale. In other words,
using compressed gas (maybe a secondary cheap air compressor source so Oxygen is not wasted)

as a compression force to replace (or augment) the weights.

Several ventilator designs may be found at:
https://www.businesswire.com/news/home/20200507005278/en/CoVent-19-Challenge- Attracts-
200-Ventilator-Design-Submissions

(CoVent-19 Challenge Attracts More Than 200 Ventilator Design Submissions as 7 Teams Build
Working Prototypes in Finalist Round)
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Some general information about ventilators may be found at:
https://www.youtube.com/watch?v=7vLPefHY WpY
(A Guide To Designing Low-Cost Ventilators for COVID-19)

Here is a ‘pneumatic’ ventilator device:
https://www.youtube.com/watch?v=t{pG_ZUk1HO
(Helix Portable Ventilator - Adult or Paediatric)

See also:
https://www.youtube.com/watch?v=gk Qf-JAL84
(Mechanical Ventilation Explained - Ventilator Settings & Modes (Respiratory Failure))

While the invention(s) may have been described with respect to a limited number of
embodiments, these should not be construed as limitations on the scope of the invention(s), but
rather as examples of some of the embodiments of the invention(s). Those skilled in the art may
envision other possible variations, modifications, and implementations that are also within the

scope of the invention(s), and claims, based on the disclosure(s) set forth herein.
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CLAIMS

What is claimed is:

1. Ventilator (200) comprising:

a first cylinder (1001) having a first piston (1041) and a first connecting rod (110i);

a second cylinder (100e) having a second piston (104e) and a second connecting rod (110e);
and

a link (220) between the two connecting rods so that the two pistons move in unison with

one another.

2. The ventilator of claim 1, further comprising:
an inlet port (1201) on the first cylinder for receiving pressurized gas from a source;
an outlet port (1221) for delivering pressurized gas to a patient circuit; and
an inlet port (120e) on the second cylinder for receiving air exhaled by a patient; and

an outlet port (122¢) on the second cylinder for venting the exhaled air.

3. The ventilator of claim 1, further comprising:

a combined inlet/outlet port on the first cylinder for receiving pressurized gas from a source
and for delivering pressurized gas to a patient circuit; and

a combined inlet/outlet port on the second cylinder for receiving air exhaled by a patient and

for venting the exhaled air.

4. The ventilator of claim 1, further comprising:

a first valve associated with the first cylinder for switching between receiving pressurized
gas from a source and delivering pressurized gas to a patient circuit; and

a second valve associate with the second cylinder for switching between receiving air

exhaled by a patient and venting the exhaled air.
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5. The ventilator of claim 1, further comprising:
a fixed stop (or reference point) at Tidal Volume = 0; and

a movable end (or set point) to select a desired Tidal Volume.

6. The ventilator of claim 5, further comprising:

a first valve associated with the first cylinder for switching from receiving pressurized gas
from a source to delivering pressurized gas to a patient circuit when a limit associated with a
desired Tidal Volume is achieved; and

a second valve associate with the second cylinder for switching from receiving air exhaled
by a patient to venting the exhaled air when a limit associated with zero Tidal volume is

achieved.

7. The ventilator of claim 1, wherein:

the second cylinder comprises a bank of smaller cylinders (Appendix 3).

8. A method of ventilating a patient, comprising:
with the dual cylinder medical ventilator system of claim 1, alternately providing (i)
pressurized air to the patient for inhalation and (i1) "negative pressure" to the patient for assisting

in removing exhaled air from the patient.

9. Pneumatic cylinder medical ventilator, comprising:

a first pneumatic cylinder (1001) having a cylindrical wall, a first diameter (ID), a first (top)
end, and a second (bottom) end;

a first piston (1041) disposed in the first cylinder and capable of moving up and down within
the first cylinder;

a first connecting rod (110i) extending from outside the first cylinder, through the top end
thereof, and capable of moving the first piston up and down (axially) within the first cylinder in
response to a motive force provided by an external instrumentality;

wherein a first (upper) portion of the first cylinder is defined as an area (i.e., volume) within

the first cylinder, above the first piston;
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wherein a second (lower) portion of the first cylinder is defined as an area (i.e., volume)
within the first cylinder, below the first piston;

a second pneumatic cylinder (100e) having a cylindrical wall, a second diameter (ID), a
second (top) end, and a second (bottom) end;

a second piston (104e) disposed in the second cylinder and capable of moving up and down
within the second cylinder;

a second connecting rod (110e) extending from outside the second cylinder, through the top
end thereof, and capable of moving the second piston up and down (axially) within the second
cylinder in response to a motive force provided by an external instrumentality;

wherein a second (upper) portion of the second cylinder is defined as an area (i.e., volume)
within the second cylinder, above the second piston;

wherein a second (lower) portion of the second cylinder is defined as an area (i.e., volume)
within the second cylinder, below the second piston; and

a link (220) connecting the first and second connecting rods, causing the first and second
pistons to move, in unison, when one or the other of the pistons is caused to move by an external

force (such as pressurized air).

10. The pneumatic cylinder medical ventilator of claim 9, further comprising:

first vent ports disposed in the upper portion of the first cylinder, above the first piston to
prevent resistance to piston movement (i.e., due to the air resisting being compressed);

second vent ports disposed in the upper portion of the second cylinder, above the second
piston to prevent resistance to piston movement (i.e., due to the air resisting being compressed);

a first inlet gas port provided in the lower portion of the first cylinder (in the wall,
alternatively, in the bottom end) of the first cylinder, below a bottommost (lowermost) position
of the first piston;

a first outlet gas port, which may be integral with or separate from the first inlet gas port,
provided in the lower portion of the first cylinder (in the wall, alternatively, in the bottom end) of
the first cylinder, below a bottommost (lowermost) position of the first piston;

a second inlet gas port provided in the lower portion of the second cylinder (in the wall,
alternatively, in the bottom end) of the second cylinder, below a bottommost (lowermost)

position of the second piston; and
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a second outlet gas port, which may be integral with or separate from the second inlet gas
port, provided in the lower portion of the second cylinder (in the wall, alternatively, in the
bottom end) of the second cylinder, below a bottommost (lowermost) position of the second

piston.

11. The pneumatic cylinder medical ventilator of claim 9, wherein:

the first piston comprises a disc-like structure having an outer diameter (OD) corresponding
with the diameter (ID) of the first cylinder; and

the second piston comprises a disc-like structure having an outer diameter (OD)

corresponding with the diameter (ID) of the second cylinder.

12. The pneumatic cylinder medical ventilator of claim 9, further comprising:
means for creating an air-tight seal between the first piston and the first cylinder; and

means for creating an air-tight seal between the second piston and the second cylinder;

13. The pneumatic cylinder medical ventilator of claim 9, wherein:
the second diameter (bore of the second cylinder) is greater than the first diameter (bore of

the first cylinder).

14. The pneumatic cylinder medical ventilator of claim 9, wherein:

the second piston has a longer stroke than the first piston.

15. The pneumatic cylinder medical ventilator of claim 9, further comprising:

a weight disposed on the link to impart a downward force to the first and second pistons.
16. The pneumatic cylinder medical ventilator of claim 9, further comprising:
first stops, defining a lower limit for movement of the pistons;

second stops limiting the upward motion of the pistons.

17. The pneumatic cylinder medical ventilator of claim 9, further comprising:

a first valve associated with the first cylinder; and
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a second valve associated with the second cylinder.

18. A pneumatic cylinder medical ventilator system comprising:

the pneumatic cylinder medical ventilator of claim 9; and

a source of pressurized air comprising either (i) a first supply of air (or oxygen), such as may
be supplied in a hospital room, such as at a pressure of 50 - 55 psi, or (ii) a second supply of air
(or oxygen), such as may be supplied in a stand-alone tank, such as at a pressure of 200psi

(regulator included).

19. The pneumatic cylinder medical ventilator system of claim 18, further comprising:
a first regulator valve, receiving the pressurized air; and

a second regulator valve, controlling flow of air out of the first cylinder.
20. The pneumatic cylinder medical ventilator system of claim 18, further comprising:

a patient circuit selectively connected to (1) the inlet gas port of the second cylinder (FIG.

2A) and (i1) the outlet gas port of the first cylinder (FIG. 2B).
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