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ExMC Oxygen Concentrator Module (OCM)

• Gap 4.04:  We do not have the capability to deliver supplemental oxygen to 
crew members while minimizing local and cabin oxygen build-up during 
exploration missions. 

Solution: Develop an oxygen 
concentrator that provides a 
source of enriched oxygen from 
spacecraft cabin air for use in 
spacecraft emergencies that can 
be deployed rapidly, is portable 
and eliminates the possibility of a 
buildup of enriched oxygen, 
preventing a fire hazard.



Operational Concept

• Stowage:  
– near other medical equipment, easily accessible
– plugged into a power source for battery maintenance 

• Setup:  
– System retrieved from its docking station 
– delivery hoses will be attached to the unit 
– the system will be taken to the patient  

• Operation:
– activate in manual mode, default 50% O2, 6 LPM 
– select interface (face mask, nasal cannula, etc.) and attach
– adjust settings as warranted by patient condition  (closed loop, etc)
– status information (O2%, LPM, etc) transmitted wirelessly to the 

Exploration Medical System Demonstration and/or to the ground. 
• Re-stow:

– Remove patient interface, deactivate unit
– Remove hoses, clean or dispose of relevant components
– The system will be placed back in its original stowage location.



Medical conditions requiring oxygen support

* Likelihood based on IMM outputs of 100,000 simulations of a six month ISS mission with six crew members and 3 EVAs



Medical conditions, continued

* Likelihood based on IMM outputs of 100,000 simulations of a six month ISS mission with six crew members and 3 EVAs



ExMC Oxygen Concentrator Module (OCM)

Status:
• ExMC Advisory Board recommended scale up to 15 lpm rate @ 90% O2

and a closed  loop feedback system regulating O2 output to tissue 
oxygenation level.

• Most probable need is for smoke inhalation, so an inlet filter is also 
needed.

• A new Phase 1 SBIR has been advertised that includes the higher flow 
range, closed-loop oxygenation, and filtering.  6 proposals have been 
received.

• We are also considering the synergy with ECLSS/EVA, where the OCM 
could be an integral part (first stage) of an oxygen “generation” (O2 tank 
pressurization) system for an Orion type vehicle (long duration class 
mission)
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Closed Loop Oxygenation

Co-Oximeter Measurements:
Total Hemoglobin (SpHb®) 
Oxygen Content (SpOC™) 
Carboxyhemoglobin (SpCO®) 
Methemoglobin (SpMet®) 
Oxygen Saturation (SpO2), 
Pulse Rate (PR), Perfusion 
Index (PI), and Pleth Variability 
Index (PVI®)

• An explicit computerized protocol (ECP) is an explicit 
protocol supported by computer science to apply the 
instruction for a given patient at a given time. 

• ECP might be in a laptop or integrated into the 
ventilator or monitoring device. The medical 
knowledge is usually implemented in the ECP 
through “if... then“ rules. For example: if the SpO2 is 
< 88%, then increase FiO2 by 10%. 

• The rules can be more complex and based on a 
validated physiological equation, such as the Otis 
equation.

• Currently most of the ECPs used commercially for 
mechanical ventilation involve both open and closed-
loop ventilation rules. 



Fire-fighting and Smoke Inhalation

ISS:   oxygen mask and portable O2 bottle (15 minutes) 
filter mask, breathing filtered cabin air (? minutes)
Future:  Oxygen concentrator with inlet filter 

PSA: extinguisher CO2 exhausted in N2 stream



OCM  for future EVA Pre-Breathe?

• The ISS pre-breathe protocol involves breathing pure oxygen for a total of 2 
hours and 20 minutes and includes a short period of high-intensity exercise at 
the beginning of the pre-breathe procedure. 

• Future exploration atmosphere pre-breathe requirements are TBD.



Abstract
DEVELOPMENT OF AN OXYGEN CONCENTRATOR FOR FUTURE EXPLORATION MISSIONS
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Future space missions will take astronauts beyond Earth’s orbit. These exploration missions may be long in duration (e.g. 36 months), which 
requires that medical support be available for the crew. This medical support will include advanced life support equipment, which includes 
supplemental O2 and patient ventilation with oxygen. The current medical oxygen aboard ISS is from 100% oxygen tanks, which enriches the 
ambient oxygen concentration, which in turn increases the risk of fire. This risk is exacerbated in smaller exploration vehicles. Providing a 
method of oxygen therapy that keeps the oxygen levels below the vehicle fire limit, will allow extended duration of oxygen therapy without 
intervention required to reduce the cabin oxygen levels. 

Two technologies for the oxygen concentrator are being evaluated. The first technology is based on the Pressure Swing Adsorption (PSA) 
method, and the second technology is based on a catalytic electrochemical nanocomposite proton exchange membrane stack. The PSA 
method extracts oxygen from the air by molecular separation of the nitrogen and oxygen within the zeolite beds, and then providing the 
oxygen to the patient. Most PSA systems have multiple packed beds that operate in sequence to provide a constant flow of oxygen. The 
electrochemical membrane stack relies on liquid water and produces oxygen. The water is electrolysized into oxygen and hydrogen, the 
oxygen is extracted, and the hydrogen formed flows to a catalyst, where it reacts with atmospheric oxygen to form water which flows back to 
the proton-conducting membrane for further electrolysis.

Based on Integrated Medical Model Likelihood predictions, the most probable scenario for medical oxygen need is the treatment of smoke 
inhalation. Since an oxygen concentrator uses cabin air as the source of oxygen, the air must be filtered to remove smoke, carbon monoxide, 
and other trace contaminants to avoid concentrating these as part of the oxygen stream and exacerbating the patient’s condition. To address 
this scenario, a smoke filter similar to that currently used on ISS for fire events would be attached to the inlet of the oxygen concentrator.  
For patients requiring mechanical ventilation, a closed-loop controller using feedback from a pulse oximeter can maintain the blood oxygen 
saturation levels via well studied ventilation protocols. This automated control and monitoring system simplifies the caregiver’s role in 
ventilation, and provides data for remote monitoring of the patient’s condition by flight medical personnel on the ground.

In addition to treating medical conditions, the oxygen concentrator could be an option for pre-breathing protocol by the crew in preparation 
for Extravehicular Activities (EVA). The portability of the system could allow the astronaut the ability to move around and perform other 
activities while completing the pre-breathing protocol. It could also be used for atmospheric contamination events such as spills or a fire to 
avoid smoke inhalation.  The replaceable inlet filter on the unit would remove toxic gases from the oxygen delivery stream, allowing the user 
to breathe in oxygen free of smoke, dust, or other contaminates. 
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