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Equipped with integral propulsion and manipulators, the Single-Person Spacecraft (SPS) 
is designed for the inspection, servicing, and repair of exploration and commercial spacecraft 
during operational missions.  No airlock is required and because the SPS operates at the same 
cabin atmosphere as the host spacecraft, there is no lengthy pre-breathing of pure oxygen or 
risk of the bends.  The SPS is shaped around the astronaut’s weightless neutral body posture 
providing an excellent field-of-view with internal displays and controls for efficient flight and 
task operations.  Essential Life Support and Thermal Control functionality is provided by the 
spacecraft’s Air Management System (AMS).  The SPS AMS is responsible for maintaining a 
safe and comfortable atmosphere for a single occupant during all phases of spacecraft 
operations (including contingency operations). Primary subsystems include Absolute Pressure 
Control, Air Revitalization, Fire Detection and Suppression, Active Thermal Control, and 
Instrumentation.  This paper identifies driving requirements and provides an overview of the 
recently completed Air Management System conceptual design. 

Nomenclature 
AMS = Air Management System 
CCT-ARS = Commercial Crew Transport Air Revitalization System 
CONOPS = Concept of Operations 
ECLSS = Environmental Control and Life Support System 
HCS = Humidity Control Subassembly 
LEO = Low Earth Orbit 
ISS = International Space Station 
MMOD = Micrometeoroid Orbital Debris 
NC-HX = Non-condensing Heat Exchanger 
PLSS = Portable Life Support System 
SBIR = Small Business Innovation Research 
SPS = Single Person Spacecraft 
TBV = To be verified 
TCCA = Trace Contaminant Control Assembly 
TCS = Thermal Control Subsystem 
WME = Water Membrane Evaporator 
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I. Introduction 
HE initial concept for a single-person spacecraft can be traced to Werner von Braun’s Bottle Suit, and until now, 
few of these vehicles have progressed beyond concept generation.  The current private development of the Single-

Person Spacecraft (SPS) shown in Figure 1 has made considerable progress in analysis design and testing, and with 
plans for a robotic flight demonstration followed by piloted applications. i 

Figure 1. SPS is the latest and most developed single-person spacecraft concept to date. 
 

The SPS provides external operations for a broad range of in-space tasks including the inspection and servicing of 
the International Space Station (ISS), telescopes, satellites, habitats, as well as exploration of low gravity moons such 
as Phobos and Demos.  It can be piloted or tele-operated and because the cabin pressure is the same as the host vehicle, 
it allows immediate access to space without pre-breathing or an airlock. The SPS propulsion system means the crew 
can to get to and spend more time at the work site rather than translating back and forth hand-over-hand.  Sized for 
the full astronaut population, it provides a comfortable shirt sleeve, environment complete with the displays and 
controls necessary for flight operations and task management.  The SPS is with equipped with lights, cameras, and 
interchangeable manipulators for dexterous servicing or sample collection. 

Because many space programs are large and complex with many interfaces and a long development times they 
benefit from a comprehensive systems engineering approach.  But that does not mean that systems engineering has to 
lead or dominate.  The SPS “Lite Systems Engineering” approach focuses on generating solutions then feeding these 
back into the evolutionally spiral.  Furthermore, not all decisions need trade off analyses, instead engineering 
judgment, and reliance on proven hardware and performance play an important role in moving the design forward.  
Another reason “Lite” Systems Engineering is the best fit is that SPS does not have a customer providing specific 
requirements.  Instead, like airplanes, automobiles, phones, and other commercial ventures, SPS development is 
inspired by offering a new capability focused on a market for safe, efficient external space operations. 

The SPS design and development approach also slightly alters the classic aerospace development process with the 
intent of accelerating decision making.  Often, excessive resources are spent creating and refining requirements only 
to be changed (for good reason) as the product matures.  Establishing and maintaining flow-down, traceability, and 
configuration is good discipline but it drains resources and makes the project less flexible.  Therefore, understanding 
the risk, SPS has adopted a “Ready! Fire! Aim!” approach meaning it’s better to decide then adapt rather continually 
rework requirements. 

The classic aerospace development process also invites making good enough, “better”.  If better results in weighing 
more or being more complex, then for the SPS it isn’t better.  Voltaire was a little more explicit stating that “better is 
the enemy of good.”  With this in mind, the goal for the initial SPS is bare bones…functional without all the 
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enhancements that would make it “better.”  This is easier said than done requiring ever-vigilant management along 
with creating a culture of good enough. 

With these top-level program philosophies established, this paper reports the development status of the SPS Air 
Management System (AMS) which has recently completed two design maturation cycles.  The SPS AMS is 
responsible for maintaining a safe and comfortable atmosphere for a single occupant during all phases of spacecraft 
operations (including contingency operations).  Implementation of the SPS design approach philosophies resulted in 
the establishment of three primary ground rules:  1) Minimize non-recurring development cost, 2) Maximize the use 
of existing flight hardware to the extent practical, and 3) Maximize the use of proven life support processes to the 
extent practical.   

II. Establishment of Driving Requirements 
To begin the effort, a minimalist but sufficient list of driving requirements was established to bound the design of 

the SPS AMS.  A partial listing of these driving requirements is summarized in Table 1 along with notes and/or 
rationale when the origin of the requirement is not obvious. 
 
Table 1. Driving Requirements established for the SPS AMS 
Category Requirement Note/Rationale 
Functional / Performance 
Provide a safe and comfortable atmosphere for one person for at 
least 8 hours 

7 hours is considered nominal and 1 hour is 
contingency 

Maintain air pressure between 96.0 - 106.1 kPa Sea-level nominal +/- 5% 
Maintain air oxygen partial pressure between 20.2 - 22.4 kPa Sea-level nominal +/- 5% 
Maintain air carbon dioxide below 2 mmHg partial pressure  
Maintain air temperature between 70 - 80 F Comfortable shirt-sleeve environment 
Maintain air dew point between 44.6 - 58.6 F The high limit is set to meet a condensation 

requirement and the lower is intended for human 
comfort. 

Maintain gaseous trace contaminants below NASA spacecraft 
maximum allowable concentrations (SMAC) 

 

Remove particulate matter from the air that is larger than 5 
micron (TBC) 

 

At the integrated spacecraft level, prevent condensation on 
spacecraft interior surfaces 
 

This must be met at the integrated vehicle level 
since it will require a coordinated solution between 
the AMS and the structures and thermal control 
subsystems. 

Provide entry hatch vestibule depressurization and 
repressurization capability 

Allows crew member to independently depart of 
return to the host vehicle. 

Safety 
The AMS shall provide 2-fault tolerance to loss of life or vehicle 
at the integrated spacecraft level 

An integrated vehicle solution is required as the 
ability to return to the host vehicle can directly 
contribute to one level of functional redundancy. The AMS shall provide 1-fault tolerance to loss of mission at the 

integrated spacecraft level. 
The AMS shall monitor and report: absolute pressure, oxygen 
partial pressure, carbon dioxide partial pressure, temperature, 
humidity, and fire detection 
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Table 1. Driving Requirements established for the SPS AMS 
The AMS shall provide sufficient compressed air to feed a leak 
with an equivalent diameter of ¼” venting from 10.5 psia (TBC) 
to vacuum for no less than 15 minutes 
 

This assumes that it is acceptable to allow the cabin 
pressure to drop to 10.5 psia in the event of a leak. 
This pressure is safe for human life support and it 
reduces the leak rate and this maximizes stored gas 
useful life.  This lower contingency pressure 
should also not require the crew to take any 
additional action during the leak (e.g. turning on 
supplemental oxygen or donning a mask).  It is 
recognized that the rate of depress from 14.7 psia 
to 10.5 psia must be maintained below a TBD 
maximum depress rate to meet human safety needs.

AMS response to a cabin air leak shall not require crew 
intervention to maintain the cabin absolute pressure or the 
oxygen partial pressure 

 

Interface 
At the integrated spacecraft level provide for display and 
recording of absolute pressure, oxygen partial pressure, carbon 
dioxide, temperature, and humidity 

Utilization of AMS digital sensors that provide 
data to the vehicle master computer for display and 
recording will impart lower cost and complexity 
compared to dedicated AMS-owned display and 
recording capabilities. 

The AMS shall provide for manual control capability by the crew 
including at a minimum power on/off and air temperature control

 

All internally mounted AMS components shall be accessible by 
the crew to accommodate operations, maintenance, and repair 

 

III. AMS Conceptual Design 

A. AMS Function Breakout 
The functional decomposition of the SPS AMS, broken down to the assembly level, is shown in Figure 2. As the 

SPS is a fully functional human-rated spacecraft, the AMS subsystems and assemblies are analogous to those required 
aboard traditional multi-crew spacecraft such as the International Space Station (ISS) or Orion.  It is worth noting that 
a majority of these subsystems and assemblies are also part of the portable life support system (PLSS) required by 
traditional spacesuits. Per the top-level SPS program design drivers and the ground rules identified for this effort, the 
approach taken is to identify simple, flight proven technology/hardware solutions whenever possible.  

B. Major Subsystems and Components 
Given the established SPS development approach, a minimalist and tailored suite of subsystems and components 

were developed to arrive at the AMS conceptual design. Spaceflight proven technologies were selected to the extent 
practical, and newer technologies were inserted when significant advantages (cost, technical, and/or schedule) were 
identified relative to the state of the art. Brief descriptions of primary subsystems and assemblies are provided followed 
by an overview of their layout within the spacecraft. 

 
i. Pressure Control 

As identified in Figure 2, typical free-flying spacecraft Pressure Control functionality is provided by the SPS AMS.  
Although there is a driving requirement to feed a leak to provide time for the crew member to return to the mothership, 
the baseline AMS design assumes that the cabin absolute pressure is allowed to bleed down to 10.5 psia in the event 
of a pressure vessel breach.  As shown in Figure 3, this pressure falls just inside the hypoxic zone and is equivalent to 
an O2 partial pressure (PP) of 2.2 psi.  This partial pressure is just within the 1 hour limit allowed by NASA if the 
crew member has previously been acclimated to an O2 PP range of 2.48 – 2.69 psiii.  It is noted that this pressure is 
significantly higher than that at Pike’s Peak which is regularly visited by tens of thousands of civilians each year and 
the lower contingency cabin pressure reduces the leak rate which in turn maximizes stored gas useful life.  It is also 
acknowledged that in the dynamic and stressing environment for a cabin leak, a lower oxygen partial pressure may 
not be allowed by the flight doctors.  Should Genesis or their customers require the O2 partial pressure design point to 
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move outside of the hypoxic zone during an emergency cabin air leak event, the O2 concentration of the stored 
compressed air can be increased to 24% by volume (dashed red line in Figure 3).  The use of elevated O2 air (commonly 
referred to as Nitrox) would raise the O2 PP to 2.52 psi which is above the NASA minimum requirement ii. It is noted 
that this modest elevation in O2 concentration should not require extensive materials compatibility reassessment with 
regards to flammability but further analysis will be required to confirm this. 

The following assumptions were made to size 
the Emergency Repress Subsystem: 
 The SPS internal free volume is 

approximately 33.8 cubic feet 
 Leak condition equivalent to that through a 

¼” diameter hole  
 Initial cabin pressure: 14.7 psia 
 Allowable contingency cabin pressure during 

a leak event: 10.5 psia 
 Maximum time to feed the leak: 30 minutes 

 
The following system parameters were 

calculated using Paragon’s Orifice Flow 
Calculation tool: 
 Time to bleed from 14.7 psia to 10.5 psia: 

1.17 minutes (conservative assumption that 
ignores emergency air feed that would begin 
when the cabin dropped below 
approximately 14 psia) 

 Air mass flow rate venting from 10.5 psia to 
vacuum: 0.513 lbm/minute (choked flow).  
Equivalent to 6.84 SCFM or 193.8 SLPM.  

 
Given a feed the leak time of 30 minutes and 

excluding the time for the cabin air to bleed from 
14.7 psia to 10.5 psia, 15.4 lbm of air would be 
required to maintain the cabin pressure at 10.5 
psia for the entire duration. 

Assuming a storage pressure of 3000 psia, the 
equivalent pressure tank volume would be 1.02 
cubic feet or a spherical tank with an internal 
diameter of approximately 1.25 feet.  In the 
baseline design, this volume is broken into two 
separate storage volumes to improve redundancy 
and also aid in packaging (two smaller pressure 
vessels instead of one larger vessel).  The tanks 
were initially packaged within the habitable volume to reduce the system integration complexity but given their 
relatively large size, they were moved to the exterior of the spacecraft.  Situating the tanks external to the cabin 
necessitates several additions to the design: 
 Temperature sensors was added to monitor the tanks at all times 
 An additional bulkhead pass-through was added to allow for the pass-through of the high pressure lines from 

the nitrox tanks to the interior of cabin 

Recommended future work includes completing a detailed micrometeoroid orbital debris (MMOD) and thermal 
analysis to assess the environment of the externally mounted tanks.  Although the analysis will be conducted using 
low-earth orbit (LEO) MMOD models, there is no “orbital debris for operations beyond LEO and the micrometeoroid 
environment is not well characterized.  At this phase of development it is reasonable to assume that the MMOD and 
thermal protection provided for propulsion tanks should be sufficient for the nitrox tanks as well.   

Figure 2: SPS AMS Functional Decomposition.  



 
International Conference on Environmental Systems 

 

 

6

Other pressure control capability includes redundant and passive valves to provide positive pressure relief, and a 
separate valve set provides for manual pressure control of the vestibule pressure (depress prior to departure or repress 
prior to hatch opening).  The manual vestibule pressure control valves can also provide emergency over pressure relief. 

 

 
Figure 3. Oxygen level versus cabin pressure data (Fig 3.9, p 37 of NASA-STD-3000 56). 

ii. Instrumentation 

Minimal but sufficient instrumentation must be provided to 
report that status of critical life support and thermal control 
parameters, subsystems, and consumables.  Information is limited 
to that which can directly inform the astronaut about the health and 
status of the AMS and the cabin environment. A Vista Photonics’ 
gaseous constituent analyzer has been baselined for monitoring and 
reporting O2, CO2, humidity, temperature, absolute pressure and 
carbon monoxide (CO). Vista Photonics’ all optical architecture 
utilizes near to mid-infrared laser absorption along with precise 
measurement of temperature and pressure to quantify the 
concentration of atmospheric primary constituents.  The SBIR 
Phase III-developed platform includes a proprietary, compact and 
rugged, enhanced optical path, sample cell that is common to all 
sensed species detection channels.  The cell simultaneously 
eliminates problematic, expensive, optics common to typical 
absorption spectrometers while enhancing performance.  The sensor package readily measures O2, CO2, CO, humidity, 
temperature, and pressure.  As CO is a primary combustion product, it is monitored continuously for fire detection 
along with the other parameters.  

A 4-channel flight demonstration unit was manufactured with redundant channels to monitor O2 and CO2. Both 
the O2 and CO2 detection channels operate in the near infrared wavelength range using proven, low-power, vertical 
cavity surface emitting lasers.  The flight demonstrator analyzer operates on battery power for over 16 hours but can 
also be powered by USB or 28 VDC vehicle power.  This unit operated continuously for over seven months on the 
International Space Station (ISS) and demonstrated excellent agreement with the onboard gold standard, mass 
spectrometry-based, Major Constituents Analyzer (MCA) in the US segment.  Vista Photonics has begun development 
of an 8-channel unit for the NASA Johnson Space Center and a ground development unit has been delivered.  The 4-
channel flight demonstrator and 8-channel ground development unit are shown in Figure 4 and Figure 5, respectively.  

Figure 4: Vista Photonics 4-Channel Multi-
gas Analyzer Flight Demonstrator 
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Gas storage, cabin absolute pressure, and Berthing 

Vestibule delta-pressure analog gauges will provide 
primary monitoring of these parameters. Gauges are 
sourced from state of the art aerospace manufacturers.  
The cabin air temperature will be monitored by analog 
temperature sensors as well.  Digital pressure and 
temperature sensors can be added if vehicle-level 
trades/decisions determine the added, mass, power, 
volume, and operational complexity warrant their 
inclusion (e.g. for remote/external monitoring and/or 
automated control). 

iii. Air Revitalization 

Inlet Filter Assembly – The Inlet filter is a scaled 
unit from Paragon’s Commercial Crew Transport – 
Air Revitalization Subsystem (CCT-ARS). iii  It 
consists of a metallic and hydrophobic coarse air filter 
followed by a HEPA filter element.  The first filter is 
flush mounted at the air return inlet for easy access by 
the crew for cleaning, and the entire assembly is packaged as a field replaceable orbital replacement unit (ORU).  

KO2 Assembly – A combined CO2 removal and O2 production technology that has been utilized aboard the Russian 
Soyuz vehicle for decades and in the terrestrial mine safety industry is baselined.  Potassium Super Oxide (KO2) 
requires only the flow of cabin air across a disposable packed bed of the material.  Expired humidity and CO2 
chemically react with KO2 and trace amounts of Lithium Hydroxide (LiOH) to remove CO2 from the atmosphere and 
liberate oxygen.  The disposable bed is packaged as an ORU and is sized to operate for a single 8 hour mission (7 
hours nominal and 1 hour contingency).  A spare ORU is included on each flight as an additional contingency measure. 

Trace Contaminant Control Assembly (TCCA) – A packed bed consisting of activated carbon, acid-impregnated 
activated carbon, and ambient temperature catalytic oxidizer is utilized to maintain airborne trace contaminants below 
the 24 hour Spacecraft Maximum Allowable Concentration (SMAC) levels identified by NASA. The design is adapted 
from the TCCA developed for Paragon’s CCT-ARS iii  Contaminant levels are actually maintained at the ½ SMAC 
levels per established industry convention. The disposable bed is currently packaged as an ORU and intended to 
complete multiple missions prior to change out.  Maximum bed life will be traded against pressure drop as the final 
design is developed.  If pressure drop and fan power are limiting, the TCCA ORU may be integrated into the KO2 
ORU to simplify operations.   

Humidity Control – A subscale unit of Paragon’s existing flight-rated Humidity Control Subassembly (HCS) is 
proposed.  The HCS has completed qualification and delivery to Boeing for their CST-100 commercial crew transport 
spacecraft. iv  This technology has no moving parts and it vents water vapor directly to space vacuum to control 
humidity during flight. Similar to the KO2 and TCCA Assemblies, it only requires the flow of cabin air through the 
unit to perform its function. 

Blower – A near off the shelf COTS aerospace blower is expected to meet flow and pressure drop requirements.  
As is the case with nearly all cabin fan/blower, the primary design issues will be meeting levied acoustic/noise and 
electrical power requirements.  

Non-Condensing Heat Exchanger (NC-HX) – The NC-HX is scaled from the unit designed for Paragon’s 
Commercial CCT-ARS. iii  It is of stainless steel construction analogous to those used aboard the Space Shuttle and 
the ISS.  Although slightly heavier than an aluminum HX, it is resistant to corrosion and fouling and designed to last 
for the useful life of the SPS. 

Gentex Customized MBU-20A/P Oxygen Mask. An oral-nasal mask such as the one shown in Figure 6 is provided 
to provide positive control of expired metabolic CO2 and humidity.  The mask vents these contaminants directly to the 
KO2 assembly to greatly simplify CO2 and humidity washout while also reducing the potential for the formation of 
condensation on the canopy or other interior surfaces. Gentex Respiratory Products offers a U.S. Air Force approved 
and supportable Non-PBG MBU-20/P aircrew oxygen mask for non-pressure breathing applications. The Non-PBG 
MBU-20/P is a reduced cost variant of the COMBAT EDGE configured MBU-20/P.  

Figure 5: 8-channel Ground Development Unit 
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 Five sizes available that “Plug & Play” and offer 
direct replacement for MBU-12/P 

 Increases range of fitting to the 97th percentile 
male aircrew member down to the 3rd percentile 
female aircrew member 

 Low profile for increased downward field of view 
 Lower Inhalation and exhalation resistance 
 Interfaces with internal HGU-55/P Lightweight 

Helmet if required 
With minor modifications, the mask can 

incorporate access to drinking water, a communication 
microphone, an inlet check valve, and an exhalation 
line.   

iv. Fire Detection and Suppression 

Fire Detection – Fire detection is provided by the 
CO monitor included in the Instrumentation package 
and as described in Section III B ii. 

Portable Fire Extinguisher – The portable fire 
extinguisher is adapted from the Fine Water Mist 
(FWM) extinguisher developed by Orbitec for ISS and 
commercial crew use.  The water capacity will be 
reduced by ¼ for this application due to the reduced 
quantity of combustible materials in the SPS relative to 
ISS or a commercial crew vehicles for which the 
baseline extinguisher has been designed. 

v. Active Thermal Control 

Several options are viable to 
provide cooling for the SPS.  A 
rigorous trade study was not 
performed, however there are ready 
justifications for down-selecting to a 
Water Membrane Evaporator (WME) 
architecture, which uses an 
expendable volume of water to carry 
away heat.  An expendables based 
architecture is chosen in favor of a 
non-expendable radiator option due to 
the range of operating environments, 
and mission duration.  In general, 
radiators trade well for mission 
durations greater than a couple of 
days.  In addition, an expendable 
system is insensitive to extreme 
radiation environments such as those 
experienced in Low Earth Orbit (LEO) 
and anywhere without a protective 
atmosphere that SPS could potentially 
explore.  For this reason, a membrane 
evaporator is utilized rather than a 
sublimator which was used in Apollo 
era spacesuits.   

 

Figure 6: Gentex MBU-20A/P Face Mask derived 
from Paragon’s Stratospheric Exploration program. v 

Figure 7: Representative Fine Water Mist (FWM) portable fire 
extinguisher manufactured by Orbitec.  The proposed SPS unit would 
be approximately 1/4 the size of this unit given the reduced size of the 
SPS and the limited availability of combustible materials.  
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In modern suit designs, advances in membrane technology simplify 
operation by eliminating startup issues and reducing the potential for 
contamination and freezing the working fluid.  Membrane solutions are also 
lighter and less expensive to manufacture.  The evaporator works through the 
exposure of a porous tubular hydrophobic membrane filled with water to 
vacuum.  The water at the tube surface is exposed to the reduced environment 
pressure which promotes evaporation, and without the surface tension of the 
liquid phase, passes through the pores of the tube.  Like other evaporation-
based systems, this phase change cools the water in the tube.  This cooled 
water is then pumped through a loop where it picks up heat from a heat 
exchanger for cooling the WME.  The water evaporated from the system is 
replenished from a pressurized accumulator which is recharged between 
missions.  Views of the tubes and their assembly in a representative WME are 
shown in Figure 8 and a fully developed and tested WME is shown in Figure 
9.  The overall system schematic is captured in Figure 9.  Paragon collected 
performance data for this 0.9 kg unit and demonstrated a heat rejection 
capacity of approximately 500 W at an inlet temperature of 15-20 °C. vii.  For 
peak use, a unit twice this size and weight may be required.   

This baseline system presumes WME access to vacuum for direct rejection 
of evaporated water, an exhaust which could be co-located with the humidity 
control system HCS vacuum duct.  An alternate configuration would allow the 
water to evaporate into the cabin, and allow the HCS to remove this added water component.  This configuration 
would eliminate the need to provide vacuum to the WME.  This is a notional configuration, compared to the baseline 
above which has been demonstrated in Portable Life Support Systems (PLSS) solutions, and has not been explored 
further.   

 WME sizing was performed based on historical capacity, 
weight, and volume of existing systems, and estimates for 
support subsystems.  The heat rejection capacity is compared to 
and scaled from the expected heat load from the SPS.  These 
loads consist of the sensible load from the crew member, AMS 
electrical power and the balance of other system electrical loads.  
These loads are summarized in Table 2.  Note that latent heat 
from the crewmember is not captured by the Thermal Control 
Subsystem (TCS) as it is removed in a vapor state by the 
humidity control system.  The remainder of the thermal loads on 
the TCS are external.  Hot cases will bound TCS sizing.  It is 
presumed that the main body of the vehicle can be insulated to a 
level in which solar gain is negligible.  The transparent dome 
will provide the bulk of the external heat load.  The area supplied 
for the dome is 1.62 square meters, or 0.81 square meters of 
cross-sectional area for as much as 1050W incident.  If 
everything was white, the system might take in as little as 50% or ~500W of peak solar load.  To this end, the design 
is assumed to consider a sun shade, or some type of solar reducing coating.  Cutting 50% should be a reasonable 
estimate of solar reduction leaving about 500W of solar load.  In total, the peak inputs to the WME are on the order 
of 1000 W.   

Some bounding thermal cases were generated and summarized in Table 2.  Maximum is as derived, while a 
minimum is arrived at by assuming reduced AMS thermal load based on estimates from the Constellation Space Suit 
System PLSS, electrical heating loads, and reduced solar insolation.  The water usage rate of the minimum can be 
thought of more of as an average use rate than a minimum load.  The takeaway from indicates a design expectation of 
between 1 and 2 times that of the heritage based system mass. 

A preliminary sizing based on the heat input data captured in Table 2 assumes a 2x capacity dry WME (4.6 kg) to 
capture peak rejection.  To this we add an average water usage from the minimum column (5.9 kg).  These masses 
(highlighted in red in the table) result in an estimated wet mass of approximately 10.5 kg for the “wet” WME portion 
of the TCS.   

Figure 8: Cross-section of a NASA 
developed WME developed for a 
spacesuit applicationvi (courtesy 
NASA). 

Figure 9: Representative WME with ~500W 
Capacity with Paragon-designed dual actuator 
Back Pressure gate valve (courtesy NASA 
Constellation Spacesuit System Program).  
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 Note that this system sizing is dominated by environmental and systems thermal loads.  This contrasts with the 
loading on traditional suit thermal systems which is largely sized by human thermal loads.  As such, some go forward 
recommendations can be made.  One is to push back on all vehicle systems that utilize electricity and challenge them 
to reduce usage.  A complimentary approach is to refine the overall vehicle thermal design to minimize heat gain from 
the external environment and increase passive heat loss from internal heat sources.  In future phases of this effort a 
full vehicle level thermal analysis will be performed to assess the environmental impact to the sizing and 
implementation of the TCS, and guide the design of passive thermal load mitigation strategies.   
 

C. Pilot Information 
Display 

A brief description of 
information displayed to 
the pilot and/or supplied to 
the vehicle computer is 
provided below: 
 The analog cabin 

absolute pressure, cabin 
temperature, and O2 
compressed gas pressure 
gauges should be 
positioned conveniently 
for the crew member to 
easily view throughout 
the flight 

 All other data is 
expected to be supplied 
electronically to the 
vehicle computer for 
display directly to the 
pilot via the existing vehicle graphical displays. 
o Primary life support data, including absolute pressure, O2 partial pressure, CO2 partial pressure, humidity, air 

temperature, and fire detection (CO) should be prominently and continuously displayed 
 Any deviation from the nominal range should trigger visual and audible alarms/notification 

o Pressure drop data across the TCCA/HCS should be monitored by the vehicle computer to verify nominal air 
flow through the AMS.  
 The crew should receive a visual and audible warning if flow is out of the nominal range 

o Electronic pressure and temperature data from the externally mounted Nitrox tanks should be monitored by 
the vehicle computer. 
 The crew should receive a visual and audible warning if any values are out of nominal range 

o The WME pressure and temperature data should be monitored by the vehicle computer.  
 The crew should receive a visual and audible warning if any values are out of nominal range 
 In addition, the vehicle computer should utilize the WME temperature data to control the WME 

temperature to 50 F (TBV) by adjusting the motorized WME backpressure valve position (and thus the 
heat rejected by the WME)    

D. Conceptual Layout 
The SPS AMS schematic was designed with internal layout in mind.  The airflow path begins with cabin air being 
pulled into the system through the water barrier and HEPA filter and then split between the KO2 assembly and the 
bypass to establish optimum flow rate through the KO2 bed.  This bypass is fixed at the time of installation and not 
intended to be adjusted by the crew after installation.  The oral/nasal mask also feeds 100% of the pilot’s exhale 
directly into the KO2 assembly as it is introduced after the KO2 bypass.  From here the now oxygen-rich and carbon-
dioxide poor air flows from the KO2 assembly and is combined with the bypass.  Part of this mixture flows into the 
TCCA and the HCS while a portion is again allowed to flow through the bypass to establish the optimum flow rate 

Table 2: WME and Support System Sizing Inputs. 

Heat Source 
Max 
(W) 

Min 
(W) Source / Note 

AMS 265 50 Paragon estimate 
Other Electronics 150 50 SPS Program Management Office 
Crew 100 100  Baseline Values and Assumptions Document 

(sensible heating from a person performing 
resting to light work) viii 

Spacecraft body 0 0 Paragon estimate (assumption is well insulated)
Spacecraft Dome 500 250 Paragon estimate 

Total 1015 450 Total estimated heat rejection 

Water utilization 
rate (kg/hr) 

1.64 0.74
Scaled from SWME Test Report vii for the 
respective thermal heat rejection loads 

 
Water Required 
for 8 hr mission 

13.1 5.9 Calculation 

~Dry WME mass 
(kg) 

4.6 2.3
Paragon 1st order estimate (includes WME, 
accumulator, valves, and plumbing) 

Wet mass (kg) 17.7 8.2 No mass growth allowance included 
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through the TCCA/HCS.  The TCCA vents contaminant-free but moisture laden air into the HCS where excess water 
vapor is vented to the vacuum of space.  The TCCA/HCS has a manually-actuated bypass valve for fine-tuning of the 
humidity level in the spacecraft.  Although it is not expected to be used often by the crew, it can be adjusted to 
moderately increase of decrease the humidity level for crew comfort.  All air finally passes through the non-condensing 
heat exchanger, which is regulated by the thermal control system, and out through the plenum(s) into the cabin.  Figure 
10 depicts the conceptual layout as it existed at the end of the first phase, and the current conceptual layout that has 
been developed by Paragon and Genesis as part of this second phase of work.   

 
Figure 10. Evolution of the subsystem/component modeling and layout as the work progressed from Phase 
1 to Phase 2 

E. CONOPS 
A top-level AMS Concept of Operations (CONOPS) was created to assist Genesis in the development of vehicle-

level crew operations associated with pre-flight maintenance, flight operations, and long-term maintenance.   
 
i. Pre-Flight Operations and Maintenance 

Prior to each flight and while attached to the host spacecraft a crew member: 
1. Checks the Supplemental O2 Supply Gas pressure and tops off using host spacecraft resources if required 
2. Checks the Repress Supply Gas pressure and tops off using host spacecraft resources if required 
3. Checks the Water Membrane Evaporator water bladder tank and tops off using host spacecraft resources if 

required.  
4. Verifies the portable fire extinguisher is installed and at operating pressure 
5. Inspects the Oral/Nasal Mask and cleans as required 
6. Inspect and clean the inlet filter using host spacecraft resources if required 
7. Powers On the AMS (a single switch provides power to the blower and sensors)  

a. Verifies all sensor output (oxygen, humidity, carbon dioxide, cabin air pressure, and  
smoke/fire/carbon monoxide) are within nominal range 

b. Verifies AMS air flow is nominal as measured by delta-P across the air side of the cabin non-
condensing heat exchanger 

8. Powers Off the AMS  
9. Checks the AMS air inlet filter for debris and cleans as required 
10. Removes the expired KO2 Disposable Cartridge 
11. Installs new KO2 cartridge into assembly (marks date and time of installation) 

ii. Nominal Flight Operations 

A crew member enters the SPS and: 
1. Verifies a new KO2 Disposable Cartridge was installed (marked with date and time of installation) 
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2. Verifies the WME Bladder Tank is full 
3. Opens both Positive Pressure Relief Isolation Valves 
4. Opens both Repress Supply Gas isolation valves 
5. Opens the Supplemental O2 supply isolation valve 
6. Opens the WME Bladder Tank Isolation Valve 
7. Verifies all three vestibule pressure equalization valves are in the closed/off position 
8. Powers On the AMS (a single switch provides power to the blower, WME pump, and sensors)  

a. Verifies all sensor output (oxygen, humidity, carbon dioxide, cabin air pressure, and  
smoke/fire/carbon monoxide) are within nominal range 

b. Verifies AMS air flow is nominal as measured by delta-P across the air side of the cabin non-
condensing heat exchanger 

9. Dons the Oral/Nasal Mask 
10. Opens the WME Vacuum Isolation Valve 
11. Opens the HCS Isolation Valves 
12. Waits for the host spacecraft air circulation duct to be removed  
13. Waits for the host spacecraft to close the hatch 
14. Waits for the host spacecraft to depressurize the vestibule 
15. Separates from the host spacecraft and conducts the mission 
16. Routinely checks all sensor output every 15 minutes 

a. Manually adds supplemental O2 if the O2 partial pressure drops below 20.2 kPa 
b. Manually adjusts the heat exchanger coolant flow rate as required to adjust cabin air temperature 

for comfort 
17. Returns to the host spacecraft after a maximum of seven hours (with one hour reserved for contingency) 
18. Waits for the host spacecraft to repressurize the Vestibule and open the hatch 
19. Waits for the host spacecraft air circulation duct to be installed 
20. Closes the WME Vacuum Isolation Valve 
21. Closes the HCS Vacuum Isolation Valves 
22. Powers Off the AMS  
23. Closes the WME Bladder Tank Isolation Valve 
24. Closes the Supplemental O2 supply isolation valve 
25. Closes both Repress Supply Gas isolation valves 
26. Closes both Positive Pressure Relief Isolation Valves 
27. Exits the vehicle 

iii. Long Term Maintenance and Servicing  

Although a non-operational nor operational lifetime has been defined, it is expected that an on-orbit lifetime of 5 years 
and 60 missions (equivalent to 1 flight per month) can be readily achieved.  A limited number of items are expected 
to require replacement or refurbishment over the five year operational life: 
 Multi-Gas Monitor may require replacement due to sensor drift as the service lifetime for this hardware has not 

been defined.   
 The inlet filter will likely need periodic replacement despite regular cleaning by the crew prior to each mission.   
 The TCCA bed is nominally expected to be replaced every 6 flights.  The final change out frequency will be 

determined during detailed design and will be a function of allowable pressure drop and physical space available 
to package the sorbent. 

 The KO2 bed will need replacement after every flight 
 Oral/Nasal Mask and Hose Assembly 
All other powered and unpowered components are expected to operate nominally over the five year on orbit life 
without the need for servicing or replacement.  

IV. Conclusion and Forward Work 
The Genesis SPS is further developed than any preceding single person spacecraft concept.  As shown in Figure 

11, Genesis Engineering continues to advance the design of the SPS with development of physical mockups to aid in 
crew ingress/egress operations as well as cockpit layout.  They have also developed a high fidelity propulsion and 
flight simulation tool to optimize the propulsion design solution.  
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As part of this work, a simple, highly reliable, and robust life support architecture has been defined and packaged 
for the vehicle.  Per the development approach adopted by Genesis, the next step in the evolution of the AMS will be 
to develop a functional prototype that can be integrated and tested in the ground demonstrators and mockups that 
already exist.  

  

 
Figure 11. Genesis SPS Ground Simulators – The cockpit layout and flight simulator (left) and the neutral 
bouyancy simulator (right). 
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