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Introduction !
In February 2013, the Inspiration Mars Foundation announced its intention to fund and launch a 
man and a woman on a fast free-return trajectory that would take it on a flyby of Mars and back 
to Earth in 501 days. That opportunity would come around in January 2018. Because of the short 
developmental schedule, this mission would have to make do with existing and/or near-term 
hardware to control costs. !
During the 16th International Mars Society Convention, the Inspiration Mars Foundation, in 
partnership with the Mars Society, announced a student design competition with the objective of 
finding the cheapest, simplest, and most practical mission that can be launched for the 2018 
opportunity. This paper is the result of a seven-month long effort by four students from York and 
RMIT Universities in Canada and Australia, respectively, and was submitted as an entry for this 
competition.  !
Mission Objectives !
Primary Objective 
• To send a crew of two on a flyby past Mars on a fast free-return trajectory in 2018 and bring 

them back to Earth alive !
Secondary Objectives 
• Validate technologies needed to do human interplanetary missions 
• Perform experiments on space science, human factors, human biology, and microbiology in 

interplanetary space !
Requirements & Constraints !

Requirement Factors Affecting the Requirement
Survivability Safety and reliability, abort options

ECLSS Crew size, mission duration, habitat volume
Thermal Control Distance from sun, surface coatings, spacecraft 

orientation, habitat surface area, power 
dissipation

Power ECLSS, Laundry, distance from sun
Logistics Launch vehicle capabilities

Command, Control & Communications (C Distance, data rate, delay time
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Nomenclature !
4-BMS: 4-Bed Molecular Sieve 
β: Ballistic coefficient, Greek letter Beta 
ΔV: Also written as delta-V. The change in velocity required to move from one orbit to another 
ARFTA: Advanced Recycle Filter Tank Assembly 
BOL: Beginning of Life 
BVAD: Baseline Values and Assumptions Document 
CHX: Condensing Heat Exchanger 
CTBE: Crew Transfer Bag Equivalent 
DSN: Deep Space Network 
EDL: Entry, Descent and Landing 
EOL: End of Life 
FOV: Field of View 
GCR: Galactic Cosmic Ray 
HEPA: High Efficiency Particulate Absorption 
HZE: High-Z Element 
Isp: Specific impulse 
ISS: International Space Station 
ITO: Interplanetary Transfer Orbit 
LED: Light Emitting Diode 
LET: Linear Energy Transfer 
LEO: Low Earth Orbit 
LOX: Liquid Oxygen 
MLI: Multi-Layer Insulation 
MPLM: Multi-Purpose Logistics Module 
NASA: National Aeronautics & Space Administration 
PICA: Phenolic Impregnated Carbon Ablator  
RCS: Reaction Control System 
RAD: Radiation Assessment Detector 
RF: Radio-frequency 
RP-1: Rocket-grade kerosene 
SEP: Solar Event Proton 
SOE/ESR: Solid Oxide Electrolysis with Embedded Sabatier Reactor 
TCM: Trajectory Correction Maneuver 
TRL: Technology Readiness Level  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1. Mission Profile 
Section Author: Isaac DeSouza !
Mars mission orbital mechanics has been thoroughly documented in literature and readily 
provides several mission architecture options. The basis for all missions lie in the 32-year 
syzygistic cycle during which planetary alignments due to smaller syzygistic periods provide 
unique mission opportunities. For this project the window chosen was 2018. The 2018 Mars 
flyby consists of a direct Earth-Mars mission. The flight plan consists of 3 phases which will 
take the crew and carrier craft from and to Earth. Each phase is described in detail next. !
1.1: Launch Vehicles !
The transportation for the mission will be provided by SpaceX launch vehicles which includes 
the already flight-tested Falcon 9 and the Falcon Heavy currently in development. The cost of the 
operations using SpaceX is significantly lower than competitors’ options such as the Delta-V 
from Boeing. For this reason the flight plan was made so as to utilize SpaceX hardware as much 
as possible and as efficiently as possible.  !
1.2: Flight Plan !
The Mars Free Return (MFR) flight plan consists of a ballistic trajectory from LEO to Mars and 
back to Earth. This plan was already presented by Tito, et al (2013) and consisted of a 1.4 year 
Mars fly-by. The ITO will begin at Jan 5, 2018 at 7:10 GMT with an estimated arrival at Mars at 
an altitude of 100 km on August 20, 2018 at 7:49 GMT. The final leg of the trip will conclude on 
May 21, 2019 at 20:57 GMT when the spacecraft will re-enter LEO in preparation for crew re-
entry. !
1.2.1: Phase 1: LEO Insertion & Rendezvous !
The mission architecture calls for a dual launch of the carrier spacecraft aboard a Falcon 9 and a 
Falcon Heavy crew launch aboard a Dragon capsule. The total mass of both spacecraft is 
currently 17425 kg plus the 505,846 kg from the Falcon 9 placed into orbit by the Falcon Heavy. 
This is possible due to the cross-feeding capability of the Falcon Heavy(Blau, 2014). The launch 
site has been chosen to be the Kennedy Space Center which is located at 28° 31’ 26.61” N, 80° 
39’ 3.06” W and has a launch restriction of 35 to 120 degrees for orbital plane inclinations. This 
would in turn require a plane change maneuver to place it into the required orbit. The plane 
change maneuver will occur later during Phase 2 if necessary. The cruise spacecraft will be 
placed into a circular orbit at 200 km altitude. This will give an orbital velocity of 7.784 km/s 
(Curtis, 2014). and a period of 88.44 minutes. The two separate launches will require a 
rendezvous maneuver. The crew module will be placed into a circular orbit at 150 km which will 
give it a 7.814 km/s orbital velocity and period of 87.44 minutes (Curtis, 2014).. This is done so 
as to minimize delta-v requirements during rendezvous.!
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Once the crew spacecraft is placed into orbit it will transfer orbits to rendezvous with the cruise 
spacecraft. This will be achieved through a Hohmann transfer that will have an overall delta-v of 
0.09 km/s. Assuming an Isp of 311 for the Merlin 1D engine this will require approximately 
0.03M in propellant mass, where M is the total mass of the crew interceptor spacecraft. Once 
both spacecraft are docked then systems checks will begin in preparation for Phase 2. Given the 
low altitude and relatively close proximity of the initial orbits we recommend a window of at 
least 20 days prior to the start of Phase 2. This sets the launch for the cruise module no later than 
December 16, 2017 and a crew launch no later than December 25, 2017.  !
1.2.2 Phase 2: ITO and Cruise !
Once crew and spacecraft are ready then ITO will begin on January 5, 2018. From the MFR 
feasibility study we obtain that C3 must be 38.835 km2/s2 (Tito et al, 2013) and from Phase 1 we 
obtain the initial orbital velocity of 7.814 km/s (Curtis, 2014). This maneuver then requires a 
delta-v of 4.985 km/s (Curtis, 2014). Again using the Merlin 1D Isp of 311 for Stage 1 and 340 
for Stage 2 (Blau, 2014) we can expect a minimum propellant mass usage of 0.805M (Curtis, 
2014) where M is now the total mass of both spacecraft and crew. Once the burn out is complete 
then the spacecraft will cruise along its ballistic trajectory for 501 days (Tito et al, 2013) until its 
rendezvous with the Earth on May 21, 2019. During its fly by of Mars the spacecraft will 
approach to within 100 km although this altitude may be changed is a larger safety margin is 
deemed necessary during flight operations.  

1.2.3: Phase 3: LEO Insertion and Re-entry 

Once the spacecraft is near the Earth it will traveling at 14.18 km/s (Tito et al, 2013). This would 
cause a peak flux of well above those of current TPS materials. Although the development of 
new TPS materials is possible such as in the case of Galileo doing so would add significant cost 
to the mission as well as low TRL hardware. Reducing the speed through a retro-burn although 
costly may in fact prove to be far more cost effective. A delta-v reduction of 7 km/s which places 
the Dragon well within the expected heat flux and TRL window would cost approximately a 
0.88M in propellant mass. Although this figure may seem high given that the Dragon is only 
expected to return, separating prior to LEO entry will only require a total mass of the Dragon and 
retro-rocket used making it both TRL high and economical in comparison with the development 
and testing of high heat flux resistant TPS. 

A quick summary of propellant mass used and delta-v budget is shown in table 1. It shows most 
importantly that the total propellant mass is less than that available on a Falcon 9 (Blau, 2014) 
which makes this mission architecture feasible and executable. 

!
!
!
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Table 1: Flight Plan operations summary 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Delta-Budget  km/s  
S/C Mass 
(kg) Propelant Mass (kg)

Phase 1: Rendevous 0.09 Pre 515846 15475.38

  Post 500370.62  

Phase 2:
ITO and 
Cruise 4.99 Pre 513454.62 413330.9691

  Post 82123.6509  

Phase 3: LEO Insertion 7.00 Pre 82123.6509 19,646

  Post 4200  

  Total dv 12.08   448452.3491
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A detailed illustration of the flight plan is shown in Figure 1 below. !
Figure 1: Flight Plan 

� !
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2. Mission Science      
Section Author: Eric Shear !
The overarching goal for the mission science program is to study how the human body and 
microorganisms respond to the synergistic effects of prolonged weightlessness and heightened 
radiation, in order to come up with “best practice” methods for future human interplanetary 
missions. !
For activities labeled “research”, structures that encourage creativity and originality should be 
found. The crew should have the freedom to develop new experiments adapted to their unique 
insights, not just carry out the preplanned ones. This ensures that the crew has some control over 
their surroundings, which is important for long-term psychological health. To further 
accommodate this ideal, the work and duty schedule should be subject to change during transit. 
The experimental hardware should have software and other internal changes so that the crew can 
act on their new and innovative ideas. !
2.1: Science Activities !
2.1.1: Human Interplanetary Biology Research (HIBR) !
Much research has been done on the Shuttle and ISS on physiological changes in astronauts in 
microgravity, at different mission durations. The results are very well-quantified, but they have 
not yet to be extended out to 500-600 days. The biological effects of interplanetary radiation are 
not very well understood. The synergistic effects of bone-loss, hormonal, and radiation 
protection medications are also not known. Quantifying these effects will help us minimize 
physiological decline in future crews. !
The hardware needed to carry out this research includes the exercise machines (see section 4), 
and two UV lamps to produce UV-B light for the crew, so their bodies can produce Vitamin D. 
Vitamin D is crucial for bone production, and its deficiency in past missions is thought to be 
partially the reason for astronauts’ bone loss. To measure bone loss, a device is used in the toilet 
to test urine for its concentration of deoxypyridinoline, a bone marker.  !
2.1.2: Human Factors Research (HFR) !
Data gathered in the habitat during transit can inform team structure, mission parameters, 
spaceship ergonomics, and workload distribution for future missions. This research can be used 
to build towards a “best practice” model of how to get humans to Mars, not just what to do on 
the way there. Vital signs can be monitored in real-time to determine how well the crew takes to 
autonomous versus mandated research. Other data can be taken during counseling sessions 
during transit, and a NASA-style debriefing after the crew returns to Earth.  !!

Page !  of !10 50



2.1.3: Habitat Hygiene Research (HHR) !
The relationship between radiation and bacteria mutation needs to be understood, and new ways 
of controlling bacteria to be found, to make human interplanetary missions safer. This setup uses 
several species of disease-causing bacteria and fungi, separated from each other and contained 
within microarrays inside a glovebox that is isolated from the rest of the habitat but connected to 
a water and nutrient supply. Each species has been chosen for this experiment for their potential 
to cause trouble to a human crew during interplanetary spaceflight.  !
Several sterilization methods can be tried - silver nanoparticle coatings, UV light, cold plasma - 
and the results compared against each other. Each method can be tried in isolation and in 
combinations. One possible goal is to evaluate whether UV light can be used to control 
pathogens in future interplanetary missions. Suggested bacteria and fungi specimens are listed in 
Appendix C.  !
2.1.4: Living Interplanetary Flight Experiment (LIFE) !
This experiment is designed to test one aspect of the panspermia hypothesis - the possibility that 
life can travel inside rocks blasted off one planetary surface by impact, to land on another planet. 
It consists of a single vacuum-sealed cylinder containing several specimens of hardy 
microorganisms. It was flown on the failed Phobos-Grunt mission, so it is assumed that this 
experiment can be rebuilt for Inspiration Mars at little cost. The LIFE cylinder uses no power and 
has a mass of 100 grams. The results cannot be read on the spacecraft, only after retrieval on 
Earth, so it will be stored inside the Dragon capsule for the duration of the mission. Possible 
specimens are listed in Appendix C. !
2.1.5: Interplanetary Radiation Protection Experiment (IRPE) !
The radiation dose the crew will likely receive during transit is known, thanks to Curiosity’s 
Radiation Assessment Detector (RAD). A way is needed to quantify the effectiveness of the 
radiation shielding provided by the cargo inside the habitat. Three RADs are used, one placed in 
vacuum on the service module, and the other two inside the pressurized volume. Of these two, 
one is placed inside the Dragon (low radiation shielding) and the other inside the habitat (high 
radiation shielding).  !
2.2: Mass, Volume and Power Breakdown !
The breakdown in Table 2.1 assumes only specialized hardware used for science, not incidental 
hardware used in research such as the exercise machines.  !!!!
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Table 2.1: Science Activity Mass, Volume and Power Breakdown 

!
References !
Cauillot-Augusseau, A., Vico, L., Heer, M., Voroviev, D., Souberbielle, J., Zitterman, A., 
Alexandre, C., Lafage-Proust, M., “Space Flight Is Associated with Rapid Decreases of 
Undercarboxylated Osteocalcin and Increases of Markers of Bone Resorption without Changes 
in Their Circadian Variation: Observations in Two Cosmonauts”, Clinical Chemistry 46:8 
1136-1143 (2000) !
Conversations with David Sharp, M.Sc in International Management & Leadership !
Horneck, G., Klaus, D., Mancinelli, R., “Space Microbiology”, Microbiology and Molecular 
Biology Reviews, Mar. 2010, p. 121-156 (pdf) !
Roman, M., Ott, C., Castro, V., Birmele, M., Roberts, M., Venkateswaran K., Jan, D., “Microbial 
Monitoring Challenges and Needs for Mars Applications” (pdf) !
Warm-flash, D., Ciftcioglu, N., Fox, G., McKay, D., Friedman, L., Betts, B., Kirschvink, J., 
“Living Interplanetary Flight Experiment (LIFE): An Experiment on the Survivability of 
Microorganisms during Interplanetary Transfer”, Workshop on the Exploration of Phobos and 
Deimos (2007) 

Hassler, D., Zeitlin, C., Andrews, J., Neal, K., Rafkin, S., Tyler, Y., Weigle, E., “Calibration of 
the Radiation Assessment Detector (RAD) for MSL”, WRMISS 2008 (pdf) !

Science Activity Mass (kg) Volume (m Power (W) Notes
HIBR 10 negligible 50 (for UV lamps) Does not count 

exercise equipment 
and medication pills

HFR negligible negligible neglible Does not count tablet 
computers

HHR 40 0.14 50 Glovebox
LIFE 0.1 kg negligible 0
IRPE 4.5 kg 0.008 12.6 3 RAD units, 1.5 kg 

each

Total 54.6 0.148 112.6
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3: Environmental Control and Life Support System (ECLSS) 
Section Author: Shunsuke Miyazaki !
The ECLSS design is based on the ISS systems. Qualified ISS systems are used in order to 
reduce overall project cost, schedule, and risk. The ISS life support system, however, was 
designed for an environment where regular resupply from Earth is a key aspect of planned 
operations, and where in the event of a significant failure, emergency return can be performed 
rapidly. This is not possible during Mars exploration so the ECLSS must be more reliable and 
repairable with less need of resupply by using some new systems.  !
The overall ECLSS design concept for a long space flight to Mars is a combination of 
consumable storage and a partially-closed recycling system. This section explains overall 
architecture and the details of each of subsystem are described below. A overview of the system 
architecture is given in Figure 3.1.  

Figure 3.1: ECLSS Architecture 

!  

3.1: Fundamental Consumption Requirements 
The ECLSS was designed according to the requirements of a 501-day mission with 2 crew 
members, which needs to meet a metabolic rate of 3000 calories/CM-day. The following tables 
show the fundamental metabolic consumption requirements through the mission. Fundamental 
design values were borrowed from NASA’s 2004 Baseline Values and Assumptions Document 
(BVAD). 
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The waste includes crew metabolic waste, food packaging, wasted food, paper, tape, brines, and 
expended hygiene supplies. The consumption values are based on ISS historical data by NASA 
(BVAD 2004) and are represented in Table 3.1. 

Table 3.1: Crew Consumption Metabolic Values 

3.2: Air Revitalization System 

The absolute pressure inside the pressure vessel is assumed to be 101 kPa. The partial pressure of 
oxygen in the accommodation should be normoxic (21.3 kPa at sea level conditions) for the crew 
to breathe, while not exceeding 30% in order to minimize the flammability risk. The partial 
pressure of nitrogen is an important parameter because it reduces the risk of fire accidents. The 
partial pressure of nitrogen inside the pressure vessel should be 79.8 kPa.  

3.2.1: Condensing Heat Exchanger & 4-Bed Molecular Sieve (CHX & 4-BMS) 

The ECLSS system uses HEPA filters to provide particulate and airborne microbial control. 
Cabin air is fed to the Condensing Heat Exchanger (CHX) to control humidity, and to remove 
water from the air stream before it enters the carbon dioxide removal system. The downstream of 
the CHX enters the 4-Bed Molecular Sieve (4BMS) apparatus and passes first through a 
desiccant bed (13X zeolite) to remove remaining water in the air stream and then enters the CO2 
sorbent bed (5A zeolite) to remove CO2. The CO2 sorbent bed desorbs by heating with integral 

Consumable Per Person 
(kg/d)

per Person/mission 
(kg/mission)

All Crew 
(kg/d)

All Crew (kg/
mission)

Oxygen 0.84 420.8 1.68 841.7
Oxygen Leakage 0.11 55.1 0.22 110.2
Nitrogen Leakage 0.50 250.5 0.50 250.5
Water (Oxygen) 0.14 71.6 0.29 143.3
Water (Vapor) 0.53 265.5 1.06 531.1

Water (Drinking) 1.62 811.6 3.24 1623.2
Water (Hygiene, urine) 0.50 250.5 1.00 501.0

Water (Hygiene, Hand & Face Wash) 0.30 150.3 0.60 300.6
Water (Hygiene, Body Wash) 1.00 501.0 2.00 1002.0

Water (Hygiene, Clothes wash) 1.75 876.8 3.50 1753.5
Water (Food Preparation) 0.75 375.8 1.50 751.5

Water (Food Content) 1.15 576.2 2.30 1152.3
Solid (food) 2.30 1152.3 4.60 2304.6

Oxygen Total 0.95 420.8 1.68 841.7
Water Total 6.96 3488.5 13.93 6976.9
Solid Total 1.90 1152.3 4.60 2304.6

Total Overall 11.86 5943.4 23.23 11636.2
Required Water (93% Recycle Rate) 0.49 244.2 0.97 488.4

Required Water + 10% Margin 　 　 　 537.2
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electrical heaters, and CO2 is collected in the storage tank to supply CO2 to the the Solid Oxide 
Electrolysis with Embedded Sabatier Reactor (SOE/ESR) by using a mechanical piston 
compressor. Also, contaminants are removed by the Trace Contaminant Control System (TCCS).  

3.2.2: Solid Oxide Electrolysis with Embedded Sabatier Reactor (SOE/ESR) 

The SOE/ESR has the capability to produce O2 from CO2 and water vapor. Water vapor 
generated by a laboratory humidifier using potable water is supplied to the SOE/ESR by a 
blower. A 2-person crew results in an input of 2 kg-CO2/day, and 1.06 kg-H2O/day (that is the 
about 30% of the available water produced by a two-person crew). The SOE/ESR can produce 
1.68 kg-O2/day by utilizing 95% of the CO2 supply. Also, added the extra 0.05 kg H2/day 
generated by OGA to the SOE/ESR, the output would improve to 1.78 kg-O2/day. These amounts 
of regenerated oxygen are sufficient for the daily breathing requirement for 2 crew members, but 
not enough to make up for leakage.  

3.2.3: Oxygen Generation Assembly (OGA) 

The OGA is used to produce additional O2 to make up for the leakage loss of 0.12 kg/day (H2 
addition) and 0.22 kg/day (nominal). The OGA has capability to generate oxygen at a selectable 
rate between 2.3 and 9.2 kg/day. As the OGA produces oxygen at 3.5 kg/day from 3.98 kg-H2O 
once a week, this amount of oxygen is enough to make up for the leakage of O2 of 0.84 kg/week 
(H2 addition) and 1.54 kg/week (nominal), and extra O2 of 1.64 kg/week is stored in the tanks for 
first 3 weeks. After 3 weeks, as the empty 6-kg capacity storage tank is filled up, stored oxygen  
is used as makeup oxygen for leakage for next 3 weeks. Also, the hydrogen generated by 
electrolysis of 0.44kg/week is stored in the tank to supply the SOE/ESR.  

3.2.4: Oxygen, Nitrogen, Hydrogen Tanks 

Two 6-kg capacity tanks will serve as oxygen storage. One tank will be full to provide three days 
worth of oxygen (5.7 kg) to serve as a buffer for when the crew needs to perform maintenance or 
repair work on the OGA or SOE/ESR. The other tank stores excess O2 generated by the OGA. 
The required amount of nitrogen throughout the mission is 251 kg to make up for nitrogen 
leakage of 0.5 kg/day. Three 100-kg capacity tanks of liquid nitrogen will be launched full to 
supply, and the excess amount of nitrogen serves as a buffer for emergencies. One 0.5-kg 
capacity H2 tank serves as a storage tank to supply the SOE/ESR. 

3.2.5: Redundancy of Air Revitalization Systems 

If the 4-BMS is in trouble, CO2 is not adsorbed from the cabin and no oxygen is supplied from 
the SOE/ESR. It is not practical to take along another 4-BMS, so LiOH canisters must be used as 
the redundant CO2 removal system during 4-BMS maintenance. It is not feasible to launch 1754 
kg of LiOH canisters to cover the whole mission. According to the maintenance record of the 
ISS, the ISS CDRA has averaged about 64 hours of maintenance/year for the 13-year period 
from 1999 to 2012. A typical maintenance activity on CDRA is about 7.5 hours. Thus, this 
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mission takes along 192 hours (8 days) worth amount of LiOH which has 26 kg mass and 0.02 
m3 volume. 

If the SOE/ESR is under maintenance, the OGA operates as the main source of O2 at the 
generation rate of 2.5 kg/day, but the remaining survival time is 204 days with 540 kg of H2O 
stored in the tanks without CO2 recycling. This is not enough time to return if the spacecraft is 
already far from the Earth. Thus, in the event of a SOE/ESR loss, there is a high probability of 
crew loss. Fortunately, the SOE/ESR is very light weight so two spare SOE/ESR units are 
stocked. The additional mass and volume are 63.4 kg and 0.138 m3, respectively.  

If the OGA needs maintenance, one countermeasure is to increase the O2 generation rate of the 
SOE/ESR. It is possible to generate 0.95 kg/crew/day by increasing the water vapor input to 0.64 
kg/crew/day. However, it causes accelerated degradation of the substacks so spare substacks 
must be brought. 

If the oxygen tanks fail but both the SOE/ESR and the OGA are working, it is no problem to 
supply oxygen to the cabin. However, if the nitrogen tanks malfunction, there are some 
problems. To avoid loss of mission from a tank failure, tanks and parallel delivery paths are 
required. 

3.3: Water Recovery System !
It is not feasible to launch all the necessary H2O, so the Water Recovery System (WRS) depends 
on the Urine Processor Assembly (UPA) and the Water Processor Assembly (WPA). !
3.3.1: Urine Processor Assembly !
The UPA accepts pretreated urine from the Waste Hygiene Compartment (WHC), which then 
passes through the Distillation Assembly (DA). The water that is reclaimed from the pretreated 
urine is passed through to the WPA. While the calcium in urine limits the distillation processes to 
74% recovery, NASA plans to be back to 85% in 2015 by modifying the urine pretreatment. !
The concentrated brine solution produced from the recycling of pre-treated urine in the DA is 
contained within the ARFTA tank.  Once the ARFTA tank is full, it can drain into a collapsible 
tank without removing the ARFTA tank from the rack. The ARFTA tank has a capacity of 21.7 L 
to store brine. Thus, the ARFTA tank needs to drain the brine solution into the disposal tank once 
every 48 days with the UPA recycling rate of 85%.   

3.3.2: Water Processor Assembly 

The water processing assembly utilizes multi-filtration and ion-exchange beds to process all of 
the waste streams from the galley and hygiene system, urine processor, and the waste 
contaminant system. The ultra-purified water is sent to the water dispenser and excess water is 
stored in the tank.  
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3.3.3: Water Tanks 

Twenty-eight 22-kg capacity (total 600kg capacity) polyethylene water tanks will be launched 
full to provide daily consumption. This is because the empty H2O tanks can be refilled with brine  
every 47 days to maintain the thickness of the water radiation shield. The temporary-storage 
polyethylene water tank has three days’ (15 kg) capacity for storing excess water before it is sent 
to the main tanks. Also, the potable water tank which has capability to store three days’ worth 
(14.2-kg capacity) would be launched full to work as a buffer for scheduled maintenance and 
contingency failures of the WPA and the UPA. The Waste Water Tank accepts product water from 
the UPA, the CHX, the SOE/ESR, and hygiene. The waste water tank is also sized to store three 
days’ worth of water (54 kg) for scheduled maintenance of the WPA and the UPA.  

3.3.4: Redundancy of Water Recovery System 

If the failure of the WPA and/or the UPA makes it impossible to recycle water, the crew survival 
time would be restricted to 152 days for only the WPA failure, and 339 days for only the UPA 
failure. The failure survival time for both the UPA and WPA is 105 days. For the OGA, the 
failure survival time is 192 days. These survival times assume a water mass of 540 kg. It would 
cost a prohibitively large mass to bring another two WPAs or UPAs as spares, but it is possible to 
launch some critical parts by refereeing the past failure record. 

The failure of tanks is directly related to a loss of mission and threatens the crew’s lives. Thus, 
parallel delivery paths between tanks are required to increase crew survivability from a single 
failure.   

3.4: Waste Management Subsystem 

The waste management subsystem contains the Waste Collection System (WCS) and the Solid 
Waste Compartment tank. As not all waste can be recycled, the remaining waste is stored in the 
tanks throughout the mission.  !
3.4.1: Waste Collection System !
This mission would select the conventional WCS on the ISS. The WCS collects, stores, and dries 
fecal waste and associated tissues, and transfers processed urine to the waste tank.   !
3.4.2: Solid Waste Tanks 

During the mission, the 2 crew members will produce over 110 kg solid waste and 36 kg waste 
products, as calculated in the table of crew waste values. If compacted to the density of 
aluminium (2700 kg/m3), it would require 0.041 m3 of waste storage volume. Because of the 
washing machine and reusable items, the expected mass of daily living waste production can be 
reduced. This includes 0.00113 m3/day for food packaging and adhered food, 0.0035m3/day for 
trash such as tissues, cleaning wipes and gloves, etc. They are stowed into a crew transfer bag 
(CTB) which has capability to store 0.0681m3 (14 days worth trash). A total of 85 CTBs can 
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store 5.789 m3 (1250 days worth trash). The total amount of brine drained by the ARFTA tank is 
expected to be 226 L throughout the mission. It would be temporarily stored a collapsible tank 
(22 L capacity), and then drained into the empty H2O tank to serve as a radiation shield. 

3.4.3: Redundancy of Waste Management System 

In case of WCS failure, the crew must use Apollo fecal bags and contingency urine collection 
devices, and they are stowed into the waste hygiene compartment (WHC). However, using 
collection bags for any period of time is pretty uncomfortable so enough spare parts for repair 
must be available. 

3.5: Emergencies 

3.5.1: Rapid Depressurization Detection 

One of the most credible threats to a long-duration mission is air leakage by micrometeoroid 
impact.  The key factor to avoid mission abortion is to identify and repair the hole as fast as 
possible. If a rapid depressurization is detected, the onboard emergency response system would 
automatically close all the vents which release gas overboard. The distributed impact detection 
system (DIDS) units on the pressure walls of the module are high-speed, four-channel digitizers 
that record ultrasonic noises. DIDS units detect the high-frequency sounds moving through the 
metal itself to identify the leakage hole.  

3.5.2: Fire/Toxic Spill Detection and Suppression 

Once the crew identifies the location of a fire, they will use extinguishers charged with carbon 
dioxide which are the same ones equipped on ISS. The crew must wear Portable Breathing 
Apparatuses (PBA), which are essentially gas masks with an oxygen bottle. The PBAs can be 
plugged into oxygen ports provided by the OGS. Also, the PBAs are necessary to deal with toxic 
spills such as ammonia and bacteria, which are considered fatal.  

3.6: Maintenance !
The additional mass of spares needed to ensure high reliability is approximately equal to the 
original system mass. However, it would be a prohibitively large mass. Thus, this mission must 
take along the required routine replacements and at-risk components referred from a detailed 
review of ISS failures and lessons learned. Also, it needs to establish the capability to 3D-print 
new parts so the crew can repair any failure. The total spare parts’ mass and volume for the 
ECLSS are 948 kg and 3.4 m3, respectively. The summary of spare parts is shown in Appendix 
A. !
3.6.1: Oxygen Generation System 

The OGS requires continuously replacement of hydrogen sensors every 180 days. From the ISS 
failure record, the hydrogen ORU is most likely to fail. It is heavy components (125 kg) but non-
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repairable so it needs two spare hydrogen ORUs to tolerate tow faults. Also, expendables for the 
OGS are 16 kg through the mission.    

3.6.2: 4-Bed Molecular Sieves 

Components that would be necessary for spare parts are as follows: a blower assembly that 
weighs 2.3 kg (including 1.3 kg for the motor controller), 3 kg air selector valves, and two 
desiccant/sorbent beds of 13.3 kg (26.6 kg total). As described before, 192 hours (8 days) worth 
of LiOH is required through this mission.  

3.6.3: Water Processing System 

The WPS needs routine replacement of the UPA Brine filter every 3 months, and multi-filtration 
beds every 18 months. All the other hardware are designed to last more than 500 days. The 
distillation assembly is not repairable because of the intricate assembly process, so it is necessary 
to fly two spare distillation assemblies to tolerate two faults for a 501-day mission.  The ARFTA 
tank is certified to operate for more than 5 years so it need no replacing during the mission. Two 
spare tanks, however, are taken along to prepare for the failure of the ARFTA tank.  

3.6.4: Solid Oxide Electrolysis with Embedded Sabatier Reactor 

The stacks will need to be replaced during the mission, but there is no verification of long 
operation to quantify the degradation rates. This mission takes along two spares of the SOE/ESR 
hardware and 2 sets of 5 substacks (3 for SOE stacks and 2 for Sabatier stacks). Also, the spare 
mass needs to be increased by another 15% to account for additional spare parts required in 
replacing the stacks such as fittings and thermocouples that might be damaged during stack 
replacement. 

3.6.5: Other Routine Replacements 

CCAA requires routine replacement of the HEPA filters, but the resupply data could not be 
found, so a 3% margin of the total ECLSS mass was added to the final ECLSS mass. The WCS 
needs routine replacements of the odor/bacteria filter.  

3.6.6: 3-D Printer for Non-Critical Spare Parts  

A microwave-sized 3-D printer developed by the company Made In Space will be launched to 
the ISS to confirm its performance in early June 2014. It can produce plastic and composite parts 
and tools. It can be assumed that the TRL of the 3-D printer will be over 7 by 2018. NASA 
expects the 3-D printer to have the capability to save the mass and volume of spare parts. It is not 
clear how much materials must be launched for this mission so the amount of Acrylonitrile 
butadiene styrene (AES) was assumed to be 15% of the total ECLSS spare part mass. 

!
!
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3.7: Mass, Volume, and Power Breakdown 

Table 3.2: ECLSS Hardware Properties 

In Table 3.3, the N2 and O2 tanks are external, and everything else is internal. See Appendix A for 
the spare parts masses. 

Table 3.3: ECLSS Overview 
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4. Habitat Design and Accommodations 
Section Authors: Eric Shear, Shunsuke Miyazaki !
The mission’s crew accommodations are largely based on what is used on the ISS, with some 
attention given to mass reduction, ergonomics, and packing efficiency.  !
4.1: Crew Needs !
4.1.1: Free Volume !
Analysis of historical space missions has yielded some data on the minimum free volume each 
crew member needs for a successful mission. Lack of space on a medium- to long-term mission 
has been connected to psychological problems, increased frequency of bacterial infections, and a 
lack of desire to exercise. While the evidence is not yet conclusive, the minimum free volume for 
a two-person long-term mission is generally accepted to be 34 m3. The MPLM has an internal 
volume of 76 m3, much of which is taken up by ECLSS and other hardware. This still leaves a 
free volume of about 45 m3, more than enough for the crew’s long-term psychological health. 
This does not count the pressurized volume of the Dragon capsule. !
4.1.2: Lighting !
In zero gravity, cabin lighting is placed on one side of the habitat (known as the “ceiling”) to 
provide a local vertical so the crew can orient themselves inside the spacecraft. Good 
illumination is crucial to morale and ease of maintenance. Cabin lighting is provided by white 
LED bulbs at about 10 W each, for a total of 100 W in the habitat. Maintenance LED bulbs are 
mounted on flexible arms on rails running along the length of the habitat. The Dragon comes 
with its own lighting.  !
4.1.3: Noise Protection !
Noise, even at low levels, can cause irritation to the crew if its duration is long enough. Some 
noise, such as from ECLSS hardware, is unavoidable on a crewed spacecraft. Noise protection is 
provided by the use of physical barriers and distance. The sleeping quarters have noise-absorbing 
doors, and are located on the opposite end of the habitat from the main noise-makers (the ECLSS 
hardware).  !
4.1.4: Hygiene !
In order to conserve water, full-body hygiene activity was limited to a wet towel wipedown once 
every two days for each crew member. This comes to 6 wet towels and 6 dry towels a week, all 
machine-washable. Edible toothpaste was allotted for oral hygiene. Based on numbers from 
Larson & Pranke Chapter 18, the personal hygiene kits mass 1.8 kg per person (3.6 kg total), and 
hygiene consumables come in at 75 kg for the entire mission. 
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!
4.1.5: Health Maintenance !
To reduce the amount of medical supplies and hardware, it is assumed that the crew members 
will undergo dental work, appendix removal, a vasectomy, and a tubal ligation prior to launch. 
The probability of injury in the zero-g environment is assumed to be low. Surgery in zero-gravity 
was not considered an option since it is unproven, so the medical supply mass can be reduced 
accordingly. Based on Skylab numbers, 45 kg were allotted for medical supplies, including anti-
radiation, anti-nausea, and osteoporosis medications. 145 kg were allotted for exercise machines, 
including resistance bands, a treadmill, and a rowing machine. To prevent spine elongation and 
the back pain that comes with it, both crew members will be equipped with a gravity-loading 
countermeasure suit (GCLS). !
4.1.6: Mobility !
100 kg of restraints and handrails are included to provide easy movement throughout the cabin in 
zero gravity. !
4.1.7: Privacy !
Lack of privacy is linked to increased interpersonal tension on long missions. It is a negative 
stressor that reduces mood, creativity, and initiative over time. To combat this, the crew quarters 
and waste hygiene compartment are completely enclosed volumes that provide space for washing 
and changing clothes. !
4.2: Cabin Layout !
Unlike a typical MPLM attached to the ISS, the mission’s utilities are not attached to standoff 
racks. Instead, a four-longeron configuration is used for the cabin layout in order to maximize 
volumetric efficiency, in which the hardware and supplies are oriented along the “up”, “down”, 
“port”, and “starboard” sides. This configuration also minimizes utility lines. The ECLSS 
hardware occupies the “ceiling” and “floor”. The LED bulbs occupy only the “ceiling”. The 
supplies, galley, and hygiene closet occupy the “port” and “starboard” sides. This is so to make 
orientation as easy as possible. !
The areas in the cabin are organized from “most public” to “most private” along the module’s 
length. The wardroom is the most public area, and occupies the end of the module used for the 
docking hatch. The crew quarters are the most private areas, located on the opposite end.  !
4.2.1: Galley and Wardroom !
The wardroom is directly adjacent to the docking hatch and sports two small windows on either 
side. It is meant to be wide-open to accommodate exercise machines and meal times. Emergency 
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and medical provisions are stored here. The walls in this area will be “naked”, with the effective 
diameter being 4.3 meters. Because of its high free volume, the wardroom will be used for public 
video chats with Earth and has a workstation for flight operations. !
No freezers, dishes, or dishwashers were assumed for the galley, due to the excessive mass they 
would bring. In the weightless environment, food adhesion is sufficient to hold the food inside 
the packaging during meal times. One food warmer, one water dispenser, and one collapsible 
table with restraints were included in the mass estimate. From experience on the ISS, they are 
adequate for the crew’s food preparation and dining needs. !
4.2.2: Crew Quarters/Radiation Storm Shelter !
Besides providing privacy and sleeping accommodations, the crew quarters double as shelters 
against Solar Proton Events (SPEs), which can last several days. The water tanks and most 
storage items are located next to the crew quarters, to provide maximum radiation protection. 
NASA-STD-3000 Man-Systems Integration Standards recommends that each crew quarter 
provide at least 1.5 m3 for sleeping and 0.63 m3 for stowing operational and personnel 
equipment[]. To include a tablet computer, a desk, and personal grooming space, an additional 2.5 
m3 would be added. The total crew quarters volume is therefore 4 m3 per person and 0.63 m3 of 
stowage volume per person. Each crew quarter is fitted with controls and ports for power, data, 
light, sound, and airflow.  !
4.2.3: Science !
One compartment is set aside for a science workstation, holding the microbiological experiments 
that would otherwise be inconvenient to keep in the Dragon. It is situated next to the water and 
waste management systems, in order to take advantage of a potential nutrient source. !
4.2.4: Waste Hygiene Compartment (WHC) !
The WHC is in the middle of the module convenient to both the public and private ends. For ISS, 
the WHC equipment takes up most of the rack volume requiring users to extend privacy 
partitions into the aisle way. The Four Longeron architecture offers a much improved design that 
includes adequate internal volume for waste management as well as whole body cleansing 
(Figure 4.1). If the compartment is occupied, crew members use the aisle hygiene station to 
brush teeth or wash hands. The configuration allows easy access to both the hull and commode 
hardware for servicing. Rather than take up internal volume, hygiene provisions are in the 
adjacent stowage rack, yet accessible from inside the compartment. Like the crew quarters, the 
compartment has controls for lighting, temperature, and air flow. 
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Figure 4.1: Waste Hygiene Compartment	


!
4.3: Storage  !
4.3.1: Crew Transfer Bags (CTBs) !
CTBs come in several different sizes - half, single, double, and triple. The single size, also 
known as the CTB Equivalent (CTBE), is used to keep the analysis simple. The empty mass of a 
single CTB is 1.81 kg, and its maximum capacity is 27.22 kg. 1 CTBE takes up 0.0681 m3 of 
volume, equivalent to 27 meals or 2 weeks of clothing. Figure 4.2 shows the CTBs with their 
supplies. !
Figure 4.2: CTB with 27 meals (left) and 2 weeks of clothing (right) 

The CTBs are used as trash repositories after their primary contents are depleted. When full, 
CTBs will serve as radiation shielding. The CTBs thus serve three functions: primary storage, 
trash storage, and secondary radiation shielding. Multiple uses of the same items help reduce the 
logistics mass. !
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Figure 14. Larger crew quarters for DSH. 

Crew Quarters 
The Four Longeron configuration provides each crewmember with about twice the volume as the ISS crew 

quarters.  This is beneficial because the crew quarters are used as a radiation storm shelter sometimes requiring 
multi-day confinement during a Solar Proton Event (SPE).  
Storage is placed adjacent to the crew quarters to provide 
acoustic insulation and add to radiation protection. They 
are equipped with sleep restraints, power and data ports, 
and controls for lighting, temperature, and air flow.  In 
addition to sleeping, crew quarters are used for changing 
clothes, private communications, and off-duty activities.  
The concept for the crew quarters is shown in Figure 14. 

Waste Hygiene Compartment 
The waste/hygiene compartment (WHC) is in the middle 

of the module convenient to both the active and passive 
ends of the module.  For ISS, the WHC equipment takes up 
most of the rack volume requiring users to extend privacy 
partitions into the aisle way.  The Four Longeron 
architecture offers a much improved design that includes 
adequate internal volume for waste management as well as 
whole body cleansing (Figure 15).  If the compartment is 
occupied, crew members use the aisle way hygiene station to brush teeth or wash hands.  The configuration allows 
easy access to both the hull and commode hardware for servicing.  Rather than take up internal volume, hygiene 

provisions are in the adjacent stowage rack, yet 
accessible from inside the compartment.  Like 
the crew quarters, the compartment has controls 
for lighting, temperature, and air flow. 
Prioritized Access 

The Four Longeron configuration uses 
zoning for accessibility.  As shown in Figure 
16, items that require immediate physical and 
visual access are placed in zone A.  These may 
include frequently used hardware or emergency 
items.  Zone B provides indirect access for 
items that may include filters or clothing.  Items 
used only on the return leg of the mission or 
spares could be located in Zone C.  Locating 
stowed items is always a challenge, so the goal 
is to use a Radio Frequency (RF) identification 

system with a tailored software search engine to find items even if they are misplaced.  Dimensionally, the aisle way 
is wider than the compartment partitions.  This allows the partitions to be transported down the aisle way without 
disassembly. 

 
 

VI. SLS-Derived Layouts 
 

     The size and heavy lift capability of the Saturn V enabled 
a large diameter habitat, solar telescope, multiple docking 
adaptor, and airlock to be placed on-orbit in a single launch.  
The Space Launch System (SLS) offers similar size and lift 
capabilities that are ideally suited for a Skylab-type mission 
to cis-lunar space.  An envisioned Skylab II employs the 
same propellant tank concept; however in this case, the SLS 
upper stage hydrogen tank is used as a deep space habitat 
(Figure 17).  The tank is light weight, designed for SLS 
launch loads and because it is a propellant tank it is capable 
of accommodating a one atmosphere pressure with human 

 
Figure 15. More volume for waste/hygiene compartment. 

 
Figure 16. Prioritized stowage access. 
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4.3.2: Food !
The mission’s food requirements were based on ISS figures - 1.955 kg/CM-day of fully hydrated 
food. The 100% use of dry, rehydratable food was not considered because rehydrated food 
suffers from loss of taste and nutrition. With 93% water recycling, the water from the food is 
expected to end up in the ECLSS anyway. The food-hydration water can be considered to be part 
of the total water amount, so the amount of free water can be reduced accordingly.  !
According to the Food Lab at Johnson Space Center, astronauts on the ISS require a minimum of 
3000 calories per day, and a similar amount is assumed for Inspiration Mars. 1.955 kg/p/d[] works 
out to 1955 kg of food, not including packaging. If we assume 0.345 kg/p/d of packaging (per the 
NASA 2004 BVAD), that number goes up to 2300 kg. This is equal to 85 CTBE, with a total 
volume of 5.8 m3. At 1.81 kg per empty CTB, the total stowed mass for food and packaging will 
be 154 kg + 2300 kg = 2454 kg.  !
4.3.3: Clothing & Wipes !
One of the major determinants of mass for a human mission is the amount of clothing the crew 
will bring with them. Due to the mission’s length, two options were considered to reduce the 
mass of clothing and wipes to be brought along by the crew. One option was to use clothes 
treated with anti-microbial solutions. Depending on how much changes are provided, this 
reduces the amount of clothing by a large fraction, but it does nothing for the amount of 
disposable wipes that still must be carried. !
Based on experience on the ISS, one pair of anti-microbial underwear can be worn for a full 
month without any ill effects. It is not clear how long they can be ultimately worn for, so one 
month was assumed to be the maximum length of time a person can stand to wear one article of 
clothing. This results in a minimum of 17 changes of clothes per person (the transit time is 17 
months). Assuming 2.3 kg/person and 0.008 m3 for one complete change of clothes[1], the mass 
and volume requirements for a number of changes of clothes per person were tabulated below. 
The CTB equivalents were calculated from the clothing volume, because clothing is much less 
dense than food. !!!!!!!!!!!
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Table 4.1: Non-Laundry Mass of Clothing and Wipes 

!
As shown in Table 4.1, the mass of clothing quickly becomes prohibitive with the more changes 
that are allowed. If we choose to go in the opposite direction and use a laundry machine, the 
amount of clothes and wipes can be reduced much further. A single-phase laundry machine 
(SPSL) was built and tested by UMPQUA Research Company in 1993. It achieved satisfactory 
cleaning comparable to a household machine during microgravity testing on the KC-135 aircraft. 
Table 4.2 was complied from the numbers from this prototype, and modifying some of the 
figures. !
Table 4.2: Mass of Clothes and Wipes with Laundry 

# of Clothing 
Changes/CM

Mass (kg) Volume (m CTBE (rounded up) Combined Mass (kg)

17 (once a month) 78.2 0.272 3.99 (4) 85.44
38 (twice a month) 174.8 0.608 8.93 (9) 191.09
72 (once a week) 329.2 1.152 16.92 (17) 359.97
251 (once every 2 

days)
1154.6 4.016 58.97 (59) 1261.39

501 (once a day) 2304.6 8.016 117.7 (118) 2518.18

Non-Clothing Items
Dry Wipes 13 ?? 0.4776 (0.5) —
Wet Wipes 51 ?? 1.874 (2) —

Disinfectant Wipes 56 ?? 2.057 (2.5) —
Detergent Wipes 58 ?? 2.13 (2.5) —

Total Non-Clothing 
Mass

178 ?? 6.539 (7) 190.67

Item Mass (kg) Volume (m3) Water Use         
(kg/load)

Energy Use       
(kW-h/load)

Detergent Use  
(kg/load)

Notes

SPSL Machine 118 0.66 Estimates 
based on SPSL

2 Briefs 0.146
2 T-shirts 0.302

2 Pairs Socks 0.226
2 Pairs Shorts 0.3
2 Pairs Long 

Pants
0.6

28 Reusable 
Microfiber 

Cloths

1 28 a week

6 Wash Cloths 0.3 3 wash clothes/
CM a week

6 Hand Towels 0.87 3 hand towels/
CM a week

Total Load (2 
CM)

3.744 — 12 3.3 0.003 2 CM/week

Item
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!
It is clear from both tables that the laundry option is only half the mass of the non-laundry 
option, even if the minimum number of changes were brought. The mass of disposable wipes 
alone is greater than the combined mass associated with the laundry option. Further mass 
reductions can be achieved by balancing the amount of anti-microbial clothing with the amount 
of launderables, and by reducing the mass and water use of the SPSL machine. !
4.3.4: Trash Management !
Trash consists of packaging waste, used clothing, and other used disposables such as wipes and 
toilet paper. In order to avoid heavy and power-intensive trash compaction, a clamp-type vacuum 
sealer was chosen. It is similar to the FoodSaver machines used for vacuum-packing fresh meat[].   
Large vacuum pouches are used in lieu of trash bags. A FoodSaver machine can remove 99.98% 
of the air and most of the free water from inside a vacuum pouch, and seals it by melting the two 
sheets together at the mouth. This kills most of the aerobic bacteria and fungi, and retards the 
growth of anaerobic bacteria such as E. coli. Odor is therefore not a problem, and the trash 
pouches can be placed inside each empty CTB. To prevent any chance of contamination, the food 
and trash are kept separate. A few empty CTBs will be needed to store the trash until the other 
CTBs become available. !
A FoodSaver machine is only a few kilograms in mass and its power requirements are about 350 
watts, on par with a small vacuum cleaner. They have been in commercial production for some 
time, which lends to their reliability. A space-qualified version can be designed and built for the 
2017-2021 timeline. This device would be linked to the air revitalization and water recovery 
systems. !
Trash volume was assumed to be less than the volume of consumables after compression, so 
trash volume was not included in the storage volume calculations. !!!!!

Total Load (2 
weeks, 2 CM)

7.488 —

Packaging 0.5 negligible
CTBE 7.24                      

(4 CTBs)
0.2724

Total Amount 
of Detergent

0.216 negligible 0.003 kg * 72 
weeks

Total Mass 133.444 0.9324

Mass (kg) Volume (m3) Water Use         
(kg/load)

Energy Use       
(kW-h/load)

Detergent Use  
(kg/load)

NotesItem
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4.4: Mass & Volume Breakdown !
Table 4.3: Habitat Accommodations Mass & Volume Breakdown 

!!!

Items Mass (kg) Volume (m
Galley and Food System   
Food 2454 5.8
Convection Oven 50 0.25
Food Saving Machine 2.72 0.018
Kitchen Cleaning Supplies 37.5 0.27
Personal Hygiene   
Personal Hygiene kit 3.6 0.005
Hygiene supplies 75 1.503
Clothing   
Clothing 16 0.31
Washing Machine 118 0.68
Recreational Equipment & Personal Stowage   
Personal storage 50 0.38
Housekeeping   
Vacuum Cleaner 13 0.07
Trash bags 50.1 0.001
Operational Supplies & Restraints   
Operational supplies 40 0.004
Restraints 100 0.54
Maintenances: All Repairs in Habitat Area   
Hand Tools and accessories 70 0.233
Photography   
Equipment 30 0.5
Sleep Accommodation   
Sleep provisions 18 0.1
Crew Health Care   
Exercise equipment (Treadmill, Bicycle, resistance bands) 145 0.19
Exercise Equipment Expendables 0 0
Medical /Dental Care 45 0.04
Emergencies   
CO2 Extinguishers 41.5 0.05
Portable Breathing kits 20 -
Total 3379.42 10.944
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5. Electrical Power Subsystem (EPS) 
Section Author: Eric Shear !
The Electrical Power Subsystem is sized to provide baseload and peak power to the spacecraft at 
every mission phase. Because every watt of electrical power eventually ends up as one watt of 
heat, attention was given to minimizing the mission’s power requirements as much as possible in 
order to reduce the burden on the thermal control system. The Dragon’s own power system was 
not included in this analysis, because it was desired that the mission not suffer a power reduction 
in case of failure of the Dragon’s EPS. !
5.1: Power Requirements !
Table 5.1: Power Requirement Breakdown 

!
The activities requiring the use of peak power, as shown in Table 5.1, will be scheduled on a 
time-share basis to avoid oversizing the power system.  !
5.2: Elements !
The EPS is broken down into three elements: solar arrays and their drive mechanisms, the power 
management and distribution (PMAD) system, and batteries to provide temporary backup and 
peak power. !

Item Baseload Power (W) Peak Power (W)  % of Day (hours a 
day)

Notes

ECLSS 1511 3767 100% (24)
Avionics & 

Instruments
100 — 100% (24)

Food Preparation — 1000 2.1% (0.5)
Lighting 100 50 50% (12) Peak power for 

maintenance lights
Waste Collection 

System
— 90 2.5 (.6)

Laundry — 615 1.2% (0.3) Average power of 
each step

Water Heating/
Cooling

— 1000 2.0% (0.48) On demand only

Thermal Control 126.5 — 100% (24)
Vacuum Cleaner — 400 1.0% (.24)

Exercise Equipment — 145 16.67% (4) 2 hours a day per CM
Communications — 200
Attitude Control — ??? Includes momentum 

wheels and thrusters

Total 1837.5 7067
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5.2.1: Solar Arrays !
Two UltraFlex-175 solar arrays were chosen for the primary power source due to their high 
stiffness, light weight, and high specific power (175 W/kg). To allow for battery charging during 
baseload operations, the arrays were sized to provide 5500 W of power at all times. The arrays 
use ultra triple-junction (UTJ) cells with 28.3% efficiency, and a packing fraction of 0.9.  !
At Mars flyby, (1.4 AU from the sun), the solar insolation will be SM = 698 W/m2. This is used to 
calculate the solar array area, assuming no cosine loss. The spacecraft’s trajectory will also take 
it to 0.72 AU from the sun. Too much insolation will result in too much power to distribute safely 
and/or an efficiency drop due to overheating of the arrays, so the arrays will be rotated with 
respect to the solar vector when the spacecraft is less than 1.4 AU from the sun. !
Table 5.2: Solar Array Area and Angles (at 5500 W) 

!
At the UltraFlex’s specific power of 175 W/kg, both solar arrays have a combined mass of 31.43 
kg. A drive mechanism is provided to deploy and rotate each solar array and to keep it oriented 
with respect to the sun and the rest of the spacecraft. The mission has a maximum duration of 2 
years, so beginning- and end-of-life (BOL and EOL) corrections were not considered.  !
5.2.2: Power Management and Distribution !
Due to the crewed nature of the mission and the high power requirements, a regulated PMAD 
system is assumed. The PMAD system must handle an average load of 5.5 kW. The rule of 
thumb for regulated systems is 11.4 kg/kW, so the estimated PMAD system is 62.7 kg. !
5.2.3: Batteries !
The secondary power source is a bank of lithium-ion batteries inside the habitat for easier 
thermal control, with a minimum specific power of 85 W-h/kg. It provides peak power for 
heightened operations during periods of sunshine, and baseload power during eclipse periods. 
The eclipse periods during each mission phase have been found not to exceed 60 minutes. For 
this reason, laundry periods will be scheduled for when the spacecraft is in sunshine, allowing 
for enough recharging time before eclipse. Assuming a maximum of 60 minutes and a minimum 
power of 4.0 kW, the battery mass is 47.06 kg.  !!

Distance from Sun (AU) Solar Insolation (W/m Needed Solar Array Area 
(m

Angle between Solar 
Vector and Normal Vector 
of Solar Array (degrees)

0.72 2640 8.18 74.67
1 1368 15.79 59.32

1.4 698 30.94 0
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5.3: Mass & Volume Breakdown !
Table 5.3: Electrical Power Subsystem (EPS) Mass Breakdown 

!
References !
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Jones, P., White, S., Harvey, T., Smith, B., “A High Specific Power Solar Array for Low to Mid-
Power Spacecraft”, AEC-Able Engineering/Spectrolab  

Item Mass (kg) Quantity Total Mass (kg)
UltraFlex-175 Solar Array 15.71 2 31.43
Power Management and 

Distribution
62.7 1 62.7

Solar Array Drive 
Mechanism

3.17 2 6.34

Lithium-Ion Battery 47.06 1 47.06

TOTAL 147.53
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6. Thermal Control Subsystem (TCS) 
Section Author: Eric Shear !
The thermal system sizing is driven by all the heat loads on board the spacecraft, including solar 
flux heat and heat generated by the crew and electrical equipment. The TCS was designed to be 
as robust as possible, minimizing the use of deployable radiators and relying as much as possible 
on the surface properties and surface area of the habitat to reject heat. This minimizes the TCS’s 
reliance on attitude control. !
6.1: Thermal Environments !
To bound the thermal design, six locations were considered: LEO dayside and nightside, 
interplanetary transit at 1.4 AU and 0.72 AU, Mars flyby, and (in the case of a 2021 mission) 
Venus flyby. The thermal environment of each scenario is shown in Table 6.1.  !
Table 6.1: Thermal Environments 

!
6.2: Thermal Design !
6.2.1: Bulk Spacecraft Temperatures !
The amount of heat rejected will approximately equal the amount of external heating, plus the 
amount of electrical power dissipated by the spacecraft, plus the heat dissipated by the crew. 
Each crew member emits about 137 W, so the approximate heat load generated inside the 
pressurized volume is (5500 + 2(137)) W = 5774 W. Allowing for additional loads generated by 
the thermal control system, this rises to 5900 W. !
The results of the thermal balance calculations are shown in Table 6.2, accounting for white and 
black surface coatings. A white-coated habitat would experience a maximum temperature 
difference of 55.34 degrees K between its sunlit and shaded sides in LEO, while a black-coated 
habitat would experience 163.3 degrees at 0.72 AU. The habitat is cylindrical with respect to the 
sun, so a view factor of 1 was assumed. !!!

Location Solar Insolation (W/m Planetary Infrared      (W/
m2

Planetary Albedo (W/m

LEO (dayside) 1368 210 (at 400 km) 364 (at 400 km)
LEO (nightside) 0 210 (at 400 km) 0 (nightside)

Interplanetary - 1.4 AU 698 0 0
Interplanetary - 0.72 AU 2640 0 0

Flyby - Mars 0 104 (at 100 km) 0 (nightside)
Flyby - Venus 0 128 (at 800 km) 0 (nightside)
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Table 6.2: Habitat Surface Temperatures, with White and Black Coatings 

!
6.2.2: Passive Thermal Control !
The white coating was chosen for the habitat exterior due to the less extreme temperature 
differential between the sunlit and shaded sides, lower average temperature, and less extreme 
temperature fluctuation during transit. The MPLM already carries multi-layer insulation (MLI) 
as part of its structure, so the passive TCS was not included in the mass breakdowns. !
6.2.3: Radiator Sizing !
Radiator sizing is based on a minimum radiator temperature of 270 K. The approximate heat 
rejection at this temperature is 171 W/m2 (Table 16-4, Larson & Pranke). The radiator area is 
found by dividing the total heat load by the radiator’s heat rejection per area. !
Radiator Area = 5900 W/171 W/m2 = 34.5 m2 

!
The cylindrical section of the MPLM has a surface area of 69 m2. Half of that is enough area to 
host a structural radiator on the cold shaded side. To raise the temperature of the shaded side, 
which otherwise would go down to 201 K, the power-intensive hardware will be thermally 
coupled to the outer surface. The solar and albedo insolation will reduce the radiator’s 
effectiveness, but the white coating will reflect most of the incident short-wave radiation. Given 
the mission’s maximum 2-year duration, the rate of UV degradation was not modeled, but that 
can be mitigated by orienting the spacecraft so most of the habitat is out of view of the sun.  !
6.2.4: Internal TCS !
Because the system is relatively compact, the active TCS will serve the internal heat loads 
through an integrated internal/external cooling loop. !!!!

Location Habitat Surface Temperature w/ 
White Coating, K (C)

Habitat Surface Temperature w/ 
Black Coating, K (C)

α = 0.12, ε = 0.9 α = 0.9, ε = 0.9
LEO (dayside) 256.34 (-16.81) 340.2 (67.05)

LEO (nightside) 232.5 (-40.65) 232.5 (-40.65)
Interplanetary - 1.4 AU 216.9 (-56.25) 276.8 (-3.65)
Interplanetary - 0.72 AU 247.96 (-25.19) 364.3 (91.15)

Flyby - Mars 218.53 (-54.62) 218.53 (-54.62)
Flyby - Venus 221.9 (-51.25) 221.9 (-51.25)

Shaded Side - All Locations 201 (-73) 201 (-73)
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6.3: Mass, Volume & Power Breakdown !
The TCS mass breakdown is shown in Table 6.3. The radiator was assumed to be part of the 
habitat’s structure, so it was not included. !

!
References !
Larson & Pranke, Human Spaceflight Mission Analysis and Design, Chapter 16 - Thermal 
Control !
Henninger, J., “Solar Absorptance and Thermal Emittance of Some Common Spacecraft 
Thermal-Control Coatings” NASA Reference Publication 1121 (April 1984)  

TCS Hardware Mass (kg) Power (W) Volume (m3) Notes
Active TCS

Heat Exchangers 18.375 0 0.0226 Based on 5.5 kW 
capacity

Coldplates 1.2 0 0.0028 Based on heat 
dissipation of 

electronics
Pumps 26.4 126.5 0.0935 Based on 5.5 kW loop 

capacity
Plumbing & Valves 6.9 negligible — Add 15% of active 

TCS
Instruments & 

Controls
2.3 negligible — Add 5% of active 

TCS
Fluids 2.3 0 — Add 5% of active 

TCS
Passive TCS
Multi-Layer 

Insulation (MLI)
207 0 0.345 3 kg/m

cylindrical MPLM 
surface area

Heaters 0.7 200 — 0.7 kg/kW

Total 265.175 326.5 1.89

Page !  of !37 50



7. Guidance, Navigation, Control, Command and Communications (GNC3) 
Section Author: Jagannath Kshtriya !
7.1: Attitude Determination and Control !
The service module will have its own set of attitude determination and control systems. These, 
along with the Dragon’s hardware, form the basic attitude control system. The Dragon has 18 
Draco thrusters, all accounted for in the mass of the Dragon spacecraft. Thrust can be used to 
control attitude but at the cost of consuming fuel. !
7.1.1: Reaction Wheels !
The service module will be equipped with four reaction wheels, with one for redundancy. 
Torques generated by the reaction wheels, equal and opposite to those by the spacecraft, will help 
it stabilize. The reaction wheels used on the SM are Ithaco RWAs, with the specs described in 
Table 7.1. !
Table 7.1: Ithaco RWA Specs 

!
The 2 N-m reaction wheel assembly (RWA) is an extension of a high-torque version of the type-
E RWA that has been developed and flown on multiple spacecraft. It is the ideal choice due to its 
high reliability of 0.965 per wheel for 7 years and design life of 22.5 years, in addition to its 
torque generating ability (see table).  These have a typical accuracy of 0.010. !
7.1.2: Sensors !
Two star trackers are provided on the SM. The second star tracker is backup in case the first one 
fails. Sixteen sun sensors provide knowledge of where the sun is located, with eight of these 
serving as backups. The sun sensors are used after launch and during spacecraft emergencies.  !
The service module carries two inertial measurement units, with the second as backup. Each is a 
combination of an accelerometer and a gyroscope. Each inertial measurement unit has three 
gyroscopes and three accelerometers. One gyro and accelerometer is used for each axis. !!!

Characteristic Performance
Mass 24 kg

Peak Power 350 W
Speed 650 rpm at max. torque
Size 40 cm diameter, 12 cm height

Design Life 22.5 years, rating of 15 years
Reliability 0.965 per wheel for 7 years
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7.2: Communications !
The Dragon spacecraft comes with its own Low Gain Antenna (LGA) transmitting a S-band 
signal. An inflatable High Gain Antenna transmitting a X-band signal is attached to the service 
module. The communications systems shall foresee and be able to provide Dragon-Earth 
communications, Service Module-Earth communications, and two-way Doppler signals for 
precise navigation. 

The communication subsystems of the Dragon and the Service Module must be capable of 
providing sufficient bandwidth to transmit at the peak data harvesting rates of the mission, to 
provide data relay services between the spacecraft and the ground station on earth. By looking at 
the technology used on previous space probe missions, it is possible to minimize risk by re-using 
successful elements of the communication systems of legacy design probes, and to mitigate risk 
of failures by identifying and correcting any weaknesses or deficiencies in those systems. 

The Service Module must achieve a higher downlink rate otherwise data latency dictates that a 
buffer will have to store data that it cannot transmit at the rate it is being harvested. The 
spacecraft must use both X- and S-band receiving/transmission antennas to allow mission control 
to locate the spacecraft if it is off-course.  

7.3: Navigation  

For navigation, the telecom system must support two-way tracking and ranging. Tracking is 
performed by having the spacecraft receiver lock up to an RF signal from Earth and transmitting 
a phase-coherent signal back. The ground station then process the 2-way data to measure the 
Doppler shift on the spacecraft signal, thereby measuring the spacecraft velocity. Ranging is 
performed by sending a series of square waves to the spacecraft transponder, which demodulates 
then from the uplink signal and re-modulates them onto the downlink. When the ground station 
receives the signal, it is correlated by the signal that was sent, which allows it to measure the 
round-trip flight time of the ranging signals, thus giving us the distance. !
7.4: Mass & Power Breakdown !

!

Item Mass (kg) Power (W)

Star Tracker (2) 5.5 (11) negligible

Sun Sensor (16) 0.04 (0.64) negligible

Reaction Wheels (4) 24 (96) 350

High Gain Antenna (HGA) 30 18

Command Data Handling (CDH) 1 10

Total 168.64 378
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8. Schedule and Cost 
Section Authors: Eric Shear, Shunsuke Miyazaki !
This section assumes no new technological development for the Inspiration Mars mission, except 
for further development of the zero-gravity laundry and FoodSaver machines past the prototype 
stage. Because a Dragon capsule is used for re-entry at a velocity far below 14.2 km/s, a 
heatshield demonstration program was deemed unnecessary.  !
8.1: Schedule !
The following chart shows the mission schedule and subsystem developing schedule. The 
preliminary design will be made by the end of 2014. A decision will be made on the final design  
in 2015, and fabricating begun. System integration and testing will start 18 months before 
launch.  !
Table 8.1: Development and Operations Schedule 

!  

!  !
The Falcon 9 is now in operation, so any delay of system development will not impact its 
readiness. The Falcon Heavy is now under development and its first launch is scheduled no 
sooner than 2015. The Dragon capsule is capable of sending cargo to the ISS but still need 
further development for human space flight. The first crewed flight of the Dragon is scheduled 
no sooner than the middle of 2015. The MPLM has already been developed and verified, but it 
need an integration test with the Dragon, service module, and other subsystems. The Cygnus 
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service module is under operation and service, but it needs to be modified to fit on the MPLM, 
and its power system enhanced for a 501-day mission.  !
Most of this mission’s hardware is already operating on the ISS. The ECLSS is key to human 
space flight, so data will continue to be collected to verify the high reliability. The SOE/ESR 
needs a zero-g test and a long operational ground test. The UPA’s urine pretreatment needs to be 
improved to achieve 85% recycle rate by the middle of 2015. Lifetime verification tests would be 
conducted on the SOE/ESR and UPA by integrating them with other ECLSS systems on the 
ground or ISS for 24 months and 27 months, respectively. Ideally, the verification test is 
conducted for at least twice of mission duration (33 months). !
The FoodSaver machine is a commercial product. Its performance needs to be verified in a zero-
g environment. The laundry system needs development and is required to conduct life time 
verification more than 24 months before launch.	
!
8.2: Cost !
Cost estimation is a complex subject. Even cost models such as NAFCOM cannot predict the 
whole cost of a mission. This section shows what estimates could be made.  !
8.2.1: Advanced Missions Cost Model !
Modeling is a top down approach. Generally, it involves variables of mass, power and some 
measure of complexity.  These are input into an algorithm function that is based on a history of 
previous costs of similar systems, and outputs a cost. One such model is the Advanced Missions 
Cost Model (AMCM), found in Larson & Pranke Chapter 29. This tool uses a large set of 
variables to estimate the total cost, of which an annotated list is shown below. !
• Quantity: Total number of units to be produced 
• Dry weight: The total mass of the unit not counting fuel and payload, in pounds only 
• Mission Type: Classified by the operating environment and the type of mission to be performed 
• IOC Year: IOC stands for Initial Operating Capability, namely the year in which the spacecraft 

or vehicle is first launched 
• Block Number: Represents the level of design inheritance in the system. Block 1 means the 

spacecraft is a new design while Block 5 means this is the fifth iteration of an existing system. 
• Difficulty: This factor represents the level of programmatic and technical difficulty anticipated.  !
The AMCM does not give the development and production costs. Only the total cost is shown. 
To estimate the cost of the MPLM and service module, high heritage was assumed with a 
quantity of 1. Dry weight (without fuel or payload) was assumed to be 7435 kg (16,391 lb) at a 
IOC Year of 2017. Because of the high heritage and wide layout of the systems, difficulty was 
assumed to be medium-to-low. With these assumptions, the AMCM estimate was found to be 
$548.87 million. 
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8.2.2: Mission Operations Cost !
The mission operations cost was estimated with 12 Mission Control personnel, each of them 
earning $50,000 a year for two years ($1.2 million). This is likely a conservative number because 
this mission is much less complex than the ISS and most personnel would be on-call, showing up 
only at crucial events such as launch, flybys, and landing. A multiplier of 3 was assumed for on-
costs, bringing the total up to $3.6 million. !
8.2.3: Prototype Development !
$2 million is set aside to fund the development of the SPSL and FoodSaver machines into space-
qualified hardware. The SPSL is already at an advanced stage of development (TRL 6) and the 
FoodSaver is only 2.72 kg. The FoodSaver’s operating principles are insensitive to gravity, so it 
is not expected to be difficult to turn it into space-qualified hardware. !
8.2.4: Deep Space Network Time !
It costs approximately $1000/hour to rent a dish and its associated equipment on the Deep Space 
Network (Jim Lux). Assuming the spacecraft is in contact with the DSN for 2 hours a day (both 
uplink and downlink), total DSN cost is estimated to be $1,002,000.  !
8.2.5: Final Cost Estimate !
Both the top down and bottom up estimates are made and compared to get a final cost, in 
addition to the cost of using the Deep Space Network for interplanetary communications.  !

!!!

Item Unit Cost ($ millions) Total Cost ($ millions)

Dragon 90 90

Falcon 9 56 56

Falcon Heavy 77 77

AMCM 548.87 548.87

Mission Operations 3.6 3.6

Supplies 1 1

Prototype Development 2 2

DSN Time 1 1

Total 779.47

Page !  of !43 50



References 

Colombo, Gerald V, David F Putnam, Teddie D Lunsford, Neil D Streech, Richard R Wheeler 
and Harold Reimers. "Single Phase Space Laundry Development." (1993). 

Paragonsdc.com. "Paragon Space Development Corporation - Solutions your life depends on.." 
2014. http://www.paragonsdc.com/ (accessed 15 Mar 2014). 

SPACEFLIGHT101. "Cygnus Spacecraft Information." 2014. http://www.spaceflight101.com/
cygnus-spacecraft-information.html (accessed 15 Mar 2014). 

SpaceX. "SpaceX." 2014. http://www.spacex.com/ (accessed 15 Mar 2014). 

Tito, Dennis A, Grant Anderson, John P Carrico, Jonathan Clark, Barry Finger, Gary A Lantz, 
Michel E Loucks, Taber Maccallum, Jane Poynter, Thomas H Squire and Others. "Feasibility 
analysis for a manned mars free-return mission in 2018." (2013): 1–18. 

Larson & Pranke, Human Spaceflight Mission Analysis and Design, Chapter 29 - Estimating the 
Cost of Crewed Space Systems 

!
Acknowledgements 
We thank Dr. Christi Iacomini from Paragon Space Development Corp. for her support. !
!!!

Page !  of !44 50



Conclusions !
The mission relies on existing and near-term hardware, relaxing the development schedule and 
cost. Only the SOE/ESR, FoodSaver, and UPA units need extensive testing and qualification in a 
relevant environment to ensure that they will operate steadily throughout the mission.  !
The combined cost to launch all the hardware, assuming SpaceX launchers, is between $133 and 
$212 million (depending on the combination of Falcon 9s and Heavies). The Falcon Heavy’s 
cross-feeding capability makes it possible to place a whole Falcon 9 into LEO, with enough 
propellant to push the spacecraft into ITO at a delta-V of only 4.9 km/s (half that required to get 
from Earth’s surface to LEO). This keeps the number of launches at just two, compared to the 
three or more commercial rockets it would take in other plans. The FH has not yet entered 
operation, so more work needs to be done to ensure that its core first stage can remain attached to 
the Dragon until ITO without interfering with rendezvous.  !
Dennis Tito has expressed interest in using the Space Launch System (SLS) Block 1 to launch 
Inspiration Mars, due to concerns that it would take too many commercial rockets to launch the 
mission. The most optimistic cost estimate for a single SLS launch is $500 million, and another 
launch vehicle must be used to ferry the crew to the spacecraft. Launch costs with the SLS option 
are within the ballpark of $700-750 million. While it is possible, this is high compared to the 
method described in this paper. It goes without saying that NASA has already turned down Tito’s 
proposal for a public-private partnership using the SLS. Using the SLS is impossible without 
NASA’s cooperation. This paper presents a cost-efficient alternative to the SLS option that also 
does not rely as much on NASA’s and Congress’ cooperation. !!
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Appendix A - ECLSS Supporting Documentation !
Table A-1: Metabolic Waste Values 

!
Table A-2: Personal Waste Products 

!!!!!!!!!!!!!!!!!

Waste Per Person 
(Kg/d)

per Person/mission 
(Kg/mission)

All Crew 
(Kg/d)

All Crew (Kg/
mission)

Waste (Urine, Solid) 0.06 30 0.12 60
Waste (Feces,Solid) 0.03 15 0.06 30
Waste (Sweat, Solid) 0.02 10 0.04 20
Waste (Urine, Liquid) 1.5 750 3 1500
Waste (Fecal Water, Liquid) 0.09 45 0.18 90
Waste (Sweat/Air, Liquid) 2.28 1140 4.56 2280
Gas (CO2) 1 500 2 1000
Solid Total 0.11 55 0.22 110
Liquid Total 3.87 1935 7.74 3870
Gas Total 1 500 2 1000
Total 10 4980 20 9960

Waste Person 
(m

Person/mission 
(m

All Crew 
(m

All Crew (m
mission)

Food Packaging 0.0013 0.7 0.0026 1.3
Toilet Paper 0.028 14.0 0.0560 28.0
Feminine Health 0.0080 4.0 0.0160 8.0
Gloves, dry wipe, tape, paper, etc 0.0035 1.8 0.0070 3.5
Total 0.041 20.4 0.1 40.8
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Table A-3: ECLSS Hardware Breakdown 

!!!!!!!!!!!!!!!

 Mass (kg) Volume (m Power (W) TRL
HEPA - - - 10
CHX - - - 10
4 BMS 60 0.3 600 10
LiOH Canister 7 0.005 12 10
TCCS 40 0.3 100 10
SOE/ESR 31.7 0.069 101 6
Lab Humidifer 6.75 0.091 23  10
Dew Generator 6 0.0103 60 10
OGS 137.70 1.40 1971 10
WPA 464 1.41 240 10
UPA 193 1.17 200 10
WCS 45 2.18 - 10
3D Printer 72 0.041 80 7
H2O Storage Tank 43.3 0.68 0 10
H2O Reserve Storage Tank 8.51 0.28 0 10
Solid Waste Compartment 46.9 0.05 - 10
Colapsible Water Tank 14.5 0.44 0 10
SubTotal (internal) 1176.36 8.4243 3387  
SubTotal+5% margin 1294.00 9.27 3725.70  
O2 Storage Tank 22.8 0.926 12 10
H2 Storage Tank 4.5 0.225 6 10
N2 Storage Tank 270 3.87 18 10
SubTotal (External) 297.30 5.02 36.00  
Overall Total 1591.30 14.29 3761.70  
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Table A- 4: ECLSS Hardware Spare Parts 

!

 Mass (kg) Volume (m # of Spares Sub Total (kg) Sub Total (m
4BMS      
Blower Assembly 3.6 - 2 7.2 -
Air Selector Valves 3 0.00006 2 6 0.00012
Desiccant/Sorbent Beds 13.3 0.0021 2 26.6 0.0042
LiOH Canister 6 0.005 3 18 0.015
WPA      
Multifiltration 20 0.08 3 60 0.24
Expendables 12 - - 12 -
OGS      
Hydrogen Sensor 4.5 0.00283 3 13.5 0.00849
Hydrogen ORU 125 0.153 2 250 0.306
Expendables 16 - - 16 -
UPA      
Distillation Assembly 50 0.2 2 100 0.4
Expendables 16 - - 16 -
Brine Filter 5 - 6 30 -
ARFTA tank 23.6 0.102 2 47.2 0.204
SOE/ESR      
SOE/ESR 31.7 0.069 2 63.4 0.138
Stacks (1set = 3 SOE & 2 
ESR) 5.37 - 3 16.11 -
Others 4.5 - - 4.5 -
WCS      
WCS Supplies 50.1 1.3 - 50.1 1.3
Spare Parts 9 0.436 - 9 0.436
Fecal/Urine Collection bags 57.5 0.075 - 57.5 0.075
SubTotal    803 3.127
      
3D-Printer      
Material (ABS) 120 0.114 - 120 0.114
CCAA      
HEPA & CHX expendables 24.1 0.156 - 24.1 0.156
Total    948 3.397
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Appendix B - Solar Insolation and Thermal Control Calculations !!
Qin = Qout 
(AsolarJs + AalbedoJa)α + εAplanetaryJp + Q = Asurface𝝈εT4 !
where  
𝝈 = 5.67 × 10-8 W/m2-K4 
α = short-wave absorptivity 
ε = long-wave absorptivity/emissivity 
T = surface temperature 
Q = internally dissipated heat, 5900 W 
Asolar = Aalbedo = Aplanetary = 24 m2, the approximate cross-section area of the MPLM 
Asurface = 70 m2, the approximate surface area of the MPLM 
Js = solar insolation 
Ja = albedo flux 
Jp = planetary IR flux  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Appendix C - Suggested Biological Specimens !!
Habitat Hygiene Research 
3 specimens of each bacterial species !
• E. coli - Fecal bacteria 
• Salmonella typhimurium - Main culprit in food poisoning 
• Pseudomonas aeruginosa 
• Staphylococcus aureus - Staph throat, food poisoning, skin infections 
• Proteus mirabilis - Urinary tract infections 
• Bacillus cereus - food poisoning !
3 specimens of each fungi species 
• Aspergillus - Mold 
• Candida albicans 
• Stachybotrys - Black mold. It occurs in houses that are chronically damp and causes respiratory 

problems. !!
Living Interplanetary Flight Experiment (LIFE) 
30 samples of 10 passenger organisms (3 specimens of each organism).  !
Bacteria 
• Bacillus safensis 
• Deinococcus radiodurans 
• Bacillus subtilis, strain MW01 
• Bacillus subtilis, strain 168 !
Archaea 
• Haloarcula marismortui 
• Methanothermobacter wolfeii 
• Pyrococcus furiosus !
Eukaryote 
• Saccharomyces cerevisiae (yeast) 
• Arabidopsis thaliana 
• Tardigrades 
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