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1.0 Executive Summary

Extraterrestrial Solutions (ETS) aims to enable human exploration of the Solar System, for
which the next step is a crewed exploration of Mars. By responding to this request for proposals
(RFP), ETS is fulfilling that mission statement by providing the design for a system that will bring
humans to the Martian moons of Phobos and Deimos, whereupon samples will be collected from
each moon. This will provide the necessary experience from which more complex crewed missions
can be conducted in the Martian sphere of influence (SOI) that will eventually allow for a human
presence on the surface of the red planet. The moons themselves are also of scientific interest, and
samples collected from them will help the scientific community further their research into the

origins of the Solar System and the history of Mars.

The system designed by ETS is the Exploration Excursion Vehicle (EEV), which will bring
the crew to the moons within the Martian SOI. This will be sent to Mars uncrewed, where it will
then wait in a 5-sol parking orbit for the Deep Space Transport (DST) to bring the crew. The DST
is not designed or produced by ETS. After docking, transferring the two crew members and
supplies from the DST, and undocking, the EEV will begin its mission to explore and collect

samples from the Martian moons.

As the EEV is a crewed vehicle, accommodations for the crew are the key design driver of
the vehicle. It was found that a pressurized volume of greater than 30 m® would be sufficient for a
30-day mission. The EEV is equipped with an environmental control and life support system
(ECLSS), which consists of atmospheric control and revitalization, water management, waste
management, and fire detection and suppression systems. Food and other crew supplies have also

been considered, and radiation shielding vests are provided to the crew to enhance radiation
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protection in addition to what is inherently provided by the structure. A shelter for the crew is also
present in case of radiation events. The ECLSS will have a mass of 763 kg on launch, but 377 kg
of food and water will be brought aboard by the crew upon docking with the DST. The entire

system will draw about 1750 W of continuous power.

A coring-based sample collection mechanism has been devised for the mission. Like the
sample collection drill on the Mars Perseverance rover, a core is extracted by a mechanism and
hermetically sealed before being placed in the sample caching system. This contains two separate
areas that isolate samples from Phobos and Deimos from each other. 19 sample containers have
been allocated for each moon. However, due to the differing average density of the moons, only
11 are estimated to be required from Phobos while 13 will be required from Deimos. After the
samples are collected and the EEV returns to the DST, the sample caching system is detached from
the EEV and is docked to the DST using an IDSS docking adapter. The crew is then able to access
the sealed sample containers from the interior of the DST. This sample collection system is

projected to have a mass of 320 kg and draw 200 W of power.

Since there is very little known about the surfaces of Phobos and Deimos, additional
payloads are necessary. To determine the viability of specific landing sites, the EEV is equipped
with a thermal imaging camera and a thermal emissions spectrometer. In order to save on
development costs, these payload instruments will consist of the Thermal Emission Imaging
System (THEMIS) used on the 2001 Mars Odyssey orbiter and the OSIRIS-REXx Thermal
Emission Spectrometer (OTES). THEMIS will draw 14 W of power and OTES will draw 11 W,
with both operating simultaneously while the EEV is in its scanning mission mode. The EEV is
also equipped with the Radar Imager for Mars’ Subsurface Experiment (RIMFAX) as its ground

penetrating radar that determines the viability of sample collection from the area around the EEV

2|Page



~ "\
¢ ¢ CalPolyPomona

College of Engineering
Aerospace Engineering

after landing. This will draw up to 10 W while it is in use. Exterior engineering cameras will also
be used in order to monitor the vehicle and as give the astronauts an ability to see the outside space.
These cameras will always be on and continuously use 100 W of power during the mission. In

total these payloads will contribute 24 kg to the vehicle mass.

These payload components produce scientific and engineering data and will be processed
by the EEV’s command and data handling system. This will use proven radiation hardened
hardware similar to what is currently in use on Mars on the Perseverance rover. Four independent
computers will be used, allowing for redundancy in the hardware in case of any single event
effects. A hard drive will also be present for data storage. While significant amounts of non-
mission critical data can be stored for processing after the mission, such as non-time sensitive
video feed, there is still some data that needs to be processed in a timely manner, such as potential
landing site parameters or critical engineering data about the health of the crew and system. For
this the EEV is equipped with a communications system that consists of two antennae, with one
each for a low-gain and a high-gain. The low-gain antenna primarily serves as a receiver and will
downlink commands from the Deep Space Network (DSN) on the 7.16 GHz band. The high-gain
antenna will primarily transmit data to the DSN and DST, which will have two more crew members
who may assist in some data processing or forward it back to the DSN. This antenna operates on
a transmitting frequency of 8.42 GHz. These two systems have a combined mass of 73 kg and

draw 1000 W of power.

In order to meet the thermal requirements of the spacecraft, the vehicle is covered in MLI
and has powered heaters strategically placed to ensure that the temperature remains within
acceptable ranges throughout the mission. The entire system will require a maximum of 706 W of

power for the heaters and a mass of 155 kg.
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Between all the subsystems and flight modes, the EEV will have a maximum power usage
of 5870 W. To meet these energy demands, the EEV is equipped with solar panels, with batteries
used for power during the eclipse periods. The solar arrays will have a total area of 42.8 m?in the
shape of two decagonal folding panels. These solar arrays will be gimballed to ensure sure that
they are properly oriented and always pointing towards the Sun. With some redundancy built in
for one battery out or minor solar array damage, the mass of the power system mass totals 1020

kg.

The EEV will utilize 3-axis attitude control with hydrazine monopropellant thrusters, as
well as reaction wheels to provide extra stability for the scanning payloads, as they have narrow
fields of view. This will enable the spacecraft to manage its attitude in order to maximize solar
panel exposure, dock with the DST, and point its scanners or thrusters. Star trackers and
magnetometers will allow for attitude determination. This system will require 368 W and have a

mass of 16 kg.

The EEV’s concept of operations will involve it moving from the DST parking orbit to
both moons, and then back to the DST, requiring a minimum of 2.15 km/s of Av. This necessitates
a very large, bi-propellant propulsion system. As the EEV will be in orbit around Mars for years
before the arrival of the crew, storable hypergolic propellants were selected, with 8170 kg of
propellant mass estimated to be required for the mission. The propellant tanks are integrated into
the primary service module structure to maximize the internal volume of the tanks. In order to
minimize the mass of the main tanks, they will not be equipped with propellant management
devices (PMDs) and will be made of stainless steel due to its high strength-to-weight ratio and lack
of reactivity to the propellants. To ensure propellant flows into the engines prior to burns, there
will be smaller header tanks equipped with PMDs that will provide the propellant to the engines
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until the main tanks are settled. When also considering the mass of the engines and plumbing, the

system will have a dry mass of 1750 kg.

The remaining structural mass comes out to 2870 kg, which is mainly in the inflatable crew
habitation module. This maximizes the amount of internal volume of the habitation module for the
allotted mass. The structure uses redundant bladders with restraint layers for rigidity, with
micrometeoroid and orbital debris protection added on top. During launch, the bladders are
deflated and restrained on a central aluminum structure that doubles as the radiation shelter. After
separation from the launch vehicle, the bladders inflate, and the crew module expands to its
maximum diameter. The other large source structural mass is in the landing legs, which will enable

the spacecraft to remain stable on the surface of the moons, despite the extremely low gravity.

As this is a sample collection mission to other bodies, cleanliness of the spacecraft will be
maximized in accordance with planetary protection requirements. The vehicle will remain in a
high orbit at the end of its mission to minimize the risk of any contamination that may come with

it crashing into either Mars or one of the moons.

The EEV is projected to cost $2 billion, which is not compliant with the $1 billion
requirement. However, this budget requirement will not ensure a safe crewed mission, and it has
been found that a crewed mission of this magnitude would require an increase in funding.
However, a robotic sample collection mission would greatly reduce this cost, as it would not
require the large habitation module, ECLSS and associated power systems, or large propulsion
system. This could still interface with the DST and use the same sample collection mechanism that
transfers the samples to the DST. If this mission architecture were to be used instead, the

engineering and scientific objectives of the mission would still be met, as human spaceflight and
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mission operations in the Martian SOI would still be conducted, while samples from the Martian

moons would still be retrieved and returned to Earth.

Other than the cost requirement, the crewed EEV design is compliant with each technical

and managerial requirement given in the RFP.
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2.0 Mission Overview

2.1 Needs Analysis

Crewed exploration of Mars is the next frontier in humanity’s quest for the stars. However,
no crewed vehicles have ever ventured beyond Earth’s sphere of influence (SOI). To ensure a safe
landing on Mars, an incremental approach to human missions should be utilized. A key step in this
is in crewed missions in the Martian SOI. This will provide invaluable experience in developing

procedures for these missions, as well as data in testing systems in the Martian environment.

The two Martian moons, of Phobos and Deimos, provide an opportunity for crewed
exploration of the Martian sphere of influence, as their exploration does not necessitate the
development of heavier vehicles for landing on and taking off from the surface of Mars itself. Both
moons are scientifically interesting and can provide insights into the history of Mars and the Solar
System, as they share many similarities with class C and D-type asteroids. Samples obtained from
both moons for examination on Earth, therefore, will provide data that would advance studies into
the formation of the Solar System and allow for a greater understanding of its history and what

resources are present.

2.2 Mission Objective

In order to meet the needs of the engineering and scientific communities in the Martian
SOl, the key mission objective will be to bring a crewed vehicle to both Martian moons to collect
samples and bring them back to Earth. This will provide the procedural and testing data that will
enable future missions to Mars and eventually enable a human landing on the planet’s surface

while also providing the material needed for extensive studies into Phobos and Deimos.
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2.3 Customer Requirements

The customer has included several system level requirements in their request for proposals
(RFP), which have been tabulated in Table 2.3-1. Each one has been labelled with where in the
RFP it comes from and assigned a reference ID, which is done to enhance the traceability of the

requirements.

The reference ID consists of three parts. The first is a letter to describe the type of
requirement: T for technical requirements, C for a cost requirement, and M for a managerial
requirement. The next section refers to what part of the WBS (Appendix A) the requirement is
relevant to. The last number, following a dash, numbers the requirement in relation to the other
requirements from that WBS section and type. For example, T4.1-1 is the first technical

requirement for the life support system (ECLSS).

The RFP paragraphs are labelled where the main sections in the RFP contribute the first
number, the subheadings contribute the second, and the paragraph number itself contributes the

third. Section 4.1 is for the Design Requirements and Constraints section of the RFP.

Table 2.3-1: Customer System Level Requirements

RFP Reference [Requirement Statement

paragraph # (ID

4.1.1 T4.1-1 The EEV must support two crew members when visiting both moons

4.1.1 T6.2-1 The total mission duration must not exceed 30 days following
departure from the DST

4.1.1 T5.0-1 The EEV must be able to collect at least 50 kg worth of samples
from each moon

4.1.1 T6.0-1 The crew must remain inside the EEV for the entire mission duration

4.1.2 T6.0-2 The mission must produce significant scientific data from the moons

4.1.2 T7.0-1 The samples must be quarantined from the crew until arrival at Earth

4.1.3 T4.0-1 The EEV must autonomously dock with the DST

4.1.4 T6.0-3 The EEV must launch on an existing launch vehicle
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4.1.7 C0.0-1 The vehicle and its launch cost shall not exceed $1 billion (2021
equivalent)

4.1.4 M6.2-1 The EEV must be in a 5-SOL parking orbit around Mars by Summer
2040

4.1.5 M4.0-1 Preferably utilize system and subsystem levels with higher TRL
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3.0 Mission Design

3.1 Architecture Considerations

To ensure that an optimal vehicle design was selected, multiple mission architectures were
considered. These were differentiated in how the EEV’s operations for the Martian moons would
play out. Architecture 1 would use a single space vehicle that would land the crew on the moon
itself, while architecture 2 would use an unmanned sample collection vehicle (USCV) to collect

samples and bring them back to the EEV, which would be stationed in space nearby.

3.1.1 Architecture 1

Al

Figure 3.1.1-1: Architecture 1
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3.1.2 Architecture 2

Figure 3.1.2-1: Architecture 2

3.1.3 Down Selection

Architecture 1 was selected as it was estimated that the addition of the second vehicle
would increase launch mass and mission complexity, ultimately driving up the cost of the mission
and making the EEV non-compliant with the $1 billion requirement. After selecting architecture
1, the EEV was redesigned to incorporate additional crew habitation space, decreased solar panel

length, increased leg length for stability, and an outer inflatable crew module insulation system.

3.2 Concept of Operations

3.2.1 Porkchop Plots

In order to depart Earth at an optimal date, Porkchop Plots were created upwards of 5 years

prior to mission start. It is important to note that every 11 years, the departure and arrival window
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between Earth and Mars becomes most efficient. With respect to the mission, that window occurs
in the Summer of 2035. Figures 3.2.1-1,2,3 demonstrate Porkchop Plots 5, 3, and 1 year prior to
mission start, respectively. It is important to select a departure and arrival opportunity that requires

characteristic energy (Cs) within the bounds of the launch vehicle.
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Figure 3.2.1-1 Departure and arrival efficiency 5 years prior to mission start
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Figure 3.2.1-2 Departure and arrival efficiency 3 years prior to mission start
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Figure 3.2.1-3 Departure and arrival efficiency 5 years prior to mission start

From the plots, launching 1 year prior to mission start is not feasible as the most efficient
opportunity would occur after the arrival of the DST. Per the RFP, this launch window is

disqualified as the EEV must arrive prior to the arrival of the DST (does not meet SLR M6.2-1).

Launching 3 years prior to mission start requires a minimum Cs of 15.7 km?/s?, whereas launching
1 year prior requires a minimum C3 of 11.7 km?/s2. Therefore, the spacecraft will launch Summer
of 2035 to reduce Cs as much as possible (aids in meeting SLR T6.0-3). As a result, the spacecraft

will arrive around January of 2036.
3.2.2 Trajectories

STK was used to display the sequence of events from the moment the spacecraft departs
Earth to landing on both Phobos and Deimos. The spacecraft will launch from Cape Canaveral,
Florida at Complex 39A. This launch pad is leased to SpaceX by NASA. The launch date is set to
June 15", 2035. After Earth departure, the launch vehicle will enter a 300 km circular parking

orbit, as demonstrated in Figure 3.2.2-1,2.
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FalconHeavy

Figure 3.2.2-1 The Falcon Heavy departing Earth

Figure 3.2.2-2 Circular parking orbit insertion around Earth

Once a circular orbit is obtained, the Falcon Heavy will perform a burn to initiate a
Hohmann Transfer and propel itself towards the Martian 5-SOL parking orbit. To verify the
accuracy of the Porkchop Plots, 2 different interplanetary trajectories were found using STK.
These trajectories can be seen in Figure 3.2.2-3. Interplanetary Transfer #1 falls within the lower
Cs range from Figure 3.2.1-1, whereas Interplanetary Transfer #2 does not. A trade study was

conducted to select between the two proposed trajectories. However, it is clear that Interplanetary
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Transfer #1 is ideal due to the required Cs. Interplanetary Transfer #1 has a TOF of 186 days and

requires a total Av of 3.75 km/s. Mars arrival is estimated to occur on November 11", 2035.

"". II‘oFEllr_onHeavy
\ Ear‘?ch . / \ Earth ‘
\ iFalconHeavy" ‘

Interplanetary Transfer #1 Interplanetary Transfer #2

Figure 3.2.2-3 Interplanetary Hohmann transfer to Mars from Earth

Table 3.2.2-1 Trade study to select optimal interplanetary trajectory

Required Av < 3.5 km/s Required C3 < 20 km?/s? Time in Mars Orbit = 365 Weighted Total

FOMs days = SUM(W)
Weight =2
Weight =3 Weight =1
U w u W U W
Trajectories
Interplanetary 3.75km/s |9 11/6 km?/s? 6 < 186 days 9 24
Trajectory #1
3 3 9
Interplanetary 4.40kmfs |3 22.9 km?/s? 2 <323 days 9 16
Trajectory #2
1 1 9

After arriving at the Mars SOI, 2 different Martian trajectories were proposed. A trade study was
conducted to select the most optimal Martian trajectory. Figure 3.2.2-4 illustrates the 2 trajectories,

and Table 3.2.3-1 showcases the trade study used.
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Circular Parking Orbit Elliptical Parking Orbit

Figure 3.2.2-4 Different 30-day Martian trajectories

Table 3.2.2-2 Trade study to select optimal 30-day Martian trajectory

Required Av £ 2 km/s Average Planet Stay-Time 2 | Mission Duration < 30 days | Weighted Total

FOMs 10 days =SUM(W)

Weight=3 Weight =2 Weight = 1

Martian U W U w U w

Trajectories

Circular Parking Orbit 2.41 km/s 3 11 days 6 29 days 3 12
1 3 3

Elliptical Parking Orbit 215km/s |9 12 days 18 29 days 3 30
3 9 3

It is ideal to limit the required Av as a higher Av requires more propellant mass. A Av of 2
km/s for a Martian mission of this nature would be considered efficient. Also, because the mission
requires the EEV to obtain 50 kg worth of samples from each moon, it is ideal to reduce the
required maneuver time to allow for more sampling time. Therefore, it is best to have a minimum

of 10 days’ worth of sampling time for each moon (aids in meeting SLR T5.0-1). Finally, per the
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RFP, the Martian mission time must also not exceed 30 days as required by SLR T6.2-1. Using

the stated metrics, it was clear the elliptical parking orbit was the best option.

The elliptical parking orbit has an eccentricity of 0.844. This eccentricity gives the orbit its
distinct, elongated shape. The EEV and DST will rendezvous at the elliptical parking orbit. Once
the 2 crew members have boarded the EEV with all the required equipment, the EEV will undock

and begin the 30-day Martian mission.

The first burn after crew boarding will occur at the parking orbit’s perigee. Due to location
of Phobos and the parking orbit, the EEV will only have to perform a retro burn to enter an orbit
around Phobos. After the EEV has landed on Phobos and collected its samples, the EEV will depart
Phobos and perform a Hohmann transfer to Deimos. When the EEV has landed on Deimos and
collected samples, a final Hohmann transfer is performed to arrive at the 5-SOL parking orbit for
a second rendezvous with the DST. Table 3.2.2-3 lists the different steps required for a successful
30-day trajectory along with the required Av for each maneuver. Figures 3.2.2-4 illustrates the
EEV insertion into an orbit around Phobos and Deimos. It is important to note that each lunar
insertion will require the EEV to scan the surface of the moon prior to landing. This is done to

ensure the surface composition of the landing location will not jeopardize mission success.

Table 3.2.2-3 Trade study to select optimal 30-day Martian trajectory

Date Maneuver Av, km/s
06/01/2040 DST Rendezvous W/EEV 0.001
06/01/2040 EEV Rendezvous w/Phobos 0.763
06/13/2040 EEV Initiates Hohmann Transfer to Deimos 0.415
06/13/2040 EEV Ends Hohmann Transfer to Deimos 0.332
06/25/2040 EEV Initiates Hohmann Transfer to DST 0.383
06/28/2040 EEV Ends Hohmann Transfer to DST 0.258
06/29/2040 EEV Rendezvous w/DST 0.001
TOTAL 2.15
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Figure 3.2.2-4 EEV rendezvous with Phobos and Deimos

3.3 Landing Site Selection

The surface composition of both Phobos and Deimos is largely unknown. Both moons have
visibly discolored surfaces covered in regolith. These discolorations are theorized to be caused by
space-weathering. The exterior (visible) surface of the moons is one distinct color, whereas the
rock underneath this exterior surface is another color. Reasons for why deep rock is exposed range

from landslides to meteor impacts. Figure 3.3-1 demonstrates the discoloration on both moons.

Phobos has two distinct colors: red and blue. The red surface is thought to be old, space-
weathered rock, whereas the blue surface is thought to be rock that lies underneath the red rock.
There are over 15 named craters on Phobos, with the largest crater being the Stickney crater. The
Stickney crater contains both blue and red surfaces, making it an excellent landing site as the EEV

has the capability of easily collecting the red and blue rock.

Deimos, like Phobos, also has two distinct colors. The red areas are radiation-stained rock,
whereas the blue surface color is the rock underneath the exterior (visible) surface. Unlike Phobos,
there are only 2 named craters: Swift and Voltaire. Both craters are roughly 1 km apart and both
contain red and blue rock, making for an excellent sampling site location as the opportunity to

collect red and blue rock is much higher in this general area.
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Figure 3.3-1 The surface discoloration on Phobos (left) and Deimos (right)

It’s important to note that formal data on the surface composition of Phobos and Deimos
is non-existent. Although the Stickney and Swift-Voltaire craters have characteristics that make
them both attractive landing sites, the EEV’s payload system will scan these areas prior to landing
to ensure the safety of the crew and mission success. Figure 3.3-2 illustrates the required lunar

surface scanning.

Figure 3.3-2 Moon scanning prior to landing on Phobos and Deimos

3.4 Launch Vehicle Trade Study/Selection

Multiple launch vehicles were considered to get the EEV to Mars. These candidates were

the Falcon 9, Atlas V, Delta IV Heavy, Falcon Heavy, Vulcan-Centaur, New Glenn, Starship-
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Superheavy, and the Space Launch System (SLS). The figures of merit used were payload mass to

Mars orbit, reliability, cost, and payload fairing size.

When the trade study was conducted, it was quickly determined that the Atlas V and Delta
IV Heavy would not be available for our mission due to the remaining LVs being sold. The Falcon
9 could be rolled into the Falcon Heavy for consideration, since the latter has a much closer mass

capability to the EEV’s requirement. SLS was not considered due to its high cost per launch

exceeding the total budget requirement.

A I.\"
?

e \ B -
i

Falcon Heavy New Glenn Vulcan

Pros Pros Pros Pros

Low cost (S90 M to $150 M) |+ >100t to Mars (597% *  Very high payload capacity * High payload capacity

Can launch the EEV with a margin) (unknown mass to Mars) (unknown mass to Mars)

1.8% margin *  Extremely high payload *  Extremely large payload * large 5.4 m payload fairing
* Based on Falcon 9 (high volume (9 m diameter) fairing (7 m diameter) *  Low cost ($82 M to $200 M)

success rate of 98%) * Low projected cost (<510 M) | Cons * Developer has very good
Cons Cons * Unknown cost per kg flight record

Small 4.6 m payload fairing * Unproven vehicle * Unproven vehicle Cons

constrains the size of the *  Very complex system * Developer has no orbital * Unproven vehicle

crew compartment flight record

Figure 3.4-1: LV Trade Study Breakdown

Falcon Heavy was selected from the remaining four options as it has the capability to
launch the EEV directly to its orbit around Mars in a fully expendable configuration. As the Falcon
Heavy has never had an unsuccessful flight and Falcon 9 has had a very high success rate of 98%,
it has a far higher score for reliability than the other three LVs, which do not have orbital track
records. However, it has the smallest payload fairing of the LVs that were considered, which

constrains the geometry of the spacecraft.
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Using the spacecraft geometry, it has been determined that no ballast will be needed for
the launch, as the spacecraft center of mass is located 2.7 m above the payload attach fitting plane.
This is within the allowable distance for the 2624 mm PAF that is offered by SpaceX for a 16.5-

ton spacecraft.

Figure 3.4-2: Spacecraft Launch Configuration
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Figure 3.4-3: SpaceX PAF 2624 Capability [1]

As the Falcon Heavy only offers a 1.8% mass margin, a contingency has been planned if
the mass of the EEV increases or a less optimal transfer time is required due to a schedule slip.
This plan would be in the form of using a STAR 48B solid rocket motor as a kick stage. It has

been found that this will increase the payload mass to Mars by 1000 kg and cost an additional $10

million.

3.5 EEV Configurations
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3.5.1 EEV Stowed Configuration

Deflated Crew

Stowed ACS

@3.7

Stowed Solar

IDSS Docking

Pressurant

Sample Collection .
Scannin

23|Page



A
') CalPolyPomona

Y

nnnnnnnnnn
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4.0 Vehicle Design
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4.1 Environmental Control and Life Support System

The Environmental Control and Life Support System (ECLSS) is an essential subsystem
needed to sustain the lives of the EEV’s astronaut crew of two for the duration of the 30-day
manned mission. The ECLSS must fulfill the crew’s nutrition, waste management, and
medicinal/first aid needs. The ECLSS also provides a safe and comfortable environment for the
crew, i.e., atmosphere control, water management, fire mitigation, and radiation mitigation.
ECLSS feature selection is based on the mission duration of 30 days plus a 15-day margin to
provide a buffer for the purposes of safety. This 45-day duration fits within the 12 days to 3-month
window shown in Figure 4.1-1. The EEV’s environmental control and life support system consists
of the features in green and are configured in an open loop system where all consumables will be
transferred aboard the EEV from the DST directly prior to the EEV’s manned mission start. These
consumables include oxygen, nitrogen, carbon dioxide (CO2) scrubbers, food, and water. This

open loop design reduces complexity and financial cost for increased system mass.
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Figure 4.1-1 L ife Support features as a function of mission length

4.1.1 Atmosphere Control and Revitalization

The open-loop atmosphere control and revitalization subsystem is designed to provide the

EEV with a viable atmosphere with-in the crew cabin for a duration of 45 days.

The crew will expel an estimated 97.2 kg of CO? throughout the mission. Figure 4.1.2-1 shows one
of the 24 canisters of lithium hydroxide (LiOH) that is used to scrub the CO? from the cabin
atmosphere. 75.6 kg of oxygen and 130 kg of nitrogen will be brought aboard the EEV from the
DST in COPV tanks like the one shown in Figure 4.1.2-2, enough for 45 days’ worth of supply for
2 average humans. The oxygen and nitrogen supply is monitored and regulated by total pressure
sensors and oxygen pressure sensors. A Major Constituent Analyzer, similar to the one aboard the
International Space Station (ISS), will be used to monitor the atmospheric distribution of nitrogen,

oxygen, carbon dioxide, methane, hydrogen, and water vapor.
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Figure 4.1.2-1 (left)Canister of Lithium Hydroxide (LiOH)

Figure 4.1.2-2 (right) COPV tank

Given the crewed nature of the mission, additional care must be taken for the prevention
of, monitoring of, and protection from particulates, biological microorganisms, and toxic
substances that may pollute the cabin atmosphere. This is done through passive preventative
measures that scrub and control the atmosphere environment, and active methods such as a
rigorous housekeeping schedule. The ECLSS provides several trace contaminant sensors and
portable air samplers placed throughout the habitation module to monitor air quality and provide
sufficient information and time for timely corrective action in the event of atmospheric anomalies.
Trace contaminant levels are controlled using activated carbon filters with acid impregnation.
Biological contaminants are curbed using HEPA filters which limit microbe and particulates in the
air. Additionally, the relative humidity of the atmosphere is kept beneath 70% to prevent the

growth of microbes.
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Figure 4.1.2-3 HEPA Filter Corrugated Internal Structure

For comfortable and safe habitation, the crew cabin must maintain a temperature between
18°C and 26°C and a humidity level between 25% and 70%. These levels are maintained using the
dehumidifier in Figure 4.1.2-3 and the cabin fans in Figure 4.1.2-4. The dehumidifier uses the
vacuum of space to draw humidity across its water-permeable (but air-impermeable) Nafion
membranes. The water vapor is then expelled into space in the same orbital direction as the EEV

to mitigate collisions with the spacecraft’s external surfaces and equipment.

Dehumidifier Box

Nafion Banks

| Manifold Plate

Control Valves

Figure 4.1.2-4 Dehumidifier box (left) and Nafion blade bank (right).
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The cabin fans provide ventilation throughout the EEV to ensure proper thermal gradients
are maintained, contaminant buildup is reduced, and equipment is properly cooled. Any
recirculation within the 3-fan mechanism is eliminated by a shuttle valve called a Flapper box. The

Flapper Box creates a streamlined duct downstream of the active fan that minimizes pressure drop.

_,alla afls

Figure 4.1.2-5 Flapper box. Operating modes with center fan and left-hand fan active

4.1.2 Water Management

Water is an essential consumable that will be brought aboard the EEV as per the open loop
design. The water will be stored in large rubber bladder tanks and piped through plumbing made
of stainless steel and Teflon wrapped stainless steel mesh. Pumps and fans propel the water
throughout the plumbing system with filters installed at points of use as needed. The filters provide
further water conditioning prior to crew usage. Emergency-use contingency water carriers are also

provided in the event of plumbing failure. Water usage is further defined in section 4.1.6.

Figure 4.1.3-1 Contingency Water Carriers
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Monitoring the quality of the crew’s potable water is of the utmost importance. The ECLSS
will monitor the crew’s potable water quality using a Second-generation Total Organic Carbon
Analyzer (TOCA), shown in Figure 4.1.3-2. The TOCA oxidizes organic carbon species present
in the water to carbon dioxide gas and measures the concentration using nondispersive infrared

spectroscopy. The TOCA will assess the quality of the water supply on a weekly basis.

Figure 4.1.3-2 Second Generation Total Organic Carbon Analyzer

4.1.3 Waste Management

A crew of two is projected to produce, on average, 16.4 kg of fecal and urine waste over a
45-day period. To dispose of this waste in a comfortable and hygienic manner, our ECLSS includes
a waste management system much like the one aboard the ISS, i.e., a fancy space toilet. The inside
of the toilet will be lined with pretreated bags which will capture and store fecal matter. The bags
will be vacuum sealed with the waste and then stored aboard the spacecraft. Urine will be captured
through a suction cup mechanism, which will then be vented overboard much like the water vapor
from the atmosphere’s humidity. Vents will be heated to prevent urine from freezing during the
venting process. In case of a waste management system failure, the crew will be provided with

backup waste bags as an alternative. Hygiene and cleaning equipment will be included.
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Figure 4.1.4-1 Space Toilet Aboard the ISS

4.1.4 Fire Detection and Suppression

A fire detection and suppression system is necessary for the crew’s safety and health. This
subsystem detects and eliminates fire threats using a photoelectric fire detector and two portable
fire extinguishers (PFE). Additionally, four portable breathing apparatuses (PBA) are provided for
crew safety to prevent smoke inhalation. Should a fire occur on the EEV, the air will be scrubbed
using post-fire air revitalization filters and the crew will use cleaning pads to remove any toxic
particles from surfaces. Figure 4.1.5-1 shows the PBA and PFE aboard the Columbus in the

European Science Laboratory. This same equipment is stored on the EEV.
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Figure 4.1.5-1 PBA and PFE aboard the Columbus that are equipped on the Mars EEV

4.1.5 Food Storage, Preparation, and Nutrition

Throughout the duration of the mission, the crew will be supplied with 2000-3000 calories
per person per day, depending on the astronaut’s specific nutritional needs. Including the 15-days
of contingency supplies, 159.3 kg of dried food has been allocated for and will be transported to
the EEV from the DST. Figures 4.1.6-1 and 4.1.6-2 show the dry food packets the crew will
receive, and the bulk overwrap bags that they will be stored in, respectively. The crew’s water
supply is allocated for 72 kg of food rehydration water and 145.8 kg of drinking water, which will

all be stored in the rubber bladder system mentioned in Section 4.1.3.
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Figure 4.1.6-1 (left) Dry food packets

Figure 4.1.6-2 (right) Dry food stored in bulk overwrap bags

The European Space agency has observed bone loss to occur at 1-2% per month and a
muscle loss of 10-20% to occur even on short missions. To lessen the effects of microgravity on
the EEV’s crew, they will be provided with resistance bands like the ones shown in Figure 4.1.6-

3. Because of the mission’s limited mass and monetary budgets, larger equipment is not feasible.

Figure 4.1.6-3 Crew exercise resistance bands

4.1.6 Radiation Protection and Monitoring

Radiation is one of the primary concerns for the crew’s safety. The EEV’s radiation
mitigation strategies therefore have been designed to follow the ALARA principle (as low as
reasonably achievable). The ECLSS supplements the shielding provided by the inflatable walls of
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the habitation module with AstroRad vests, which are being tested aboard the Orion Spacecraft’s
crew module. These vests selectively shield the most sensitive organs and tissues categorized by
high Radiation Exposure Induced Death (REID) probabilities while also shielding stem cells which
enable the recovery of damaged tissue, significantly reducing probability radiation induced-cancer
Additionally, the habitation module includes a central radiation shelter constructed from 7075-T6
Aluminum, providing 2.7 g/cm? of extra shielding for the crew during high radiation events. To
detect such radiation events, the spacecraft is equipped with Radiation Assessment Detectors
throughout the habitation module to monitor for the presence of high-energy charged particles.
These are silicon detectors equipped with small cesium iodide blocks which were utilized on the

Mars Curiosity Rover.

Figure 4.1.7-1 AstroRad Vest

4.1.7 Crew Accommodations

Other accommodations include essentials such as personal hygiene equipment, clothing,
medicine, etc., which are all itemized in Table 4.1.10-1 under the Human Accommodations
subsection. These accommodations and their masses were defined and calculated by design

specifications found in NASA’s Human Integration Design Handbook and Space Mission
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