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Abstract
The Plasma Accelerated Reusable Transport System (PARTS) is an unmanned cargo shuttle
intended to ferry large payloads to and from Martian orbit using a highly efficient VAriable
Specific Impulse Magnetoplasma Rocket (VASIMR). The design of PARTS focuses on balancing
cost and minimizing transit time for a chosen payload consisting of vehicles, satellites, and other
components provided by interested parties.

1 Introduction
Throughout the last half-century, and especially in the last decade, the exploration of
Mars has been a priority of scientific research. From Viking and Mariner performing basic flyby
and surface observations, to Pathfinder and Surveyor searching for water and life, this
commitment is verified. There is no reason to believe this desire for progress will relent, nor
should it. In fact, countless missions are planned for upcoming years that put a permanent
scientific presence on and above Mars’ surface, not the least of which is establishing a temporary
human colony on Martian soil. Building this presence means accelerating missions currently on
the drawing boards from ideas into realities. Unfortunately, current methods and technologies in
space travel prohibit carrying out even a fraction of the missions we conceive. Sending satellites
independently to Mars on chemical rockets is simply cost and time ineffective.
PARTS intends to eliminate this roadblock. Being able to ferry multiple satellites,
descent vehicles, and other mission components in one trip immediately improves efficiency,
especially by lowering cost to individual participants. Utilizing modern technology, specifically
plasma propulsion, makes travel quicker and more fuel-efficient. Transit time will be measured
in weeks rather than months, and fuel consumption will be a tiny fraction of what today’s rockets
require. Once operational in 2015, and having a lifetime of ten years, PARTS will serve as a
permanent transportation link between Earth and Mars, and redefine our access to Mars in the
way the Shuttle redefined our access to orbit. Establishing this link will greatly accelerate
progress for a much wider scientific community.

2 Approach to the Problem
The vast scope of the problem of establishing this link was immediately apparent.
Principally, we would have to:
1. Determine and upscale a plasma-based engine to suit our requirements.
2. Adapt a nuclear reactor and model an associated power system.
3. Design and model a spacecraft and payload bay in accordance with the above.
4. Develop functional docking operations.
5. Maintain weight within a reasonable envelope.
6. Model an appropriate trajectory and mission architecture.
7. Construct a communications link within the constraints of plasma propulsion effects.
8. Decide how such a large-scale spacecraft would be assembled.
9. Ensure the final design was within legal and environmental restrictions.
Initially, these tasks were subdivided among team members based on individual
interests and strengths, yet we soon discovered the interdependence between these requirements.
Often a solution to one problem meant the creation of a new problem elsewhere. This simple fact
of engineering led us to insist on consistent and free communication between group members
and transference of ideas among topical segregates. This is chiefly how the PARTS team has
operated throughout the course of the last two months and how it will continue to operate until
design completion.
The layout of PARTS can be found in Appendix A, which may be used as a reference
guide throughout the report. Since PARTS is a cargo shuttle, the launch and payload operations
were the first to be defined.
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3 PARTS Design
3.1 Cargo Bay
Currently, the largest methods of
transporting a satellite from Earth to orbit
are the Shuttle and the Delta IV Heavy.
Both can lift in the neighborhood of
twenty-three metric tons to low earth
orbit (LEO).
Due to these weight
restrictions, the PARTS ship has been
separated into two stages. Each will
launch separately, one on a Delta IV
Heavy and the other on the Shuttle. The
first stage of the ship includes everything
aft of the nuclear reactor (Figure 1) as well
as the power rods for the reactor. The
second stage is the inert reactor. Details
of both stages are in the following
sections. Due to NASA’s safety policies
regarding launches of nuclear payloads,
Figure 1 – The Two Stages of PARTS.
the reactor will have to be launched
second and activated in orbit by a team of astronauts.
The launch of the first stage will begin at the Kennedy Space Center aboard a Delta IV
Heavy rocket. The engines will ignite, taking the first stage to LEO. Once free of the Delta IV
payload compartment, latches holding the collapsed
cargo bay will release. Attitude thrusters attached to
the docking unit (Figure 2) will fire continuously for a
few seconds, unfolding the bay (Figure 3). Sensors in
each member will report the success or failure of the
locking mechanisms. Once completely unfolded,
depending on sensor output, attitude thrusters on the
docking unit and rear connector will fire in opposite
directions, pulling the last of the arms into the locked
position. If for some reason there is difficulty in
deploying the cargo bay, it will be addressed by the
astronauts upon arrival of the second stage.
At the next available slot after the Delta IV
launch, the Shuttle will be sent up with the second
Figure 2 – Attitude Thrusters on the
stage. Again, the launch will take place from the
Cargo Bay (two not shown).
Kennedy Space Center. Once in orbit, the astronauts
will serve a threefold purpose. Firstly, they will
assemble the PARTS spacecraft by docking the two stages. Secondly, they will bring the nuclear
reactor online by loading the power rods. Finally, they will serve as a contingency plan should
there have been any difficulty in expanding the cargo bay on the first launch.
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Once these procedures have been
performed, PARTS will be operational.
Customer payloads will be sent to LEO
aboard Delta IV rockets inside a custommade payload box, whose details appear in
the following section. Payloads will be
delivered to a nearby orbit, whereupon
PARTS will initiate a sequence of orbital
maneuvers to place itself within docking
range. At that time it will switch to attitude
thrusters and maneuver such that the
payload is placed in the cargo bay. Capture
Actuators on all three sides of the cargo bay
will activate, locking down the cargo. This
process will repeat three times, at which
point the entire bay will be full. The
estimated total mass of the PARTS ship with
Figure 3 – The Cargo Bay unfolding.
a full load of three Delta IV payloads is
about 90-110 metric tons. At the appropriate
time, the ship will engage its engines and depart for Mars.
Upon arrival at Mars several weeks later, the ship will begin releasing payloads at their
respective orbit altitudes. Starting at the lowest orbit, Capture Actuators will disengage on two
of the three sides of the Cargo Bay. The third actuator will give the payload a slight push before
disengaging. The payload box will use this push and its internal attitude control system to guide
itself slowly from the ship. Once clear of the ship, PARTS will transmit a command to engage
explosive bolts placed around the periphery of the box. The bolts will cause the box to separate,
releasing the cargo into orbit. After some time the orbit of the box halves will degrade such that
the payload box will enter the Martian atmosphere.
Finally, after releasing all three payloads into Mars orbits, PARTS will again engage its engines
and depart for Earth for refueling and reloading.

3.1.1 Truss Members
The cargo bay will be constructed of
aluminum. Aluminum was chosen primarily for
its ability to handle large axial loads, which will
occur during the unfolding operation.17 Each
member is a truss with hinges on both ends,
similar to a door, and a large cavity in the middle
(Figure 4). The cavity will house the Capture
Actuators, whose details follow.
Threaded
through each member will be large power cables
that will transfer the power from the reactor to the
engine.

3.1.2 Capture Actuators

Figure 4 – A Typical Truss Member
(hinges not shown).

Capture Actuators will be placed in the third, eighth, and fourteenth truss members in
each arm of the Cargo Bay. Each actuator is composed of three cylinders that extend out of the
base when an electric motor is engaged. The extending arm will be received by the docking
mechanisms on the Cargo Shell. Three points of contact will assure that the cargo is maintained
rigidly inside the Cargo Bay throughout the duration of the mission.
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3.1.3 Cargo Shell
In order to bring cargo to Mars without having PARTS land on Earth to pick it up, it will
be required that cargo be placed in expendable, custom-made shells. These will be filled with
cargo while on the ground and then launched into orbit using a Delta IV Heavy rocket. The
shells will be about 17 m long and about 4.25 m in diameter. These
dimensions come from the payload size restrictions set by the Delta IV
Heavy’s available cargo space (Figure 5). The shells will be constructed
out of aluminum 6061-T6. This material was chosen for three main
reasons: it has a high strength to weight ratio; it is easy to machine; and
it is, most importantly, not magnetic. In order to properly dock with
PARTS, the shells will be equipped with four docking mechanisms
(Figure 6). Four mechanisms were
chosen over three so that in any
orientation the shell presents an
available docking mechanism to
dock. These mechanisms will be
used to guide in the three capture
Table 1 – Reaction Wheel Specs.21

Figure 5 - Delta IV
Specifications.

Nominal torque
range

+/- 0.20 N-m

Nominal
momentum range

+/- 8.6 N-m-sec

Power

40 to 80 W peak

Weight

6.4 kg

Figure 6 - Docking Mechanism.20

actuators located in the cargo truss
member. The shells will have a thickness of 0.01 cm. Inside each shell there will be four tiered
aluminum rings that will be connected by eight equally spaced bars. These rings will be used to
support the aluminum shell. The four docking mechanisms will attach to one of the rings. These
mechanisms will be 430 mm in diameter and 420 mm in height. They will each require an
average of 12 W of power at 24 V. In order for the cargo shell to properly align for docking it
will be equipped with three integrated reaction wheel assemblies (IRWA). The IRWA technology
provides a nominal torque range of +/- 0.20 N-m with a nominal momentum range of +/- 8.6 Nm-sec and requires a peak power of 40 to 80 W (Table 1). The reaction wheels are 216x216x102
mm in size. To provide enough power to operate the docking mechanisms and the reaction
wheels, lithium thionyl chloride batteries will be used. These batteries provide 175-440 W-hr/kg
for about four hours. The batteries will need to provide a maximum of 384 W of power (36 max
for each docking mechanism and 80 max for each reaction wheel). Each battery will have a mass
of 2.5 kg. There will be a total of two of these batteries, one for earth orbit and one for Martian
orbit. The three IRWA’s will keep the cargo shell oriented in a parallel position to PARTS. Once
the cargo shell gets close to PARTS (about 1 m), the docking mechanisms will start to open at a
rate of 20 mm/s. Once the actuators enter the docking mechanisms, they will close at a rate of 20
mm/s. This will allow for a smooth docking operation with PARTS and will not take more than
the four hours allowed by the batteries.
Mass considerations had to be taken into effect to construct the cargo shell (Table 2). The
outside aluminum casing will have a mass of 154.0 kg, the four rings will have a combined mass
of 90.0 kg (22.5 kg each), the eight bars connecting the rings will have a combined mass of 230.0
kg (28.75 kg each), the four docking mechanisms will have a combined mass of 64.0 kg (16.0 kg
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each), the two batteries will weigh 5.0 kg (2.5 kg each) and lastly the reaction wheels will have a
total mass of 19.2 kg (6.4 kg each). The complete cargo shell will have an approximate mass of
562 kg.
Table 2 – Shell Mass Budget.

3.1.4 Refueling

Part
Mass
(kg)
Upon returning to Earth orbit, PARTS will need to
Aluminum Casing
154.0
refuel its hydrogen tanks. A cargo shell specifically fitted with
Rings
90.0
thermal insulation and cryogenics will launch from the
Bars
230.0
Kennedy Space Center and dock with the ship in the usual
Docking Mechanism
64.0
fashion. An arm will extend from the rear of the cargo bay to
Battery
5.0
the payload, docking with it. Hydrogen will flow down this
Reaction
Wheel
19.2
arm and into the tanks. The empty box will be ejected from
the ship in the normal manner and will burn up on reentry.
Total
562.2
For safety reasons, automation of the nuclear power rod
refueling is unfeasible. Thus, when supply is used up, a shuttle will have to be sent to dock with
PARTS. Astronauts will remove the spent power rods and dispose of them in a manner
acceptable to both NASA and the government. New power rods will be inserted, and the PARTS
ship will be set for more trips.

3.2 Engine
The VASIMR engine, currently under development by NASA, is the leading
advancement of a high power, electrothermal plasma rocket.3-9 Its design incorporates low cost
by utilizing hydrogen propellant. The design also provides high and variable specific impulse
putting VASIMR at the forefront of any propulsion system available today.9

Figure 7 – VASIMR Stage Diagram.
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The first concept involved in the operation of a plasma rocket
is the understanding of plasma itself. The gaseous state of a
substance is transformed into plasma by heating the
substance to extreme temperatures. The electrons are then
stripped from the neutral atoms. These electrons, which have
a negative charge, and the ionized atoms, which have a
positive charge, are combined together making an electrically
neutral mix of free charged particles called plasma.
Unfortunately, plasma cannot be contained by any known
material. Therefore, magnetic fields are needed to control the
plasma.
4
Figure 8 – Helicon Antenna.
To
produce
plasma, hydrogen gas will need to be ionized. Hydrogen,
in liquid form, will be stored in tanks and flow into a gas
separator. From this, neutral hydrogen gas will be injected
into the forward-end cell of the engine (Figure 7). In this
section, electrically powered radio waves ionize the
hydrogen gas in the presence of a magnetic field, which is
generated by a series of electromagnetic coils. Dense
plasma is formed with a device known as a helicon
antenna (Figure 8). The plasma then flows along the
magnetic fields into the central cell, where it is further
energized by a process known as ion cyclotron resonance Figure 9 – Ion Cyclotron Resonance
Heating.4
heating (Figure 9).
In this process, additional radio waves resonate
with the natural cyclotronic ion motion around the diverging magnetic field lines. This central
cell behaves like a power amplifier. The plasma is then channeled into the aft cell, which acts as a
hybrid two-stage magnetic nozzle. The nozzle converts the thermal energy of the plasma into a
highly directed exhaust stream while efficiently detaching the plasma from the magnetic field.
A critical characteristic of the VASIMR engine is its ability to fluctuate its exhaust
parameters with constant power throttling (CPT)6, a technique where thrust and specific impulse
can be varied while the total power is kept constant. The ability to control power to the helicon
antenna and ICRH systems allows the flexibility of the exhaust conditions. For high thrust, radio
frequency (RF) waves are mostly fed to the helicon antenna, while more power is diverted to the
ICRH system for high specific impulse. The total RF input is kept at a constant maximum for
efficient consumption of the electric power source. Since the total power to the engine is kept
constant, increasing the exhaust velocity will come at the expense of thrust and vice versa.
However, this allows for maintenance of effective thrust at high spacecraft velocities.
Another advantage of the engine is its lack of electrodes, enabling it to operate at higher
power densities. The electrodeless design prevents corrosion and contamination that could
contribute to premature failure and loss of energy through radiation from the contaminants in the
plasma. Another key feature is the engine’s use of hydrogen as its propellant. Hydrogen is
inexpensive, low weight, and abundant. It acts as radiative cooling for the spacecraft. The ICRH
uses high voltage and low current, making mass relatively low and resulting in minimal energy
loss. These characteristics incorporate the demands of the mission objectives.
The engineering concepts of the VASIMR design include the specifications of its
parameters.
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These parameters include the following:
total input power
cross-sectional area of the exhaust stream
density of the exhaust plasma
thrust produced
plasma mass flow rate
plasma exhaust velocity
initial propellant mass
Current calculations demonstrate that for a given total input power of 15-20 MW, the
engine can generate up to 500 N of thrust at 50% efficiency. Once again, varying certain
parameters such as plasma density and mass flow rate, thrust and exhaust velocity can be
altered. Specific Impulse, comparable to the design requirements, will range from 3,000-30,000
seconds. Computations result in an expected propellant mass to be less than 50% of the total
spacecraft mass. Such parameters require technologies that have not been available as of yet.
Present limitations will force considerable research and exploration of the engineering aspects of
VASIMR.
Theoretical studies of VASIMR will eventually be verified with laboratory
experiments. In order to achieve a feasible demonstration of the technology required for
operation of the engine, an ongoing investigation of design concepts of VASIMR will be
necessary.

Figure 10 - Solid Model VASIMR.
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3.3 Trajectory
Due to the nature of the
propulsion system we have chosen,
impulsive transfers are out of the
question in all regions of the mission:
within Earth’s sphere of influence
(SOI), passing between the planets, and
entering Mars’ gravitational field. The
VASIMR plasma accelerator is simply
not of the conventional rocket type.
Instead of firing a short-duration pulse
to enact an almost immediate stepchange in velocity, it will provide a low
continuous thrust for an extended
period of time.
However,
the
impulsive
situation proves to be undesirable.
While relatively fuel efficient as far as
chemical propulsion transfers go, the
Hohmann transfer takes entirely too
long to fulfill our mission objectives.
Figure 11 – Optimal Transfer Trajectory.2,15
On the other side of the spectrum,
high-speed
chemical
transfers,
although requiring little time, are
prohibitively expensive in terms of
total fuel required, which can easily
increase the initial mass of the vessel
by several factors.
The VASIMR
engine provides both the advantage of
high-efficiency and high-speed. Our
engine requires, and the mission time
objective stipulates, that we find a
trajectory that allows us to exploit the
promise of plasma propulsion.
As a result, the generalized
mission architecture follows: the
spacecraft starts in low-Earth orbit,
where it was originally assembled and
presently docks with shipments to be
taken to Mars. At the necessary time
of deployment, VASIMR will be
engaged, imparting a small but
Figure 12 – Opening Spiral Earth Departure.
continuous acceleration along the
velocity vector. This gradually adds
energy to the vessel, and will carry PARTS out to larger and larger orbits. Thrusting along the
velocity vector results in the most efficient increase in spacecraft energy, illustrated by the
relation:

dε r r
= A⋅v
dt

which is maximum when the acceleration A and the velocity v are parallel.
trajectory is an opening spiral connecting LEO to the edge of Earth’s SOI.
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At this boundary, the problem shifts to a heliocentric two-body problem. In the first
portion of the transfer, PARTS accelerates into a highly elliptical heliocentric orbit that intersects
with that of Mars. In the optimal scenario, the acceleration occurs to approximately the halfway
point, achieving an extremely high velocity (Figure 11). After this point, retrofiring will slow the
craft to a speed acceptable for entering the Martian gravitational field, whereupon a closing spiral
trajectory describes the craft’s motion toward a desired low orbit around the Martian surface. Of
course these three two-body problems are linked by initial and boundary conditions to produce
one seamless trajectory profile.
In the example mission created, the spacecraft begins at a low-earth circular orbit of
radius 7000 km. Thrusting parallel to the velocity vector at all times, the opening spiral trajectory
allows PARTS to leave the gravitational influence of earth in 19.6 days (Figure 12). The spacecraft
then continues to accelerate for eight days, after which the engine is shut off. This is a bang-off
scenario, and although it is not the shortest possible path, it results in an extremely lowconsumption mission. Rendezvous with the Martian sphere of influence occurs 166 days after
shut-off. By this time, the ship has been oriented so that thrusting would now occur on the antivelocity vector. Firing at maximum thrust on this vector results in the settling of PARTS into a
circular orbit of 4002 km, 10.2 days after Mars SOI arrival. After all payloads have been released,
PARTS will again thrust parallel to velocity resulting in the same type of opening spiral trajectory
encountered previously. Only now, with a ship mass approximately half that as before, Mars SOI
departure occurs in only six days, and time from earth SOI to parking orbit is only 11 days.

3.4 Attitude Control
Attitude control will be performed by 32 thrusters located in eight positions, four
positions immediately forward, and four aft, of the cargo bay. Manufactured by Marquardt, the
model R-6C bipropellant thrusters can exert 20 N each, and have a lifespan of more than 16 hours
(thrusting time), yet their combined mass is less than 25 kg. In this configuration, they will
provide adequate 3-axis control.17,18
Few orbital corrections will be needed, as we are never remaining in one orbit for very
long. However, they will be pulsed extensively while docking with payloads, as precise
synchronization in this case is required. Out of parking orbit, pulsing will still be necessary in
order to keep the ship aligned with our intended direction of thrust. About halfway to Mars the
ship will turn around to begin retrofiring. This significant attitude adjustment must be made
expeditiously, thus the steady-state operation of the thrusters will be employed.
Calculations based on a fully loaded ship and worst-case mass distribution have given us
expectations for roll, pitch, and yaw rates. We expect pitching or yawing 180° will take no more
than 11 minutes, firing four thrusters simultaneously. To roll the spacecraft 360° around its
longitudinal axis, firing eight thrusters simultaneously, will take no more than 90 seconds. We
feel these high-end estimates are well within reasonable limits.

3.5 Nuclear Reactor
A nuclear reactor capable of producing multi-megawatts of electric power is necessary to
allow the VASIMR engine to provide optimal thrust. PARTS will employ a reactor based on
Battelle’s Rotating Multi-Megawatt Boiling Liquid-Metal Reactor (RMBLR). The RMBLR (Figure
13) uses a bubble membrane radiator to provide up to 20 MW of electrical power at a low specific
mass. RMBLR uses Ceramic Metallic Composite (cermet) fuel developed by the Department of
Energy for power production and a direct Rankine cycle for converting the power into electrical
energy. RMBLR is cooled using boiled liquid potassium and its bubble membrane. Battelle
completed its conceptual design, but funding was cut before the reactor could be completed and
tested. With the proper funding, the RMBLR concept could be completed with necessary
reconfigurations, tested, and implemented on PARTS well within the fifteen year development
timeframe.
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Figure 13 – Rotating Multi-Megawatt Boiling Liquid-Metal Reactor (RMBLR I).1

3.5.1 Reactor Docking and Power Transfer
PARTS and RMBLR will be launched separately, necessitating the design of a single use
docking system. The docking system must also contain an integrated power transfer system that
will transfer the 20 MW of electric power produced by RMBLR to the VASIMR engine. The
docking mechanism will be located on the end of the Cargo Bay opposite VASIMR. The
mechanism will consist of three parts: the main body, the locking mechanism, and the power
outlet (Figure 14). The power outlet consists of 36 sockets each with a surface area of 25 cm2 and
length of 15 cm. The reactor will be equipped with a “plug.” The plug has 36 silver wires that fit
perfectly into each of the sockets to transfer power from the reactor to the engine. Silver was
chosen because of its low resistivity (1.61 µohm·cm) and high thermal conductivity (417
W/m·°C). After the reactor plug has completely slid into the ship docking mechanism, the
locking mechanism will rotate 450 completely locking RMBLR to PARTS. A manned shuttle
mission that will also be responsible for providing the cermet fuel rods for the nuclear reactor
will carry out the docking operations.

Figure 14 – Docking Mechanism Components
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3.6 Communications
Due to the interference that the plasma imposes on the signals sent directly to earth from
the back of the ship (if the signal was sent through the plasma field), communications will be
accomplished via a relay satellite in orbit around Mars. The Deep Space Network would be the
ideal ground station due to its highly advanced and unsurpassed capabilities for deep space
communications. A MARSat from the Mars Network will be used as our Mars-based relay
satellite. The Mars Network will consist of a constellation of microsatellites and one or more
MARSats in orbit around Mars. The Mars Network will be the communication gateway to future
Mars exploration. It is currently being studied at the Jet Propulsion Laboratory (JPL) and the
beginnings of the prototype Mars Network are tentatively scheduled to be launched in 2003.

3.6.1 Ground Station
The Deep Space Network (DSN)10 will be used as the ground station for communications
to and from PARTS. The network consists of three facilities that are located approximately 120
degrees apart: one at Goldstone, California; one at Canberra, Australia; and one at Madrid,
Spain. Each ground station controls one 70 m antenna and several 34 m antennas for
communicating with deep space spacecraft. The 70 m dish is the largest and most sensitive DSN
antenna, and is capable of tracking spacecraft traveling more than 16 billion km from Earth.
Each DSN site has one central Signal Processing Center (SPC) connected to the ground station’s
antennas. Each SPC is connected in a network, providing hand off capability between stations
allowing 24-hour coverage of deep space spacecraft. Also, the three facility locations are located
in very dry areas so the communication disturbances due to rain can be neglected. DSN has a
designated uplink frequency of 7145-7190 MHz and a downlink frequency of 8400-8500 MHz for
X-band telecommunication links.

3.6.2 Mars Network
Mars Network is a proposed constellation of satellites at Mars for providing
communication and navigation services to other Mars exploration elements. When it is
completed, Mars Network would essentially be an extension of DSN at Mars, enabling
substantially more data to be relayed to the Earth than if each Mars exploration element
attempted to send back its own data directly.13 A MARSat from the Mars Network will be used as
a relay satellite for the spacecraft to communicate with Earth. The Mars Network will provide
nearly continuous communication possibilities with DSN, however the connection will be lost
during times of Mars solar conjunction. There are six superior Mars solar conjunctions that will
occur between 2015 and 2026, and during these conjunctions Mars is only in the no
communication zone for about 42 hours.11
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3.6.3 Spacecraft to MARSat Relay
The PARTS ship will have a 3 m, gimbaled, parabola antenna used for communicating
with the MARSat relay satellite. Parabolic reflectors will work best with the chosen carrier
frequency. Since the signal has to travel five astronautical units (worst case) a large transmitting
power will be necessary to carry the signal through space.16 The PARTS antenna will operate at a
transmitting power of 200 W and will use an X-band frequency of 8.4 GHz (wavelength=0.035714
m). PARTS’ link budget is shown in Table 3.

3.6.4 MARSat to Earth
The MARSat relay satellite consists of a 2.7 m antenna for communications with DSN,
using an X-band relay link. It has high power capabilities (>100 W) and is assumed to operate
around at least 150 W for relay communications with DSN.14 The receiving antenna at DSN will
be a 70 m antenna cooled to an operating temperature of 28.5 degrees. MARSat’s link budget is
displayed in Table 4.
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4 Conclusions
Although space exploration has been developing at a phenomenal rate, Mars remains the
stumbling block. Recent travel to Mars has been tainted by the back-to-back failures of the Mars
Polar Lander and the Mars Climate Orbiter. Now, more than ever, time and cost are factors of
any planned mission to Mars. By significantly lowering the cost of travel to Mars, PARTS will
expedite its development. Satellites, descent vehicles, and supplies – the infrastructure of a
manned mission – could all be sent to Mars at a fraction of the cost and a multiple of the speed
provided by current technology. In this light, a shuttle link to Mars is necessary. PARTS is this
link, and by researching and developing the related technology, the colonization of Mars could
arrive years before even the most optimistic chemical-rocket-based prediction.

5 Future Studies
In the upcoming months, we will have to expand on our current findings in order to
augment our design. We will analyze topics and problems not addressed at this time. Some
revisions will include:
1.

Continually adapting our use of the VASIMR engine to include significant changes made
(and released to the public) by those specifically researching and experimenting with that
engine.
2. Revising our application of thrusters for attitude control, and interfacing with a
Guidance and Navigation computer yet to be designed.
3. Developing a complete trajectory profile that is seamless in all regions of travel. This will
involve solving a multiple-point boundary value optimal control problem. Our goal is to
fix thrust state in the problem (so that the engine is always on), yet optimize thrust angle
(relative to the flight path) such that trip duration is minimized. Ideally, we can keep this
solution general enough that it will apply, after changing initial and boundary
conditions, to a mission starting on any date, irrespective of the planets’ relative
positions.
Additions to the design will include:
1. A full structural analysis of all hardware to ensure loads and torques are within
tolerances everywhere.
2. Verification of complete thermal equilibrium of all PARTS components.
3. A comprehensive cost analysis, detailing all research, development, and production
costs.
4. A balanced determination of risk, considering both the risks of preventable system
failure and environmental catastrophe.

6 Outreach
Interacting with the community is an important part of any project. Team PARTS will be
presenting its design in front of Embry-Riddle Aeronautical University (ERAU) faculty, graduate
students, and family members of the design team later this year. Several projects are planned to
do miniature presentations in front of local elementary and middle school students. This will
encourage younger students to get involved in the engineering and space fields. Also, articles on
PARTS will be printed in the local Daytona Beach newspaper, The News Journal, the ERAU school
newspaper, the Avion, and the Engineering Physics Newsletter to garnish exposure to the design
project.
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