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ABSTRACT

NASA is currently underway developing the Space
Launch System (SLS) to carry crew and cargo beyond
low Earth orbit (LEO). The heavy lift capabilities of the
SLS will enable spacecraft and mission architecture
flexibility not achievable with current or proposed
alternative, medium and heavy lift launch vehicles. The
SLS is being designed in an evolutionary approach to
provide increased performance as NASA’s Exploration
program advances. This approach will see the SLS
grow from an initial configuration (Block 1) capable of
lifting more than 70mT to LEO to an intermediate
configuration (Block 1B) capable of 105mT to LEO,
and ultimately evolving to a configuration (Block 2B)
capable of 130mT to LEO. The next steps of human
exploration in space will depend on the development of
deep space exploration capabilities needed to support
extensive missions in hostile environments in
preparation for a human mission to Mars. Recent work
in Europe and the US has established the need for more
data on the combined effects of microgravity and
radiation on crew members. Also, architecture studies
have established the need for improved in-space
transportation of non-time critical cargo. In fact, it may

be possible to reduce the costs of a human campaign of
Mars expeditions by as much as 60% over the
previously estimated cost targets. This will provide an
affordable and sustainable approach that will allow the
US and its international partners to begin preparing now
by developing the required elements. As we move
forward into missions that prepare the way for Mars, a
Deep Space Habitat and a Solar Electric Propulsion
(SEP)-based transfer stage may represent the next
logical capabilities that should be developed according
to an incremental build-up logic. Together with SLS and
Orion, these new capabilities would allow a number of
exciting interim missions to be executed in the cis-lunar
environment and demonstrate critical capabilities that
will be employed for eventual human Mars missions in
the 2030’s. This paper will describe one such concept
that can utilize heritage from the ISS as the basis for the
habitat and leverage the efficient transportation
capabilities of a SEP transfer stage to position it in a
lunar orbit.

.
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I. EXPLORATION NEXT STEPS –
AN EVOLUTION FROM THE

INTERNATIONAL SPACE STATION
TO MISSIONS TO MARS

NASA’s Strategic Plan states that its long-term
human spaceflight objective is to “extend human
presence into the solar system and to the surface of
Mars.” Humans can set foot on Mars in the 2030’s
without breaking the bank if a plan of incremental
flights proving additional capabilities is followed. As
part of this plan, the next two key elements—the
habitation module and Solar Electric Propulsion (SEP)
are demonstrated in the 2020’s. NASA’s Jet Propulsion
Laboratory (JPL) recently released a concept for a
minimal architecture for human journeys to Mars,
showing that it is possible to land humans on the surface
of Mars by the 2030’s within assumed flat annual
NASA budgets adjusted for inflation. [1] NASA’s
Evolvable Mars Campaign and JPL’s minimal
architecture agree that the path forward is a stepwise,
incremental approach. That approach begins with the
ISS research, technology and risk reduction. It includes
near term risk reduction activities such as demonstrating
SEP on the Asteroid Redirect Mission (ARM) mission
and potential SEP or SEP/Chemical hybrid missions in
cis-lunar space.[2] Demonstrating SEP is a key next
step to human exploration of Mars because it provides a
low-cost method of in-space transportation. Habitats for
crew transit to and from Mars are a crucial element
because the flight times are longer than any previous
missions and the environment of deep space includes
factors such as galactic cosmic radiation (GCR) that has
not been encountered on ISS or other previous missions.
Using heritage module approaches from the ISS as the
basis for the habitat and leveraging the efficient
transportation capabilities of a SEP transfer stage to
position it in a lunar orbit will allow us to begin critical
steps toward Mars immediately and affordably. This
paper will look at the evolution of SLS, updates to
previous architecture studies, and the step-wise
approach of demonstrating the key technologies makes
humans to Mars eminently achievable in the 2030’s.

NASA Architectural Approach

NASA is studying several architectural approaches for
the human missions to Mars. A common theme that
many of these approaches share is the split of cargo
missions from crew missions, as illustrated in Figure 1.
Cargo missions using SEP will pre-deploy the
equipment needed by the crew at Mars (and potentially
even return stages) in Mars orbit prior to crew launch.
Distant retrograde orbit (DRO) will be an aggregation

point for Mars crew transit and habitation systems. As
shown in Figure 1, NASA plans to use the DRO as a
gateway to deep space. Indeed, the DRO provides a
stable environment and ease of access for testing
Proving Ground capabilities, and it allows for Mars
transit vehicle build-up and checkout in the deep-space
environment prior to crew departure. Returning from
Mars, the crew will return to Earth in Orion and the
Mars Transit Habitat will return to the staging point in
cis-lunar space for refurbishment for future missions.
The ARM mission provides a good test of both SEP and
operations in DRO.

Fig. 1: NASA’s Split Mission Approach for
Human Mars Missions

II. SLS EVOLUTION

NASA development of the SLS vehicle is planned in
phases, with the Block 1 SLS first flight scheduled for
early 2018, Block 1B planned for the Exploration
Mission 2 in the early 2020s, and the final Block 2B
vehicle in the late 2020s. The launch vehicle
configurations are summarized in Figure 2.

Fig. 2: SLS Block 1, Block 1B, and Block 2B
Configurations
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Note that there is a high level of commonality across
the different Blocks, and both Block 1 and Block 1B
have both crew and cargo configurations. Block 2B is
focused on large cargo capability beyond LEO. The key
difference between Block 1 and Block 1B is the
addition of the LOX/H2 Exploration Upper Stage, and
between Block 1B and 2B is the addition of advanced
boosters, each of which increases the launcher
capability. Net payload mass as a function of injected
velocity is shown in Figure 3 for Block 1B and 2B. Our
study considered launch vehicle capabilities ranging
from a high of 130mT to LEO for the Block 2B down to
38mT to a C3 of zero (Earth escape) for the Block 1B.

Fig. 3: SLS payload capabilities examined in the
current AR trade study

Current plans call for one to two SLS launches per
year starting in the mid-2020s, which supports the
human exploration mission objectives of reaching the
vicinity of Mars in the early 2030s. Depending on the
first mission to the vicinity of Mars and the required
logistical payload, an SEP cargo stage could possibly
make use of a SLS Block 1B for the first mission and
transition to SLS Block 2B for the higher mass payloads
like the Mars crew surface landers. An SLS launch of
the Orion crew vehicle can also support delivery of
approximately 10 mT of cargo to the DRO.

III. SOLAR ELECTRIC PROPULSION MODULE

NASA’s pioneering space approach is all about
logistics efficiency. It is not a sprint to plant flags and
footprints, rather it aims to build a sustainable pathway
that progressively more ambitious missions and
campaigns can build upon. As such, the approach
stresses modularity, commonality, extensibility and
affordability. A common SEP module that can be used
across multiple markets and for multiple missions is a
key element of such an approach, as illustrated in Figure
4. The potential flexibility of common SEP Module
makes it more affordable. Under constraints of limited
funding, a common module solution reduces both

development cost and risk (the so called non-recurring
engineering or NRE) and also results in a lower mission
life cycle cost or sustained cost. SEP also makes sense
for long-term cost reductions when the architecture
selected separates crew and cargo delivery. By using
SEP in the primary role for cargo transport, the amount
of mass that must be transported to Mars by
conventional chemical propulsion can be reduced to
approximately 15% of the overall mass required for a
given mission. For the remaining 85% of the mass, the
transfer propellant can be reduced dramatically by using
SEP at an Isp of 3000 sec versus cryogenic chemical
propulsion at an Isp of 450 sec. Previous studies have
shown the tremendous potential for cost savings of this
approach – up to as much as 60% of total mission costs
[4].

For these Mars cargo missions, the likely power
level of a SEP cargo vehicle will be in the range of 100
– 200 kW. [5] By taking a modular approach developing
a scalable 50 kW vehicle the system can be proven at
power levels much more in line with other applications,
such as Earth orbital transfer. Target missions include:
delivery of multiple satellites from launcher drop-off
orbits to their final orbits, satellite servicing, and debris
remediation. For the higher power cargo transfer
missions, SEP modules can be “stacked” to provide the
additional power and xenon capacity, as shown in
Figure 4.

Fig. 4: SEP Module Extensibility Across Missions

The notional configuration under development by AR is
a module comprising four 13kW Hall thrusters, a set of
propellant tanks that hold the xenon load required for
the mission, thermal control and attitude control
subsystems, and the powertrain for the electric
propulsion system, including the advanced technology
solar arrays and the power management and distribution
for both the high power and housekeeping buses. This
notional design is illustrated in stowed (launch)
configuration in Figure 5.
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Fig. 5 Notional Concept Design of a SEP Module

IV. AEROJET ROCKETDYNE MARS
ARCHITECTURE UPDATE

Architectures that have the large elements of cargo
(such as landers, surface habitats, etc.) pre-deployed
ahead of the human crew can have a significant impact
on the design of the human exploration mission in terms
of total mass available at Mars, the size of the crew
spacecraft, and the number of total systems employed to
create low risk transportation. Aerojet Rocketdyne
recently performed a study that examines the impact of
SEP power levels, ISP, and stage size required for large
(20+Mt) cargo prepositioning missions to Mars orbit.

AR’s study also examined the impact on the crew
vehicle size when different combinations of architecture
elements are pre-positioned. The AR analysis has
focused on finding the combination of right size launch
capability and SEP vehicle power level that delivers
large cargo but maintains reasonable trip times for pre-
positioning. For near-term missions, we showed that
50kWe SEP modules can be used either singly or in
combination, enabling a path to lower cost human
exploration missions.

An approach that uses 40-50kW SEP modules
creates mission extensibility where these modules can
also be used for cis-lunar missions and large science
missions such as the ARM and geosynchronous Earth
orbit commercial and military satellite delivery missions
launched on existing expendable launch vehicles
ensuring that the SEP modules have multiple
applications. We show that this modular approach
enables a dramatic reduction in total development and
production costs for high power SEP and provides for a
more gradual phasing of system development to fit
within available budgets.

Our prior studies found that exploration architecture
affordability is driven by five key tenets[6], updated to
reflect the progress made since that paper:

1. Separate cargo and crew missions can reduce

required launch mass and enable the use of

lower mass crewed vehicles, more efficient in-

space transportation systems for cargo, and

pre-placement verification of non-time critical

mission elements.

2. Maximize commonality for all elements of the

in-space architecture across missions,

destinations and customers to minimize

development costs and distribute fixed costs

across NASA, Department of Defense (DoD)

and commercial users.

3. Use modular propulsive stages to optimize

launched mass, mission flexibility, and

commonality across customers and destinations

4. Maximize leverage from existing and planned

upgrades to the SLS and Orion.

5. Phase the mission order to enable critical

demonstrations when needed while staying

within annual budget appropriations.

The benefit of the first of these tenets has been
demonstrated multiple times: efficient pre-placement of
non-time critical exploration systems results in a factor
of two reduction in launch mass, enables shorter crewed
trip times by optimizing crew vehicle mass for
variations in mission one-way transit time, and reduces
overall mission risk by enabling on-site check-out of
critical systems before the crew departs Earth for their
destination. The second tenet has also been amply
demonstrated in the use of common (or nearly common)
electric propulsion systems for DoD and commercial
missions,[7-10] but to date it has presented a bigger
challenge when extended to human exploration. For
example, the high power SEP vehicles (300-600kW) in
the AR 2010 study were to be used for all NASA human
exploration destinations, but maintaining commonality
for the defense and commercial mission was extremely
difficult. Not only would these vehicles be very costly,
but all these costs would have to be fully covered by a
single user as only NASA human exploration missions
have an identified need for large cargo transportation to
the moon and Mars. Projections for NASA science,
DoD and commercial space vehicles indicate that for the
next two to three decades their power requirements are
unlikely to exceed 50kW power system requirements,
providing a good upper limit to the vehicle power level
to maximize commonality. Bounding the power system
requirements also helps to set the maximum power and
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through-put for each electric thruster, enabling
approaches for reducing cost via test facilities, power
processing sizing, and creating economy of scale via
larger production volume for the SEP modules.

The system level at which commonality is maintained is
addressed by the third tenet. To date it has been most
successfully maintained at the subsystem level:
subsystems and components are used today across many
missions and markets. The use of modular propulsion
systems with multiple in-space transportation users
represents the next level of commonality.
Only since the decision to build SLS and continue Orion
has the fourth tenet started to be examined. The impact
of launch vehicle capability on SEP systems and
commercial mission capabilities has been studied since
the late 1990s [11], and it is clear that the launch vehicle
drop-off orbit has a first-order impact on in-space
propulsion system requirements. However,
opportunities enabled by SLS were not integrated into
the AR architecture analyses started in 2010. Our 2010
study assumed launch drop-off in LEO, and only a few
studies since then have studied higher energy options.
Additionally, the high speed reentry capabilities of the
Orion capsule and the resulting return orbit flexibility
have not been fully incorporated. Optimizing the in-
space stage capability with SLS drop-off capability also
can permit the use of an Orion Block 1 capsule that is
kept in cis-lunar space or used for return only from High
Earth Orbit (HEO) or Highly Elliptical Earth Orbits
(HEEO) with lower entry velocities. This study focuses
on the first of these opportunities.

These key tenets have a very strong alignment with the
current NASA approach to an incremental approach for
human exploration designed around a set of key
strategic principles[12]16 that form the basis of the
Evolvable Mars Campaign (EMC). These Strategic
principles include:

• Implementable in the near-term with the buying
power of current budgets and in the longer term with
budgets commensurate with economic growth;

• Exploration enables science and science enables
exploration, leveraging robotic expertise for human
exploration of the solar system
• Application of high Technology Readiness Level
(TRL) technologies for near term missions, while
focusing sustained investments on technologies and
capabilities to address challenges of future missions;
• Near-term mission opportunities with a defined
cadence of compelling and integrated human and
robotic missions providing for an incremental buildup
of capabilities for more complex missions over time;
• Opportunities for U.S. commercial business to further
enhance the experience and business base;

• Multi-use, evolvable space infrastructure, minimizing
unique major developments, with each mission leaving
something behind to support subsequent missions; and
• Substantial new international and commercial
partnerships, leveraging existing strengths and
capabilities.

These principles provide a stronger focus on not just
exploring Mars but establishing a pathway for
permanency in a manner that is more affordable for all
the primary stakeholders.

Significant advancements have been made in the last
five years in the development of higher power SEP
systems. First, AR has successfully supported three
AEHF missions and several more are planned with our
Zero Erosion long life Hall thruster technology.
Second, continued work by NASA has further
illuminated the physics of achieving very long Hall
thruster life, along with development of a 13kW long-
life xenon Hall thruster. Third, high power solar array
technology has advanced considerably with investments
in industry and NASA. Notably the work on the Mega-
ROSA and the Mega-Flex arrays [13-14]17, 18 has
advanced the specific power to between 200 - 400W/kg
and the reduced the packaging volume to over
50kW/m3. For this study we used a conservative array
specific mass of 132 W/kg as we did not explicitly
account for array degradation. Note that for these
missions there is no powered transfer thru the van Allen
radiation belts in any of this analysis as the vehicle is
always launched to a very high orbit or escape. AR has
also been examining the most efficient way of
distributing and managing power from the solar arrays
to the Hall thrusters through an internal development
activity.

With the SLS launch vehicle and SEP vehicle
capabilities defined above, the remaining key
constraints for the study are the destination orbit and the
maximum allowable trip time for the cargo. For this
assessment we chose a one Sol equivalent circular orbit
at Mars (~17,000km) and a maximum allowable cargo
trip time of 3.5 years. Note that the allowable trip time
has been extended significantly since the 2010 AR
study, in which the trip time was constrained by the
need to reuse the 600kW SEP Cargo transports due to
their very high cost. For this analysis we varied the SEP
vehicle power level between 100kWe and 400kWe and
calculated the delivered payload as a function of power
for an Isp range of 2,500s to 3,000s. Initial low thrust
trajectories were calculated using the NASA developed
VariTOP[15] and SECKSPOT[16] codes, and the
results for the final “optimized” cases were verified
using Copernicus [17-18] to ensure accurate low-thrust
finite-burn propellant sizing trends. Figure 6 illustrates
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the results from the Copernicus trajectory analysis for
the Earth to Mars trajectory as calculated for the 100
kW SEP cargo mission with a transit time of less than
four years, based on a 2028 departure.

Fig. 6: Earth- Mars Cargo Mission in 2028 Using
Copernicus Analytical Program

Starting with a straight comparison of the SLS Block
1B and 2B capabilities we calculated the delivered
useful payload to Mars for a 100kWe SEP
Transportation stage for different drop off orbits, where
the mass of xenon propellant decreases for higher initial
orbits as the mission delta-V and trip time decrease. The
100kWe power level is three or six times less than our
2010 study. Results are summarized in Figure 7. For
this initial comparison and trip times of interest (~3.5
years or less), it is clear that the drop off orbit energy
states of 35,786km Geostationary Orbit (GEO) or higher
orbits are necessary, and for the SLS Block 2B there is
little payload penalty but substantial decrease in trip
time by increasing that to ~440,000 km Lunar distance
High earth Orbit (LDHEO) energy levels to get to a trip
time under three years. If the same mission trades were
run with an all cryogenic LOX/H2 stage for cargo
delivery the payload drops by more than 50 percent and
the transit is 300 days one-way. If the arrival stage is
storable (with a cryogenic Earth departure stage) the
payload drops to ~25 percent of the SEP capability. So
the extra two years of transit times from Earth to Mars
is acceptable for the expected cargo and logistic payload
design life.

Fig. 7: Impact of circular drop-off orbit on delivered
payload mass and trip time to the Mars destination
orbit for a 100kW SEP Cargo carrier using either
the SLS Block 1B and 2B vehicles

Further comparing direct injection orbits to those
requiring spiral Earth escape, we find that direct
injection using either the Block 1B or 2B with a
100kWe SEP system provides both higher payload and
shorter trip time, as shown in Figure 8. This is driven by
the trade between propellant mass, payload, and trip
time for the performance of the Exploration Upper
Stage (EUS). As shown below, the Block 2B vehicle
can deliver 41.8mT to the final one SOL Mars orbit in
just under 3.5 years with direct injection. Given this
result, we focused on C3=-1.8km2/s2 for all subsequent
evaluations.

Fig: 8: Comparison of delivered payload mass for
SLS Block 1B and 2B for drop off orbits at GEO
with spiral out and for drop off at C3= -1.8km2s2
(no spiral)

To examine the impact of power level and specific
impulse on the delivered payload and trip time for the
SLS Block 2B we varied the power between 100 and
400kW and the Isp between 2,000s and 3,000s. The
launcher drop-off energy was fixed at a C3 of -
1.8km2/s2. The result showed the maximum delivered
payload of 41.8mT is obtained with a 100kW SEP
vehicle at 3,000s Isp. At a power level of 400kWe at an
Isp of 2,000s, the payload delivered dropped by a factor
of ten to 4.5mT. If the goal is to that you only need to fit
into an approximately three year window, but you
would like to optimize for payload delivery, the power
level would be between 100-200 kW. These trends are
not surprising given the scaling of power system and
propellant mass for a given launch vehicle payload
capability. The impact of power system size is much
larger than the impact of ISP.

The SLS Block 2B enables the SEP Cargo Vehicle
to deliver 41.8mT to a one Sol orbit at Mars in 3.4
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years. For these typical pre-postioned payloads, the SEP
system can be configured to provide power to maintain
the systems or prevent propellant boil-off before the
crew arrives.

V. PROVING GROUND: MISSIONS IN THE
2020’S LEADING TO HUMANS ON MARS IN

2030’S

Figure 9 shows NASA’s plans for cis-lunar space as a
proving ground for Mars. Two missions that would use
SLS and Orion, and demonstrate the key next
technologies to humans on Mars in the 2030’s are ARM
and a mission to cis-lunar space using refurbished ISS
hardware. Those missions are discussed in more detail
below.

Fig. 9: Summary Of Proving Ground Missions
Leading to Mars (source NASA)

NASA's ARM program consists in an Asteroid
Redirect Robotic Mission (ARRM) first, and then in an
Asteroid Redirect Crew Mission (ARCM) [19]. NASA
plans to begin the ARRM launching the Asteroid
Redirect Vehicle (ARV) in 2020, so that the first
ARCM can take place in 2024-2025 [20].

NASA’s reference plan is for the first ARCM to
encompass 26-28 days, including 5 days in the stable
lunar DRO for Orion rendezvous and docking with the
ARV and attached asteroid mass and the astronauts’
Extra- Vehicular Activity (EVA). The Orion spacecraft
is designed to support four crew on 21-day missions
beyond low Earth orbit and does not support EVA.
Reducing the crew size from four to two provides
additional internal stowage and mass capability. This
recovered volume allows for the addition of ARCM
mission kits which will extend the capability of the
Orion to support the ARCM flight [21].

The duration of the ARCM could be extended up to
60 days by deploying a small habitat module in lunar
orbit prior to launch of the crewed mission. The habitat
module would first dock with the ARV, and then Orion
would dock with the habitat module. NASA is
developing concepts for an Exploration Augmentation
Module (EAM) that would provide more consumables
for life support, a larger habitation volume, docking
ports, and an EVA airlock. The EAM may allow the
ARM crew size to be increased to four astronauts. The
EAM could also be used to test capabilities needed for a
long-duration Mars transit habitat [22].

Figure 10 shows how the EAM in DRO might look,
and how it could be connected to Orion through an
airlock and docking node that would allow also the
docking with a logistics resupply module. The logistics
resupply module would reach DRO using advanced
Solar Electric Propulsion (SEP) module similar to the
one developed for the ARRM.

Fig. 10: Near Term Proving Ground Extended
Habitation (source NASA)

The SEP module (SEPM) will be designed so that it
can be evolved to increase power and therefore the
distance of the destination. The first version could be
used for the ARRM, having 50 kW Solar Array, 40 kW
EP system, and 10 tons Xenon capacity. Larger versions
for Mars cargo or cis-lunar logistics missions can be
derived from the initial 50 kW module.

VI. ISS AS A BASIS FOR DEEP SPACE
HABITAT LOGISTICS

Previous mission analysis results from Aerojet
Rocketdyne studies have shown that it is possible to
transfer cargo modules from the ISS to the Earth-moon
L1/L2 points using a 27 kW SEPM. The table shown in
Figure 10 provides the details of these analyses. The
basis for this study was utilization of the ISS and its
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already existing cargo spacecraft (Cygnus, Dragon,
HTV, and Multipurpose Pressurized Logistics Module
(MPLM)) as the staging ground for logistics resupply of
a lunar deep space habitat (DSH). Further analysis
performed for the Waypoint studies showed that by
using the launcher to inject into higher energy orbits
(beyond LEO), it was possible to reduce trip time by a
factor of 2 – 3 at the expense of reduced payload mass
delivered. This analysis, which looked at SEPM power
levels of 9 kW, 18 kW, and 27 kW is summarized in
Figure 11. Updating this analysis for a higher power
SEPM is currently in work, but the basic effect will be
to either lower the trip time for a given delivered mass
or to increase the delivered mass for a given trip time, as
shown in the trend arrows in Figure 12.

Fig. 11: Logistics Mass Summary For transfer from
ISS to Lunar Orbit (DRO or L2)

High power solar arrays and EP thrusters, now under
development by NASA STMD, open up the possibility
of SEPM power levels much higher than these previous
studies. Assuming a power level of 50 kW (possible
with advanced arrays in a single module) the trip times
shown in the above table can be cut by a factor of two.
This, coupled with the launch capabilities of the SLS,
provides the ability to routinely access and affordably
support the DSH in cis-lunar space.

Prior to humans stepping on Mars, SEP and habitation
needs to be demonstrated. One potential way of doing
this affordably would be to refurbish the MPLM
currently on the ground at NASA’s Johnson Space
Center, launching it, and using a SEPM to transfer it out
to cis-lunar space. An initial look at this mission
indicates that it could be done very early for
approximately $0.5B including launch. NASA could
then SLS to launch the EAM to attach to new module,
and have crew visit with the Orion capsule. Without
significant expense humans could be working in cis-
lunar space by the early 2020’s, getting ready for Mars.

Fig. 12: Summary Trade Space for logistics of deep
space habitat

VII. CONCLUSIONS

Aerojet Rocketdyne has been studying the split crew
and cargo architectures that support NASA’s Evolvable
Mars Campaign. Our studies have shown a large benefit
of the use of SEP for transportation of cargo to a 1-sol
martian orbit. Results show that cargo masses in the 20
– 40 mT range can be efficiently transferred.
Significant reductions in SEP power level requirements
can be achieved for early missions by allowing a cargo
transfer of 3 years duration. Resultant SEP vehicle
power levels of 150 – 200 kW were found to be
possible. Integrating SEP and a habitation module can
be simple. Keeping the habitat and the SEP modules
separate and functional either together or apart allows
reuse of the SEPM and, perhaps more importantly,
extensibility of the SEPM and the habitat modules to
future missions. This also allows the SEPM to be
demonstrated sooner. The flexibility of the design
allows it to be used for ARM and/or moving ISS
modules, such as the HTV, Cygnus, MPLM, or other
pressurized modules. Either of these missions can be
used to demonstrate the capabilities required for future
missions sending crews to Mars.

As we move forward into missions that prepare the way
for Mars, a DSH and SEP-based transfer stage represent
the next logical capabilities that should be developed
according to an incremental build-up logic. Together
with SLS and Orion, these new capabilities would allow
a number of exciting interim missions to be executed in
the cis-lunar environment and demonstrate critical
capabilities that will be employed for eventual human
Mars missions in the 2030’s. These missions can be
done affordably, and soon.

Initial
Wet Mass at
ISS (kg)

Payload
(kg)

Xenon
(kg)

Trip
Time (years)

5000 2500 1500 0.7

10000 5800 3000 1.4

15000 9000 4500 2.15

20000 12300 6000 2.9
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