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Introduction:

America s on the verge of once again having a heavy lft launch capabilty called the
Space Launch System (SLS). A number of concepts for science missions were
‘explored during Constellation [1,2]. We have selected a diverse set of missions o
study that span the SLS design space and we will focus our efforts on three concepts

enabled by the SLS launch capabilty, 1) a human-tended exploration platform at one
of the earth-moon lagrange points; 2) Mars Sample Return and 3) the Interstellar
Probe mission.

The Exploration Platform:
We have been studying an architecture for Cislunar Development that includes early
deployment of an Exploration Platform at one of the Earth ~ Moon Lagrange points.
“The Exploration Platform provides  lexible basis for future exploration, since i reduces.
cost {ough 18use of xpensiv veles and reduces the number of launches needed
missions. | industry partrers have been
wordng o the e wo yeurs on conoems for using ISS development methods and
residual assets to support a broad range of exploration missions. These concepts have
et long it Penring Gt of NASAS Space Laonch System (S19) an Wt
Purpose Crew Vehicie (MPCV) to allow serious consideration for a piatiorm located in
the Earth-Moon Libration (EML) system. We further propose sing the mass margin
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Mars Sample Return:

The highest-priorty lagship mission for the decade 2013-2022 is the Mars Astrobiology
Explorer-Gacher (MAX-G), which was to begin a three-mission NASA-ESA Mars
‘Sample Retum campaign extending ino the decad beyond 2022. [4] With NASA'S
announcement of the intent to fy a rover mission in 2020 based on Guriosity, we are
assuming for now that the 2020 mission willbe simir to the MAX-G rover and wil
cache samples as part of ts mission. We recognize that the mission goals will be set
by the Science Definition Team and wil adjust our concept as necessary when more is
known about the Mars 2020 mission goals and objectives. For the purpose of our
Study, we wil consider using the SLS for the part of the mission that would retreve the
‘samples from the surface of Mars and return the samples to the Earth. The elements
we are including in our study are, 1) the entry, descent and landing system (EDL) or
Sty rane; 2 theascad veicacaming e saplen o o o of Vs
3)a small sample fotch rover for contingency, 4) orbiter including autonom
Tendomvous and docken wi s sampleand 8t cath ron spacocrat. Wo v
consider the delivery of the sample to the EML platiorm with sampe return to Earth by
the Orion crew.

available on the 2017 uncrewed ORION/SLS test fight to launch
payloads that acvance science and exploration objectives. [3]

There s an opportunity 1o eliver payload to the lunar surface or lunar orbit on th
unmanned Muli-Purpose Crew Vehicle (MPCV)/Space Launch System (SLS) test fight

urrently scheduled for 2017, There is approximately 4.5 metric tons of mass margin
on this fight and in curient planning, the MPGV doss not need an engine as the
rajectory s a ree retum 1o earth. Leaving the MPCV main engine off would create a
volume of 3,66 cubic meters in the aft section. That volume could cortain a payioad
on the order of 2200 kg, enough for a Discovery class landed mission with a
prospecting rover, The forward section has ample volume for a landed mass on the
‘same order s the at section but the dimensions are a more consirained. However, it
is ample for a number of Discovery class mission concepts; 1) a number of cubesats,
2) a statc lander such as the first node of  lunar geophysical network,

3)a communications satelite pre-deployad before the human tended exploration
platform to assist with far-side exploration. Concepts for missions of this nature can
be done for Discovery class mission budgets (~$450 milion) and would best be done
s a joint venture by the NASA Science Mission Directorate and Human Exploration
Operations Mission Directorate using the highly successful Lunar Reconnaissance
Orbiter as a program model.

Misson Arcitecture rom Eaer Constolaon/ARES-V Stucy

Payloads on SLS

20744 single-shot MSR on LS
Launch eadence and availsbilty may provide. o single-shot [
Mars Sample Return (MSR) opportunity; backup would be
Delta IV Heavy or Falcon 9K
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Interstellar Probe:

‘Though not a planetary science mission by defintion, thers is an exciting opportunity to
launch a probe to interstellar space using the SLS. Sending a spacecraft beyond the
heliopause o begin the exploration of our local galactic neighborhood wil be one of the
‘grand scientic enterprises of this century. Interstellar space is a frontier

environment, and directly sample the properties of the nearby interstellar medium.

‘These studies will adcress key questions about the nature of the primordal solar nebula,
the structure and dynamics of our heliosphere, the propertes of organic material n the
outer solar system, the nature of other stellar systems that may also harbor planets, the
e eolon o our Qa\axy, and the. o of mater i thocarest das o the
universe. This gre:
launching the o @ Imeretlar Probe apacecrat on e Block 2. 130 meld ton
SLS and then use electric propulsion 1o accelerate further o achieve a velocity of on
the order of 14 AU/ Preliminary studies conducted uring Constelation using an
Aves V as the launch vehicie showed that the mission might be flown using only
conventional propulsion and that t couid shorten the time to reach 1000 AU over
existing launch vehicles by 31 years. [1,2]

Credit: NASAJohns Hopkins University Applied Physics Laboratory
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‘Geaphic rom the laforstolar Probe Science and Technclogy Definition Team NASALPL.|

Credit: NASA/Johns Hopkins University Applied Physics Laboratory

Ater aingtho haospher it o docade offaunch, il becapatl of conting
onto ~400 AU Interstelar the frst step
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To accomplish its science objectives, Iterstellar Probe should acquire data out to a
distance of at least 200 AU with a goal of reaching ~400 AU. The trajectory should
aim for the nose of the heliosphere, the shortest route to the interstellar medfum.

‘The average science data rate should be 25 bps at 200 Au slowr data ole s
acceptable at greater distances. A spinning spacecraftis required to enable the in situ
nsments to can the pariie, placma, and megnetc 19 Gibtione and fo pormit
the remote sensing instruments to scan the sky.
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Trajectories from Earlier APLAPL Stu
Credit: NASA/Johns Hopkins University Applied Physics Laboratory
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Concepts using the Ares V/ from Constellation Studies.

The SLS enbles not only deep space science and exploration by humans but also
can the solar system and beyond.
Questions that remin to b red are the nation’s willto fly dif
the missions are affordable with continued constrained NASA budgets.

Roforences: [1] Enabled

that holds many of the keys to understanding our piace in the galaxy. 5] The proposed
Interstellar Probe mission, which wil travel to 200 AU i 15 years, s designed to exit
the heliosphere and begin exploring the space between the stars. I the course of this
journey, Interstellar Probe will investigate Urknown aspects of the outer solar system,
‘explore the boundaries of the heliosphere to reveal how a star interacts with ts

Spacecrat Detals from Earier APLJPL Study
Credit: NASA/Johns Hopkin University Applied Physics Laboratory

Constelation System, 48-52. [2] LanghoffS. e al. (2008) Workshop Report On Ares \/ Solar
sten Science, NASA/GP-2008-214592, 19-20. 3] Klaus K_et. a (2012), LEAG (2012)
Absiract #3009 [4] Committee on the Planatary Science Decadal Survey; National Research
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o pment Report (2002),

5] NASA
hitp:/nterstelrjpl.nasa.gov.




