Probes to the Outer Solar System
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Ice Giants — Missions to Uranus and Neptune



Acronym for: Origins, Spectral Interpretation, Resource Identification,
Security, Regolith Explorer

e Launched Sept. 8, 2016, to collect sample
July 2020 from asteroid Bennu, and
return it to Earth Sept. 24, 2023

e contains carbonaceous material, a key
element in organic molecules

* Two rehearsals
followed by
“Touch and Go”
maneuver
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duled to launch in Oct. 2018, with an arrival at Mercury planned for Dec. 20

omprises two satellites to be launched iogether: the Merc y Planetary
Orbiter (MPO) and the Mercury Magnetospheric Orbiter (MMO)

spacecraft will take 7 years to get to Mercury ‘Using solar-electric propulsion and 9 gra
assists, flying past the Earth and Moon in April 2020, Venus in 2020 and 2021, and 6
Mercury flybys between 2021 and 2025

~Mercury Planetary Orbiter (MPO) will have 11
instruments with a mass of 1,150 kg (2 540 Ib)

and will use a single-sided solar array capable
of prowdmg up to 1000 watts f%}r

‘Orbit MPO
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https://en.wikipedia.org/wiki/Watt

acronym for Interior Exploration using Seismic Investigations, Geodesy and Heat Transport

originally planned for launch in March 2016, postponed to May 5™, 2018 due to
failure of seismometer

will'land near the equator to enable optimum power for a projected lifetime of 2 years

a set of two 6U CubeSats, will piggyback with the InSight mission to help relay
communications during the probe's entry, descent and landing phase(MarCO system)



https://en.wikipedia.org/wiki/CubeSat
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| 4= Heat Flow Probe

equipped with

a seismometer and heat
transfer probe on the surface
of Mars to study the planet's
early geological evolution

will study the size, thickness,
density and overall structure of
Mars‘ core, mantle and crust (to
determine how differentiation
occurred)



to launch in 2021, with a tour of 5 Jupiter
trojans between an 2025-2033

first Jupiter trojan discovered in 1906 - total
of 6,515 Jupiter trojans as of May 2017

total number of Jupiter trojans larger than
1 km in diameter is about 1 million

very little known - dark bodies with no firm
evidence of water, or any other compound -
thought to be coated in organic polymers

Date: 2021/01/21
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Ganymede (flybys + orbit) Callisto (multiple flybys) Europa (two flybys)

set for launch in 2022 reaching Jupiter in 2030
spacecraft will enter orbit around Ganymede in 2033 for its close up science mission
- becoming the first spacecraft to orbit a moon other than the moon of Earth

large number of flyby manoeuvres (more than 25 gravity assists, and two Europa
flybys) requires the spacecraft to carry about 3,000 kg (6,600 Ib) of chemical
propellant

11 instruments to be supplied by ESA, USA and Japan

cooperation with Russian Ganymede lander mission is being discussed



* flagship mission set'for a launch around 2022-2025

e due toradiation from Jupiter's magnetosphere in Europan orbit, decided that
itwould e safer to inject a spacecraft into an elliptical orbit around Jupiter
and make 45 close flybys of the moon instead

* Petween each of the flybys, the spacecraft will have 7to 10 days to transmit data
stored during each brief encounter

*" will let the spacecraft have up to a year of time to transmit its data compared to just
30 days for an orbiter - result will be almost three times as much data returned to

Earth compared to cancelled orbiter

may use CubeSats to fly through plumes,

possible impactor probes




Discovery Mission #14 chosen on January 4, 2017, along with the Lucy Jupiter Trojan
Mission (Discovery Mission #13)

to launch in 2022, gravity assist from Mars in 2023 and arriving at asteroid Psyche in 2026
Psyche is the heaviest known M-type asteroid, 157 miles in diameter

thought to be the exposed iron core of a protoplanet which could have been as large
as Mars but lost its surface in a series of violent collisions

3D Model based on light curve analysis

will use 4 scientific instruments: a multispectral imager, a gamma ray and neutron
spectrometer, a magnetometer, and an X-band radio gravity experiment

will also test experimental laser communication technology called Deep Space Optical
Communications (DSOC) yielding 10-100 times improved performance and efficiency
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: *'* The easiest place in the Solar System to fly

§§ a quadcopter is on Titan!

* Titan's dense atmosphere (> 4x that on Earth) and weak gravity (~ 1/7 Earth’'s)
make it ideal for heavier-than-air flight.

= On Titan, a human could actually strap on wings, flap arms, and fly.
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. With a' sinle element entering directly into Titan’s

- atmosphere, there is no need for a relay spacecraft

‘ Turn to entry, switch to tone transmission

‘@

Cruise stage separation; Titan atmosphere entry: h=1270 km, v=7.3 km/s, y=-47.7°

P Drogue chute deploy (h=154 km, supersonic)
:\_'\
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Main chute pilot-deployed in lower atmosphere

Heatshield separation

Landing skid deployment; radar and lidar active

B Lander release; powered flight
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lce Giants Pre-Decadal Study

released June

Justification:

class of planet not wel ood : 65% water/lce with
super-critical liquid wat

most common exo-plan

-
(o]
@M
-
Q
e
G
o
>
—
o)
=
©

narrow time window f
common occurrence

as the solar neb




lce Giants Pre-Decadal Study

Table 1-1. Mission concept analysis summary.

Neptune Orbiter with probe |  Uranus Flyby with

and ~50 kg science payload.| probe and ~50 kg probe and ~50 kg
Includes SEP stage forinner|  science payload. science payload.

solar system thrusting.

Highest priority plus
additional system science

(rings, sats,
magnetospheres)

Highest priority plus
additional system All remote sensing
science (rings, sats, objectives
magnetospheres)

Highest priority science
(interior structure and
composition)

Prvicad 3 instruments* 3 instruments* 3 instruments*
y + atmospheric probe + atmospheric probe | + atmospheric probe 15 instruments**
4 | 45 |

| LlaunchYea) 200 [ 2030 | 2081 | 2081 |
Flight Time (yr) w0 | 12 | 12
Time in Orbit (yr)

I I
2 | 8 3 |
Rl - R N Y
(yr)
| 4eMMRTGs/ 376W |

RPS use/ EOM Power| 4 eMMRTGs/ 376W 4 eMMRTGs/ 425W | 4 eMMRTGs/ 376W 5 eMMRTGs/ 470W
| LV| DeltalVH +25kW SEP Atlas V 541 Atlas V 551 Atlas V 551
Prop System| Dual Mode/NEXT EP Monopropellant Dual Mode Dual Mode

*includes Narrow Angle Camera, Doppler Imager, Magnetometer ~ **includes Narrow Angle Camera, Doppler Imager, Magnetometer, Vis-
NIR Mapping Spec., Mid-IR Spec., UV Imaging Spec., Plasma Suite, Thermal IR, Energetic Neutral Atoms, Dust Detector, Langmuir Probe,
Microwave Sounder, Wide Angle Camera
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lce Giants Pre-Decadal Study

between flybys, was 't

mission goals and constrai
space

subset of the remaining large se
Analysis Low-Thrust Optimizer (

entry trajectories and the aerother
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