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~ VOYAGER 2: ENCOUNTER WITH URANUS @

Closest approach altitude over
Uranus’s cloud tops of ~81,500 km (N)

Deep Space Network (DSN) coverage
was particularly problematic

Voyager 2 is a flyby mission. After the
Jupiter and Saturn exploration phases,
continued scientific exploration to
Uranus and Neptune were approved by
NASA

Fig. 3. A view normal to the trajectory plane of the Voyager 2 path through the Uranus system.

Figure 3 from Stone (1987), Journal of Geophysical Research, 92,
A13, 14873-14876.
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Uranus Orbiter and Probe (UOP) is currently in this phase

NASA Life-Cycle ' i

e ormulation FORMULATION implementation IMPLEMENTATION

Project Life-Cycle Pre-Phase A: Phase A: Phase B: Phase C: Phase D: Phase E: Phase F:

Phases Concept Studies Concept and Preliminary Design Final Design and System Assembly, Operations and Closeout
Technology and Technology Fabrication Integration & Test, Sustainment

Development Completion Launch & Checkout

stions.
gram expectations.
Phs
Phase C comple ems that meet the detailed
requirements. .

Phase D includes assembly, integration, verification, validation, and finally the launch of the mission/systems.

Phase E conducts and supports the prime mission to meet the initially identified objectives.

Phase F implements the systems decommissioning and disposal planning and analyze returned data and/or
samples.
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DESIGN ITERATION

& SCIENC _ - - —> Configuration =% Systems

Figure 6 from Alvarez, J.M., Roibas-Millan, E. Agile methodologies applied to Integrated Concurrent Engineering for spacecraft
design. Res Eng Design 32, 431-450 (2021). https://doi.org/10.1007/s00163-021-00371-y

Pre-Decisional Information — For Planning and Discussion Purposes Only



low-gain antenna #] ——————— high-gain antenna

thermal
control
louvers

\ |
e C \
I VIMS infrared

telescope

INMS

VIMS
visible light
telescope

ISSNAC
telescope

mimi lemms

caps

ISS WAC
telescope

mimi inca

reSource o B 2Z:;Zﬁtlrirocket
limitedto a f

UVIS telescopes

hydrazine rocket
thruster cluster

CIRS telescope

2] { A
RS . ’
reaction wheel #3 — % ’ o \ ]
A ,!, ’ reaction
o wheel #2
RTG #3 mount

main rocket engines

hydrazine rocket __-
thruster cluster i

Figure 3. Cassini Mission to Saturn. The Cassini programme used an innovative ‘Resource Exchange’ to facilitate the
development of its science payload. Image source: https://solarsystem.nasa.gov/basics/cassini. (Online version in colour.)

Hammel H.B. (2020) Lessons learned from (and since) the Voyager 2 flybys of Uranus and Neptune
Phil. Trans.R.Soc.A378: 20190485.http.//dx.doi.org/10.1098/rsta.2019.0485
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DISCOVERY
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Il \\
‘ ) PAYLOAD: HISTORICAL DATA FOR MASS AND COST N

~  Payload resources are characterized by greater uncertainty than the spacecraft
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A R., Emmons D., 2010 NASA PM Challenge, Houston, Texas, 9-10 February 2010

/

l Taken from “Inherent Optimism In Early Conceptual Designs and Its Effect On Cost and Schedule Growth: An Update”, Freaner C., Bitten 8
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ation is doomed

(Ranger's Law =
(von Tiesenhausen's Law of > estimate of final program requirements, multiply
the initial time estimates by pi, and slid ' decimal point on the cost estimates one place to the right

(Atkin's Law of Demonstrations) When the hardware is working perfectly, the really important visitors don't show up.

(Henshaw's Law) One key to success in a mission is establishing clear lines of blame. o
Space is a completely unforgiving environment. If you screw up the engineering, somebody dies (and there's no partial
credit because most of the analysis was right...)
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2-Way Coherent

2-Way Coherent

& 2 2 — \7 :Z - . 3-Way Goherent
R 1 N Credit: NASA/JPL-Caltech
Next Gen RTG Mod-0 Inspection. Crediits: DOE/INL
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DIMENSIONS
215x140x175 mm

POWER LENGTH UOP
~9 kg ~13 W ~11 m ~80 kg, 4

instruments?

MICROWAVE SOUNDER (e.g. Juno/MWR, Janssen et al. 2017) Out of 70-150
kg and 6-9

MASS POWER DIMENSIONS
~33 W Tab. 4 Janssen 2017

instruments.

MASS POWER DIMENSIONS
~20 kg ~20 W ?
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Ciarcia et al. 2013
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Image Credit and Copyright: European Space Agency

“...it is highly advantageous for mission teams to engage early and often with industry counterparts. Avoid
waiting until NASA has defined mission criteria or puts out a call; rather reach out to potential partners

very early in the development process. ...”

Hammel H.B. (2020)
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84 year orbit Seasons of Uranus

spin axis tilt forces seasons
Jupiter tilt 3°

Earth tifc 23.5° 2050
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The Ball of Yarn: Cassini's Orbits
/ Source: NASA/Jet Propulsion Laboratory-Caltech
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The mission is designed for the prime mission (e.g. 2-4 years in Uranus orbit). All primary

science objectives need to be met within that period.

I's possible to use the outer satellites of Uranus to transition between equatorial and
moderately inclined orbits, but it can take more than a year.

Getting to Uranus quicker means a larger AV to get into orbit, or relying on new technology
like aerocapture (considered a risk and increases cost).
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, which could lead
consequent increase

in the ring par

 The sweet spot is distan 0 e rings to avoid dense regions but also
distant enough from the upper atmosphere (for Uranus it is ~probably 1.08-1.11 R ).
« We might keep these orbits for the end of the mission, but that has consequences for

a possible extended mission. i
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~ RELEASING A PROBE INTO URANUS’S ATMOSPHERE

B
NASA
~ Requirements for releasing a probe and for Uranus Orbit Insertion can be at odds.
« Dropping the probe into Uranus’s atmosphere before UOI (deployment on hyperbolic).

* Pros: less mass to insert
« Cons: entry speed of the probe
N * Dropping the probe after UOI (deployment on elliptic post capture):
* Pros: it reduces the mass of the thermal protection system (lower speeds); larger
range of latitudes can be targeted; time for remote sensing before targeting.
« Cons: higher AV.

\ ~
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I ~ Figure 4-2. Mission Concept Option 1: SEP mission design overview.
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single
EEREnEh
pressure range.

It is possible to go deeper. Fo ample,

down to 1 kbar pressure, but that will likely
require significant amounts of resources,

leaving not much space for other science
goals!
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ICE GIANTS PRE-DECADAL STUDY FINAL REPORT, June 2017, JPL D-100520
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Selectior

New mission start: late :

Launch: late 2030’s

. 20
Arrival at Uranus: ~2050. Image credit
NASA/JPL
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Image credit: NASA, ESA, CSA, STScl. Image
processing: J. DePasquale (STScl)






