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Introduction: The coming decades of planetary 

science and deep space exploration will likely feature a 

combination of more ambitious missions within ever 

more constrained budgets.  There is an emerging trend 

in the mission planning community of using smaller 

spacecraft to lower mission costs while still gathering 

significant science.  There is anticipation that Small-

Sats (100-500 kg) could generate significant science 

returns at a reasonable cost, and could be enabling for 

future low-cost exploration of the outer planets, such as 

investigation of possible life-harboring environments 

of the moons of Jupiter and Saturn. 

However, using SmallSats without Radioisotope 

Power Systems (RPS) to explore the solar system be-

yond Jupiter/Saturn will prove very challenging. Even 

just as far from the Sun as Saturn, the solar energy den-

sity is but 1% of that at Earth.  Solar power in the outer 

solar system could require very large arrays, which in 

turn could require support from large spacecraft struc-

tures.  Furthermore, thermal management in the outer 

solar system could be prohibitively power-expensive.  

RPS could addresss both of these challenges by uncou-

pling power production from solar insolation, and by 

using excess thermal power for spacecraft heating re-

quirements, thus eliminating the need for the SmallSat 

to carry a heater. 

Currently available RPS present their own chal-

lenges for being accommodated by SmallSats, chiefly 

mass and cost. However, these challenges can be over-

come, as demonstrated by the studied Enceladus Ex-

press mission concept.  This concept uses Multi-

Mission Radioisotope Thermoelectric Generators 

(MMRTGs)—the same power system currently operat-

ing on the Curiosity rover on Mars—to power Small-

Sats bound for Saturn to perform compelling science at 

Enceladus. 

Enceladus is a very exciting scientific target; it may 

be the most likely place in the solar system beyond 

Earth to find active life.  The Cassini mission has de-

tected a very high degree of thermal activity on that 

small moon, featuring (probably) continuous water 

vapor and particulate geysers at the South pole.  With 

plumes of water jetting 100’s of km above the surface, 

samples of subsurface ocean water that may contain 

evidence of life or pre-biotic processes are available 

for collection by flyby spacecraft such as the Enceladus 

Express concept.  The use of RPS would be enabling 

for this mission concept, which would be affordable 

within the New Frontiers mission cost-cap. 

The mission study has further applications, as the 

spacecraft concept was designed to be a simple, single-

MMRTG SmallSat that could be adapted to a number 

of potential lower-cost outer solar system missions, 

such as an orbiter in the systems of any of the gas gi-

ants, even exploiting the aerogravity assist architecture.  

Tours of the Trojan asteroids, or other distant planetes-

imals, are also possibilities, as would be a comet sam-

pler.  RPS-powered SmallSats have potential as a very 

adaptable and attractive mission architecture option to 

help answer ever more complex questions about the 

origin and evolution of our solar system. 
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