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Introduction:  Neptune and its largest moon Triton 

are essential pieces of the Solar System puzzle. A mis-
sion dedicated to their exploration is challenging in 
terms of communication, power, and mission design; 
however, it would yield paradigm-changing advances 
in multiple fields of planetary science. This document 
presents an overview of a recent work [1], which dis-
cusses the enabling technologies for an ESA-led orbit-
er mission, with emphasis on the trajectory design. The 
work is motivated by the 2013 call from ESA to define 
science themes for the next L-class missions. Heritage 
for a Neptune mission architecture is provided by the 
most recent NASA/JPL study [2], however, here we 
prioritize the use of European technologies with high 
TRL (Tehcnology Readiness Level) to focus technolo-
gy development.  

Mission to Neptune: The science case for a mis-
sion to Neptune and Triton is compelling and is dis-
cussed in details in [3]. The key science themes can be 
addressed by a Neptune orbiter mission with multiple 
Triton flybys and standard payload. The enabling tech-
nologies are: (1) extended deep-space network capabil-
ity, used by ESA under cooperation agreement with 
NASA, to allow sufficient data rate from Neptune or-
bit; (2) European Radioisotope Thermoelectric Genera-
tors (RTG), currently under debelopment (TRL~3); 
and (3) Solar Electric Propulsion (SEP) module, used 
in the early part of the transfer, providing ~450 mN at 
1 AU. SEP has a high TRL technology in Europe, with 
large SEP systems being implemented on Alphabus 
and BepiColombo. The SEP module is ejected prior to 
the Neptune Obrit Insetion , which is performed with a 
lerge chemical propulsion engine. Table 1 shows a 
summary of the mission example.   

Interplanetary transfer to Neptune: Issues such 
as RTG lifetime (20 years, including 3 years pre-
launch  ground phase) make the duration of an inter-
planetary transfer to Neptune an essential aspect of any 
discussion of Neptune orbiter mission concepts. No 
chemical propulsion option is found to deliver suffi-
cient mass into Netpune orbit with a 15 year transfer 
time. Figure 1 shows an example SEP transfer with an 
Ariane 5 ECA launch in 2028, 2 Earth gravity assists, 
and 1 Jupiter gravity assist. Low–thrust arcs are mod-
eled as small impulsve maneuvers, represented by the 
arrows in the plot.  

Neptune orbital tour: Another essential aspect of 
a Neptune orbiter mission concepts discussion is the 
question of whether a spacecraft tour would allow the 

necessary observation opportunities. The frequency 
and geometry of Triton flybys is crucial. The key point 
we would like to highlight is that Triton is an effective 
“tour engine”, allowing a wide range of orbit trajecto-
ries and observation opportunities. Figure 2 shows one 
example Neptune tour, which is 2 years in duration, 
starting with interplanetary transfer arrival conditions 
given by the interplanetary transfer. The tour includes 
55 Triton flybys, covering a wide range of Neptune 
orbits and Triton flyby geometries. 

References: [1] Campagnola S. et al., (2014), 24th 
ISSFD conf. proc. (also IEEE Aerosp., submitted). [2] 
Marley et al. (2010), Plan. Sc. Dec. Surv. JPL Nep-
tune-Triton KBO Final Report. [3] Masters A. et al. 
(2014) P&SS (in press). 

Interplanetary 
mission profile 

Launch on 19 Dec 2028 with Ariane 5 ECA. 
2 Earth Gravity Assists (GA)+1 Jupiter GA. 
Transfer time: 15 years. 
Propulsion: Solar Electric Propulsion (SEP, 
ejected before Jupiter flyby), total propellant 
mass of 695 kg. 

Neptune tour 
mission profile 

2 year orbital tour (covering all solar local 
times and a range of orbital inclinations). 
55 Triton flybys (providing global surface 
coverage). 
Propulsion: Chemical, total Δv of 3 
km/s(a)(b) 

Power subsystem 10 European radioisotope thermoelectric 
generators, providing 500 W at Neptune 

Mass budget Mass at launch: 6467 kg 
SEP module wet mass: 1516 kg 
Dry mass at Neptune: 1921 kg (a) 
Payload mass: 70 kg 

Table 1. Mission Example Summary. (a) Assuming an im-
pulsive NOI. (b) Includes Determistic Δv and Navigation Δv. 

 
 
 
 
 
 
 
 
 

 
Figure 1. Example Interplanetary Transfer  

 
 

 
 
 

 
 

 
 
 

 
Figure 2. Example Neptune Tour with 55 Triton Flybys (b)  
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