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Representative   Mission  Scenario:  

Vision:  

-­ To  develop  an  enabling  capability  for  operation  at  airless  bodies,  a  solution  
applicable  to  many  types  of  in-­situ  missions,   which  leverages  the  natural  
environment.  

-­ A  mission   based  on  an  E-­Glider  would  truly  be  a  very  exciting  one,  as  it  would  
be  the  first  asteroid  circumnavigation  of  an  airless  body  by  electrostatic  forces,  
opening  new  avenues  for  low-­cost,  persistent,  reconnaissance  of  airless  bodies,  
potentially   leading  to  effective  global  scale  prospecting  of  mineral-­rich  
asteroids.  

Benefits   to  NASA:

The  E-­Glider  concept  directly   addresses  the  "All  Access   Mobility"   Challenge,  one  of  the  
NASA’s   Space  Technology  Grand  Challenges,  specifically   aimed  at  enabling  robotic  
operations  and  mobility,   in  the  most  extreme  environments  of  our  solar  system.  

The  E-­Glider  will:  
-­ open  new  avenues  for  low-­cost,  persistent,  reconnaissance  of  airless  bodies  without  
interacting  with  the  surface  for  locomotion,  leading  to  effective  prospecting  of  
mineral-­rich   asteroids  before  reaching  the  surface  to  collect  samples;;

-­ provide  a  framework  for  the  effective  use  of  the  coupling  between  the  naturally  
existing   electrostatic  environment  and  gossamer  extended  surfaces  as  a  novel  
mechanism   for  locomotion  and  exploration  in  airless  bodies;;

-­ enable  new  sampling  techniques  for  in-­situ  spatial  and  temporal  sensing  of  the  
environment  around  airless  bodies,  and  

-­ lead  to  new  concepts  for  robotic  exploration  of  planets,  natural  satellites,  and  other  
bodies  by  taking  advantage  of  existing  natural  plasma  and  charge  distributions
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Study   Approach:  

Analyze   a  mission  scenario   involving   an  electrostatic  glider  
maneuvering  above  the  surface  of  a  reference  asteroid,  such  
as  Itokawa:
-­ Study  the  known  environmental  conditions  of  the  
electrostatics  of  the  lofting  dust  on  the  surface  of  airless  
bodies;;

-­ Determine  E-­glider  vehicle   configurations,  and  specific  
methods  for  energy  harvesting,  mobility,  communication,  
survivability,   and  instruments  for  in-­situ  sampling  of  dust  
and  surface  regolith;;  and

-­ Explore  the  possibility   of  generating  (in  Phase  II)  physical  
simulations   with  approximate  models  of  the  E-­glider,  
including   their  energy  harvesting,  mobility,  and  comm.  
mechanisms.

 
 
 
 
 

2.  Modelling the electrical environment of an asteroid 
The most electrically significant regions of an asteroid are expected to be solar irradiation boundaries, 
i.e. the terminator, and shading caused by local topography. Electrostatic modeling was used to 
confirm the ACE electric field instrumentation requirements. The Marco Polo baseline asteroid 
(1999JU3) is not characterised in detail, however a full shape model for another asteroid, Itokawa, is 
available [4]. 1999JU3 and Itokawa are similar (Table 1), but asteroids like Itokawa are expected to 
contain iron, unrepresentative of the electrical conditions on 1999JU3, a carbonaceous asteroid. The 
Itokawa shape model and orbital parameters have therefore been assumed, with the electrical 
properties of a typical carbonaceous asteroid.  

Three finite element analysis electrostatic modelling packages were used, FEMM and Ansoft 
Maxwell SV for 2D calculations, and ALGOR FemPro for 3D. The results were insensitive to the 
range of electrical conductivities and dielectric permittivities expected for a carbonaceous asteroid 
(0.113<εr<112.9 and 10-9<σ<10-3 S/m), therefore values in the middle of these range were selected. 
The dayside potential was set at +5V and the nightside at -1000V [1] (these values are related to the 
orbital distance, and insensitive to the composition of the asteroid). Firstly, horizontal electric fields 
across the asteroid surface at the terminator for a cross-section through a spherical asteroid were 
determined using two different packages, for verification. For a spherical asteroid, the maximum 
terminator field ~50kV/m and electric fields at the sub-solar point ~50V/m, consistent with analytical 
results [1]. Following this, a 3D model was established based on the Itokawa shape model. This 
proved useful for visualization of the potential (Figure 1), but the mesh resolution limited electric field 
calculations.  

Figure 1 3D model results for Itokawa, showing local surface potential and including the 
terminator region (Red (on left): +5V (dayside), blue (on right): -1000 V( nightside) 

Table 1. Comparison of 1999JU3, asteroid proposed for the Marco Polo mission, and Itokawa, whose 
shape model is used here. 1 Astronomical Unit (AU) is the distance from the Sun to the Earth. 

Name [Reference] 1999 JU3 [3] Itokawa [4] 
Period (hours) 7.6 12.1 
Type Carbonaceous chondrite, 

representative of 
primitive solar nebula 

Stony, made of iron 
and magnesium 

silicates 
Diameter 900m 500 x 300 x 200 m 
Orbit (AU) 0.96-1.41 0.95-1.70 

The 3D model was used to investigate the effect of shadowing for a segment of Itokawa. It 
suggested that localised regions of high field (~1kV/m) occur at dayside shadow boundaries (Figure 
2). Following [1] it is possible to estimate the typical sizes of particles that can be electrostatically 
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…Imagine  a  small  vehicle  that  levitates  above  the  
surface  of  an  asteroid  after  ejecting  strands  of  metallic  
film,  forming  the  wings,  so  that  it  becomes  “airborne”,  
but  in  the  electrostatic  vacuum  lofting  around  the  
asteroid.  By  articulating  the  wings,  the  electrostatic  
glider  (E-­Glider)  can  now  hover,  and  maneuver  around,  
without  touching  the  surface.  It  is  the  first  asteroid  
circumnavigation  of  an  airless  body  by  electrostatic  
forces,  opening  new  avenues  for  low-­cost,  persistent,  
recon-­naissance  of  airless  bodies,  leading  to  effective  
global  scale  prospecting  of  mineral-­rich  asteroids.
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Figure 1: Electrostatic inflation concept illustration.

effects on EIMS are discussed in relation to the Debye shielding phenomenon. In the space plasma environment,
electrons and ions rearrange to maintain macroscopic neutrality when perturbed by an external electric field.? This
phenomena causes a steeper dropoff in the electrostatic potential surrounding a charged object than would occur in a
vacuum. The Debye length is a measure of the shielding due to the plasma, signifying the distance at which a charged
object is essentially shielded. In the Geostationary orbit (GEO) regime, the Debye length is nominally on the order
of hundreds of meters, dependent on the changing electron and ion temperature and number density.? In low Earth
orbit (LEO), however, the plasma is much more dense and the Debye length is generally on the order of millimeters or
centimeters.? The LEO environment can therefore be a challenging environment for EIMS due to the limited distances
for electrostatic actuation. Numerical simulations, however, show that the actual ‘effective’ Debye length can be more
than an order of magnitude larger than the classically predicted Debye length in LEO when spacecraft are charged to
high potentials.?

In addition to the analytical and numerical exploration of the EIMS concept, laboratory demonstrations have been
built to demonstrate electrostatic inflation. These show that a few kilovolts can inflate a membrane structure over
the compressive force of 1-g of gravity. This is illustrated in Figure 2 where a membrane structure is deployed from
a compact configuration to a stable structure with only electrostatic pressure from charging to a few kiloVolts. As
inflation in atmospheric conditions suffers from interactions with the air, demonstrations were moved to a vacuum
environment in which inflation was demonstrated with lower potential levels than in atmospheric conditions. Also
within the vacuum environment, the response to charge bombardment was explored, including studying dynamic
response to the charge bombardment and the charge shielding capability of the structure.4 kV

0 kV 4 kV3 kV 9 kV5 kV

Figure 2: Electrostatic inflation of a gossamer structure

To achieve desired charge levels for electrostatic inflation, active charge emission, a high voltage power supply,
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a)#

b)#
a)  Test  of  electrostatic  
inflation  [from  Stiles&Schaub,  
2010].  b)  Navigating  a  
potential  field  distribution  
from  electrostatic  
cartographic  map.

Science  Values:  

-­ The  Planetary  Science  Decadal  Survey   calls  for  fine  analytical  chemistry  
(elemental,    isotopic,  mineralogical)  of  a  variety  of  planetary  bodies  to  
address  key   science  objectives   in  astrobiology,  Solar  System  origins  and  
dynamical   evolution,  and  planetary  processes.  

-­ From  an  Exploration  standpoint,  paving  the  way  for  Human  exploration  of  
NEOs  and  Mars  moons  requires  the  retirement  of  strategic  knowledge  
gaps  (SKGs)   such  as  surface  electrostatic  field  or  in-­situ  resources  
quantification.  

-­ In-­situ  exploration  of  small  bodies  is  not  a  one-­type-­fits-­all  operation  or  
mechanism,   and  the  E-­Glider  would  provide  the  necessary  robustness,  
scalability,   and  adaptivity to  enable  this  science.

-­ Electric   fields  of  E~100-­300  kV/m  could  take  place  on  
Itokawa,  and  an  electric  field  of  E=-­10  V/m  has  been  
measured  on  the  surface  of  the  Moon  under  full  Sun’s  
illumination,  therefore  a  wide  range  of  E  is  to  be  
considered.  

-­ Assuming   a  gravity  acceleration  level  of  g=10-­5 m/s2,  
typical   of  asteroids  such  as  Itokawa,  and  denoting  by  R  
the  equivalent  radius  of  the  levitated  object,  the  
dynamical   equilibrium   between  gravity  and  electrostatic  
forces  (E-­Glider  equation)  shows  that  the  mass  that  can  
be  levitated  can  be  expressed  as  m=4πε0R2E2/g,  where  ε0
is  the  permittivity   of  vacuum.  

-­ With  10  V,  a  1  kg  payload  (point  A,  like  a  Cubesat,  not  
including   mass  of  wings)  could  be  levitated  with  wings  
200  m  radius,  while  a  500  kg  payload  (point  B,   like  the  
Rosetta  spacecraft)  could  be  levitated  with  wings  of  10  m  
radius  if  the  field  was  close  to  1  kV.  

Concept:  

-­ The  environment  near  the  surface  of  airless  bodies  (asteroids,  comets,  moons)  
is  electrically   charged  due  to  Sun’s  photoelectric  bombardment.  Charged  dust  is  
ever  present,  even  at  high  altitudes  (dust  fountains),  following  the  Sun’s  
illumination.

-­ We  envisage  the  global  scale  exploration  of  airless  bodies  by  a  gliding  vehicle  
that  levitates  by  experiencing  electrostatic   lift  by  its   interaction  with  the  
naturally  charged  particle  environment.  This  Electrostatic  Glider  (E-­Glider)  
concept  lifts  off  by  extending  thin,  charged,  appendages  (like  some  flying  
spiders  on  Earth),  which  are  also  articulated  to  direct  the  levitation  force  in  the  
most  convenient  direction  for  propulsion  and  maneuvering.    It   lands,  wherever  
it   is  most  convenient,  by  retracting  the  appendages  or  by  thruster/anchor.  

-­ The  E-­Glider  concept  mimicks   Nature,  as  it  uses  the  electrostatic  energy  
abundantly  present  in  the  local  environment  for  its  won  locomotion.

-­ The  E-­Glider  starts  the  new  area  of  electrostatic  flight.

Study   objectives:

-­ to  show  that  it   is  actually  feasible  and  determine  the  
mass   and  optimum  form  factor  of  the  E-­glider;;

-­ lay  the  ground  for  the  technique  of  electrostatic  
cartography;;

-­ develop  the  theory  behind  electrostatic  flight  
mechanics;;

-­ answer  key  questions  such   as:  is  there  a  sufficient  
electric  field  to  use  for  propulsion?  How  to  handle  its  
uncertainty?   How  big  is  the  payload  that  can  be  lifted?  
How  large  are  the  wings?  How  are  the  wings  deployed?  
And

-­ define  the  elements  of  a  small  testbed  for  experiments  
to  be  done  in  Phase  II.

Articulated+thin+
metallic+wings

Cubesat4like
spacecraft


