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Motivation: Under the new realignment, robotic 
and human systems are anticipated to visit the Moon, 
near-Earth objects, and the moons of Mars. Each of 
these near-airless rocky bodies has a common element: 
They are each directly exposed to the harsh space envi-
ronment that includes large and small impactors, solar 
photonic radiation, solar wind plasma, solar storm gen-
erated energetic particles and galactic cosmic radiation.  

For the Moon, the permanently shadowed regions 
at the poles are considered especially-harsh but re-
source rich environments. Due to the extreme cold, 
these regions will trap migrating volatiles like water. 
Other resources are anticipated to lie within these cra-
ters. As such, these regions remain highly desirable 
robotic targets. We suggest herein that lunar polar re-
gions also possess electrically complex special envi-
ronments [1-3] which can pose a challenge to any 
landed system. Specifically, the lunar regolith is a 
semi-conductor and in extreme cold becomes an insula-
tor (see Figure 9.48 of [4]). As such, landed systems 
are electrically grounded to the passing solar wind 
plasma – like any spacecraft in the solar wind. Howev-
er, recent analysis of solar wind flow at polar craters 
[5] indicates that plasma currents become vastly re-
duced within (i.e., crater floors) due to the obstruction 
of the flow by surrounding topographic features. As 
such, human or robotic systems run a risk of becoming 
electrically isolated – to effectively have an electrical 
reference that ‘floats’ relative to surrounding features 
and objects.   

The Equivalent Electrical Circuit of a Roving 
System: Figure 1 shows a simple electrical model of a 
roving system in the lunar environment. As the system 
moves over the regolith, it will collect charge via tribo-
charging (contact electrification) between the object 
and surface. In essence, the system is a capacitor stor-
ing this tribo-charge. The system is electrically con-
nected to both the regolith and the plasma (shown on 
the figure). However, in cold polar regions, the regolith 
is a very poor conductor (Rg large). As such, the path-
way to ‘bleed off’ the capacitor tribo-charge build up is 
via plasma currents. In essence, the human system is 
‘grounded’ to the plasma reference.  

Polar Electrical Environment: However, recent 
studies of solar wind current flow into polar craters 
suggest that the plasma flow is obstructed directly be-
hind the obstacle. Plasma expansion models applied to 

topographic maps of 
Shoemaker crater [5]  
indicate that environ-
mental current flow is 
reduced from near 100 
nA/m2 at topside re-
gions to below 0.1 
nA/m2 along the lee-
ward edges of the crater 
floor. As such, the am-
bient plasma currents 
(Iamb in Figure 1) are 
also no longer effective 
pathways for dissipat-
ing tribo-charge buil-
dup. Hence, in lunar  
polar craters, both ma-
jor electrical dissipa-
tion pathways for the system (i.e., the capacitor) be-
come effectively ‘disconnected’.  

Implications for Disconnection: An obvious issue 
to consider is the dissipation time for a charged object 
and the nature in which excess charge buildup is ulti-
mately removed. Calculations suggest that dissipation 
times for a charged system can exceed 100s within 
polar craters (compared to milliseconds in dayside re-
gions). Such times challenge the ability for fast roving 
where tribo-charge buildup times can exceed the time 
for dissipation. Digging and drilling operations would 
also have to contend with the challenges of charge 
buildup (and possibly excessive dust cling that acts to 
remediate the charge). In essence, in PSRs, there is a 
lack of a large charge reservoir which provides an elec-
trical reference or ‘ground’; this possibly creating envi-
ronmental ESD hazards that should be considered in 
engineering approaches to visiting robotic and human 
systems.  Such ‘grounding’ considerations are also 
relevant to landed mission to any rocky body (NEO, 
moons of Mars).  
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Fig 1 – Equivalent circuit for a 
human or robotic system.   
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