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Introduction:  As part of the inaugural NASA 

Lunar Surface Technology Research (LuSTR) pro-
gram [1] Michigan Technological University in col-
laboration with Honeybee Robotics was selected 
to develop a dynamic hot cone penetrometer 
(DHCP) in combination with ground penetrating ra-
dar (GPR) to characterize lunar geotechnical prop-
erties and the presence and quantity of volatiles. 
After 10 months of work, good progress has been 
made. 

  
 

Test Hardware: The work has been divided 
into several tasks. The three main tasks worked on 
so far have been to 1) test several cone penetrom-
eters, 2) test thermal heating of regolith and wa-
ter/ice and, 3) test GPR in the field to detect ice 
and rocks. Several test setups and prototype hard-
ware have been developed including a 
1.05mx1.05mx1.22m regolith sandbox in which 
several custom instrumented cone penetrometer 
tests can be performed and compared with ASTM 
standard cone penetrometer testing, without af-
fecting eachother while only having to prepare the 
compaction levels and ice content layering once to 
minimize variation in comparison tests due to prep-
aration variability. For the heated cone we devel-
oped a testbed to measure the heat affected zone 
in regolith with a varying percentage of water or ice 
(zero-10 wt%). The data collected with 24-40 ther-
mocouples at various locations/distances from the 
heater allowed us to measure the thermal profile 
and variation with different power levels for the 
heater. Phase changes and heat affected zone can 
be clearly seen in the data. A new testbed is being 
developed to measure similar response curves for 
cryogenically frozen volatiles. For the GPR we 
have created a field rover (HOPLITE) that can 
carry the GPR and the Percussive Hot Cone Pen-
etrometer (PHCP) in the field test. This past 

summer and this winter we have tested the field 
rover as well as successfully buried ice and other 
targets in the basalt sands to be detected by the 
GPR. 

  
 
Design Progress:  An initial prototype for the 

PHCP is being designed. The percussive head and 
z-stage have been designed and are being final-
ized while the cone penetrometer concepts are be-
ing developed based on the geotechnical and ther-
mal experiments and modeling performed to date.    

Testing plan and deliverables:  Testing will 
continue under lab and field conditions using cryo-
genically frozen regolith simulant and volatiles in 
the lab and two field sites. This coming summer, 
further field rover testing will be performed and 
next winter, a trench filled with different icy layers 
of regolith simulant to test the DHCP and GPR in a 
natural frozen basalt sand environment where we 
will create known underground ice and rock objects 
and ice layers to identify with GPR. Separate fro-
zen icy regolith simulant test layers will be created 
in a large 40ft freezer container for testing the ge-
otechnical property determination using the DHCP 
as function of ice content and percussive fre-
quency and energy.   

Conclusion & Future work:  The project is 
progressing well despite some COVID challenges. 
We hope to fly the PHCP and GPR on a future 
CLPS mission.  
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