
Balovnev Modeling Results

Motion Control System Results

All the parts for the new system had been ordered and 

arrived.  The wiring of the new system was finished but a 

successful test of the new system was not conducted before 

my internship concluded.
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Lunar excavation will become an increasingly 

important goal for NASA as it plans to return to 

the moon or use the moon as a launch pad for 

extended missions.  This research analyzes the 

forces active on an excavator as it penetrates 

soil.  The analysis is based on the work of 

Soviet engineer V.I. Balovnev, and his work has 

been applied to the techniques and equipment 

used by the NASA Surveyor missions.  The 

results of the model have been compared to the 

Surveyor mission data as well as data from a 

laboratory replica of the Surveyor experiments.  

This paper also describes changes to the 

laboratory design that will make the laboratory 

setup applicable to a wider array of tests and 

excavators by enabling multi-axis motion.
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Surveyor Mission

ÅNASA sent seven unmanned Surveyor missions to the 

moon from 1966 ï1968;  five were successful

ÅSurveyor III and VII conducted excavation maneuvers 

to measure the forces required to penetrate lunar 

regolith and pull a bucket excavator through regolith.

ÅSurveyor III is shown to the right

Laboratory Work

ÅPrevious work had been done to try to replicate the 

Surveyor tests in a lab setting.

ÅLunar simulants are used instead of regolith due to the 

finite supply of regolith.

ÅThe  old laboratory setup allowed only one 

dimensional motion of the excavator replica.

ÅTo the right is a picture of the laboratory setup.
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Results

Research Goals

ÅDevelop a mathematical model, using classic soil 

mechanics, that predicts forces on an excavator bearing 

into lunar regolith

ÅInstall a new motion control system that allows for 

two-dimension motion of the excavator replica.

Figure 1

Surveyor III as photographed 

by an astronaut from the 

Apollo 12 mission.  The 

Apollo 12 landercan be seen 

on the horizon.

Figure 2

The laboratory setup consists 

of a replica of the excavator 

and a bin full of JSC-1a lunar 

simulant.  The excavator is 

connected to a linear actuator 

for penetration movement and 

the plate holding the bin is 

connected to a second linear 

actuator that pulls the bin, 

simulating a trenching 

maneuver.


