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Abstract: Problems in soil-machine interaction (SMI) are ubiquitous on Earth, and they are beginning to 

play important roles elsewhere as we explore and perhaps eventually colonize the moon and other 

planets. Irrespective of the application, SMI problems are typically defined by the presence of large, plastic 

deformation as machine components come into contact with soils. While methods to simulate the 

machines themselves have developed rapidly, methods for predicting the forces and reactions generated 

through soil contact are underdeveloped and inadequate. Numerical techniques such as the material point 

method and the discrete element method have advanced to the stage that they can model SMI problems—

and indeed they are the leading tool used by industry—but these methods suffer from significant 

drawbacks, particularly with respect to their prohibitive inefficiency. Focus in this presentation is on 

formulating, benchmarking, and validating a new numerical technique referred to as the “sequential 

kinematic method” for efficiently computing force-displacement histories under arbitrary tool motions 

and loading conditions. Early-stage work on a general, semi-analytical framework is also discussed. 

Theoretical predications are compared against experimental data obtained for fundamental 

configurations and soil types using the 6-axis robotic arm and soil test beds available in the Soil-Machine 

Interaction Laboratory (SMI Lab) at Northwestern University. 
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