
Towards Novel Nonprehensile Conveyance of Lunar Regolith via Surface Traveling Waves 
 Vijaya V N Sriram Malladi1 and Paul van Susante2, 1Vibrations, Intelligent Testing,& Active Learning of 
Structures group (VITALS), Michigan Technological University, 2Planetary Surface Technology 
Development Lab, Michigan Technological University, 1400 Townsend Dr., Houghton, MI, 49931. 
(Contact: smalladi@mtu.edu)  

 
 
Introduction: Most ISRU architectures 

envision robots handing lunar regolith from the 
extraction zone and transporting it from the mining 
site to the processing. Then at the processing end, 
the bulk-material conveyance system transports 
regolith between different stages of processing 
and eventually carries out the reacted regolith from 
the reactors. These processes require transporting 
raw material, final product, and reacted by-
products. As a result, there is a 
need to develop infrastructure to 
transport and process lunar regolith.  
Mechanical conveyors with rotating 
augers and pneumatic systems are 
the two traditional methods.; There 
are significant challenges in building 
the infrastructure on the lunar 
surface for either of these options. 
Mechanical conveyors with rotating 
parts have to overcome large 
frictional forces and thus require 
substantial power and are 
susceptible to jamming and wear, 
increasing human intervention and 
a need for maintenance. 

On the other hand, a closed-loop 
pneumatic system relies on 
compressed gas, a valuable commodity in space, 
and its recovery is vital for lunar applications. 
Electrostatics, presence of bends, high power 
requirement, pipe erosion, choking phenomenon 
are some of the issues present with pneumatic 
systems. Although these are tested for 
microgravity environments, other material 
conveyance mechanisms such as vibratory 
conveyors are yet under- or un-tested for lunar 
applications.  

Vibratory conveyors are often easy to maintain, 
take different form factors, and work at high 
temperatures. However, they traditionally rely on 
bulky motor/actuators with rotary parts as well as 
the presence of gravity, which can prove 
challenging for low gravity applications. We 
propose the use of surface traveling waves to 
transport material as an alternative to these 
methods. This method has many advantages . 
With minimal design modifications, one can 

convert any platform/surface into a material 
conveyor. Distributed surface actuation with 
piezoceramics or macro fiber composites (MFCs) 
is sufficient to generate surface waves that 
transport material. Such a design provides the 
much-needed flexibility of designing conveyors 
that are easy to maintain. Figure 1 conceptually 
visualizes the role of surface traveling waves in 
conveying anf segregating lunar regolith. 

Furthermore, this method can also be extended to 
pump fluid in micro-gravity. 
The current work investigates how steady-state 
traveling waves are developed in finite structures 
and identifies the factors that influence steady-
state wave characteristics. Theoretical and 
experimental analysis is conducted on 1D and 2D 
designs to realize the different traveling waves. 
Owing to the robust attributes of the piezoceramics 
(PZTs) in vibrational studies, we developed piezo-
coupled structures to develop traveling waves 
through experiments. 
 
In this presentation, we will discuss the process of 
generating steady-state traveling waves on any 
surface using the two-mode excitation method 
developed by our research group. In particular, we 
highlight some of our preliminary outcomes of 
conveying material and pumping fluids using these 
traveling waves.  

 
Figure 1: Conceptual illustration of using traveling waves for regolith 
transportation and segregation 


