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ABSTRACT 

Traveling waves have been observed as a form of 
locomotion in creatures that live on land, like worms and snails, 
in the ocean with rays and eels, and in the motion of micro-
organisms. There has been extensive research showing that 
structure-borne traveling waves (SBTW) in solid structures can 
be used to mimic this natural wave locomotion. SBTWs have 
shown promise in driving the controlled motion of solid and 
fluid particles along the surface of an undulating structure.  This 
work investigates superposition of 2D SBTW to enhance wave 
quality and control its propagation direction to generate SBTW 
that are favorable for wave driven motion applications. 

 First, complimentary SBTWs are generated and 
combined in a plate using two-mode excitation with a single pair 
of actuators to show that SBTW can be combined such that the 
overall or local quality can be improved. The quality is assessed 
using complex orthogonal decomposition (COD) across the 
entire surface of the plate to assess the overall quality, while the 
local wave quality is assessed using COD over a local region of 
interest.  

 The superposition of SBTWs that propagate orthogonal 
to one another is then investigated to generate SBTWs that 
propagate in any desired direction. Multiple cases of these 
combined waves are examined. The wave propagation direction 
is assessed using the 2D Fast Fourier Transform (2D FFT) and the 
structural intensity of the plate. Because every structure will 
have a large number of parameters and excitation conditions 
that can be used to potentially generate controlled SBTW 
motion in any direction, a procedure is developed for assessing 
the controllability of SBTW combinations in large batches. 
 

The findings of this research will enable generating and 
tailoring STBW that are suited for various applications, such as 
solid-state motion, propulsion, and particle motion.  
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