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Project Overview

A. High-performance jumpers-
will enable mobility over extreme terrain, especially in low-gravity environments, advancing 
space science and exploration through improved access. 

B. Root-like burrowing-
to form branched anchors that will enable small, low-cost, and low-mass robots to apply 
high forces to their environment. 

C. Load sharing mechanisms-
will enable maximum load application from a team of robots with heterogenous anchoring 
strengths. 
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I. Jumping

1. Energetic model
2. Initial component prototyping

II. Burrowing / Anchoring
1. Bio-inspiration for robotic burrowing
2. Hypothesis testing for force reduction 

mechanisms
3. Robot design, characterization, and 

demonstrations

Work of Nicholas Naclerio (NSTRF)
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Jumping: background

”lunar grasshopper”



Jumping: background

50 years later:

-there are many impressive bio-inspired jumping machines;

-there are many thorough models of biological jumping across scale;

-but there lacks modeling that captures the phenomena of both
biological and engineered jumping that could inform general engineered 
jumper design compared to biological jumper design
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Jumping: Energetic Model- Insights

Key Takeaway: 

Biological jumpers are limited primarily by the 
motor specific work;

Engineered jumpers by the 
spring specific energy;

thus focus on this to jump higher.
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Jumping: Energetic Model- Insights

Key Takeaway: 
Engineered jumpers should have a 

spring-motor mass ratio 
100-fold larger than 
biological jumpers.



Jumping: Energetic Model- Utilization Model
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High-load winding mechanism



High-load winding mechanism



High-load winding mechanism

Specifications:
-Mass: 17 g
-180 N pulling force
-Stroke: unlimited (limited by length of string)



High-load winding mechanism

180N
Repeated 5 times

Video 5x
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Burrowing: Bio-inspiration



Contents
I. Jumping

1. Energetic model
2. Initial component prototyping

II. Burrowing / Anchoring
1. Bio-inspiration for robotic burrowing
2. Hypothesis testing for force reduction 

mechanisms
3. Robot design, characterization, and 

demonstrations



Burrowing: Hypothesis Testing
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Burrowing: Robot Characterization



Effect of growth rate

Burrowing: Robot Characterization
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Burrowing: Robot Demonstrations
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