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Objective 
• Small robots for traversing complex terrains with 

narrow openings 

• Emulate Earthworm robot with artificial muscle 
made from Nitinol wires





What we accomplished



What we didn’t quite 
accomplish



Designs - Mechanical 



Designs - Block Diagram 



Modules 

• Actuation 

• Sensor 

• Power 

• Control



Actuator - Nitinol Manufacturing 





 Body - research and 
manufacturing





Actuation - problems encountered 

• Contraction time too slow  

• Wire is too stiff (4x stiffer than original design) 

• 570grams vs 143 grams 

• Worm body (braided sleeving) over heat and 
burned
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Actuation - problems and resolutions  

• Contraction time - increase power requirement in 
power modules 

• Stiff wire - need higher precision manufacturing 
(mechanic injured)  

• Worm body overheating - use a heat resistance 
braided sleeving (633°F melting point) and sow 
the actuator

✔

✔

X



Actuation - requirements and verification  

✔

✔

✔

✔

X



Sensors and feedback control 



• Setup was not responsive  

• Current solution - abandoned the use of band 
potentiometer and use open loop controls 

• Potential solution - use other means to measure 
worm contraction (actuator temperature, 
resistivity)

Sensors and feedback control 



Sensors - requirement and verification 

X



Power 
• 9V  (Darlington transistor and wall 

adapter) 

• 5V  (Power regular and adapter )





Power - requirements and verification  

✔

✔



Control  

• Command 

• Action Decision 

• Execution 

• Feedback



Control  

• Command 

• Action Decision 

• Execution 

• Feedback



User Interface  



Communications 



Action Decision  



Execution   



Locomotion Planning



Execution   

• Duty Cycle 

• Actuation time (0.5-2s)



Software - Requirements and Verifications

✔

✔

• 10.3 ms 

• 72.3 ms 



Further work  

• Improve current design 

• Soft robotics 

• Prosthetic application 
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