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Framework for nonlinear springs 
acknowledging uncertainty

Achieve global solu�ons in 
polynomial-�me

Solu�on independent of ini�al 
condi�ons

Avoid overdesign or underdesign
resul�ng from safety factors

Key Problems to address:

Electric
motor LoadElastic element

Challenge: Use series elas�city to 
minimize energy consump�on and sa�sfy 
actuator constraints despite uncertainty

Series Elastic Actuator (SEA)

Formulate spring design of 
SEAs as a convex program

Framework to guarantee 
performance in uncertain 
environments

Bridge robust op�miza�on 
and mechatronic design

Scien�fic Impact:

1953908, 1830338

Outreach

Op�cal Spring Deflec�on Sensor

Extension: Parallel Elas�c Element Op�miza�on

and is also convex (Bolivar et al. 2022)

Outperforms SEA when Joule hea�ng dominates,

Springs Compa�ble with NSF's Open Source Leg

Valida�on of Nonlinear Spring Design

High Specific Energy

Op�miza�on with Closed-Loop Impedance Targets
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slope constraints

Minimum local s�ffnesses
resul�ng from noise limit
on controllers that achieve
biomime�c target  
closed-loop s�ffness

deflection

(Thomas et al. 2022 in prep.)


