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Orion Landing Active Attenuation Strut Design 

 
Overview 
This project aimed to design an active actuation friction strut using piezoelectric 
materials. Piezoelectric materials expand or contract when a voltage is applied, and 
provide a force if they are constrained during this energizing. The potential benefit of 
using this type of technology for space transport is the inherent reliability and precision 
of these actuators. Using piezoelectric-actuated friction pads along with an adaptive 
control system will allow the strut to instantaneously adjust to any landing scenario that 
might be encountered by the Orion crew exploration vehicle.  
 
Objectives 
The primary objective of this project is to design and build a proof of concept piezoelectric-actuated strut 
mechanism.  This strut mechanism should be able to fully interface with the NASA control system currently 
being developed as well as meet the power requirements the of the Orion power supply. 
 
Approach 
• An external search was conducted to determine the capabilities, availability, and cost 

of piezoelectric stacks and actuators.   
• Four initial concepts were generated, and a cylindrical geometry with brake pads 

attached to the piezoelectric actuators was chosen.   
• A design review was held by Joe Pellicciotti at the Goddard Space Flight Center, and 

rectangular geometry was chosen to facilitate ease of manufacturing and reduce the 
stress on the piezoelectric actuators.   

• DSM was chosen as the supplier of the piezoelectric actuators because of their ability 
to produce custom stacks and amplifiers.   

• Piezoelectric actuators that contracted were purchased, and a central flexure was 
designed to transform the actuator contraction into a compressive braking motion.   

• Ferotec Friction Inc.  assisted in the selection of a brake pad material that would 
provide a high coefficient of friction with minimal wear.    

• A 3D CAD model facilitated multiple design iterations and adjustments before and 
during the manufacturing process. 

• Finite element analysis was performed to guarantee that the structure would 
withstand the anticipated loads and could also provide the necessary actuation. 

• A prototype was constructed using the facilities at the Learning Factory, and the 
prototype was tested using a constant displacement compression testing machine.   

 
Outcomes 
• Using piezoelectric actuated friction to damp landing forces in the Orion capsule is a 

viable concept. 
• The prototype supported a static load when in the non-energized state, and supported 

an actuated load of nearly double the static value. 
• The linear relationship between force and voltage was repeatable with the exception 

of a slight decrease in slope due to the deposition of an oxide layer onto the brake 
pad material. 

• Producing a similar design with higher force actuators and stiffer materials will enable 
NASA engineers to work towards finalizing the design as flight hardware. 
 


