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Gas-pressurized spacesuits are engineering marvels that  allow astronauts to perform critical tasks outside of the 
spacecraft, station, or base. However, gas-pressurized spacesuits have inherent stiffness, causing fatigue, 
unnecessary energy expenditure, and in some instances, injury. These problems are exacerbated with the additional 
hours astronauts spend training inside the suit, especially underwater in the Neutral Buoyancy Laboratory (NBL). 
The literature reports investigations in to spacesuit performance and improved system designs, but relatively little is 
known about how the astronaut moves and interacts within the spacesuit, what factors lead to injury, and how to 
prevent injury. The objective of this research effort is to develop an understanding of how the person interacts with 
the spacesuit, and use that information to assess and mitigate injury. We address this issue through several facets, 
namely, statistical analysis and biomechanical human–suit modeling to better understand EVA injury mechanisms; 
the development of a novel wearable pressure sensing system to quantify astronaut-suit contact; and design solutions 
to mitigate injury. 

We perform a statistical analysis to relate anthropometry, space suit hard upper torso (HUT) components, and 
training time to shoulder injury. A new database was compiled by NASA personnel at the Longitudinal Study on 
Astronaut Health (LSAH), which is the most comprehensive database of this kind. The database includes 3 major 
components: Anthropometric measurements, Training record, and the Injury record. The data is consolidated into 
metrics capturing many aspects of the problem, such as the nature of the injury, recovery factors, or percent of time 
spent in a certain style HUT. Data mining techniques are used to find correlations between anthropometry, suit 
components, and injury. Due to the comprehensive nature of the database, additional research questions may be 
studied, such as propensity for injury given prior history. 

We use biomechanical human-suit modeling techniques to gain a better understanding of the EVA injury 
mechanisms, particularly strain injuries caused by the EMU. The objective is to determine the extent to which 
muscle activity is affected by the presence of the highly-pressurized spacesuit. A musculoskeletal human-spacesuit 
interaction model is developed in order to quantify musculoskeletal performance of astronauts during EVA, and to 
assess their injury susceptibility. An OpenSim model is used to calculate muscle forces, while spacesuit joint torques 
are applied as an external disturbance to the system. The model is driven by motion capture data from unsuited 
subjects. This methodology represents a framework for studying more comprehensive data sets, and will be used to 
evaluate motion capture and joint torque data from the Mark III spacesuit for several different motions. 

We quantify and evaluate human-space suit interaction with a pressure sensing garment, focusing on the arm and 
shoulders under different movements and loading regimes. The pressure sensing system is integrated into a 
conformal athletic garment. This shirt is worn by the subject and has targets over which the low-pressure sensors are 
mounted. The Polipo (Italian for octopus) is a novel, wearable system of 12 sensors that were developed as part of 
this research effort for quantification of contact pressures under spacesuit soft goods. A cover shirt slides easily over 
the Polipo sensors to prevent catching and to maintain proper sensor placement. An extensive study on the design 
and characterization of the sensors was undertaken to optimize them for this application. These sensors are placed 
over the arm in a way that targets anticipated hot spots, and secondarily for uniform coverage. The sensors are 
detachable from the athletic garment, providing an independent pressure sensing system to be used by any subject 
and for any spacesuit. The garment also has a pocket interface over the shoulder to house a Novel pressure sensor 
(Germany), which is used to quantify the high-pressure contact regime. The high-pressure regime is at the interface 
between the person’s body and the HUT, especially the scye bearings.  

Our work develops conceptual solutions to mitigate injury. As part of this effort, we identify promising materials 
evaluating their capacity for energy absorption. We observed how protective devices are currently used in EVA 
operation and conducted numerous interviews to understand the environmental aspects of protective devices for 
training and on-orbit EVA. Finally, we built prototype protective devices for baseline evaluation of our design 
concepts. The primary concerns addressed in the protection device designs were effectiveness in alleviating 
discomfort, sizing, and usability. Protective devices will be integrated to the protective garments and can be 
personalized for each crewmember. 
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