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Task Description:

	The number of EVAs performed will increase dramatically with the up-coming Space Station assembly missions. Close to 900 EVA hours will be required to assemble the Space Station with an additional 200 hours per year for maintenance requirements; therefore, efficient modeling tools will be essential to assist in planning these EVAs. The overall goal of this proposal is to create a task-oriented EVA human figure simulation that emulated the physical characteristics of both the Enhanced and the Advanced EMU suited astronaut as closely as possible. Important components in such a simulation include accurate fatigue parameters, strength capability, multi-body dynamics and reaching capability. We propose a project that will focus on building a model of the EVA crewmember encompassing all these capabilities. 

There will be three primary products from this technical proposal: (1) A comprehensive database of fatigue data, strength data, and joint limits for a group of individuals while suited (both Enhanced and Advanced EMUs) and unsuited; (2) A software package which creates a suited model for both the Enhanced and the Advanced EMU of an individual based on certain anthropometric measurements; and (3) A computer graphics model with mass handling characteristics of a crew member performing a variety of EVA tasks with embedded strength and fatigue parameters. 

Engineers and designers will use the EVA suit database to better understand the capabilities of the suited individuals. This knowledge will lead to better design of tools and planned operations. Mission planners could use the modeling system and view the animations and the visualizations of the various parameters, such as overall fatigue, motion, timelines, reach, and strength to streamline the timing, duration, task arrangement, personnel, and overall efficiency of the EVA tasks. 

	Due to delays in funding, the start date for this project was March 1998. Because human test subject approval was critical, a detailed and thorough test plan was developed and approved. As a result of that approval, the Human Test Subject Facility (HTSF) was tasked to provide the appropriately examined test subjects for suited testing. 

Unsuited and EMU suited subject testing is now in progress. The testing is being conducted on the Precision Air Bearing Facility (PABF) at NASA JSC. Using air pressure driven skids, the rapid placement of the support stand required for upright EMU suited subjects relative to the dynamometer work set is possible. The initial subject base is composed of 3 men and 3 women. Each subject will require a total of 12 days of measurement for both the suited and unsuited cases over a period of several months. Due to the small subject base and the large, complex amount of data being collected, no formal publication of preliminary results is being considered until all subjects have been measured for this phase of the data collection. However, an overview of the test plan and its relationship to suit design was presented at the NASA JSC sponsored Advanced EVA Forum at the University of Maryland in October 1998. 

	The project will develop a systematic, quantifiable means to compare suits at a common biomechanical structure (major joints such as the knee, elbow, shoulder). Suit designers can use this information to optimize or compare designs relative to an unsuited base line. Fire fighting suits, underwater pressure suits, etc. should benefit with this protocol. 

	FY98 Publications, Presentations, and Other Accomplishments:

	Chan, S. and Maida, J. “Biomechanic and anthropometric digitization and snimation of suited subjects.” Summer High School Apprenticeship Research Program (SHARP), NASA Johnson Space Center, Houston, TX (Summer 1998). 


Year:

1999

	Task Description:

	The number of EVAs performed will increase dramatically with the up-coming Space Station assembly missions. Close to 900 EVA hours will be required to assemble the Space Station with an additional 200 hours per year for maintenance requirements; therefore, efficient modeling tools will be essential to assist in planning these EVAs. The overall goal of this proposal is to create a task-oriented EVA human figure simulation that emulated the physical characteristics of both the Enhanced and the Advanced EMU-suited astronaut as closely as possible. Important components in such a simulation include accurate fatigue parameters, strength capability, multi-body dynamics, and reaching capability. We propose a project that will focus on building a model of the EVA crewmember encompassing all these capabilities. 

There will be three primary products from this technical proposal: (1) A comprehensive database of fatigue data, strength data, and joint limits for a group of individuals while suited (both Enhanced and Advanced EMUs) and unsuited; (2) A software package which creates a suited model for both the Enhanced and the Advanced EMU of an individual based on certain anthropometric measurements; and (3) A computer graphics model with mass handling characteristics of a crew member performing a variety of EVA tasks with embedded strength and fatigue parameters. 

Engineers and designers will use the EVA suit database to better understand the capabilities of the suited individuals. This knowledge will lead to better design of tools and planned operations. Mission planners could use the modeling system and view the animations and the visualizations of the various parameters, such as overall fatigue, motion, timelines, reach, and strength to streamline the timing, duration, task arrangement, personnel, and overall efficiency of the EVA tasks. 

	Collected more than 95% of the joint strength and fatigue data for this study. 

Scheduling of the Precision Air Bearing Floor, the EMU suit, and all the subjects has been a challenge. Progress has been steady, though slow. IRB renewal has been granted for the final two sessions. 

Completed preliminary analysis of the dynamic strength and fatigue data. 

For each subject, the maximum strength and time to fatigue results were compared between the unsuited and suited conditions. In general, the subjects’ maximum strength capabilities were reduced an average of 52 to 84 percent when they were wearing the pressurized EMU. The suit appeared to affect dynamic joint fatigue for multi-joint motions, while having less or no pronounced fatigue effects for isolated joint motions. This indicates that the pressurized suit may have an adverse effect when astronauts utilize whole-body motions rather than single-joint motions. 

Conducted research to investigate the effect of velocity on joint fatigue. 

An auxiliary study, focusing on the effect of velocity on knee joint fatigue, was performed using eight unsuited subjects (four males and four females). This study involved dynamic knee flexion/extension exercises utilizing four different velocities, ranging from 60 to 240 degrees per second. A detailed report on the results has been written and submitted for publication as a NASA Technical Report. 

	The project will develop a systematic, quantifiable means to compare suits at a common biomechanical structure (major joints such as the knee, elbow, shoulder). Suit designers can use this information to optimize or compare designs relative to an unsuited base line. Fire fighting suits, underwater pressure suits, etc. should benefit with this protocol. 

	FY99 Publications, Presentations, and Other Accomplishments:

	Maida, J.C. “An EVA Suit Fatigue, Strength and Reach Model.” First Biennial Space Biomedical Investigators’ Workshop (USRA), Houston, TX (January 1999). 

Maida, J.C. “Infusing Research and Technology To Break Down the EVA Wall: Human Modeling.” Advanced EVA Forum, University of Maryland (October 1998). 


Year:

2000

	Task Description:

	The number of EVAs performed will increase dramatically with the up-coming Space Station assembly missions. Close to 900 EVA hours will be required to assemble the Space Station with an additional 200 hours per year for maintenance requirements; therefore, efficient modeling tools will be essential to assist in planning these EVAs. The overall goal of this proposal is to create a task-oriented EVA human figure simulation that emulated the physical characteristics of both the Enhanced and the Advanced EMU-suited astronaut as closely as possible. Important components in such a simulation include accurate fatigue parameters, strength capability, multi-body dynamics, and reaching capability. We propose a project that will focus on building a model of the EVA crewmember encompassing all these capabilities. There will be three primary products from this technical proposal: (1) A comprehensive database of fatigue data, strength data, and joint limits for a group of individuals while suited (both Enhanced and Advanced EMUs) and unsuited; (2) A software package which creates a suited model for both the Enhanced and the Advanced EMU of an individual based on certain anthropometric measurements; and (3) A computer graphics model with mass handling characteristics of a crew member performing a variety of EVA tasks with embedded strength and fatigue parameters. Engineers and designers will use the EVA suit database to better understand the capabilities of the suited individuals. This knowledge will lead to better design of tools and planned operations. Mission planners could use the modeling system and view the animations and the visualizations of the various parameters, such as overall fatigue, motion, timelines, reach, and strength to streamline the timing, duration, task arrangement, personnel, and overall efficiency of the EVA tasks. 

	All data collection and reduction completed. Max voluntary torque and total work over time computed. Prediction functions derived. 

	The project will develop a systematic, quantifiable means to compare suits at a common biomechanical structure (major joints such as the knee, elbow, shoulder). Suit designers can use this information to optimize or compare designs relative to an unsuited base line. Fire fighting suits, underwater pressure suits, etc., should benefit with this protocol. 


