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Title: Lunar Transient Acceleration Requirements 
Introduction: 
[bookmark: _GoBack]Current NASA requirements for crew injury resulting from impact loads are based on crew being secured in a seat with a 5-point restraint system. For lunar landings, Apollo crews landed in a standing orientation and no known injuries occurred. However, the acceleration data have not been found and the landing suit planned for future lunar missions is significantly heavier than the Apollo suit. A subject matter expert (SME) panel was convened and data were drawn from multiple sources to develop new standing acceleration limits.
Methods:
Several data sources were examined to inform crew tolerance to impact loading in the vertical, +Gz axis. Using touchdown conditions from each Apollo landing, acceleration pulses for each landing were estimated. Added to this data set are Apollo landing gear tests. Ground-reaction forces measured during treadmill running on the International Space Station were used to assess forces that are well tolerated by deconditioned astronauts. Postflight voluntary jump data collected from long-duration astronauts also were reviewed. Finally, lower extremity injury data from automotive impacts (Kuppa, 2001) and from vertical loading of the foot (Pintar, 2016) were reviewed. 
Results:
A model, similar to the current seated Brinkley Dynamic Response Criterion (BDRC), was fit to the relevant data sources in the +Gz axis. A spaceflight deconditioning factor of 0.75 was applied yielding a new dynamic response limit of 2.0. For off-axis loads while standing, the same scaling factor used to decrement the +Gz axis was applied to the ±Gx and ±Gy axes. The -Gz limits are set to zero. The SME panel concluded that suit mass borne by the astronaut should be limited to no more than 20% of the crewmember’s shirtsleeve mass. 
Discussion:
Limitations of these new standards include a small dataset, suit interactions, applicability of BDRC model parameters to standing, and unknown effects of deconditioning.
