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BACKGROUND
Landings in the Soyuz vehicle have generated more injuries than models have predicted, and the reason for this remains unknown. Presently, 3 new capsule-type spacecraft—the Orion, the SpaceX Dragon2, and the Boeing CST-100—are in various stages of development. To better understand the injury risk to Soyuz crewmembers, and to mitigate risk of future injuries onboard the new vehicles, we conducted a finite element (FE) modeling effort. At the outset of this study, previously developed FE models were available for the seats in the 3 new vehicles, whereas the Soyuz environment had not been modeled in an extensible manner. Thus, a model of the Soyuz seat was necessary to facilitate comparisons of all seat types.

AIMS
The study has 2 mains: (1) Identify expected injury risks associated with nominal and off-nominal landing scenarios in the Soyuz, and quantify differences in injury risk predicted by different human body models of varying complexity. (2) Examine differences in injury risk to crews of Soyuz and modern vehicles as it relates to seat and restraint design and loading combinations.

METHODS
The Soyuz seat trainer and mockup were scanned at Johnson Space Center using a Faro Freestyle 3D X scanner. The point cloud was cleaned using Scene Process 6 software, and then imported into Meshlab to develop an STL surface. The inner surface of the seat was meshed from the Soyuz TM seat and then morphed to match the dimensions of the Soyuz TMA seat. The brackets and mounting points were meshed from the scans of the in-mockup TMA seats. Models of the Global Human Body Models Consortium 50th percentile male (detailed [M50-O] and simplified [M50-OS]) were then positioned in the approximate position of a Soyuz occupant using a combination of Oasys Primer and LS-Dyna simulation. The void between the occupant and the seat back was then filled with tetrahedral elements, representing the foam pouring process used in the seat construction. The material properties of foam used in NASCAR (National Association for Stock Car Auto Racing) seats were assigned to the model. Finally, a hard, plastic shell was included on the surface of the molded foam, which was modeled as a 2D shell coating on the surface of the foam. Acceleration pulses from previously conducted airborne drop tests of the Soyuz vehicle were then applied to the model (n=4; ~250 ms durations, 5-18 G peak accelerations). Injuries to the head, neck, spine, chest, pelvis, and extremities were assessed using established metrics. Differences in response between the simplified and detailed male models were quantified. 

The M50-OS was then positioned into the models of the 3 modern seats and belted appropriately. The occupant model was then exercised through 75 simulations per seat (4 seats x 75 pulses = 300 simulations), with acceleration pulses generated using a Latin Hypercube Design of experiments. The acceleration profiles ranged from 5 to 20 G, with rise times ranging from 32.8 to 122.1 ms. After simulation, matched comparisons were conducted across seat model to assess injury metric differences attributable to restraint-system variables. 

RESULTS
An FE model of the Soyuz seat for use in dynamic simulations with various occupants was delivered to NASA. Simulation results are currently being processed. We will quantify the effect of the complexity of the human body model on injury risk results in simulated real-world drop tests. We expect a significant difference in injury risk between the models simulated in a Soyuz seat and those simulated the 3 modern seats. The magnitude of that difference will provide insight into why injury rates to Soyuz occupants are greater than predicted.
