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Irvin Aerospace Inc has been involved in the desigh and manufacture of impact
attenuation airbags for some time and has recently, in collaboration with Lockheed Martin,
undertaken a program to provide technology demonstration for an impact attenuation
system for a generic crew return vehicle. The program consisted of the design and
manufacture of a suite of actively controlled, venting airbags, a gassing system and
associated electronic sequence control hardware mounted to an 11,500lb mass simulator.
The program culminated in a series of tower drop tests employing various drop heights and
vehicle inclinations. The objective of the program was to provide confidence in an airbag
system design when subjected to vertical velocities and a primary goal was to validate the
system modeling conducted prior to the tests and to also provide confidence in extrapolating
these data, as applicable, to landing scenarios involving both vertical and horizontal
velocities onto varied terrain. The attenuation system consists of four main, venting airbags,
each with an internal, permanently inflated airbag. The latter provides ground clearance
following the initial landing impact. Incorporated into each outer, venting airbag is an
orifice that allows the entrapped gas to exit the control volume. The size of the orifice is
tailored to control flow rate of the exiting gas, improving the airbag stroke efficiency. The
initial airbag geometry design was undertaken using the LSDYNA analysis tool which has
been used extensively by Irvin to accurately predict the performance of airbags during
impact. The overall performance of the attenuation system depends heavily on the mass flow
rate of the gas exiting the vent. In order to accurately capture the vent discharge coefficient,
a series of tests were performed within a desired pressure envelope. These tests served to
both calibrate the LSDYNA landing model and determine if changes to the overall orifice
size were necessary.

I.  Airbag Design

The attenuation system consists of four main, venting airbags, each with an internal, permanently inflated airbag.
The latter provides ground clearance following the initial landing impact. Incorporated into each outer, venting
airbag is an orifice that allows the entrapped gas to exit the control volume. The size of the orifice is tailored to
control flow rate of the exiting gas, improving the airbag stroke efficiency.
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