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Window pane fragments removed from the damaged overhead window frames of Space Shuttle
Columbia were analyzed as part of the Spacecraft Crew Survival Integrated Investigation Team
(SCSIIT) [1]. Cockpit windows and related hardware were among the 84,000+ pieces of debris
recovered after the unfortunate breakup of Columbia on February 1, 2003. The breakup occurred
when the vehicle’s velocity was in excess of Mach 18, at an altitude of over 60,960 m and the
resultant debris experienced temperatures in excess of 1750°C [2]. The Columbia Accident
Investigation Board (CAIB) determined that foam debris impact from the external tank breached
the left hand wing leading edge reinforced carbon-carbon (RCC) panels during launch, which led
to a considerable thermal event during reentry [3]. The SCSIIT was chartered to perform a
comprehensive analysis of the accident focusing on factors and events affecting crew survival,
and to develop recommendations for improving crew survival for all future human space flight
vehicles. A sub-team to the SCSIIT analyzed the effect of the plasma reentry environment on
selected orbiter structural and sub-structural materials [4].

A methodology for analyzing deposited material on space shuttle Columbia windows (Figure 1)
was employed to further understand the sequence of events which occurred during the loss of the
vehicle. This information proved valuable, not only to those involved in the Columbia accident
investigation, but also to subsequent follow-on work. Analysis consisted of optical microscopy
(OM), scanning electron microscopy (SEM), x-ray energy dispersive spectroscopy (EDS),
focused ion beam (FIB), transmission electron microscopy (TEM), and x-ray diffraction (XRD).
The FIB lift-out method proved to be beneficial in obtaining an information-rich sample
representative of the char layer (Figure 2). Specifically the composition, order, and pattern of
deposits were examined and analyzed in order to determine the temperature at which particular
silicates and inter-metallic compounds were formed. This information, in conjunction with
fracture evidence from associated hardware such as elevons and actuators, helped investigators
determine the environment experienced during the break up of the orbiter.

The myriad observations made on a thick layer of char atop an innocuous fragment of glass
which survived the Columbia tragedy only serves to highlight the wealth of information that lies
within her debris. The nature of the incident and subsequent breakup allow both engineers and
scientists to glean much needed information, to learn how to not only make our existing space
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flight efforts safer, but to also provide a greater breadth of core knowledge for the next
generation of vehicles.
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Figure 1. Photograph of glass fragment from one of the recovered Columbia window frames.
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Figure 2. Schematic of char layer specimen created by an in-situ FIB lift-out method on a
snipped TEM copper grid (a), “I-beam” specimen detail (b), and resulting TEM images (c).
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