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quently he was consultant to the Shuttle Launch Site Review Board and a mem-
ber of the STS Technology Steering Committee, STS Payload Activities Commit-
tee. and the R&T Advisory Panel for Space Vehicles. He chaired the Shuttle Envi-
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Much has been written in both general and techni-
cal aerospace publications about the delay of the
first launch of the Space Shuttle because of struc-
tural problems with the Orbiter’s ceramic reusable
thermal protection system (TPS). This article ex-
plains the problems and their resolution.

The Orbiter has basically a conventional skin-
stringer aluminum aircraft structure. The properties
of aluminum dictate keeping the maximum temper-
ature of this structure below 350 F in operations.
Aerothermal heating during ascent and reentry will
create surface equilibrium temperatures well above
this figure and, in many places, will push them
above the melting point of aluminum (1220 F).

This heating necessitates some form of insula-
tion. The Shuttle design goal of 100-mission reusa-
bility with minimum turnaround time between
flights ruled out ablative heat shields (except for
some use between elevons). The need for reusability
in effect dictated a lightweight, nonablative TPS
able to protect the aluminum substructure from
high surface temperatures and at the same time
withstand the thermal cycles and environmental
loads of space flight. Developing such a system
greatly challenged the Space Shuttle’s designers.

In the early 1970s, NASA and the Space Div. of
Rockwell International, the prime contractor for
the Orbiter, agreed to use a newly developed TPS
ceramic material formulated by and manufactured
by Lockheed Missiles & Space. It acts as an ex-
cellent insulation where surface equilibrium temper-
atures range between 750 and 2300 F. This ceramic,
being highly brittle, has strain-to-failure perfor-
mance considerably below the yield strain of alumi-
num, and a low coefficient of linear thermal expan-
sion. Thermal and mechanical expansion and con-
traction of the aluminum skin would cause ceramic
material bonded to it to crack.

The designers decided to protect the reusable
surface insulation (RSI) from excessive strain in two
ways. First, the ceramic insulation was placed on
the aluminum in the form of individual tiles with
side dimensions of the order of six inches or less.
About 30,000 tiles of various sizes and shapes cover
slightly over 70% of the Orbiter’s exterior. Gaps be-
tween tiles permit them relative motion as the alu-
minum skin expands or contracts and as the sub-
structure deforms causing skin-surface curvatures.
The allowance for relative motion alone does not
prove sufficient to protect the integrity of the
ceramic material. A tile bonded directly to the
structure will still crack as the aluminum skin under
it expands locally or undergoes local lateral
deformations. Some means must isolate the strain
of the aluminum substructure from the tile. To do
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