NASA's Foam Test Offered a Vivid Lesson in Kinetics

By JOHN SCHWARTZ

HOUSTON, June 4 — The recent test suggesting that falling foam at liftoff could have caused the damage that doomed the space shuttle Columbia was a jaw-dropping demonstration of the destructive power of something so light, a NASA official said today.
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Columbia Accident Investigation BoardIn this frame from film of a test, foam is seen after it hit a mock-up space shuttle wing at great speed and shatters, leaving V-shaped tracks.
"I thought: `Oh, my God! This is something. This isn't just a light bounce,' " recalled the official, G. Scott Hubbard, the director of the Ames Research Center at NASA and also a member of the independent board investigating the disaster.

Mr. Hubbard watched the test last Thursday at the Southwest Research Institute in San Antonio, and described it in detail to reporters in a briefing here this morning as a prelude to further tests on Thursday.

Before last week's test, many engineers at NASA said they thought lightweight foam could not harm the seemingly tough composite panels, and privately predicted that the foam would bounce off harmlessly, like a Nerf ball. But Mr. Hubbard said the experiment showed that "people's intuitive sense of physics is sometimes way off."

In last week's experiment, the researchers shot a 1.7-pound piece of foam at a mock-up shuttle wing at 531 miles per hour, roughly the speed of the chunk of foam that hit the Columbia wing about 81 seconds after liftoff. 

Film of the experiment, released today, shows that the impact of a piece of foam hitting the wing mock-up caused the leading-edge panel to ripple like the surface of a struck gong. 

The foam shattered, with hunks cramming their way into the seam between the panel and an adjoining seal. That opened a long slit in the surface of the wing four-tenths of an inch wide and about 22 inches long — potentially, more than enough to let in the stream of superheated gases that melted the wing from the inside out as the craft entered the atmosphere on Feb. 1.

Even the researchers setting up the test were unprepared for the sheer force of impact as a wave of energy moved through the inner structure of the wing and sideways along its panels — in some places, with seven times the force that the researchers had expected. Sensors inside the wing were knocked loose.

Bouncing a small piece of foam lightly between his hands for emphasis, Mr. Hubbard said: "You don't feel this can do anything. But you fire this at 500 miles an hour, and you saw it."

He invoked the physics equation that describes the amount of kinetic energy in a moving object, saying, "That's when it came home to me what  (1/2) mv2 means." The simple equation says that kinetic energy is one-half times an object's mass times the object's velocity squared, so that even something very light can carry a great deal of force if it is moving fast enough. In fact, he said, the force was equivalent to catching a basketball thrown at 500 miles per hour.

Later analysis of the test panels showed that the stress from the impact shifted the struck panel to the right by one and a half inches, and that the seal, called a T-seal for its shape, was permanently deformed by one-tenth of an inch even after the foam had been removed.

The exact conditions of the actual foam strike — with extremes of vibration and temperature and near vacuum, could not be duplicated at the test site, so the researchers have had to improvise and try to match the conditions as best they can, Mr. Hubbard said. 

Saying that he spoke only for himself and not the investigation board, Mr. Hubbard said that although the experiment "moves us a lot closer to saying that foam can do this kind of damage," it did not rule out other possible causes of the hole in the wing, including small meteorites and debris in space.

At Cape Canaveral, Fla., the chief of the NASA team that is collecting and examining debris from the Columbia said today that its analysis was consistent with that of the independent investigation board. "We have proven, based on the debris alone, where the breach was," said the official, Michael D. Leinbach, who is also the shuttle launching director. 

Following the same guidelines used by the National Transportation Safety Board in aviation accidents, he said, the team analyzed the debris separately from any other data gathered by recorders and other sources, and determined that the shuttle was doomed by a breach at the bottom of Panel 8 on the left wing's leading edge. 

The next round of tests in Texas could add weight to the growing consensus about the cause of the accident. Last week's tests used wing panels from the Enterprise, a test vehicle that never flew in space. That craft's leading edge panels were made from fiberglass because the Enterprise never had to face the heat of re-entry.

Foam testing will resume on Thursday with the first effort to fire a chunk of foam at the actual material used on the leading edge of the shuttle's wing. The material, reinforced carbon-carbon taken from the shuttle Discovery, is substantially weaker and less flexible than fiberglass. 

The researchers estimate that the test will exert about 70 percent more force than necessary to shatter a composite panel, Mr. Hubbard said. "Now, whether it actually turns out that way or not, that's why we do the experiment," he said. "But the analysts are saying it looks like it'll break it."

