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When Neil Armstrong set foot on the lunar surface in 1969, he made more than an historic and
enduring mark on the surface of the moon; he made a monumental impact on the collective imagination
of the world. After nearly 40 years, NASA is preparing for another journey to the moon – and beyond –
with a new class of explorers sure to strike a whole new generation with the same overwhelming sense
of awe and wonderment.
In the volatile realm of space travel, pyrotechnics are both a necessary evil and a force to be reckoned
with. An explosion on a monumental scale is essential during liftoff to achieve the extraordinary thrust
required to break through and escape the earth’s gravity. However, any unexpected or unplanned
pyrotechnics can be cataclysmic for the mission and its crew.
The Quest for Controlled Destruction
Few understand this pyro-proposition better than pyrotechnic engineer Christopher W. Brown at
NASA’s Johnson Space Center in Houston, TX. Brown works with the team of engineers responsible
for the design, testing and implementation of pyrotechnics for a variety of space exploration initiatives,
including the Constellation Program, which will send human explorers back to the moon and onward to
other unexplored parts of the solar system.
“Pyrotechnics is popular in aerospace when it comes to one-time actuation or separation,” Brown says.
“One example is the frangible nut, which is used to separate the space shuttle from the external fuel
tanks.”
The frangible nut, critical to the separation process, is designed to fracture when the command is given
to activate explosive charges in order to achieve a clean and thorough separation of the external fuel
tanks once their propellant is exhausted. The idea is to blow it apart when necessary, with as little
collateral damage as possible.
“I call it controlled destruction,” Brown says. “There is a lot of shock and debris that need to be
contained. It is a very tricky balance. We need to have the nut or the separation structure strong
enough to hold the pieces together, but brittle and weak enough to fracture when commanded.”
The Test before the Test
In order to achieve the proper design of the components, determine the precise amount of combustion
required without going overboard, and predict the behavior of the debris field to prevent incidental
damage, NASA is using finite element analysis (FEA) software from MSC.Software in concert with
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visualization software by CEI, Inc. of Apex, NC. The goal is to produce 3D simulations of various test
scenarios to ultimately design a means to control the end results.
Using MSC’s Dytran to model the various applications, NASA imports the results into CEI’s EnSight for
post processing, where they are converted into graphical images and movies that can be shared with
colleagues. Using this process, Brown’s team is able to simulate proposed design modifications and
other variables to predict behavior under certain conditions before any “live” testing takes place. In the
case of a shuttle launch, for example, the results can have life-altering implications.
“The simulations will give you an idea of what could happen,” Brown says. “We want to know as much
about the possible outcomes before conducting a real test, to get a heads up on what to watch out for
and what to avoid.”
In one such experiment, Brown and his team are working to perfect a newly designed back-up release
mechanism for a new docking system to be put in place on the Orion Crew Exploration Vehicle. Orion is
expected to fly its first mission to the International Space Station by 2014 and carry the next generation
of astronauts to the moon by 2020. The mechanism works by using a charge to apply pressure at one
side, which engages a piston release system that allows the bolt to slip out, with no metal fracture.
Modeling this procedure allows thorough testing of each and every component to achieve the flawless
operation critical for space travel. Before any testing took place, Brown was able to identify some hangups in the parts, modify the design and rerun the simulations until it worked. In the end, the live testing
was quite successful.
In the case of the frangible nut, the objective is that the explosive allows the nut to break apart correctly
instead of blowing the energy in the wrong direction. With two boosters on each side of the nut (the
second in place only for redundancy), Brown tests one booster at a time.
“In one design test, the nut was shaped differently and the booster just blew out the frangible section
without having the energy directed to separate the nut,” Brown says. “That analysis enabled us to
change the design for the actual application from what was originally designed.”
Powerful Combination Yields Powerful Results
The one-two punch of MSC and CEI’s avant-garde software allows NASA to achieve accurate results in
an easily viewable format. EnSight is able to seamlessly and quickly import the Dytran files for post
processing. They can be viewed as motion pictures or frame by frame for thorough analysis.
Annotations can be included in the resultant images and adjust color contours to emphasize certain
results or variables and achieve the desired graphical image. This output is then used for collaboration
among fellow engineers and the test area.
Included in the EnSight suite is CEI’s EnLiten, a free 3D viewer used for analyzing and manipulating
complex visualization scenarios. It can capture the results and display them in motion and from any
angle without needing to be reprocessed from scratch. And it can be viewed on any computer without
installing any extra software.
“Using a 3-D viewer provides a quick way of viewing motion and rotation at any angle without having to
start the post processing all over again,” Brown says. “It allows you to view the animation, not just like a
video, but something that you can rotate and move around.”
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Stress inflicted on the shroud surrounding the frangible nut after separation.
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