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Tank Busting 
NASA blew up an SLS propellant tank 
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Henry ‘Hap’ Arnold 

Henry ‘Hap’ Arnold was an 
American general officer 
holding the ranks of General of 
the Army and General of the 
Air Force. Arnold was an 
aviation pioneer, Chief of the 
Air Corps (1938–1941), 
Commanding General of the 
U.S. Army Air Forces, the only 
U.S. Air Force general to hold 
five-star rank, and the only 
officer to hold a five-star rank 
in two different U.S. military 
services. Arnold was also the 
founder of Project RAND, 
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At NASA’s Marshall Space Flight Center in Huntsville, Alabama, 
engineers pushed a Space Launch System (SLS) fuel tank way past 
its limits. The tank aced the test, withstanding more than 260% 
of expected flight loads for over five hours, at which point 
engineers spotted a buckling point, which soon burst. 

"We purposely took this tank to its extreme limits and broke it 
because pushing systems to the point of failure gives us additional 
data to help us build rockets intelligently," Neil Otte, chief 
engineer of the SLS Stages Office at Marshall, said in a NASA 
statement. “We will be flying the Space Launch System for 
decades to come, and breaking the propellant tank today will help 
us safely and efficiently evolve the SLS rocket as our desired 
missions evolve.” “This tank test marks the largest-ever 
controlled test-to-failure of a NASA rocket stage pressurized 
tank," Mike Nichols, Marshall's lead test engineer for the tank, 
added in the statement. "This data will benefit all aerospace 
companies designing rocket tanks."  

Not only did the tank prove that it could withstand some serious 
pressure – it performed in line with what was predicted by a 
Boeing analysis team. "The initial tank buckling failure occurred 
at the same relative location as predicted by the Boeing analysis 
team and initiated within 3% of the predicted failure load," Luke 
Denney, qualification test manager for Boeing's Test & Evaluation 
Group, said in the statement. "The accuracy of these predictions 
against real life testing validates our structural models and 
provides high confidence in the tank design."

VIDEO: 
https://www.youtube.com/watch?v=-W5EXElmqC4

SOURCES:
https://www.nasa.gov/exploration/systems/sls/nasa-engineers-
break-sls-test-tank-on-purpose-to-test-extreme-limits.html

https://www.space.com/nasa-explodes-sls-megarocket-tank-
test-video.html
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Arnold (continued) 

which evolved into one of the 
world's largest global policy 
think tanks, the RAND Corp, 
and one of the founders of Pan 
American World Airways.

Instructed in flying by the 
Wright Brothers, Arnold was 
one of the first military pilots 
worldwide, and one of the first 
three rated pilots in the history 
of the United States Air Force. 
He overcame a fear of flying that 
resulted from his experiences 
with early flight, supervised the 
expansion of the Air Service 
World War I, and became a 
protégé of General Billy 
Mitchell.

Arnold rose to command the 
Army Air Forces immediately 
prior to the American entry into 
World War II and directed its 
hundred-fold expansion from an 
organization of little more than 
20,000 men and 800 first-line 
combat aircraft into the largest 
and most powerful air force in 
the world. An advocate of 
technological research and 
development, his tenure saw the 
development of the 
intercontinental bomber, the jet 
fighter, the extensive use of 
radar, global airlift and atomic 
warfare as mainstays of modern 
air power. The rank of Cadet 
Airman First Class is known as 
the Hap Arnold Award.

https://www.youtube.com/watch?v=-W5EXElmqC4
https://www.nasa.gov/exploration/systems/sls/nasa-engineers-break-sls-test-tank-on-purpose-to-test-extreme-limits.html
https://www.nasa.gov/exploration/systems/sls/nasa-engineers-break-sls-test-tank-on-purpose-to-test-extreme-limits.html
https://www.space.com/nasa-explodes-sls-megarocket-tank-test-video.html
https://www.space.com/nasa-explodes-sls-megarocket-tank-test-video.html
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Warp Drive 
Just science fiction or future science fact? 

The need to defeat the speed of light constraint seems to be a necessity for human space exploration. 
Given that even the nearest star to our own Sun -- and the next nearest potentially inhabitable world -- is 
more than four light years away, a journey at even relativistic speeds would take years. 

However, the scientific community has recently become understandably excited yet still skeptical about 
claims that a particular concept, the Alcubierre Warp Drive, might actually be feasible.  Joseph Agnew, an 
undergraduate engineer and research assistant from the University of Alabama in Huntsville's Propulsion 
Research Center, recently gave a presentation at the American Institute of Aeronautics and Astronautics 
Propulsion and Energy Forum.  In a part of the presentation he shared the results of a study he conducted 
titled "An Examination of Warp Theory and Technology to Determine the State of the Art and 
Feasibility”. As Agnew explained to a packed house, the theory behind a warp propulsion system is 
relatively simple — surf a space-time wave.

Originally proposed by Mexican physicist Miguel Alcubierre in 1994, this concept for an faster-than-light 
(FTL) system is viewed as a highly theoretical (but possibly valid) solution to the Einstein field equations, 
which describe how space, time and energy in our universe interact. In simplest terms, the Alcubierre 
Drive achieves FTL travel by stretching the fabric of space-time into a wave, causing the space ahead of 
the spacecraft to contract while the space behind it expands. In theory, a spacecraft inside this wave 
would be able to ride or surf this wave and achieve velocities beyond the speed of light. The spacecraft 
would not violate the speed-of-light barrier because space-time is moving, not the spacecraft.

Of course there are some problems.  First, the energy requirements are enormous.  Scientists estimate 
that the total energy requirement would be equivalent to the mass of Jupiter where mass can be translated 
to energy by Einstein’s famous e=mc2 equation. However, this represents a significant drop from earlier 
energy estimates, which claimed that it would take an energy mass equivalent to the entire universe. 
Nevertheless, a Jupiter-mass amount of exotic matter is still prohibitively large. In this respect, significant 
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progress still needs to be made to scale the energy requirements down to something more realistic.  Also, 
there are no known ways to start or stop the warp travel.  Even with these seemingly impossible obstacles, 
perhaps one day people might actually be able to realistically say, “Warp factor 4.  Engage!”

SOURCES:
https://arc.aiaa.org/doi/10.2514/6.2019-4288

https://www.sciencealert.com/scientists-are-starting-to-take-warp-drives-seriously-especially-this-
one-concept  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Out-of-this-World UAV 
Dragonfly to explore Titan 

NASA recently selected the next mission in its New Frontiers program: a drone that will fly on Saturn’s 
moon, Titan, in 2034. Dragonfly, as the eight-rotor craft is called, will aim to investigate the distant 
world’s strange geology—a previous probe glimpsed rivers of liquid methane flowing on the surface—and 
to search for signs of alien life.

Dragonfly will launch from Earth in 2026, and then zip past Venus and make two flybys of Earth to pick 
up speed for the long trip to Saturn. Dragonfly won’t enter orbit before heading to the surface. Instead, it 
will be precisely aimed at the edge of the Selk crater, just north of Titan’s equator. Once inside Titan’s 
thick atmosphere, Dragonfly will drift downward for hours under a series of parachutes until it is about 1 
kilometer above the surface. It will then cut away and fly off in search of a good landing site.

The drone will have eight rotors stacked in four pairs, and will be designed to fly even if one rotor fails. 
Each rotor will be about a meter long. Because of Titan’s dense atmosphere (over four times denser than 
Earth’s) and low gravity, it takes only about a 40th as much power to fly there as on Earth. Despite the 
much lower energy requirements, the conditions are harsh. The potentially corrosive atmosphere and cold 
temperature of about minus 180 °C (minus 290 °F) provide unique design challenges.

Solar power would not work well, because of the distance from the sun and Titan’s hazy atmosphere, so 
Dragonfly will carry a generator that uses heat from the radioactive decay of about 4 kilograms of 
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plutonium to create electricity. That will 
not be enough to effectively power the 
eight rotors, so the generator will charge a 
battery that will in turn power the drone’s 
engines.

The initial plan is for a few dozen flights 
over the course a two and a half year 
mission. The exploratory flights will be up 
to five miles each and allow Dragofly to 
scout out good landing sites before 
committing to them.

One of the primary missions for the probe is to find evidence of life or prior life on Titan if it exists.  
Dragonfly will carry a suite of scientific instruments to accomplish this mission. One instrument will 
shoot pulses of neutrons into Titan’s surface to ascertain how much carbon, nitrogen, hydrogen, and 
oxygen lie below. This pulsed-neutron generator will kick up radiation that will then be detected by two 
pairs of redundant spectrometers. If those spectrometers find hints of something interesting, two 
onboard drills will get to work. A vacuum cleaner like device will suck up the drill cuttings (and other 
types of samples), which will be examined more closely for signs of the the chemical building blocks for 
life.

SOURCES:

https://dragonfly.jhuapl.edu/

https://www.technologyreview.com/s/613895/nasa-announces-plans-to-send-a-drone-to-explore-titan-for-
signs-of-life/ 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Squadron Activities 
UAVs 

The latest set of cadet STEM/AE lessons focused on drones or the preferred terms, unmanned aerial 
systems (UAS) or unmanned aerial vehicles (UAV).  We discussed the history of UAVs, current military 
remotely piloted aircraft, and the usage of UAVs to accomplish Civil Air Patrol’s missions.  The cadets also 
had the opportunity to fly a few different small UAVs.  The most advanced was the Ryze Tello which is 
controlled over wifi from a smart phone.  It can also be programmed via Scratch or python.
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