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St. Andrews-Team Orion
NASA SLI: Vehicle Spec-Sheet
Pitot-Cruiser RDV

Lengthéééééééééeééééeéeééééééééééé 10690

Di ameterééeééeéééeéeéeéeéeéeéeéeéeéeceece 60
Weightat Lift-Of f é é e ééééeééeééeééeééé&ée . 45 poouncdss 10

Wei ght at Touchdowneéeéeéeéeéeeéceéeeéceeddeundseé éeé
Recovery Distance from Launch P Dd0Mekksecééeceéece

s

Propul sion Unitéééecececeé&ce.
Rocket Material

1. Fiberglass

2. Plywood

3. Two Part Epoxy

Time to Apogeeéeééééécececeee e ebébééeld.BIeconds
2 E2@0 Aerotech APCP

D~
E'Ds
.

Maxi mum Vel ocityééeéeeeeeeéecéeéeéeéeeedsen ft/ sec.
Maxi mum Acceleration in G6sééééécecbéecbsececeé
Barometric
Pressureéééééeéeéééeééeécéeeceecceeéeet&ee. é..4770

Maxi mum Altitudeééééeéeéeéeéeécééécécecebaee ft AGL
Drogue Decent éééceeceeéeécéécececeeecacééée. 77 ftlsec
Main Decent éééééééééécéeeeeeeéeer.eee.él’33 ft/lsec
Mi ssil ewor ks Al t iétélecte éEREBEIéregé &é 4813 ft AGI



Vehicle Summary:

Team Orionds vehicle flight was outstandi
Recovery System, Data Logger, Digital Video Camera, and Robot worked to our
expectations. Recovery Deployment was 100 percent and there were five
parachutes at 300 feet AGL. The vehicle and robot was unharmed during the
landing phase and we were able to control the robot to maneuver in any direction
that we commanded. We downloaded data and also the flight video which
helped us learn more about what a rocket experiences during a flight that was set

up | i ke Team Orionds.



Section 1: Final Report, NASA SLI St. Andrews Team Orion
Robot Scorpio Data and Video Data Collection, and Alien Soil Sampling

Short History and Testing

After Team Orion had completed the first year of SLI, the Team began
discussions for a second year project. The first several meetings covered
discussions of continued use of the Pitot Tube. The Team Mentor strongly
suggested the use of a robot. The idea being told was that no other SLI Team
had successfully launched, deployed, landed, and drove a robot after such a
flight. Also, in consideration was the use of a video camera in a rocket (further
explained in Section 2). It was also decided that the robot could collect soil
samples to be analyzed (not immediately on site like Spirit or Opportunity can) in
a lab after the launch back in lllinois.

During the construction of the rocket many thoughts had been given to
many different designs of the capsule. These designs included a roll cage, a
simple cylindrical landing capsule (a round one, a flat bottom one), an air bag
capsule similar to Spirit and Opportunity, and a few others were considered.
Finally a cylindrical flat bottom design was selected and made from an eight inch
long piece of fiber glass coupler tube.

While Team Orion did conduct a maiden flight in March 2008 with the
rocket known as Pitot Cruiser RDV; it was done with a prototype capsule and
robot (similar to what NASA will do in the near future with the Ares 1 rocket). The
reason was to prove flight worthiness of the construction of the capsule and its

ability to with stand the G Forces from lift off to landing with a robot of same



shape and weight. The real robot was to be saved for the Huntsuville flight of
Saturday, April 26, 2008 just in case of a catastrophic event, fortunately the flight
went off with out any major issues.

Launch Data

The rocket was prepped at the table to a certain level. Then the team
carried all the components of the rocket including the robot and capsule out to
the launch pad. At the launch pad the robot was turned on capsule closed and
secured on the standoffs in the forward section of the upper sustainer. Then the
robotics operator confirmed communications with the robot by the robots ability to
transmit images from inside the lighted capsule. The Team completed
preparation of the rocket for flight. At time of launch the robotics controller had
confirmed visual images on the laptop computer from the robot till seconds after
launch then there was a loss of communications till the rocket and robot came
down back into a range of about three thousand meet with line of sight. Again a
small light installed in the capsule looking at a target on the door. This was to
confirm at all times the position of the capsules door during flight and landing. .

Visual Data Observed

In the first flight where the prototype capsule and robot were flown; it was
determined that a larger parachute was needed to bring down the capsule and
robot at a slower descent rate for a softer landing. The reason was the capsule
bounced off the semi frozen soil about twenty four inches during the maiden flight
in Princeton, lllinois. At the Huntsville launch a forty-five inch parachute was

used versus the first flight of a 36 inch parachute. The descent rate was more in



line with calculations desired based on weight of the capsule and robot. Yet the
soi l at Braggbs Farm was al so compacted fron
remnants of riceopststill grethe sudface. ¢ o

If in the future another flight was to be flown a fifty inch parachute could be
tried to land even softer. The capsule landed on the side of a corn row and
allowed the capsule to role over one half turn putting it almost upside down. The
radio controller for the door servo was activated and the door did open as
designed. The robotics controller had gained back communications with the
robot before deployment in flight. When the robotics controller was able to go
went out to the capsule as part of the recovery team all that was needed was to
just slightly right the capsule in the proper position. Then the robotics controller
was able to drive the robot out from the use of the control panel on laptop. The
robot was able to go almost everywhere directed on to the surface of Bragg
Farms newly growing corn field. Video was captured and it became evident that
the old corn decaying stalks proved to be difficult to maneuver around with little
ground clearance.

Video Recording Showing the Safe Landing.

The only other problem that is believed to have occurred was the header
format some how changed and initially we cal
assistance to decode the header to produce the actual video that was captured
by the robot. This will be made available on the Team Orion Web site for

viewing.



Section 2: Final Report, NASA SLI St. Andrews Team Orion

Data Analysis from Onboard Pitot Airspeed, Audio and Video Data
Collection, and Alien Soil Sampling

Team Orion was amazed at how much valuable information could be
gained from studying the audio and video collected during a flight of Pitot Cruiser
RDV! Some team members thought that the video/audio information would just
be a novelty; a cool thing to look at/listen to, but as Orion tried to turn the sounds
and pictures of Pitot Cruiseros flight into
areas of science that were previously unfamiliar, and about several additional
famous scientists. These areas of science, such as acoustics, are very important

in many fields including Aerospace Engineering work.

Since quite a bit of time was needed to figure out what Orion needed to do
to process the sound information, then to find appropriate software, then to figure
out how to use that software, the data analysis presented below are from Pitot
Cruisero6s first flight, on 3/9/08. Over the

doing additional sound analysis from the Huntsville flight.

So far, Orion has studied and expanded on the work of Henri Pitot and
Jean Charles Borda. Orion will now be adding two more scientists to the list,

namely Jean Fourier and Christian Doppler.



Strangely enough, Jean Fourier was also from France, just like Henri and
Jean Charles, and was even aroundinthe1 7000s, so ito6s concei vab
three knew each other or at least had met or known of each other! Stranger still
is that the works of all three of these great French scientists are the cornerstone
of several of Pitot Crumsghdéstéecné&ntimMmeiam pPay
relying on 250 year old science! How yesterd
the work of these scientists was so far ahead of its time that it is still extremely
useful in the 21° century. Orion also gets the feeling that France must have been
a real powerhouse, the leader in science during those years. Christian Doppler is
the oddball from the group of scientists since he was not from France, but from
Austria, and from the 180006s. Pi tientists;Cr ui ser

Pitot, Borda, Fourier and Doppler.

Acoustic Analysis
During the early phases of Orionds acoust
was found: A90% of Physics deals with vibra
have enough experience with pure Physics to decide whether the statement is
guantitatively correct, it does make a lot of sense, including within the scope of
high powered rocketry. For example, the Tesla Coil used in the lon Motor
experiment is all about high frequency, high voltage oscillation or vibration. The
sounds and noises both inside and outside the rocket are all vibrations, variations
In air pressure that causes sound. Also, the team saw several news items online

several weeks ago about NASA concerns over Ares rocket vibrations getting so



severe in-flight that it could cause a complete failure of a flight, and that these

iIssues were common in big rockets and NASA was confident that the severe

vibration could be designed out. One team member thought that Pitot Cruiser

itself would vibrate enough during its boost phase that the video would be so

jittery as to be unviewable, but this turns out not to be the case, the video is very

smooth with little or no image smearing from vibration. By far, thebulk of Or i ono6s
vibration data was as the sounds recorded from both the inside of the rocket, and

from far away on the outside of the rocket. All of this data was stored digitally, on

computers, so Orion researched how to visualize it. The obvious first choice is

with an oscilloscope, which displays a real-time plot of amplitude versus time. A

JDR CRT (cathode ray tube) oscilloscope was used to visualize the electronic

sound waves, by playing the audio into a speaker, with the oscilloscope input

probes connected to the speaker terminals. As expected, lots of wavy lines were
visible, but it wasndét a nice clean sine wayv

frequency could not be determined. fAFind a s

1C



Oscilloscope view of In-Flight Sounds
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Oscilloscope view of In-Flight sounds from inside Pitot Cruiser: Many frequencies, very messy!

Well, those are very expensive, they make oscilloscopes look cheap! Luckily,
there are many computer based audio spectrum analyzers, and many work
directly off the sound card within the computer, so no extra hardware is needed.
Better yet, many are shareware or even freeware versions. Orion ended up
downloading and trying several different PC based spectrum analyzers, but
chose to use three, each having certain strong points. These were the best three,
in Orionb6bs opinion, on the grounds of ease o

crashing the computer, control panel and display looks cool, etc.:
1) Winscope, by Konstantin Zeldovitch.
2) FFT Properties 3.5, by Janez Makovsek

3) Raven 1.0 Lite, by Cornell Lab of Ornithology, Bioacoustics Research Lab

Raven Lite was obviously meant for the study of bird calls! Orion thinks that

11



the Cornell ornithologists would get a good laugh if they knew their great
software is being used on a much nastier type of bird, weighing 45 Ibs before
flight, 10.5 feet long, and capable of flight speeds of 400 MPH. Any run-ins
bet ween Or i-fightpasd ahyimerdber of the avian species will end up
badly for the avian, so this must be avoided at all costs. Shortly, we shall study
the call of this bird! Orion would like to thank the creators of the three mentioned
software items for making great software items and for allowing Orion and

mentors their use.

At this point, Orion knew that Spectrum Analysis of the recorded sound
should find some very interesting and useful data, but what was to be
expected? To find out, an online search was done for sound analysis, relating
to aerospace, and many interesting hits were studied. Orion saw sites about
sound analysis of failures in J-47 and J-57 jet engines, but several were
specifically about AA flight 587, an airliner crash in New York in 2001, just 2
months after 9/11. Many people were afraid that this was another terrorist act,
but the NTSB reported that the PIC (pilot in command) used the rudder too
aggressively while in wake turbulence, causing the disaster. The NTSB
studied sounds from the CVR (cockpit voice recorder); one website showed

sounds looking like the following:

12



ﬁ sound analysis aircraft accident.pdf (SECURED) - Adobe Reader = |E|_>ﬂ
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Audio analysis of CVR data from Flight 587

One can see from the bottom traces that something bad is going on, this
doesnodt | ook | i ke what Orion would think wer
the official findings, other websites suggest alternative causes including thrust
reverser actuation during flight, causing a flat spin, or one engine failure causing
a flat spin, or airframe failure causing flat spin. The alternate theories do not
blame the PIC, and all believe the plane went into a flat spin. Hopefully the sound
analysis will help prove the cause.
Orion needed to fully understand how sound, and sound analysis works.
Sounds are pressure oscillations in air, moving at the speed through the medium

of air (770MPH typically at sea level). Human ears detect the pressure

13



oscillations and convert to nerve impulses and send to the brain for processing.
Since everyoneds ears and brain is different
sound for analysis; thereds no concrete reco
what 6s being heard!

The better method is to collect the analog sound pressure wave with a
sensor or transducer, such as a good quality microphone (a wide frequency
response should be good), convert that into an analog voltage wave, then

convert that into digital data that can be saved and analyzed.

Fourier Synthesis

The obvious next question is: how does acoustic analysis work? Orion
researched this and found a great deal of information on Fourier Transforms.
Jean Fourier was a French scientist, 1768-1830, and he knew Napoleon

personally. Mathematics-wise, he was working on heat flow problems.

Jean Baptiste Fourier
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This work led him to the concept that any periodic wave (repeating
waveform) could be mathematically modeled by adding up a lot of sine and/or
cosine waves of different frequencies. Any wave, no matter how complex, can be
modeled with a series of sine-waves! This is Fourier Synthesis. Some examples
include a squarewave, sawtooth, even an EKG of a heartbeat. Orion had to see it
to believe that a squarewave, with the sharp angular edges could be derived by
adding smoothly curved sine-waves. With the assistance of an Excel mentor, a
Fourier synthesis was done. In the 1° column, a time base is created, e.g. 0.1,
0.2, 0.3, etc. This could stand for any time unit, microseconds to centuries. In the
second column, the main frequency sine-wave is made; the fundamental, from
f=sin(t). Next, only odd numbered harmonics are made, the third having 1/3 the
amplitude of the fundamental, so that f= (sin ()*3)/3. This is continued with the
50 7™ 9™ harmonic all the way up to the 17" harmonic. Orion now has a huge
spreadsheet packed with numbers. Plotting the first three columns, the

fundamental plus the 3" and 5" harmonic, generates the following:

Fundamental plus 3rd & 5th harmonic
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Nothing looking like a square wave in there! But when all waveforms are
in the |l ast column, and that

added together

something definitely approaching a square wave, as follows

Fourier Synthesis of a Squarewave

[ ™
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That is pretty amazing! Just for fun, Orion plotted ALL of the data on one

chart, just to see what it looks like. It was guessed that this would be a pretty

busy chart, and it is, but looks interesting:

Fundamental to 17th Harmonic + Sum

15

-1.5




Orion concludes that Fourier synthesis is actually simple, no calculus
required, and great examples can be done in Excel, a program the team is
becoming very familiar with, from plotting the Pitot airspeed data. Now, what
about Fourier Analysis?

Fourier Analysis

Fourier Analysis can be thought of as the reverse of the synthesis shown
above. For example, assume sound or vibration data from a rocket flight looks
like the red square wave created in the synthesis above. After Fourier Analysis,
Orion would get the fundamental frequency plus all of the odd numbered
harmonics, at smaller and smaller amplitudes. Giving the result as an overlay of
all the components, as shown above, does not help quantify anything, though, so
a new method of plotting is used. Instead of having time on the X axis and wave
amplitude on the Y axis, like an oscilloscope display, A spectrum display places
frequency on the X axis and amplitude on Y. Putting it another way, the Fourier
Transform changes the data from time domain into frequency domain.

How does this transformation happen? Orion found the working equation for FFT

or Fast Fourier Transform, as follows:

T3 rra

X0 = ,-[ gl gy = —[ﬁg-ﬁﬂ”] I TsalrfT)
=-Ira i

_ria T J

This is definitely a calculus equation. Problem: only one Orion team

member is presently in Precalculus! One can nevertheless see that the sine
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function is creating the sine wave needed. Orion is looking forward to learning
how the FFT works in detail.
To the rescue is the DFT, or Discrete Fourier Transform. It does
essentially the same thing but at a snail 06s

which is OK by Orion for right now! Here are some equations:

N-I
F" = z f" E—Z mis .'\_-."‘r )

k=l

1 N-1
fl._ — N ZFq EE:rl.k .'1_-."‘1'I

n=0

The first equation is the actual DFT whereas the 2" is the inverse DFT,
converting from frequency domain back to time domain.
OK, enough of theory, and on into the data! First, Orion loaded Winscope,
a PC based spectrum analyzer. The sounds from the movie, both from outside
(at a nice safe distance) and from inside the rocket were played through the
analyzer, and several key points were captured and copied into Excel and
charted. First we will review the sounds from outside the rocket. The actual
sounds can be heard by playing the full video on the Team Orion website. First of
all, Orion needs to establish a fAnoise basel
the | aunch area so ités not confused with ac
spectrogram of the noise generated by the wind, at ground level, far away from

the rocket:
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FFT Spectrum, Ground Level Wind Noise Prelaunch
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Ascanbeseen,t hereb6s a definite fr-@d0§dzency band
(cycles per second), with a peak of about 400 Hz. These are relatively low
frequency sounds, and correspond to the bassy pops and general noise heard on
the video.

Next is a spectrogram of the sounds captured on the ground, just seconds
after liftoff. Now, all of a sudden, the ban
has increased tremendousl! y! |l tés al most full
analyzer, from 200Hz all the way to 5000Hz (5 KHz)! Note that it generally peaks

around 1700Hz, as follows below:
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A FFT Spectrum, Ground Mic, Low Altitude
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The third frequency analysis Orion ran was sounds captured as Pitot
Cruiser RDV was powering upwards, with the motor still burning and making a

racket. The spectrum analysis now looks like this:

FFT, Ground Mic, Mid-altitude
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The spectrum has changed significantly! Rather than a bell-curve like
distribution, it has changed into a slope or ramp like distribution! Additionally, the

bandwidth has tightened up, now from 200Hz to about 3000Hz, but the peak
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frequency is way down to only about 400Hz. On first discussion, Orion thought
that the ground-based camera had captured the Doppler shift, since Pitot Cruiser
is definitely moving away from the camera. This led Orion to the Doppler shift

equation, shown next:

v T v

—h
I
(]

AWhere v i s t heths gpeee af theoobjects angsithe speed of the

sound source. When the object is moviogyard you, use the upper sign; when the

object is movingaway fromy o u , use the | ower

Orion was excited about having figured this out. In theory, the speed of the
rocket could be determined by the frequency shift, so Orion plotted several data-

points of frequency shift versus speed in Excel, as follows:

Speed MPH Vs. Doppler Shift, Hz
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Using this data, if Orion assumes that the sound frequency shifted from
about 1500Hz down to 500Hz, that means the shift was 1000Hz. Looking it up
on the chart yields a speed of about 550 MPH, too high. Something else is going
on. A mentor suggested checking absorption of sound through air. Air acts like a
low pass filter, reducing high frequencies more than low frequencies, as shown in

the next chart of absorption:

Attenuation of Sound in Air
10000

1000 =
100

10 /
1 o

40 400 4000 40000
0.1
O/

0.01

Attenuation (absorption) in Db/km

Frequency Hz —O0— Atten db/km

What this information shows is that, the farther the microphone is away
from the source of the sound, the more the higher frequencies are knocked down
or attenuated. As Pitot Cruiser moved upwards, it must be expected that high
frequencies would go down while the low frequencies would stay generally the
same. We see this happening also in the data, so Orion thinks the down shift in
audio frequencies is due to both effects, absorption and Doppler shift. The
Doppler shift i s "rSaientsdNamélyt Ghristia®Doppien ans 4

Austrian Physicistebsom gheatt8p06ésof HEhr i st
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Christian Doppler, Austrian Physicist

Next, Orion investigates the spectrum from the inside of the rocket.
Conveniently, Orion expects no phantom frequency shifts from absorption or
Doppler Effect, which should simplify matters, since the mic and the motor are
traveling together. In this spectrum, Pitot Cruiser has been flying for only about 2
seconds. The motor is definitely still burning. Two very interesting things Orion
noticed aboutthein-f | i ght audi o were the whistl eséjust
heard a definite whistle, rapidly descending in pitch, and then about 2 seconds
into the flight another, stronger, more stable whistle develops for a moment. Here
is the spectrum during the 2" whistle; Orion captured the whistle frequency

perfectly!
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FFT Spectrum of Whistle During Early Flight
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Note that there is a fairly pure, single frequency of 1500 Hz sticking out
very prominently from the spectrum; thatoés t
Since the sound sounds like a whistle, and since it shows up as a sharp single
peak, Orion can infer that the waveform is a pretty clean sine wave. Orion
believes that the whistle is from the burning motor, not from some weird resonant
effect of the various holes in the airframe because the whistle stops abruptly. If it
were an airframe whistle, it should have continued or at least started up again as
Pitot Cruiser decelerated back down to the speed at which this first whistle was
detected. Therefore, the motor must be makin
oscillation of the burning rate of the motor; the motor burns momentarily faster,
which somehow slows it down, which speeds it up, all happening at a definite
rate of 1500 times per second! Orion looks forward to continuing our research
into the motor whistle phenomenon! In the next spectrum, we see the frequency
distribution while Pitot Cruiser is coasting; the motor is sadly spent, and the

rocket is slowing down. Here is the spectrum:
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FFT, Nose Cam, Mid-alt, Coasting
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Note that down low we see a typical wind noise like the ground cam
recorded. But much cooler is the bell-curve-like distribution from 1500Hz to
3000Hz. This is the high speed wind noise. When watching the video, it almost
sounds | i ke someone is making the sound,
Orion devised an experiment: could the human spoken sound of a
Ashhhhhhhh! 6 be comparable to the sound

sound was recorded as a wave file, and charted in Excel, as follows:

25
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FFT of Spoken "Shhhhhh!"
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The result is great, better than expected! The frequency range is
extremely similar at 1500Hz to 3000Hz. Note that the low frequency wind noise
below 500Hz is not present, because this was recorded indoors, of course!
Orion was very happy with all the Winscope data and charts. Next, Raven Lite
was loaded up, and more spectra generated! Raven takes the charting another
step further; on the X axis is time, just like an oscilloscope, but the Y axis is
frequency, like a spectrum analyzer! This takes some getting used to, looking at
these and deciding what is being seen. Sometimes, the resulting spectra, after
adjusting the brightness and contrast sliders, can pick up a strange look, like an

alen | andscape. But itds just frequency spect
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I n this first Raven spectrum, two
The upper one, in blue, is just like an oscilloscope view; amplitude versus time. In
this case, this is a view of the entire flight, from countdown (more on that shortly)
to descent on drogue. Note that in the top view, no single waves are seen since it
is very compressed. But this does give a great idea of the amplitude or loudness
over time. Note the very chaotic amplitudes of the sounds after drogue
deployment; reminiscent of some of the traces from Flight 587.
In the lower trace, we see the time versus frequency display. Just at a glance, it

is clear that there were loud, intense, broad band sounds from 5 to 25 seconds,
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