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1.0. Introduction

RocketSat Il flew successfully on June 20, 200%e payload was returned entirely
undamaged and data was recovered from both EEPR@KII0 issues.

The data indicates that the flight went exactlplasined. Several of the times were
slightly different from the expected profile, inditng that the rocket may have reached a
higher apogee than expected.

All the sensors gave the expected data excephémicrowave sensor, which was
never properly calibrated.

2.0. RSX Data
2.1 Accelerometers ..’—"‘\\
The accelerometers on the RSX plate greatly ~ ~ N

help explain the conditions on the rocket during  / N\
flight. Due to a cramped placement on the plate, I a x \
the accelerometers for the RSX payload were not | AN o i
perfectly aligned to measure radial and tangential | |
accelerations. However, by performing a rotatlonaq
transformation, as described below, these
guantities can be determined.

At launch, the high range z-axis
accelerometer show accelerations between 15 and \_/
18 g’s for the first 4 seconds while the Terrier
motor (first stage) fired. Then, as the first stag Figure 1 — Accelerometer Placement
burned out, the forces acting on the rocket retlitne

just under 1g, until the second stage fired. Fiém ¥

to 19 seconds into flight, the second stage buated ™ ¢
full power, and then seemed to die down for 3 A
seconds, until it kicked in again and caused adgtea
increase in acceleration until burnout at 40 sesond S

These times match almost exactly with those S ,
provided in the Launch Countdown packet provided., _ S e S(S;); 3’;’;{(99))
by the launcher. o,

The Terrier-Orion rocket was designed for spin . - < > X
stabilization. The radial and tangential accelerat . <8
values would provide a quantitative measure of the - .
rocket’s spin at any point during flight. By ..
measuring the angle between the radius veator, \.‘_"_lr
and the x-axis of acceleratiag, measurements can
be translated from measuring accelerations in taedxy directions to the radius and
tangent directions. Figure 2 — Axis Shift
This is achieved by rotating the xy-coordinate eystounterclockwise by —

(clockwise by ) with the transformation; = costq) -sintg) X . This

sin-g) costg) vy

Colorado Space Grant Consortium -4-




RocketSat Il 6/25/07

rotation then allows for useful analysis of theedetation data. During the burn of the
Terrier motor, the rocket begins to spin in oraestabilize its ascent. The radial
acceleration increases for the first 4 secondgfael begins to decrease as the rocket
coasts toward space. Then, at fifteen secondsathial acceleration climbs rapidly,
indicating that the rotational speed increasedemieé Orion motor burned. Finally, at
40 seconds when the second stage burned out,ithsetapilized, indicating that the
rocket was free of most of the atmosphere, as thasdittle resistance against the fins,
which would have caused the spin rate to drop. thhgential acceleration values
match the changes in the radial acceleration. lacagon = (velocityJ/(radius), and
the radius was fixed, so the only way that radéakteration could change would be a
change in velocity, or tangential acceleration.

Once the rocket’s second stage burned out, theet@dasted for approximately
30 seconds, until the rocket de-spun with yo-yoghts. In less than a second, the
rocket’s acceleration values normalized to zerdciwkhey remained steady at until
270 seconds into flight, at which time the roclespun. However, there is one bump
in acceleration values at 73 seconds. It is likieft the rocket re-oriented itself to
point at the North Star, as the primary payloathefrocket was a Startracker ACS
system. Once it locked onto the star, no motiaruoed for 200 seconds.
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Figure 3 — RSX High Range Accelerometers
At 270 seconds, the rocket re-spun to mitigatehtred of re-entry. This event can
be seen the radial and tangential accelerationstfout 30 seconds, until the rocket hit
the atmosphere. Then, the air friction betweerrdlcket and the atmosphere caused
the x- and y-axis accelerometers to feel additiacakleration values, and the radial
and tangential acceleration values became skewed80 seconds, the turbulence
stops, as the parachute deployed. There were pfesto the payload after that,
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which can be attributed to the various stages@ptirachute deploying. Finally, the
rocket landed at 755 seconds, which is marked gly @lues on all three axes.

Returning to the radial acceleration, the spin cdtihe rocket can be derived with
2

: v , .
the equatiom, =— = w/r , wherew is the rotational rate of the rocket.
r

Then,W:W/i. As shown by the graph below, the rocket spuabaut 2.5 Hz for the
r

first 4 seconds during the first burn. The ratntkdecreased to 1.75 Hz until 15
seconds when the second stage ignited. The rgcikekly ramped up to a 4 Hz spin
rate, and as the engine continued to fire, the gpmbed to about 4.8 Hz. At de-spin,
the rocket stopped spinning (as expected), angtgpin, the spin rate was a constant
1.2 Hz. After the rocket hit the atmosphere, tata was skewed by air friction, and
little else can be derived from the data.
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Figure 4 — RSX Low-Range Accelerometers
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Figure 5 — RSX High-Range Radial and Tangential Acgerations

Figure 6 — RSX Rotational Rate
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2.2 Geiger Counter

The Geiger counter that flew on RSX performed lbéktan expected. It
displayed the correct behavior as the rocket aszkeadd descended through the
atmosphere. As the pressure decreased, the Geigets increased, and vice versa.
Furthermore, during both ascent and descent, tfleg hit a spike of radiation,
estimated to be at an elevation of around 15 - B&mWhile the pressure sensor does
bottom out, the spikes occur relatively close ®ftht-line, and are therefore near the
maximum sensible altitude of 10 miles.

Figure 7 — Geiger Counts with Pressure

Figure 8 — Geiger Counts Every 10 Samples
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2.3 Pressure Sensor

The RSX pressure sensor displayed a rapid decire@sessure as the rocket
ascended, bottoming out at its minimum pressur@1#8 atm in just over 20 seconds.
It is disappointing that the sensor cannot reacktquvessures, as this translates to and
altitude of just under 16 kilometers (10 miles)ovitver, when the pressure is within
its range, the sensor showed pseudo-exponentiavtmetduring ascent, and
exponential/linear behavior during descent. Theoamalities during ascent can be
attributed to the dual-stage rocket and non-unifeetocity. During descent, the
change from exponential to linear occurs when #raghute deploys at 480 seconds.
Using standard atmosphere conversions, it canb@s®en that the parachute deploys
at .6374 atm, which corresponds to about 12,000 fee

Figure 9 — RSX Pressure Data

2.4 Temperature Sensor

The temperature sensor on RSX showed a steadilgasing temperature
throughout the flight. This can be attributedhe surface friction of air against the
skin of the rocket. Even though it climbed stegdihe temperature was still within the
operating range of the components of the rockée minimum was 73°F (23°C) and
the maximum was 92°F (34°C). These temperatueesvall within the absolute
maximum ratings of the payload’'s components, antgpezature did not affect the
payload.
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Figure 10 — RSX Flight Temperatures

3.0. RSI Data

Overall, the RSI portion of the payload returnethdhat corresponded well to the
RSX data. Any anomalies are listed below.

3.1 Accelerometers

For the most part, the accelerometers displayegsisrilar data. The z-axis
accelerometers read almost identically. The x-yaadis accelerometers seem to be
fairly close in value, but certain places, like fmst minute of flight, in the low-range
accelerometers differ. This is likely due to difeces in orientation, as well as the
increased sampling rate on the RSX payload.
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Figure 11 — RSI High-Range Accelerometers

Figure 12 — RSI Low-Range Accelerometers

Colorado Space Grant Consortium -11- Rev: 0



RocketSat Il 6/25/07

3.2 Pressure
The RSI pressure sensor returned the exact samasi#te RSX sensor. No
anomalies were detected.

3.3 Temperature

The RSI temperature data is mostly consistent thighlRSX data. However, the
sensor tends to jump to a different value aboue@wery five to ten samples. Ignoring
these jumps, the sensor shows that the maximumeteype was about 97°F (36°C),
and the minimum was about 65.5°F (18.5°C). Thedees are outside the range of
values given by the RSX sensor. It is very posdibat the RSI pressure gauge was
more sensitive, and the values are not scaledattyre

Figurel3 — RSI Flight Temperatures
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