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Measurements 100.0
Sp1 92.8 °F ;
Sp2 94.5°F
Li1 Max 94.6 °F
Min 86.1°F
Average | 90.5 °F
Li2 Max 94.7 °F
Min 85.8°F

Average | 88.3 °F

Parameters
Emissivity 0.95
Refl. temp. 81.2 °F

85.0
Figure 8. Rocket temperature after flight measured by the FLIR C3 infrared camera (3:48:43 PM), at
about 9 feet distance.

Measurements 100.0
Li1 Max 94.3 °F '
Min 86.0 °F
Average  90.2 °F
Li2 Max 93.3 °F
Min 86.1 °F

Average  87.7 °F

Parameters
Emissivity 0.95
Refl. temp. 812 °F

85.0
Figure 9. Rocket temperature after flight measured by the FLIR C3 infrared camera (3:48: 51 PM).

Measurements

Sp1 94.5°F

Li1 Max 92.6 °F
Min 85.9 °F

Average  90.4 °F

Parameters
Emissivity 0.95
Refl. temp. 81.2 °F

Figure 10. Rocket temperature after flight measured by the FLIR C3 infrared camera (3:49:02 PM).
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Measurements

Bx1 Max 101.5 °F
Min 81.3°F
Average  88.2 °F

100.0

Parameters
Emissivity 0.95
Refl. temp. 81.2 °F

85.0
Figure 11. Rocket temperature after flight showing body tube and payload tube coupling (3:49:27 PM), at
about 3 feet distance.

IV. Summary and Future Work

Based on the results of the post-flight analysis, it was recommended that a secondary parachute (drogue chute in
Figure 13) be employed with all future launches to help reduce the speed of descent and decrease the force of
deployment on the primary parachute. It is also recommended that the parachute deployment delay be correctly
calculated based on the weight of the rocket and the time taken to reach apogee. With the avionics, it was recommended
that trial runs be done beforehand with the equipment and that it run on a test flight to ensure a successful data
collection. Overall, the students had a great opportunity to practically understand the various aspects of a rocket and
payload assembly, and a level one rocket launch. Although they worked in different teams, every student learnt the
techniques involved in design, analysis and integration of a payload and the rocket. This included acquiring skills on
CATIA v5, Arduino, basic electronics, aerodynamics, structures and 3D printing.

Because simulations are terminated at apogee®? and launch angle are restricted to +5 degrees from the vertical, we
cannot replicate an exact rocket trajectory suing the RockSim software. Also, an additional payload of 2.7 kg affected
the altitude achieved. In our simulation, the rocket (with no payload) achieved an altitude of about 2,270 ft with a
range of 1,030 ft or 314 m (see Figure 14 and Figure 5a for comparison). The actual rocket landed within a 5% error
of the simulated range and achieved an altitude of 19% lower than the simulated one due to the extra payload mass
added. In our simulations, we assumed other inputs, such as breezy wind conditions (15-25 mph), 50% relative
humidity and temperature of 80 °F.

Figure 13. Rocket with parachute chords cut after landing
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The team is currently working on the development of level 2 and level 3 certified rockets to accommodate larger
payloads that can fly up to 10,000 ft to 20,000 ft. This will allow us to test various technologies before these payloads
can be flown on larger research platforms, such as Blue Origin’s New Shepard, and PLD Space Arion 1 vehicles to
suborbital space.

' Rocksim - 2D flight profile (2] = |
Data value Units &
Time 10.0463 M
Thrust 0N
x-Thrust 0N
yThrust i}
Acceleration 4,251 Feet/fsec/sec
x-Acceleration 4,168|Feet/fsec/sec |
y-Acceleration -0.84|Feet/sec/sec £
Acceleration Total 33,224 Feet/sec/sec
x-Acceleration Total 4,168|Feet/sec/sec
y-Acceleration Total -32.961|Feet/sec/sec
Velocity 80.512|Feet [ Sec
x-Velodity -78.931|Feet / Sec
y-Velocity 15.877|Feet / Sec [
Mach number 0.0724212
Altitude 2270.43|Feet
Range -1030.24|Feet
cd 0.700714
Drag force 1.95193|N
x-Drag force 1.91342/N
y-Drag force -0.385839|N
Longitudinal moment of inertia 38380.8|Ounces-Inches "z
Radial moment of inertia 175.339|Ounces-Inches~Z
Flight angle 170.467|Deg.
Gamma - Velocity tangent angle 168.593|Deg.
Wind angle of attack 1.0007|Deg.
CG 35.992|Inches
Mass 53.1342|Ounces
cP 45.971|Inches
CNa - normal force coefficient 11,2569
Static stability margin 2.49479|Calibers -
< 0 ] »
Flight time (Seconds): Altitude (Ft.): Range (Ft.):
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Figure 14. Flight parameters simulated with RockSim. (a) Altitude and range values real time. (b) Altitude,
range and thrust profiles of rocket at the end of simulation.
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