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1.0 Overview
1.1 Motor Used
The Aerotech L1420R has been the motor of choice since the CDR and was used in competition
flight. This L-classified motor uses a 4-grain reloadable propellant kit. The propellant is a typical
composite blend with an aluminum powder fuel and ammonium perchlorate oxidizer (APCP). It
was specifically chosen for its specifications, which include a maximum thrust of 407.8 lb., a total
impulse of 1034.8 lb.-sec, an ISP of 183 sec, and a burn time of 3.2 sec.

1.2 Payload Description
The payload for this mission was a rover with deployable solar panels atop. The overall design
was that of a tracked tank. The main frames of the rover housed all electronics, including a
Raspberry Pi CPU, two servos and a DC motor. The mission code was to be initiated via a signal
from an Xbee transceiver. The code for the rover was written using Python.
Another part of the payload included a large pendulum system that housed the rover during flight.
The pendulum system allowed it to be deployed in the correct orientation. It was completely driven
by weight force, which would ensure that the rover was directed normal to earth’s gravity.
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1.3 Vehicle Dimensions
The overall length of the rocket was precisely 10 ft. with a diameter of 6 in. A final design of the
rocket can be seen in Figure 1.3-1. The final design was made entirely out of Blue Tube 2.0. This
material saved time in manufacturing and focused more on key components such as the fin
integration, hollow bulkhead, and plug. The launch vehicle was composed of three independent
sections known as modules. Module one consisted of the nose cone and payload bay, module two
consisted of the main parachute bay, recovery avionics bay, and drogue parachute bay, and lastly,
module 3 consisted of the observation bay and motor bay.

Figure 1.3-1: Final launch vehicle design.

1.4 Altitude Reached
The motor specifications, along with the launch vehicle’s fully loaded configuration, resulted in
the vehicle reaching a 5,426 ft. apogee altitude. This overshot the required altitude of 5,280 ft by
only 146 ft. This result indicates that the overall fully-loaded vehicle weight was slightly under.
Increasing the weight of the launch vehicle would have allowed the vehicle to reach its altitude
requirement. This observation is further discussed in Section 5.1.

2.0 Launch Vehicle Performance
2.1 Vehicle Summary
From tip-to-tail, the rocket has a total length of exactly 10 ft. and had a total weight of 45 lb. prior
to launch, which was 1 lb. less than predicted. The launch vehicle has a static margin of 2.6 caliber
and demonstrated a beautiful straight flight at competition. At the competition, an Aerotech L1420
motor was utilized. Its performance documentation demonstrated for a reasonable apogee. The
team’s selection in motor resulted in an altitude of 5426 ft, which cut close to reach the required
altitude of 5280 ft. The recovery system utilized two StratologgerCF’s, which were set to deploy
the 30 in. cruciform drogue parachute at apogee, followed by the 10 ft. Crossfire main parachute
at 500 ft. These settings proved to be a success at competition, resulting in a short distance recovery
after landing. Overall, launch vehicle performance was a great success due to the recovery of the
launch vehicle post-flight and appropriate apogee reached at competition.

California State Polytechnic University, Pomona | 2017-2018 NSL

3

2.2 Data Analysis and Results
The launch vehicle performed as expected on launch day. Its flight path was relatively vertical
until it reached its maximum altitude, and both the drogue and main parachutes were ejected
successfully at their corresponding altitudes. This success prevented any structural damage to the
launch vehicle upon landing and allowed it to be recovered in reusable condition. After being
recovered, the structural integrity of the vehicle was intact, confirming that it withstood the
structural loads it experienced during its launch and throughout its flight. Figures 2.2-1, 2.2-2, 2.23, 2.2-4 and 2.2-5 show the sections of the launch vehicle and its recovery system shortly after it
landed.

Figure 2.2-1: Motor Bay and Drogue Parachute.

Figure 2.2-2: Launch Vehicle Airframe.
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Figure 2.2-3: Cast Iron Bulkhead.

Figure 2.2-4: Main Parachute.
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Figure 2.2-5: Nose Cone.
The drogue parachute was caught underneath the motor bay upon landing as Figure 2.2-1 shows.
However, the figures previously mentioned show that the launch vehicle was recovered in reusable
condition, and that no part of its structure was damaged. They also confirm that the recovery
system functioned as expected, and that both parachutes were ejected successfully.
Using data from previous full-scale launches, the apogee of the launch vehicle was simulated using
MATLAB. Table 2.2-1 below compares the maximum altitudes determined using MATLAB, the
maximum altitudes of the full-scale launch vehicle from its second launch and from its final launch
at the competition. The percent difference is with respect to the simulated maximum altitude.
Table 2.2-1: Simulated and Actual Launch Vehicle Altitudes.
MATLAB
2nd Full-Scale Launch Competition
Scale Launch
Apogee (ft.)
5622
5460
5426
Percent Difference
2.88
3.49

Full-

The apogee of the launch vehicle was expected to have a 3% difference with the simulated apogee,
in comparison with the maximum altitude of the full-scale launch before the competition. This
difference was expected since the simulated values cannot predict – and do not take into
consideration – the conditions of the launch day such as weather and wind speed. The maximum
altitude of the launch vehicle at its competition launch was within this range. The percent
difference is 3.49 as shown in Table 2.2-1.
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3.0 Payload Performance
3.1 Payload Summary
The payload design for our mission is made up of three subsystems known as the pendulum system,
solar panel deployment system, and rover referred to as DARIC. The pendulum system secures
DARIC during flight and ensures it is deployed in the correct orientation once the rocket lands. It
is locked onto the pendulum system via a servo on DARIC itself, which is disengaged upon
landing. Once the rover travels about five feet from the rocket, it deploys the solar panels that are
forced open by torsion springs by rotating the control surface out of contact with the panels via a
rotor servo. The dimension constraints imposed by the pendulum system required consistent
research for the electronical hardware chosen to be integrated into DARIC.
The challenge encountered when designing DARIC was how to effectively integrate hardware into
the design. This problem was resolved by using a 3D printed model of DARIC and visualizing
possible compartments for our researched hardware. Then, the payload team referred to the CAD
model of DARIC to verify if it would be possible to integrate into the payload design. Since the
design didn’t require multiple control systems for the mission, it was ideal to choose the Raspberry
Pi Zero as a small CPU. The compatibility between the CPU, hardware, motor, and design is what
most defined which electronics would be used for the mission.
During competition flight, the team encountered a failure at the hooking compartment of the
payload system that locks the rover in place during flight and landing. This unsecure connection
was suspected to be the point of maximum load and potential risk. After inspecting the rover,
which remained structurally intact after falling 500 ft, the team noticed that the rotor servo
remained secured inside DARIC and that the control surface had no structural failures. However,
there were visible signs of stress on the servo. This discovery led to the conclusion that it was in
fact unlocked inside the system at some point during flight. The rover was able to with stand all
the loadings imposed by it during the mission but failed because the control surface was rotated
out of the way by what we suspect were vibrations during flight. The payload team solved this by
adding an iterated loop, which when reads true, self-corrects the control surface to the locking
position. This loop will be true during flight and landing. Once it reads false, the servo rotates the
control surface to the unlocked position, and the rover continues with its mission.

3.2 Data Analysis and Results
The payload did not meet the requirement objectives. The rover was prematurely deployed from
the launch vehicle during the main parachute deployment. Upon investigation of the recovered
rover, it was found the locking servo became unlocked during flight. This detachment allowed the
rover to exit the launch vehicle once the payload bay was opened by the main parachute. The servo
rotated into the horizontal unlock position can be seen in Figure 3.2-1.
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Figure 3.2-1: Locking Servo shown in unlocked position at crash site.
The rover impacted the ground on its starboard side, which is shown by the mud build up and the
frame damage location as seen in Figure 3.2-2. At impact, the power button to the rover was
pressed, turning off the power supply. This issue was the reason the team lost immediate contact
with the rover. The computer did survive the impact since it came back online instantaneously
upon turning on the power button. The minimal amount of structural damage to the rover from
falling from an estimated altitude of 500 ft shows that the frame was well designed for the mission.

Figure 3.2-2: DARIC rover at crash site.
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It is unknown as to why the locking servo rotated prior to being signaled from the ground station.
The team believes that the code to carry out the mission was not initiated due to the second servo
locking down the solar panels remaining in its original position. It is evident that the servo was
locked into its correct position when loaded due to the stress marks in the tab. Those stress marks
resulted from the large impulse during launch. It is believed the servo was able to rotate back to
its zero-degree location due to a constant PWM signal holding it in the locked position. The signal
was not used due to jitter in the servo. The jitter was found to be more common when using metal
gear servos, but the plastic gear would not have held up to the stresses experienced during flight.
On a positive note, the weak point of the rover was the locking tab at launch. Possible risks
included breakage of the tab or separation of the servo from the rover frame. Fortunately, these
risks did not occur during competition. In addition, the SPOC system worked exactly as designed.
The locking pin was pulled by the main parachute with no problem, and the platform was oriented
perfectly level as seen in Figure 3.2-3.

Figure 3.2-3: SPOC system at recovery shown in desired orientation.

3.3 Scientific Value
The rover payload mission provided a significant challenge both as a design and research-applied
project. The design challenge was effectively integrating hardware and electronics into our rover
design while being constrained by two dimensions. For the team’s case, the pendulum system is
what constrained the rover’s width and height since it rotates inside a casing. Intuitively, one would
think to increase the length of the rover to accommodate these electrical components. However,
the team probably concluded that this would make the rover unstable and potential affect the
rotation within the pendulum system. The dimension constraints imposed by the pendulum system
required consistent research for the electrical hardware chosen to be integrated into DARIC. The
payload team solved this problem by using a 3D printed model of DARIC and visualizing possible
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compartments for the researched hardware. Subsequently, the team referred to the CAD model of
DARIC to verify if it would be possible to integrate it into the payload design. Since space missions
are optimized by reducing payload size, the team utilized set requirements and team collaboration
to develop alternative designs for achieving the payload mission and criteria. The design’s purpose
was to be cost effective and lightweight due to those self-imposed requirements. This mission was
accomplished by relying on 3D printing manufacturing and CAD design to build a compact
durable rover.

4.0 Visual Data Observed
Aside from the observations made by the team, the launch vehicle had a camera in its observation
bay recording footage of the launch. Unfortunately, the camera was not able to record any footage
of the launch. The camera records for a preset amount of time, and it was set to record for a finite
amount of time that was needed for previous launches. The amount of time needed for the launch
at the competition was slightly longer than expected.
The team observed the entire launch on the day of the competition. From these observations, it
was confirmed that the launch vehicle performed as expected. It remained stable during flight, and
its recovery system functioned properly. It was also observed that the rover located inside of the
payload bay fell out shortly after the ejection of the main parachute. At the landing site, the launch
vehicle was found in reusable condition. No part of the launch vehicle’s structure was damaged.
However, the payload was found damaged and not reusable unless repairs were made before its
next use. Figure 4.0-1 below shows the payload as it was found at the landing site.

Figure 4.0-1: Recovered Payload.
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5.0 Lessons Learned
5.1 Launch Vehicle
The main goals of the launch vehicle in this competition were as follows: (1) launch and deliver a
payload to an altitude of exactly one mile (5280 ft.), (2) deploy a recovery system to safely return
the vehicle and the payload experiment to the ground where the payload would be deployed, and
(3) maintain reusability of all components post-flight. The recovery system will be discussed in
the following section, so this section will focus on the altitude and structural integrity of the launch
vehicle, as well as what could have been changed to make it perform better than it did.
The altitude achieved at the competition was 5426 ft., or 146 ft. off the target altitude. This result
was achieved by making small adjustments after receiving the results from the second test launch.
The first test launch provided little useful altitude data as it was solely meant to test flight critical
components (i.e. motor mount, recovery system, airframe). Due to this altitude data, various noncritical flight components were not ready for flight, resulting in the assembled vehicle being
significantly lighter than its final configuration. This lack of weight was accounted for in the
second launch by ensuring to add simulated ballast for any components that would not be on board,
mainly the payload and its housing. This cushion did help to better predict the altitude. However,
the weight was still not exactly as it turned out in the final configuration. This imbalance was a
result of a lack of precision in the weight prediction of certain components.
One thing that both test flights could provide for altitude prediction was a real-life comparison to
simulation software such as OpenRocket. The measured pre-flight weights were plugged in to the
software, and the simulation results were compared to the flight results to ensure the software
could provide a reasonable prediction. From these results, the team learned tweak and fine tune
the steps necessary to ensure a more precise altitude. First, in the design and manufacturing phase,
the structures team ensured that the predicted weights were as accurate as possible by measuring
samples of the exact materials intended to be used for construction and accurately reporting the
final weights of components as they were being made. Second, the team made the weight of the
rocket in any test flights as similar as possible to the predicted weight of the final configuration.
This replication can be accomplished using simulated ballast, component models, or final design
components themselves. Thus, the aligned weights allowed for more accurate flight data in
comparison to the simulated data. Having an accurate simulator would allow the team to fine tune
the rocket to the exact weather conditions during the final launch. Lastly, the structures team
ensured to have an easily adjustable ballast. Ideally, the weight of the rocket would require a small
amount of ballast during testing to achieve the correct altitude. This small window would provide
a means for the team to easily add or remove weight from the rocket and fine tune the altitude as
needed.
In terms of the structural components, there were very minor issues. However, a couple of things
could have been changed. In the first iteration of the motor bay, a quick set epoxy was used to fix
the fin mount centering rings to the motor tube. This epoxy turned out to be brittle and developed
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a small crack on impact during one of the test flights. As the centering rings acted as a locator and
were not structural, the issue did not create any concern for safety. One suggestion would be to
use a slower setting epoxy for construction, as the slower cure would allow for better strength
characteristics. A second concern was that two screws stripped the threads in the wood when
overtightened. This problem was easily fixed. Other suggestions include using a coarser thread
screw when used with wood or including inserts at the attachment points.

5.2 Recovery System
The recovery system performed well in the competition launch by successful deployment with
both parachutes and proximity inside the one-mile landing radius of the launch vehicle to ground.
Previous launches incorporated a toroidal main parachute, which proved to have many difficulties.
Due to the parachute’s geometry, the extra shroud lines contributed to difficulties during ejection.
Additionally, packing of the Nomex blanket was deemed to be of high importance. Tightly-packed
configurations caused difficulty during the parachutes ejection, whereas loosely—packed
configurations ate up valuable space within the launch vehicle and had the potential to not
completely protect the parachute from the ejection charges.
Black powder quantities proved to be tricky to determine. For the first full scale launch, the
initially-calculated amount ended up being too much for the drogue’s ejection which caused burns
and a large hole in the drogue. Further simulations with ripstop nylon in place of the actual
parachute could prove to be beneficial in the future. These simulations could prevent parachute
decomposition and test the appropriate amount of black powder needed for each parachute.
For full scale launches, a swiveling clip was used in place of a rated ball-bearing swivel to decrease
the cost of supplies. Though this worked for our launch vehicle’s full-scale tests, there was no way
to determine if the clip would fail in future launches. Due to this accountability, it is more practical
to buy a rated ball-bearing swivel from online rocketry dealers to ensure the swivel will not break
when the parachute opens. For the competition, a rated ball bearing swivel was substituted in place
of the clip, and the launch vehicle did not face any issues.
Additionally, the team acquiring a backup charge for each parachute’s deployment proved to be
beneficial to the successful recovery of the launch vehicle. Setting the backup charges near the
altitude of the main charges was deemed to be the best choice so that there was time for parachute
inflation, time for slowing down before touch down, and a similar landing radius.

5.3 Payload Experiment
As previously mentioned in Section 3.2, although the rover was not successful in deploying at
landing, the rover survived a sizable fall. Structurally, the payload performed as intended. None of
the components of the payload failed structurally except for a few internal components of the rover
due to its impact with the ground. An improvement that can be made for the structural design of
the rover would be increasing the reinforcement on critical points to allow for a longer life span of
the parts despite major loads.

California State Polytechnic University, Pomona | 2017-2018 NSL

12

Some aspects which need improvement were the reliability of the rover staying attached to the
SPOC system during decent. Despite the team’s confidence in the servo holding the rover, an
unknown factor caused the servo to unlock during descent. Some improvements which can be
made would be including a redundant system to ensure the connection between the rover and the
SPOC system. Furthermore, adding some sort of electronical signal that would prevent the servo
from rotating on its own would prove to be beneficial for the payload experiment.
Other issues encountered throughout the process of completing the payload was the sensitivity of
electronics. By being more careful with electronics and ensuring they are safely stored, the team
can prevent the needed replacement of certain electronics that may have been damaged due to
mishandling. Overall, the team learned many needed skills for integrating a payload into a launch
vehicle and better ways to prevent and avoid any unforeseen dilemmas.

6.0 Summary of Overall Experience
6.1 Attempted vs. Results
Over the course of eight months, Cal Poly Pomona’s goal was to construct and launch a highpowered rocket that integrated with a deployable rover payload experiment. The team’s attempted
launch vehicle and recovery system designs were deemed effective and reusable throughout the
entire project. By using an Aerotech L1420R motor, the Blue Tube 2.0-constructed rocket was
able to achieve a final competition altitude of 5426 ft., less than 150 ft. away from the target
apogee. The launch vehicle’s flight path stayed vertical until hitting maximum altitude, and both
parachutes were ejected successfully at their corresponding altitudes. Both the structural integrity
of the vehicle and the parachutes remained intact during launch, proving successful results for
competition launch. On the other hand, the payload experiment prematurely deployed from the
launch vehicle, preventing the team from completing NASA’s mission requirements for the rover.
The rover was supposed to autonomously eject 5 ft. away from the rocket and deploy a set of solar
panels once it reached the ground. Only a few internal components of the rover were damaged due
to the impact on the ground. This technical failure was inspected after competition launch, and
further considerations regarding payload integration will be considered for future projects.

6.2 Rate of Experience
Overall, our team had a rewarding and exciting experience participating in the NSL competition
this year. There were many months dedicated to designing, building, and launching subscale and
full-scale rockets, writing and reviewing design reports/presentations, ensuring project
documentation through social media, creating educational engagement events, and coordinating
between various sub-teams within the Cal Poly Pomona NSL team. This year, our school proved
to be successfully in both launching and recovering a rocket four times in a row. These successful
events could not have been done without the team’s hard work and dedication over the past eight
months. Even though our payload experiment fell out of the launch vehicle mid-flight, we were
able to watch all our accomplishments pay off. In addition, this year’s team achieved many “firsts”,
including the first female team lead from Cal Poly Pomona and the 1 st place prize in the college
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division for Best Website Award. The team’s involvement in the NASA Student Launch Initiative
was indeed valuable to us, and the overall experience can open many exciting opportunities within
the aerospace community.

7.0 Educational Engagement Summary
The Cal Poly Pomona team reached out the schools around the local community and beyond to
educate and inspire fellow students about rocketry subjects and STEM education. This year,
outreach presentations and activities ranged from various topics such as programming,
propulsion/drag, and the structural integrity of the launch vehicles. The team wanted to focus more
on the value of these presentations and emphasize on direct engagement with the students. Overall,
there were over 800 students who participated in these outreach events, where many of the students
received an educational/direct interaction with the team members. This achievement surpassed
NASA’s requirement of direct educational engagement of 200 students. The various schools were
able to partake in hands-on activities such as coding exercises and airplane building to engage with
the subject matter and explore the inner workings of a student-led technical project. Schools that
partook in these outreach events have expressed positive feedback to the team for sharing their
knowledge to younger generations of students, showcasing the team’s commitment to sustaining
the students’ interest in rocketry and other related topics.
Table 7.0-1: Educational engagement activity dates and events summary.
Date

School

Wednesday,
January 31, 2018

Valley Oaks High School

Friday, February 2,
2018
Friday, February 9,
2018

Educational Outreach
Topic

Education/Direct?

Student Attendance

General Presentation - NASA Student
Launch

N

15

Suzanne Middle School

Programming's Role with Rocketry
Presentation & C++ Coding Activity with
Billy the Bronco

Y

400

Beckman High School

Launch Vehicle Design and Build
Presentation

N

20

Friday, February
16, 2018

Pioneer Middle School

Programming's Role with Rocketry
Presentation & C++ Coding Activity with
Billy the Bronco

Y

250

Friday, February
23, 2018

iPoly High School

Propulsion and Drag's Role with
Rocketry & Paper Airplane Activity

Y

140

Total
Education/Direct
Required

825
790
200
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8.0 Budget Summary
The team’s budget summary has been provided and compiled in the two tables below, which
include the overall expenses incurred (Table 8.1) and the funding sources provided to assist with
the expenses (Table 8.2).
Table 8.1: Overall Project Expenses (vehicles, payload, travel, misc.).
Overall Expenses
Purpose
Description
Costs
Full-Scale Launch Final, complete design to be used in competition.
$2,384.39
Vehicle
Sub-Scale Launch Vehicle used to test the design concept of the full-scale $1,230.02
Vehicle
vehicle.
Payload
The rover designed for integration into the full-scale
$466.02
Experiment
vehicle.
Educational
All materials required to conduct educational engagement $361.36
Engagement
activity events.
Travel
Travel necessary for 15 team members to participate at the $5,791
competition location in Huntsville, AL.
Other
Includes expenses needed to maintain the CPP NSL $125.95
Rocketry website.
Total Project Budget
$10, 358.74
Table 8.2: Overall Funding Sources provided.

Funding Source
Support Contribution
Cal Poly Pomona Associated Students Incorporated (ASI) Grant
$1,500.00
California Space Grant Consortium Student-Led Hands-On Rocket $1,500.00
Projects
California Space Grant
$8,000.00
Outside Sources (industry sponsorship, donations, team fundraising)$2,865.00
Total
$13,865.00
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