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Glossary

4-H - Youth Organization (Our team’s host administration)

FCC - Federal Communications Commission (Government Agency)

FAA - Federal Aviation Administration (Government Agency)

NASA - National Aeronautics and Space Administration (Government Agency)
SLS - The Space Launch System rocket (NASA’s current Rocket)

STEM - Science, Technology, Engineering, and Math

MSDS - Material Safety Data Sheet
PPE - Personal Protective Equipment

FPS - Feet per Second
TWR - Average Thrust to Weight Ratio of the Vehicle during Ascent

SLI - Student Launch Initiative
USLI - University Student Launch Initiative

NAR - National Association Of Rocketry (Rocketry Governing Body)

TRA - Tripoli (Rocketry Governing Body)

HPR - High Power Rocketry

K Motor - Using the level 2 K class of high power rocket motors

L1, L2, and M1 - Classifications of rocketry certifications created by NAR and TRA

SDR - Software Defined Radio

USB - Universal Serial Bus

APRS - Automated Packet Reporting system
LIPO - Lithium-Ion Polymer Battery

PDR - Preliminary Design Review

CDR - Critical Design Review

FRR - Flight Readiness Review

LRR - Launch Readiness Review

PLAR - Post-Launch Assessment Review
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1. Summary of PDR report

1.1 Team Summary

Name of team and mailing address: Mentor: Luke McConoughey

ResistoJets Rocketry 4-H

Our team has spent 120 hours preparing for the PDR milestone.

Social media presence:

Title Handle Purpose Active for:
YouTube  Morris County 4-H YT Launch/Build Videos 8 Months
Facebook  ResistoJets Rocketry Community Engagement/Outreach 1 Week
Website nj4h.space Club website 1 Week

Table 1. Social Media Presence

1.2 Launch Vehicle Summary
Official target altitude: 3,800 feet

Our primary motor choice is the K1100T with the K695R as a backup.

Size and mass of individual sections;
1. Booster - 4.84 1b, 33.78”
2. Avionics Bay + Payload - 2.98 1b, 13.78”
3. Upper Airframe - 3.54 Ib, 45.2”

Recovery system:

Our recovery set-up uses a fully redundant dual deploy system, with a 48” Fruity Chutes Main
parachute and a 15” Spherachutes Drogue Parachute. We will be using two Stratologger CF
flight computers in our dual deploy system.

1.3 Payload summary:

Payload title: 2022-2023 NASA USLI Payload Challenge:

Our payload is designed to complete the USLI payload challenge. We will be accomplishing this
by using a robotic arm on the side of the airframe, consisting of four actuation points. During
launch, the payload is folded up and has an aerodynamic shroud profile. Upon landing, the arm
will orient itself based on inertial measurements. The arm will support a camera with control
motors. Our electronics consist of a Raspberry Pi 4, four motors, and several inertial
measurement units.



2. Changes Made Since Proposal

2.1 Changes to Vehicle Criteria

The vehicle core vehicle specifications and design remains largely unchanged from the proposal.
In 2.2, changes to the payload are detailed. In relation to that, a new external mounting system
has been added to the avionics bay to support the new payload. As a result of this, our simulated
altitude has decreased significantly. The vehicle length and total weight has been slightly
reduced

2.2 Changes to Payload Criteria

In our proposal, our primary plan was to use a payload design that would come out of the
airframe and land on the ground (while tethered to the vehicle). We discussed an alternative
design that would be more reliable, but more challenging. In the development of our Payload we
encountered many problems with our primary design and chose to switch to the alternate design.
We also had problems developing the payload to orient itself correctly and being able to have all
the computer systems on the payload. This design was our backup payload but getting ejected
from the airframe is something that brings on increased risk.

2.3 Changes made to project plan

Our project plan remains largely unchanged. There are minor adjustments to the expenses,
shown in 6.2.1 Line Item Budget. The funding plan has been further detailed. Our project
timeline from the Proposal has been updated and advanced to our current point in the project.

3. Vehicle Criteria

3.1 Selection, Design, and Rationale of Launch Vehicle
3.1.1 Mission Statement and Success Criteria

Our mission is to build an innovative and reliable rocket launch vehicle for the purposes of
meeting all SLI criteria and achieving multiple awards within the challenge, including (in no
particular order):

1. Judge’s Choice Award
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Altitude Award

3D Printed Award

Best Looking Rocket Award
Best Rocket Fair Display Award

We, as our team, will share our story to inspire others by demonstrating ingenuity, perseverance,
and adaptability all while effectively communicating topics in technologies and science.

We have established a solid foundation for our success criteria, which includes standard launch
evaluations, as well as innovative and technological successes. A list of criteria to assess our
vehicle performance is provided below:

Safe and successful launch and recovery of the vehicle in reflyable condition, including a
stable, near-vertical ascent. Nominal parachute deployment for both stages of recovery,
and a soft landing that does not permanently damage the vehicle

A small margin of error in actual apogee altitude (<15%)

Successful deployment into an appropriate operation environment for the payload
Successful use of 3D printed parts onboard the vehicle

Successful use of composite material techniques

Successful use of a reloadable rocket motor

Successful data-logging throughout the flight suitable for analysis upon recovery
Innovative and challenging use of materials and fabrication methods

A well-fabricated and visually appealing vehicle for launch day.

3.1.2 Systems and Alternatives Overview

Our vehicle can be split into these subsystems which work together in conjunction:

AP S e

Aerostructure System - Outlined in Section 3.1.2.1
Propulsion System - Outlined in Section 3.1.2.2
Avionics System - Outlined in Section 3.1.2.3
Payload System - Outlined in Section 4

Recovery System - Outlined in Section 3.2

3.1.2.1 Aerostructure System

The Aerostructure System consists of: the main airframe and structure of the vehicle. Controlling
a safe and effective housing for all other subsystems. and providing a lightweight, acrodynamic,



and stable shape for flight. Our current system consists of several key points; with more details
outlined on the flysheet. OpenRocket simulation, and the proposal changes.

4” Diameter G12 Fiberglass Airframe

3 Sections - Booster, Avionics Bay, Payload/Upper Airframe

Standard Dual Deployment Configuration for Avionics Bay

0.125” G10 Fiberglass Fin Cores, Carbon Fiber Tip-to-Tip Reinforcement (Totaling a fin
thickness of 0.15”)

Through-the-wall fin design

Assembly with Glenmarc G5000 Rocketpoxy and US635 Epoxy System Adhesives

First and foremost, with structures engineering, we considered material choices, which are listed
below in order of best choice. Our research into these materials and our selection rationales are
listed in the NASA SL Proposal.

1. GI12 Filament Wound Fiberglass - Commercially Manufactured
2. MAC Performance Canvas-Phenolic Composite
3. LOC Precision Cardboard

Next, our section airframe layout choices are listed below:

1. Standard Dual Deployment Configuration - Booster, Avionics Bay, Payload/ Upper
Airframe - Black powder charges located below/ above avionics bay

2. Head End Deploy Configuration - Extended Booster, Avionics Bay, Nosecone - Black
powder charges located below avionics bay and inside nose cone

3. Single Separation, Dual Deploy Configuration- Extended Booster, Avionics Bay in
Nosecone - Black powder charges located below avionics bay

We ruled out the Head End Deploy configuration due to its lack of sufficient parachute room
within the nose cone, its added difficulty of integration, although it does allow for a more
efficient layout for higher-performance vehicles. However, since our team is prioritizing
reliability rather than maximum performance, the Head End Deploy configuration isn’t
optimized for our application.

We also ruled out the “Single Separation, Dual Deploy” configuration due to its need for a more
advanced recovery system, including cable cutters (or a Jolly Logic Chute Release) and multiple
shock cord lines. This added complexity again adds extra performance and ease of assembly, but
its complexity leads to a higher chance of failure and its relative unpopularity rules this
configuration out for our application.



For our fincan (booster section) design, we opted for a standard through-the-wall fin attachment
method along with other standard rocketry practices including:

3 fiberglass centering rings

Shock cord (harness) attachment by epoxying to motor tube, passing through slots in the
top centering ring

Fins glued to motor tube with internal filets, glued to bottom face of middle centering
ring

Fins reinforced with external filets

All of these designs are considered “tried and true” methods within the High-Power Rocketry
community; therefore, these are designs we chose due to its reliable reputation. We also opted to
design our fincan with carbon fiber tip-to-tip reinforcement due to the current on-hand
availability of the resources needed, its unmatched strength, and for our desire for usage of new
technology on the vehicle. Alternatives include swapping carbon fiber for fiberglass or omitting
the composite reinforcement altogether, which both will satisfy our needs for the rocket.

Figure 1. Sustainer Component Assembly Diagram



PDR - Fin Can Assembly
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Figure 2. Fin Can Assembly Diagram

Finally, we plan to use G5000 Rocketpoxy and US635 Epoxy System Adhesives to manufacture
the aerostructure system due to our current on-hand availability of both materials. The
RocketPoxy provides for a great material for filets due to its high viscosity, and in the case we
need a different viscosity, we can use the US635 epoxy system along with Aerosil (Fumed
Silica) and Q-cell fillers to tailor the viscosity and epoxy properties to exactly our needs.
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3.1.2.2 Propulsion System

The Propulsion System consists of the commercial rocket motor and the motor retention. The
rocket vehicle was designed around a 54mm K class rocket motor (1280.01 to 2560 Ns). We plan
to use an Aerotech RMS (Reloadable Motor System) Rocket Motor, specifically their 54/1706
case size due to our current availability and previous experience with RMS reloads. Another

advantage with the 54/1706 RMS size is due to its cost, generally hovering around $110 per

propellant reload kit, compared to $150-$250 for single-use Aerotech motors.

Since we will fly the vehicle multiple times, this cost difference can potentially save hundreds of
dollars in our budget. We also chose Aerotech over the other major HPR motor manufacturer
CTI (Cesaroni Technology, Incorporated) due to reliability issues in CTI 54mm motors as well
as having little previous experience with CTI. The final HPR motor manufacturer, Loki

Research, has extremely reliable motors. However, being a smaller company (products are

commonly out-of-stock), having much higher cost, and having more complex snap ring designs

ruled their products out for our application.

We can now consider our top 2 motor choices specifically for the Aerotech 54/1706 case, listed
here in order of preference:

Motor Name | Case Size | Total Expected | Propellent | Burn Average | Manufacturer
impulse | TWR Time Thrust
K1100T RMS-54/ 1,472 15.08:1 “Blue 1.6 1,LITON | Aerotech
1706 Ns Thunder” seconds
K695R RMS 54/ 1,514 10.68:1 “Redline” |2.2 695 N Aerotech
1706 Ns seconds

Table 2. Motor Details

We ruled out motors with an impulse of >1700 Ns or <1400 Ns, including the K2050ST, K805G,
and K1103X. We also ruled out the K185W due to its insufficient ability to create a 5:1 initial
thrust to weight ratio, a critical safety criterion we have for propulsion systems. We also ruled
out dark matter and metal storm motors due to sparkies not being allowed in Student Launch.
The remaining 4 motor options we looked at all met impulse, safety, and initial thrust criteria.

Within our team we picked our favorite motors based off of propellant color, ruling out the

K513FJ and K550W. Finally, we listed the final 2 motor selections for our flight, coming to the
conclusion that the K1100T is our primary selection, and the K695R is our backup selection.

11




Figure 3. K1100T Thrust Curve

Finally, for our motor retention, we prefer to use an Aeropack 54P standard screw-on retainer.
Our motor retention options and alternatives, listed in order of preference, include:

1. Aeropack 54P
2. Mirror Clips

We chose the Aeropack since it’s the most common and the most reliable retention method.
Mirror clips are still feasible but they’re not as sturdy or foolproof, since there is a chance of

slipping.

3.1.3 Avionics System

Our avionics consist of two fully redundant and independent flight controllers, 9v batteries,
safety switches, and ejection charges. The Flight controllers we will be using are Stratologger
CFs. We have RRC3 flight computers as an option or to provide other functionality if needed,
but we will be using Stratologger CFs primarily because of our familiarity with them.

12



Figure 4. Avionics and Avionics Bay Assembly Diagram
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3.1.3.1 Avionics Wiring Schematic

Figure 5. Avionics Wiring Schematic Diagram

3.1.3.2 Ejection Charges

Our fully independent and redundant deployment system results in each ejection flight computer
getting its own ejection charges for both the main and drogue parachute separation, resulting in 4
total charges on the vehicle. We calculated our ejection charges using the FFFFg Black Powder
Calculator | InsaneRocketry, a tool our members have used on all of their dual deploy launches.
Our charges will use FFFFg black powder, the black powder will be housed in a small PVC cap
attached to the bulkheads of the avionics bay, connected to the dual deploy computers with an E-
Match and wiring.

14



Purpose Order Black Powder (grams)
Drogue Parachute Primary 1.25
Drogue Parachute Backup 2.00
Main Parachute Primary 1.50
Main Parachute Backup 2.25

Table 3. Ejection Charge Table

15




3.1.4 Final Rocket Design

Vehicle Specifications:

Thrust to weight ratio - 15.08:1

Gross lift off weight (1b) - 14.30

Total length (in) - 81.15
Diameter (in) - 4.02 (Max 4.7)
Airframe material(s) - Fiberglass
Fin material(s) - G10, CFRP
Fin thickness (in) - 0.15

Center of Pressure (in. from nose) - 60.92

Center of gravity (in. from nose) - 50.36

Drogue parachute size (in) - 15.28
Recovery harness length (ft) - 25

Main parachute size (in) - 48in/2.2Cd
Recovery harness length (ft) - 25

16



Figure 6. Vehicle Measurements Diagram
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Figure 7. Airframe Assembly Diagram

Figure 8. Before Motor Burnout
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Figure 9. After Motor Burnout
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Figure 10. Parts Detail
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3.2 Recovery System

Our launch vehicle will use a Dual Separation Dual Deploy system, meaning there are two
separation events, one for the deployment of each parachute individually. The separation events
are controlled by our avionics system, which consists of 2 fully redundant altimeters and
batteries. The avionics system is covered in more detail in Section 3.1.2.3. We will also include
separate ejection charges for both systems, which completely isolates each system, ensuring that
if one fails, the other isn’t affected.

3.2.1 Drogue-Stage Recovery Subsystem

Our drogue-stage recovery subsystem is housed within the booster and is deployed via separation
of the booster and avionics bay. The purpose of this subsystem is to provide a stable yet quick
descent to prevent drift and to meet the 85 second descent time criteria for Student Launch. Our
current drogue-stage recovery subsystem consists of a booster harness, a main harness, and a
drogue parachute. The system also includes the necessary attachment methods and separation
charges needed to deploy the parachutes.

The most important component within this subsystem is the drogue parachute. First, we needed
to figure out an appropriate size range for the drogue. Within our OpenRocket simulation, we ran
trial and error tests with multiple sizes at multiple coefficients of drag (Cd’s). We targeted a
roughly 30-50 second descent time on the drogue parachute, which leaves roughly 30-40 seconds
for the main-stage descent. Since our apogee height hovers around 5000 feet and main parachute
deployment occurs at 600 feet, we calculated the needed descent rate, which is (5000 ft - 600 ft) /
45 seconds, which is approximately 100 ft/s. Based on this target and our trial and error analysis,
we came to the conclusion that a roughly 15-18 inch diameter chute with a low Cd of 0.75-1.25
would be perfect for our drogue parachute.

Therefore, we listed out some parachute options that meet our sizing criteria:
1. Spherachutes 15-inch Heavy-Duty Drogue
2. Fruity Chutes 15-inch Compact Elliptical Drogue
3. Top Flight Recovery 18-inch Standard Chute
Safety and reliability is our #1 priority. We narrowed our search down to specially designed

drogue chutes, since in the case of a high angle flight, a high horizontal velocity at deployment
may cause standard parachutes to rip apart. We chose the Spherachutes drogue because it’s a lot
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cheaper than Fruity Chutes, and they have a heavy-duty option, which provides extra thick
shroud lines with more robust joints, ensuring that the parachute doesn’t rip at the shroud lines.

The next component within the drogue-stage recovery subsystem is the harnesses. This
subsystem contains 2 different harnesses, one short harness permanently attached to the booster
and a separate ‘primary’ harness that can be removed if needed.

An alternative is to use an eyebolt attached to the top centering ring where only 1 main harness is
required. We decided not to use this technique for two reasons. First, eyebolts are prone to
slipping or twisting out of orientation, which can cause a catastrophic failure in the recovery
system and leave the booster in freefall. Second, tying the harness onto the eyebolt recessed into
the tube is a challenge, even with 4” diameter airframes, as it is hard to reach inside the booster
multiple feet and tie a harness properly with 1 hand. This also makes recovery assembly very
finicky, resulting in a possible delay at the launch site assembly process and a higher risk of
human error.

Therefore, we decided to use the dual-harness system due to its reliability, ease of assembly, and
low-risk. Our team’s technical lead has also built multiple high power rockets with this design,
proving its reliability and adding an experience advantage onto this design.

For the booster harness, we will use a 1 yard long, 1” wide, flat Kevlar harness that will be
epoxied to the motor tube and the top-centering ring along a 6 inch surface. The booster harness
is made out of 4500-1bs rated Kevlar, which is the highest rated line in our recovery system. We
will attach the booster end of the harness with a knot below the slit in the top centering ring so
that in the case of a slip, the knot will block the Kevlar from releasing completely. We will
epoxy the end of the Kevlar harness to ensure it is securely attached. The harness has a sewn
loop on one end, allowing for attachment to the primary harness.

For the primary harness, we will use a 25 foot long % diameter tubular kevlar harness from
OnebadHawk, a respected vendor for harnesses in the high power rocketry community. This
harness has 2 sewn loops on each side, allowing for the use of quick-links for non-permanent
attachment and general organization. The length of this harness is adequate as it is sized more
than 3x the total length of the rocket, which is a standard practice in high power rocketry. This
harness is rated to 3600-1bs of strength.

3.2.2 Main-Stage Recovery Subsystem

The main-stage recovery subsystem is housed in the payload tube and is deployed via the
separation of the payload tube and the avionics bay. This subsystem provides the necessary
descent rate for a safe landing and to meet the impact kinetic energy requirement in the SL
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Handbook. This subsystem will be deployed at 600 feet AGL, with a backup charge to deploy it
at 500 ft AGL too. The main recovery system consists of one harness, equivalent to the primary
harness in the drogue-stage recovery system, and one main parachute.

Similar to how we experimentally discovered the ideal parachute size range for the drogue, the
main parachute was sized to a 48 inch chute with a Cd of 2.2, or a 84 inch chute with a Cd of
0.75. From limitations with kinetic energy, we limited the touchdown velocity to no greater than
7 meters per second. We also verified the main chute size range by using parachute descent
calculators online, plugging in the desired descent velocity of 20 fps (6.07 m/s) and a mass of 13
Ibs (burnout vehicle weight). With the size limitations, here is our list of choices for the main
parachute:

1. Fruity Chutes Iris Ultra Classic - 48 inch diameter, 2.2 Cd
2. Spherachutes 84” Hemispherical Chute - Heavy Duty - 0.75 Cd
3. Top Flight Recovery 84 Standard Chute - 0.8 Cd

To meet the SLI required main parachute coefficient of drag, we will use a Fruity Chutes 48”
parachute. Additionally, the cost difference between Sphereachutes and Fruity Chutes is a lot
smaller in magnitude, which further justifies our decision.

The single harness for the main-stage recovery subsystem is the same exact harness as in the
drogue-stage recovery subsystem. We still plan to use quick-links for modular/non-permanent
designs. The main difference we have on the main chute system is the attachment to the payload
bay, which is done via machined fiberglass bulkhead that is recessed into the payload tube. The
bulkhead has a U-bolt attachment, which is a stronger alternative to the eyebolt due to having 2
attachment points, resulting in no possibility of eye-bending, nut looseness, or threading off.

3.2.3 Lines Diagram, Recovery Assembly, and Subsystem Deployment

The Recovery System will be assembled in the following order:

1. Booster harness attached during Aerostructure System assembly

2. Primary harness attached with quick-link

3. Drogue Chute attached to primary harness via a knot and (optionally) a swivel and a
parachute protector is added

4. Primary harness attached to lower half of Avionics Bay

5. Main harness attached to bulkhead U-bolt in payload bay

6. Main Chute attached to main harness via a knot and (optionally) a swivel and a parachute
protector is added

7. Main harness attached to upper half of avionics bay

24



8. Parachutes are folded, parachute protectors burrito-wrap the parachutes.

9. The harnesses are Z-folded and recovery subsystems are pushed into their respective
tubes.

10. On launch day, with proper safety equipment, our mentor will prepare all ejection
charges and connect them to the avionics bay. The avionics bay will not be turned on
until vertically on the rail, where we will check for charge continuity.

Each of the 2 recovery subsystems will be deployed with a primary and a backup ejection
charge. The sizes of these charges are currently outlined in the PDR flysheet. They were
calculated using an online rocketry ejection charge calculator and increased by 50-200% for
extra reliability. These charges will be tested and possibly revised after ground testing.

Provided below is a rough drawing for the recovery system lines diagram:

Figure 11. Recovery System Lines Diagram

3.3 Mission Performance Predictions

Our team’s official competition launch target altitude is 3,800 feet.
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Target Apogee (ft) - 3800

Predicted Apogee (From Sim.) (ft) - 4038
Total flight time (seconds) - 59.7
Time to Apogee(seconds) - 14.5

Maximum Velocity (ft/s) - 720
Maximum Acceleration (ft/s"2) 595
Ground Hit Velocity (ft/s) 19.5

3.3.1 Simulations and Stability

Figure 12. OpenRocket simulation with anticipated conditions in Huntsville in April 2023
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Figure 13. Simulation of center of gravity and center of pressure during ascent

3.3.2 Kinetic Energy Analysis

We used the imperial unit kinetic energy equation to calculate the kinetic energy of each section
at landing:

KE (ft-Ibf) =Yamv"2/ g
Where m is in Ibm, v is in ft/s, and g is the gravitational constant, which is 32.17 ft-lbm/lbf-sec"2

Landing velocity is 19.4 ft/s
Masses for each of the 3 sections are:

1. Booster - 4.84 1b
2. Avionics Bay + Payload - 2.98 1b
3. Upper Airframe - 3.54 1b
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Using the masses and the landing velocity, we calculated the kinetic energies for each of the 3
sections:

1. Booster - 28.3 ft-1bf
2. Avionics Bay + Payload - 17.42 ft-1bf
3. Upper Airframe - 20.65 ft-1bf

Each section meets the 75 ft-Ibf upper limit requirement for kinetic energy at landing.

3.3.3 Descent Drift Analysis

The total descent time is 59.7 seconds. If we assume the rocket drifts at a velocity matching the
wind speed for the entire descent, then these are the respective drift distances for each simulated
wind speed:

0 mph wind speed - no drift

5 mph wind speed - 437 ft drift from apogee
10 mph wind speed - 875 ft drift from apogee
15 mph wind speed - 1313 ft drift from apogee
20 mph wind speed - 1751 ft drift from apogee

AR e

These numbers are verified to within 20% accuracy from our OpenRocket Simulations, whose
results are listed below:

5 mph wind speed - 240 ft drift from apogee
10 mph wind speed - 594 ft drift from apogee
15 mph wind speed - 906 ft drift from apogee
20 mph wind speed - 1092 ft drift from apogee

b=
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Figure 14. Example of a lateral distance simulation in OpenRocket

To find the drift distance in OpenRocket, we set the wind speed to a fixed value, then we took
the difference between the simulated lateral distance at landing (in this case we assume it’s
negative since it goes in the opposite direction) and the simulated lateral distance at apogee. All
of our results in OpenRocket were lower than calculated before, and this is due to
weathercocking during the rocket’s ascent giving it horizontal velocity in the direction up the
windstream. Once the parachutes are deployed it takes a few seconds for the rocket to lose that
velocity and start moving down the windstream.
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4. Payload Criteria

4.1 Payload Description

Our team is taking part in the USLI Payload Challenge. The goal of the payload is to, upon
landing of the launch vehicle, photograph the surrounding area as instructed by APRS radio
packets. They will contain instructions on how to rotate and apply filters to the camera. Our
payload will consist of a robotic arm on the side of the launch vehicle. It will self correct to the
optimal vertical orientation. Our criteria for success is the following items: in order of percentage
of mission completion from least to complete success:

Systems survive launch and stay powered on throughout the entirety of the mission
The robotic arm is able to deploy and orient itself to the proper position to take the
photographs
The payload computer receives and processes the APRS commands
The robotic arm and camera are able to successfully photograph the surrounding area as
instructed

e Successfully save the photographs to be reviewed in the PLAR

Our mission with this USLI payload challenge is to push the knowledge and capabilities
of our team members. By accomplishing the objectives set out by NASA for this mission. Our
goal is to achieve all of these as is required by the USLI Payload Challenge, however, our team
may consider it a partial success as long as the pictures are taken and recovered. Furthermore,
we want to have synergy between the launch vehicle and payload, where neither negatively
impacts the other. This is to ensure safety and success ratio.
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PDR - Payload

Payload Mounting Point on Integrated Payload in Flight

Avioncis Bay
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s v/~ mi =
Fixed Gear Iy __F
7]
Camera
Rotation Assembly Arm Shroud Side View
Nr/~m
[ _[Eﬁ Camera
T
Payload Arm Deployment An Anticipated Potential Configuration

of Payload Upon Deployment

Figure 15. PDR - Payload

4.2 Systems Analysis

Our payload consists of 5 major systems. These are the computer, radio receiver, camera arm,

camera, and launch vehicle interface (discussed in 4.3). Each of these systems are critical to the
success and safety of our payload.
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4.2.1 Computer System

Our computer system uses a Raspberry Pi 4 at its core. This will control the radio, image
processing, sensor data, camera system, and payload deployment. We chose the Raspberry Pi 4
because of availability, input/output interfaces, and performance.

4.2.2 Radio

The USLI Payload Challenge requires our payload to receive commands via APRS radio packets
and use those instructions to control a camera. We are using the Nooelec NESDR Nano 3 USB
software defined radio (SDR) receiver on a Raspberry Pi 4 with DireWolf APRS decoder.
Python code will be used to parse the DireWolf logs and extract commands which are then
passed on to the servos and camera via OpenCV.

4.2.3 Arm

The arm system consists of a servo that will rotate a carbon fiber tube with the camera system on
the end into position. On the camera system, there are two servos that adjust the vertical angle of
the camera and the horizontal rotation of the camera. These are to orient the camera to the
horizon and to rotate the camera as instructed

4.2.4 Camera

The camera we will be using is an ELP 5 Megapixel USB Camera module. It has a resolution of
2592x1944 pixels and a field of view of 170 degrees. This camera fully supports the OpenCV
python libraries. We chose this because we had it on hand and it fit our criteria.

4.2 .4 Batteries

Our payload will use a LIPO battery of a currently undecided capacity. The capacity will be
determined after we conduct battery life tests of the payload. Our goal will be to have at
minimum the same stand-by time as the dual deploy flight computers. The LIPO battery will be
shielded with a high visibility orange 3D printed housing. We will be using XT60 or XT30
connectors so that we can quickly disconnect the battery if needed.

4.3 Preliminary Payload/Launch Vehicle Interface and Retention System

Our current plan for the retention of the payload to the launch vehicle is having a spur gear and
guide epoxied onto the rocket airframe, or which the payload will be able to rotate around. The
payloads mounting bracket will be screwed on to ensure the payload stays in place. See Figure
15 showing the mounting system.
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5. Safety

The understanding and mitigation of hazards is paramount to the success of our mission. Hazards
to personnel, project, launch vehicle, and environment; as well as risks caused by the
environment will be analyzed and defined in this section. We acknowledge that not all hazards
will be identified. We also understand that not all potential hazards can be completely mitigated.
Besides our detailed list below, we will continue to analyze potential hazards and risks during
future design, build, test, and launch phases of this program.

5.1 Hazard Analysis System

In this section we will be defining the hazards by likelihood and severity and the combination of
both making total risk. Below is a scale for each. Additionally, information used to research
hazards will be included in section 7. Safety Appendix.

5.1.1 Likelihood Scale

The likelihood of a hazard occurring

Value | Definition

E Extremely Improbable

Extremely Remote

C Remote
B Probable
A Frequent

Table 4. Likelihood Scale
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5.1.2 Severity Scale

The severity/damage of a hazard occurring

Value | Name Definition of severity

5 Minimal No risk of harm to people and/or permanent damage to
equipment. Minor time or procedure setback.

4 Minor Possible risk to personnel and/or damage to non-critical
equipment. Time setback, possible cost to fix.

3 Major Likely harm to people and/or damage to critical equipment. Time
setback, cost to fix, injury.

2 Hazardous Injury to people and/or critical damage/failures. Major project
setbacks, cost impact, and injury. May result in disqualification if
there is not enough time to fix critical failures.

1 Catastrophic Major damage or injury and/or unable to continue competing.

5.1.3 Total Risk Scale

Table 5. Severity Scale

The combination of both the likelihood and severity of a hazard to get an idea of the general risk
(FAA Risk Matrix)
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Figure 16. FAA 8040.4B Risk Matrix

Image Source: https://www.faa.gov/documentLibrary/media/Order/FAA_Order 8040.4B.pdf
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5.2 Personnel Hazard Analysis

Hazard Risk Cause Effect Mitigation
Inhalation of noxious C4 Improper use or failure to Irritation of the nose, Safety officer and mentor ensure the
fumes (glue, paint, Medium | use PPE throat, and lungs. availability and use of PPE
epoxy, etc.) Repetitive and high
amounts of exposure can
result in sensitization and
asthma
Glue/epoxy on skin B5 Failure to use gloves Skin tearing and burns Make sure members wear gloves
Low while handling glue and epoxy
Dust or debris in eyes C4 Failure to wear eye Eye irritation Safety officer and mentor ensure the
Medium | protection during sanding, use of eye protection
drilling, etc
Injury due to power D1 Loose clothing, untrained Minor to severe injury, Regular inspection of power tools,
tool misuse High user, faulty equipment death train the member using the power
tool, and proper attire, and make
sure the user of the tool has read and
understands the user manual
Inhalation of fiberglass | C3 Failure to wear a Irritation of the airways Safety officer and mentor ensure the
dust Medium | respirator/mask while use of respirator/mask,
working with fiberglass and that the space is properly
ventilated
Accidental ingestion of | D4 Failure to use gloves and Throat and stomach Make sure members wash their
fiberglass dust Low wash hands after working | irritation hands after working with fiberglass
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with fiberglass

and wear gloves during the work

Electrocution D1 Compromised power tools, | Minor to major electric Checking all power tools, cords, and
High power cords shock, death outlets before work, make sure all
members understand the danger of
electricity
Collision with launch C3 Failure of parachute or Bruising or concussion Ensure that the launch vehicle is
vehicle Medium | separation, vehicle stability, inspected by the team safety officer,
rail issue mentor, and RSO before launch, pay
attention during launch, make sure
heads up is given if the rocket lands
near spectators
Motor explosion D2 Unburned fuel, accidental | Burns, asphyxiation, Make sure motor has fully burned
Medium | ignition death out before recovering, keep potential
ignition sources away from motor,
motor only to be handled by the
team mentor
Tripping hazard C4 Messy workspace Bruising, concussion Always keep workspace tidy and
Medium clean up after each use
Hypothermia, D4 Improper attire, lack of Exhaustion, fainting, Make sure members are properly
hyperthermia, Low water dressed and have access to water
dehydration
Accidental black D2 Mishandling of black Burns, hearing loss Ensure black powder is kept away
powder ignition Medium | powder by improper from potential fire/heat sources and
personnel all handling of black powder is done
by team mentor
Hearing damage D4 Improper distance from Long or short term Make sure all team members stand
Low launch pad, failure to use hearing loss the proper distance away from the
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hearing protection while
using power equipment

launch pad during launch, ensure
members wear ear protection when
necessary

Fire

D1
High

Easily flammable materials
at launch pad, heat sources
in close proximity to
flammable material

Burns, asphyxiation,
death

Clear launch pad of flammable
materials, make sure to separate
flammable materials and heat
sources in the workspace, keep a fire
extinguisher nearby

Table 6. Personnel Hazard Analysis
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5.3 Vehicle Failure Modes and Effects Analysis

or loss of vehicle, injury to
humans

Hazard Risk Cause Effect Mitigation
Excessive landing B4 Parachute torn, burned, Damage to vehicle and Ensure that parachutes are properly
speed Medium | tangled. Improper payload packed, use correct parachute size
parachute size
Fin damage D3 Damage caused during Altered trajectory, unstable | Stress test fins before flight, and
Medium | previous flights, poor flight, resulting in damage | ensure use of strong materials
construction, improper or loss of vehicle
materials used
No ejection C1 Flight computer, ejection Loss of vehicle, potential Use proper inspection and
High charge, or wiring damage to property, injury | procedures when working on the
malfunction to humans dual deployment system
Early separation C2 Failure of motor, ejection Potential for loss of vehicle | Conduct ejection tests, ensure
High charges, shear pins, or drag | and damage to property ejection charges are properly
separation prepared
Failure to separate Cl Failure of shear pins, Potential loss of vehicle Conduct ejection tests, ensure
High ejection charges, late and damage to property, ejection charges are properly
ejection charge injury to humans prepared
Shock cord failure D3 Shock cord improperly Unintended part separation, | Double check that the shock cord
Medium | fastened, tangled recovery failure,damage to | can’t get caught on anything, make

sure the shock cord is properly
secured and stress tested
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Parachute damage B4 Improperly folded, Recovery failure, damage | Ensure proper folding and correct
Medium | insufficient heat protection | to or loss of launch vehicle | amount of heat protection
Parachute deployment | C1 Improper fastening, tangled | Excessive landing speed, Properly fold and pack parachute,
failure High strings, ejection/separation | damage to or loss of test ejection system, have a clear
failure, obstructions in vehicle, damage to property | deployment path for the the
deployment path or buildings, injury to parachute
humans
Rail button failure C4 Loose/tight rail buttons, Altered trajectory, damage | Make sure the rail buttons are in
Low misalignment, improper to vehicle the correct position on the body of
placement the launch vehicle and aligned
correctly
Ignition failure B5 Malfunctioning motor, Unable to launch, late Use high quality igniters, buy
Low cheap igniter, corroded ignition, damage to vehicle | motors from reliable sources,
ignition cable/cable leads, Don't use old cables
no continuity
Forgotten or lost D4 Not having all the Delays, unable to launch, Have a check list of all
components Low components to successfully | unsafe launch, damage to components needed to launch
and safely launch the or loss of vehicle
vehicle
Motor expulsion E2 Weak motor retainer, Damage to or loss of Use high quality motor retainers
Medium | improperly constructed vehicle, injury to humans installed correctly, proper design
motor mount section and building of motor mount
Battery fire/hazard D2 Catastrophic failure Battery catching on fire, Integrate batteries in a way that
Medium | resulting in batteries being | exploding provides protection from potential

punctured

punctures

40




Payload losing power C4 Batteries disconnecting in | Delays in project, mission | Test battery connectors, battery
Medium | flight, batteries dying failure if during launch life before first launch.
before mission completion | week
Camera failing to B4 Jamming in orientation Delays in project, mission | Test all moving parts in a variety
deploy Medium | gears, failure of sensors, failure if during launch of situations before first launch.
Servos week
Data storage failure C4 Data storage device coming | Failure for payload to Stress test data storage retention
Medium | loose during launch operate, save images system, use robust retention

system

Table 7. Vehicle Failure Modes and Effects Analysis

5.4 Environmental Concerns Analysis

Hazards caused by the environment:

and across fast
flowing/deep water

Hazard Risk Cause Effect Mitigation
Accident caused by D5 Unexpected wind Vehicle trajectory change | Check weather frequently before
wind fluctuations Low fluctuation to potentially cause launch and if proper conditions are
accident not met delay the launch
Low cloud coverage D5 Unsafe condition for Interference or collision Follow RSO’s instruction on when
Low launch due to loss of with aircraft, birds, humans | it's safe to launch
visibility
Landscape C5 Launch vehicle landing in | Personal injury, loss of Call power company if the launch
Low trees, bushes, powerlines, rocket vehicle lands on powerlines, call

property owner to ask for
help/permission to retrieve launch
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vehicle safely
Rain D5 Rain affecting motor, Unsafe/unstable launch Postpone launch in heavy rain if
Low trajectory, recovery of necessary
launch vehicle
Humidity D5 Parts swelling, parachute Separation failure, Make sure humidity conditions are
Low failure, adhesive unintended separation, taken into account when building
improperly drying recovery failure and launching launch vehicle
Hail E4 Hail pieces damaging Airframe damage, Postpone launch if hail storm is
Low launch vehicle trajectory alteration, forecast
recovery failure
Temperature D5 Air density changes with Launch vehicle trajectory | Make sure to include the correct
Low temperature change temperature in simulations

Table 8.1 Environmental Concerns Analysis, Hazards caused by the environment

Hazards to the environment:

Hazard Risk Cause Effect Mitigation
Pollution from motor ES5 Fumes, smoke, and gasses | Damaging local ecosystem | Choosing a launch site away from
Low from motor at launch area vulnerable ecosystem

Pollution from vehicle | C5 Parts unintentionally Damaging local ecosystem | Make sure launch vehicle is

parts Low separating, launch vehicle | at launch area, structurally sound and assembled
landing in unrecoverable unintentional littering properly before launch, ensure
location enough space on the launch site

for safe recovery

Pollution caused C5 Team members leave trash | Littering, damaging local Remind team members to pick up

directly by team Low behind, don’t clean up ecosystem at launch area all garbage and other materials

members properly before leaving launchsite
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colliding with other
animals at lower altitudes
or landing

Collision with E4 Launch vehicle Damage to property or Make sure there is enough space at
property/buildings Low landing/crashing into buildings the launch area for safe recovery
buildings or property
Fire E2 Motor not burning all the Motor burning near Keeping flammable away from
Medium | way before landing, flammable materials at launchsite, and have a fire
unintended trajectory launch or landing extinguisher ready incase of fire
Wildlife damage E4 Launch vehicle striking Harm to local wildlife Delay launch if birds are flying
Low birds during flight, over launchsite,

Launchpad placement away from
animals/nests or burrows

Table 8.2 Environmental Concerns Analysis, Hazards to the environment

5.5 Project Risk Analysis

launch the vehicle and
payload

Hazard Risk Cause Effect Mitigation
Lack of funding B2 Not doing enough Not having enough Don’t leave fundraising until the
High fundraising money/supplies to last minute, be active throughout
complete project and travel | the program in finding new ways
to launch to fundraise
Part shortage C3 Ordering parts too late or Not having necessary Order parts early, find alternative
Medium | parts unavailable supplies to build and sources or parts
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Rushed work B3 Improper planning, poor Lower quality of reports, Don’t leave things until the last
High management, or presentations, design, and | minute, follow a well thought out
procrastination finished product project plan
Launch area issue C3 Unable to find a suitable Inability to launch and test | Start early finding and securing a
Medium | launch area, launch area vehicle and payload launch area (have a backup if
unavailability needed)
Workspace issue C3 Unable to find a suitable Inability to build launch Start early finding and securing a
Medium | workspace or workspace vehicle and payload workspace (have a backup if
not available needed)
Transportation D4 Inability to find Delays, inability to build, Secure transportation and have
Low transportation for team test, and launch vehicle backup if needed (or carpool)
members, materials, and
launch vehicle
Delay due to weather E4 Weather (snow, heavy rain, | Not being able to finish Leaving extra time in the project
Low storm, etc.) causing delays | project in time because of | timeline, remind team members to
delays shovel their driveway!!!
Members unavailable B3 Poor planning, sickness, Inability or delays to finish | Make sure team members have
High schedule conflict, or not project deliverables strong immune systems and are
enough members free most of the time, have
replacement members
Equipment issues C4 Non functioning tools or a | Delays, inability to build, Identify tools that are needed early
Medium | lack or the needed tools test, and launch vehicle and make sure to keep them in
and equipment functioning condition
Poor planning B3 Poor time management, Working close to deadlines, | Make sure project plan is reviewed
High forgetting steps or missing deadlines, unable | by multiple members and is

deadlines in project plan

to finish project in time

changed as needed throughout the
project
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Table 9. Project Risk Analysis
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6 Project Plan

6.1 Requirements Verification

6.1.1 Vehicle Requirements

Our teams’ requirements for our launch vehicle are as follows: a high quality, robust launch
vehicle capable of supporting five or more flights while providing us with flexibility to tune our
vehicle as necessary. Our vehicle needs to have a burnout center of gravity no more than 47”
down from the top of the vehicle (with the current mass estimates) to ensure it complies with the
rules for external housings.

6.1.2 Recovery Requirements

We’re looking for two things from our recovery system: survivability and reliability. We want
our recovery system to be able to survive non-catastrophic anomalies, such as slightly early or
late parachute deployments.

6.1.3 Payload Requirements

Our team is participating in the USLI Payload challenge. In addition to the requirements set in
the handbook section for this challenge, we aim to have a payload that accomplishes the
requirements in the simplest way, while not impacting our launch vehicle drastically.

6.2 Budgeting

6.2.1 Line-Item Budget

This table encompasses all anticipated expenses of our program, including material not yet on
hand, travel costs, STEM engagement costs, etc.

Item Name Vendor Cost Procurement Cost
Nose Cone Wildman $75.90 $85
Main Parachute Fruity Chutes $162 $180
Drogue Parachute Spherachutes $32.25 $40
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Item Name Vendor Cost Procurement Cost
U-Bolts Wildman $8 $15
Shock Cord OneBadHawk $52 $60
4x K1100 Motor Reloads BuyRocketMotors $547.16 $620
Body Tubing Wildman $205.48 $228
Coupler Tubing Wildman $37.18 $45
Fin Fiberglass Sheets Wildman $54.90 $66
Quick Links Wildman $10 $17
Swivels Wildman $16 $23
Aeropack Motor Retainer Wildman $31 $38
STEM Engagement Supplies Hardware Stores $107 $113
Stratologger CF Stratologger N/A N/A
Advertising Material Various $50+* $50+*
Team Apparel N/A $225 $225
Website WordPress $98 $105
Travel Various $11,500 $11,500
Total: $13,162 $13,360

Table 10. Line-Item Budget

* Advertising is non critical so only the minimum needed for STEM engagement activities is
recorded. The advertising material budget may increase with excess funds.
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6.2.2 Funding Plan

Our team's funding plan remains largely unchanged from the proposal. We continue to work on
the New Jersey Space Consortium funding match. We anticipate that donation matching will
cover a large portion of our budget. The remaining funds will be raised through donations from
local companies and grants. Our raised funds will go towards these categories primarily:

1. Travel Expenses

2. Expendable Items

3. STEM Engagement
And secondarily:

4. Apparel

5. Advertising/Marketing*

*Our advertising/marketing budget can be scaled in the event we have excess funds.

6.2.3 Material Acquisition Plan

Our materials will be procured on a readiness basis. For example, we will not acquire a majority
of parts for the main launch vehicle until after the subscale flight is completed. This is to ensure
that we are able to make changes if needed. We may choose to purchase parts we do not expect

to need to change, such as motor reloads, if we anticipate availability issues.
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6.3 Timeline

Figure 17. PDR - Timeline Diagram
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7. Safety Appendix

7.1 Codes and Regulations

Here is a list of codes and regulations we have researched for our hazard analysis:

e NAR HPR Safety Code

o Relating to wind hazards: We will not launch rockets if wind speeds exceed 20
miles per hour.

o Relating to Landscape and other hazards: We will not attempt to recover rockets
from power lines, tall trees, or other dangerous places, fly it under conditions
where it is likely to recover in spectator areas or outside the launch site, nor
attempt to catch it as it approaches the ground.

o Relating to recovery hazards: We will use a recovery system such as a parachute
in our rocket so that all parts of our rocket return safely and undamaged and can
be flown again, and we will use only flame-resistant or fireproof recovery system
wadding in our rocket.

o Relating to motor hazards: I will use only certified, commercially made rocket
motors, and will not tamper with these motors or use them for any purposes
except those recommended by the manufacturer. I will not allow smoking, open
flames, nor heat sources within 25 feet of these motors.

e (Code of Federal Regulation 27 Part 55: Commerce in Explosives

o Relating to motor and black powder hazards: The handling of all motors and

energetic devices will be done by our NAR mentor legally and safely.
N.J.S.A. 21:1C-1 et. seq. MODEL ROCKETS
Federal Aviation Regulations 14 CFR, Subchapter F, Part 101, Subpart C: Amateur
Rockets

o Relating to Cloud hazards: Class 2-High Power Rockets or Class 3-Advanced
High Power Rockets will not operate At any altitude where clouds or obscuring
phenomena of more than five-tenth coverage prevails. At any altitude where the
horizontal visibility is less than five miles. Into any cloud.

o Relating to fire hazards: Class 2-High Power Rockets or Class 3-Advanced High
Power Rockets will not operate Unless reasonable precautions are provided to
report and control a fire caused by rocket activities.

e NFPA 1122 Code for Unmanned Rockets of the National Fire Protection Association.
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7.2 MSDS Information

7.2.1 Epoxy MSDS
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7.2.2 Spray Paint
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7.2.3 Rocket Motor
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7.2.4 CA Glue
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7.2.5 Igniters
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7.2.6 Black powder
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