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1.0 General Information 

1.1 Adult Educators and Mentor 
 

Donald L. Edberg, Ph.D. 
dedberg@cpp.edu 

(909) 869-2618 
Dr. Donald Edberg serves as the faculty advisor for the project. 

Todd Coburn, Ph.D. 
tdcoburn@cpp.edu 

(909) 869-2235 
Dr. Todd Coburn will be assisting the team as an additional adult educator. 

 
 

Rick Maschek 
rickmasheck@rocketmail.com 

(760) 953-0011 
Rick Maschek serves as the team’s Tripoli Rocketry Association (TRA) Level 2 certified mentor 

with certification #11388. 
 
 

1.2 Safety Officer                         Natalie Aparicio 
Safety Officer 

naparicio@cpp.edu 
 (323) 919-0223 

 

1.3 Lead Engineer                          Casey K. Luna 
Lead Engineer 

ckluna@cpp.edu 
(562) 299-8525 

 
 

1.4 Team Members and Participants 
 
There are 22 students with varying technological backgrounds participating in the NASA Student 
Launch Initiative 2017-2018 from California State Polytechnic University, Pomona. The team 
consists of a variety of engineering students including: aerospace, mechanical, electrical, 
computer, and chemical engineering. To target the specific requirements set forth in the SOW, 
members were carefully selected and assigned to four different sub-teams: systems, aerodynamics, 
structures and payload. The team’s organization is outlined in the Figure 1.4-1.  
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Figure 1.4-1: Team member organization outline. 
 

The specific duties of these members and their sub-teams are as follows: 
 
Lead Engineer: 
The systems team incorporates the expertise of the lead engineer and the team deputy to satisfy all 
project needs and goals. The team lead, Casey, is responsible for operations that will ensure the 
success of the project, performance of all team members, and technical experience. She will ensure 
that all general requirements set forth in the statement of work will be achieved, promote funding, 
recruitment, and will ensure the retention of team members. Casey will also act as the lead engineer 
by providing engineering insight and will consult directly with the Safety Officer to give the final 
approval for all safety abiding engineering designs.  

Team Deputy/Systems Engineer: 
The team Deputy, Megan, also serves as the team’s Systems Engineer. Megan will assume the 
primary duties of focusing on requirements integration between the aerodynamics, structures and 
payload sub-teams. Her focus is on the vehicle, recovery and experiment requirements set forth by 
the SOW. This will be accomplished by constructing Requirements Traceability Matrices (RTM) 
and risk assessment matrices for mitigation planning and strategies. She will ensure that all NASA, 
NAR, TRA, and FAA requirements are met by the team’s design. The architecture and design for 
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every operation, function, and component of the system will be developed to satisfy these 
requirements. She will also assist as the outreach coordinator to enhance community involvement, 
conduct web managing and compliance and will assist the team lead with any team project 
operations. 
 
Aerodynamics Team: 
The aerodynamics sub-team is responsible for the launch vehicle’s dual deployment recovery 
system and its accompanying avionics. The sub-team will perform calculations, OpenRocket 
simulations, CFD analysis, parachute drop tests, and subscale wind tunnel testing to ensure the 
accuracy of the launch vehicle’s landing properties. This includes maintaining the vehicle’s drift 
radius, prediction of the maximum altitude, and ensuring that the kinetic energy during drogue 
descent and landing does not exceed the maximum as stipulated by the SOW. The sub-team duties 
also include analysis of the propulsion system and the performance of static engine ground tests. 
In addition, they will monitor the flight profiling of the launch vehicle and assess the aerodynamic 
properties of the nose cone and fin designs. The aerodynamics sub-team will be led by Daniel and 
includes Ryan, Andrew, Verenice, Mauricio, Vanessa, and Daniel A. 
 
Structures Team: 
The structures sub-team is responsible for stress analysis and life prediction of the launch vehicle. 
This includes computational and simulation analysis, as well as loads and vibrations testing, to 
confirm the launch vehicle’s durability and stability. Duties will also consist of materials selection 
and acquisition, analysis of the launch vehicle’s mass characteristics, and assistance with the 
manufacturing of the vehicle. The structures sub-team will be led by Edgar. He will consult with 
the Safety Officer to ensure all material handling will abide by strict safety codes. His team 
includes Kevin, Priya, Cory, Isaac, Jehosavat, and Leara. 
 
Payload Team: 
The payload sub-team is responsible for the design of the payload experiment and its integration 
into the launch vehicle. This includes the selection, acquisition and integration of the avionics 
required by the payload, payload integration testing, and manufacturing of the payload. The 
payload sub-team will be led by Richard and includes Juan, Ricardo, Praneeth, and Courtney. 
 
 

1.5 NAR Association 
 
The designated NAR/TRA section that will be supporting the team with their documentation 
review and launch assistance is the Southern Rocket Association (SCRA) section #430. The main 
launch site under this section is at the Lucerne Dry Lakebed in the Mojave Desert. President Martin 
Bowitz of the SCRA is the main contact for this section. His contact information is provided: 
 

Martin Bowitz (Section #430) 
PO Box 5165 

Fullerton, CA 92838 
mebowitz@earthlink.net 

(714) 529-1598 
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2.0 Summary of PDR Report 
  
2.1 Team Summary 
Team Name:   California State Polytechnic University, Pomona 
Mailing Address: California State Polytechnic University, Pomona 

Department of Aerospace Engineering 
3801 W. Temple Ave, Pomona, CA 91768 

Mentor Name:  Rick Maschek 
TRA Number: 11388 
Certification Level: 2 
Contact:   rickmasheck@rocketmail.com 

(760) 953-0011 
 

2.2 Launch Vehicle Summary 
The dimensions of the launch vehicle are specifically tailored to account for all components and 
subsystems. The total length of 93 in. and a diameter of 6 in. allows for minor adjustments between 
separate bays during assembly and testing. Calculations and OpenRocket simulations revealed that 
the Cesaroni L1115 is the ideal motor choice with a predicted average apogee of 5,700 ft, which 
allows for mass property increases if necessary after data has been gathered from future test 
launches. The details of the launch vehicle are listed in Table 2.2-1 below. 
 

Table 2.2-1: Launch vehicle size, mass, motor and recovery summary. 
Size Total length: 93 in. 

Diameter: 6 in. 
Mass 46 lbs 
Motor choice Cesaroni L1115 

 

 

2.3 Milestone Review Flysheet 
A direct link to the Preliminary Design Milestone Review Flysheet may be found at  
http://www.cpprocketry.net/uploads/8/9/2/3/89238722/california_state_polytechnic_university_p
omona_-_2018_-_pdr_-_flysheet.pdf.  
 

2.4 Payload Experiment Summary  
The payload experiment selected is the deployable rover. It will consist of a pendulum for self-
correction and is titled as the System Protection Orientation Correction (SPOC). The Adafruit GPS 
on the rover will be transmitted to the Raspberry Pi Zero located at the team base. The team will 
then remotely trigger the rover after the launch vehicle has landed by the use of a transceiver and 
receiver. Regardless of the launch vehicle’s landing orientation and position relative to the launch 
field, the rover will be able to travel a straight-line trajectory away from the vehicle with its track 

Recovery System Drogue: Cruciform 
Main: Toroidal 
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and wheel system to a minimum distance of 5 ft. The foldable solar panels will then be deployed 
mechanically by the use of a simple spring system. 
 

3.0 Changes Made Since Proposal 
 

3.1 Launch Vehicle Changes 
There were two changes made to the launch vehicle since the proposal. The first change was to 
move the payload fairing from atop the motor bay to below the nose cone, and the second change 
was to move the observation bay from below the nose cone to above the motor bay. Figure 3.1-1 
gives an illustration of the changes made from the previous design to the latest leading design. 
These changes resulted in a new length of 93 in. and new weight of 46 lb prior to launch; the 
previous design had a length of 100 in. and weighed in at 51 lb.  
 

 
Figure 3.1-1: Previous design configuration (top) and leading design configuration 

(bottom). 
  
Justification for the changing of the payload fairing location is due to concerns involving the 
landing orientation of the payload fairing. When landing the launch vehicle, it is important for the 
payload fairing to land on its side. Since having the fairing attached atop the motor bay creates a 
small possibility that the motor section may land upwards, it may prevent the rover from exiting 
the payload fairing. Adjusting the vehicle so that the payload is now below the nose cone will 
guarantee that it will land on its side. In order to do this, we are creating a tether so it will land 
nose down. 
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In addition, the observation bay was moved above the motor bay to simply reduce crowding 
below the nose cone. This will allow for an upright view to be maintained throughout the 
vehicle’s flight until its landing. 
 

3.2 Payload Criteria Changes 
The major changes to the payload revolved around the pendulum system. There will no longer be 
a secondary computer on the back of the rover orientation correction system controlling a linear 
servo. A pin will be used to prevent the system from spinning during flight and will be pulled out 
by the drogue shoot via a tether during decent.  

The ramp on the deployment system will no longer fold up to hold in the rover and be released by 
an actuator. The ramp will be a stationary item. The rover will have an additional server on board, 
which locks it inside the pendulum and will release upon landing.  

 

Figure 3.2-1: Previous (left) compared to the new (right) ramp system. 

By altering the design slightly, the team has been able to reduce cost, weight and difficulty 
involving the computer, sensors and actuator that were to be used.  

3.3 Project Plan Changes 
Project plan changes include adjustments to the project schedule. The timeline has been adjusted 
as necessary to include adequate time for the manufacturing and testing of the sub-scale launch 
vehicle. Justification for this change is to ensure that all materials have been purchased in time 
for the sub-scale model to be properly built. The changes made are listed in Table 3.2-1. 

Table 3.2-1: Timeline changes for the Sub-Scale Launch Vehicle. 

Activity: Previous Date: Revised Date: 
Recovery System Test 11/18/2017 11/25/2017 
Subscale Launch 12/2/2017 12/9/2017 
Subscale Backup Launch #1 12/9/2017 12/16/2017 
Subscale Backup Launch #2 12/16/2017 12/23/2017 

 

The budget expenses have also been adjusted to account for changes made to the launch vehicle. 
Changes made to the payload experiment design were completed to improve the simplicity of the 
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design, thereby also reducing cost in materials. Launch site fees and transportation to the launch 
sites were also included to improve the budget plan. The detailed changes are listed in the budget 
section 8.2. 

4.0 Launch Vehicle Criteria 
 

4.1 Mission Statement and Mission Success Criteria 
Cal Poly Pomona’s NSL Team’s mission is to successfully manufacture, test, analyze, and launch 
a vehicle carrying a payload experiment. The payload experiment is a deployable rover that will 
be remotely triggered by the team after the launch vehicle has landed. The team aims to analyze 
all valuable data attained from all vehicle flights and its deployable rover. In addition, avionics on 
board the launch vehicle will collect kinetic and atmospheric data. Mission success will be defined 
by the accurate attainment of the necessary data from the testing of the launch vehicle, meeting the 
launch vehicle requirements, and the completion of the aforementioned mission statement. 

 

4.2 Vehicle System Level Design 

 

4.2.1 Launch Vehicle System Trade Study 

The alternatives for the launch vehicle are listed in Table 4.2.1-1 and are further explained in 
detail in the following sections 4.2.1.1 and 4.2.1.2. 

Table 4.2.1-1 Trade Study of the launch vehicle comparing alternatives. 

Alternative #1 (Previous Design) 

 

Alternative #2 (Leading Design) 

 

Description 

 6” Blue Tube 2.0 body 
 3D printed PLA Von Karman nose 

cone  
 Observation bay located under nose 

cone 
 Recovery bay located in center part of 

the rocket 

Description 

 6” Blue Tube 2.0 body 
 3D printed PLA Von Karman nose 

cone 
 Payload bay located below nosecone 
 Recovery bay located in the central 

part of the rocket 
 Observation bay located above the 

motor bay 
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 Payload bay located above the motor 
bay 

 Main parachute connected to the 
recovery bay  

 Drogue parachute connected to the 
payload bay 

 Clipped delta fins 

 Main parachute connected to the top 
of the recovery bay 

 Drogue parachute connected to the 
bottom of the recovery bay 

 Clipped delta fins 

Pros 

 Simple and basic design 
 One diameter throughout the whole 

rocket 

Pros 

 Simple and basic design 
 Easier for payload to deploy from 

payload bay 
 One diameter throughout the whole 

rocket 

Cons 

 Motor bay and payload bay section 
may land straight up which will not 
allow the payload to be deployed 

Cons 

 More weight from payload at the front 
of the rocket 

 

4.2.1.1 Alternative #1: Previous Design 

The first design has its observation bay located under the nose cone followed by the launch 
vehicle’s recovery system, and the payload bay and motor bay are located further below as 
illustrated in Figure 4.2.1.1-1. Although a good initial design, a problem with this design arises 
when the rocket lands. There is a chance that the rocket will land facing upwards which will result 
with the payload opening facing upwards as well preventing the rover from deploying as intended. 
For this small flaw, this design was not chosen and new design was made.  

 

Figure 4.2.1.1-1: Previous design component configuration. 
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4.2.1.2 Alternative #2: Leading Design 

The leading design is modification from the previous design in that the observation bay and 
payload fairing swapped. The payload fairing is now below the nose cone and the observation bay 
is above the motor bay as seen in Figure 4.2.1.2-1. By moving the payload fairing below the nose 
cone, the payload will be able to exit no matter which way the rocket lands by teetering on its side 
upon landing. This will guarantee the rover will deploy as intended. A problem with moving the 
payload bay below the nose cone is that more weight is added to the front of the rocket which 
increases our margin of stability. To fix this, the fins will have their dimensions changed to 
compensate for the change in CG location. These changes increase the overall probability of the 
success of the mission.   

Figure 4.2.1.2-1: Leading design component configuration. 

4.3 Vehicle Design with Current Leading Alternatives  

4.3.1 Vehicle Subsystem Overview 

Figure 4.3.1-1 demonstrates the breakdown of all the preliminary launch vehicle’s subsystems 
and their components. 
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Figure 4.3.1-1 WBS of the preliminary launch vehicle. 

4.3.2 Aerodynamics Subsystem 

4.3.2.1 Nose Cone Component 

4.3.2.1.1 Nose Cone Alternatives 

To create the most optimum nose cone, the team must consider the minimization of drag in addition 
to minimizing the weight of the nose cone. The three nose cone candidates taken into consideration 
for the launch vehicle were the Von Karman (LD hack), ellipsoid, and conical shown in the trade 
study below (Table 4.3.2.1.1-2).  The nose cones considered had length of 12 inches and a diameter 
of 6 inches. The key factors for choosing the design included the coefficient of drag and weight as 
represented in Table 4.3.1.1-1. The three shapes were also tested using CFD analysis.  

Table 4.3.2.1.1-1: Coefficient of drag and weight of the nose cone alternatives. 

Nose Cone 
Alternatives 

Coefficient of Drag 
at Mach 0.6 

Weight (lbs.) 

Von Karman (LD 
Haack) 

0.02 3.41 

Ellipsoid 0.05 3.91 

Conical 0.16 2.87 

 

Table 4.3.2.1.1-2: Nose cone component trade study. 

 Alternative #1 

Von Karman (LD Haack) 

 

Alternative #2 

Ellipsoid 

 

Alternative #3 

Conical 

 

Pros: ● Lowest 
coefficient of 
drag 

● Highest stability 
● Moderate weight 

● Moderate 
coefficient of 
drag 

● Moderate stability 
● Rounded tip 

● Basic simple 
shape 

● Lightest weight 

Cons: ● More complex 
shape 

● More material 
required 

● Heaviest weight 
● More material 

required 

● Highest 
coefficient of drag 

● Lowest stability 
● Weak at tip 
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Mandatory Requirement: 

Coefficient 
of drag 

below 0.1: 
Yes Yes No 

Weight 
below 3.5 

lbs.: 
Yes No Yes 

Length of 
12 inches: 

Yes Yes Yes 

Selected 
design 

✓   

 

Alternative 1, the Von Karman (LD-Haack), was the leading architecture from the trade study. 
This nose cone had the lowest drag coefficient at 0.02 and met all the mandatory requirements set 
by the team. The conical nose cone failed to meet the requirement of having a drag coefficient 
below 0.1; it had a coefficient of drag of 0.16. The ellipsoid nose cone also failed to meet the 
requirement of having a weight under 3.5 lbs with a weight of 3.91 lbs.  In the CFD analysis 
performed, the three alternatives were flown in subsonic conditions (Mach 0.6). The vectors 
represent the speed of airflow. Blue represents high speed, green represents average speed, and red 
represents slow speed. The Von Karman nose cone had the highest average speed of airflow of the 
three shown below on Figure 4.3.2.1.1-1. 

 

Figure 4.3.2.1.1-1: CFD Analysis (Von Karman on the Left, Ellipsoid in the Middle, and 
Conical on the Right). 

4.3.2.1.2 Nose Cone Design 

The shape of the nose cone design can be seen in Figure 4.3.2.1.2-1. The LD-Haack nose will have 
a finesse ratio of 2:1. A length of 12 inches and a diameter of approximately 6 inches the shoulder 
of the cone will be 6 inches in length with a wall thickness of 0.25 inches as shown below in Figure 
4.3.2.1.2-2. The material of the nose cone will consist of PLA reinforced with fiberglass. It will be 
3D printed on campus.  The fiberglass reinforcement will be implemented using a vacuum bagging 
process. This reinforcement will make the nose cone strong enough to meet the mission’s 
requirements. Lastly, the nose cone will be attached to the body with a bolt. 
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Figure 4.3.2.1.2-1: Isometric view of Von Karman (LD-Haack) nose cone shape. 

 

 

Figure 4.3.2.1.2-2 Nose cone side view with dimensions (in inches). 

 

4.3.2.2 Fin Component 

The purpose of the fins is to provide the rocket with stability during flight. The fins were designed 
to give the rocket the optimal location of center of gravity and center of pressure.  

Table 4.3.3.2-1: Fin component trade study. 

 Alternative #1 

Clipped Delta 

Alternative #2 

Trapezoidal 

Alternative #3 

Grid Fins 
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Pros - Surface Area: 115.9 in2 

- Low CD 

- Desirable Center of 
pressure location 

- Simple Geometry 
allows for rapid 
production and 
manufacturing 

 

- Surface Area: 121.6 in2 

- Low CD  

- Gradual change in 
pressure from root to tip 

- Simple Geometry 
allows for rapid 
production and 
manufacturing 

 

 

- CD is variable and 
dependent on sweep 
angle 

- Fins can be stowed for 
ease of transport 

- Aluminum 
construction is sturdy 

Cons - Thin design is 
inherently weak and can 
break during a hard 
landing 

 

- Thin design is 
inherently weak and can 
break during a hard 
landing 

- Slightly larger surface 
area than clipped delta 
results in more drag  

 

- Requires robust 
mechanical and 
electrical systems for 
integration 

- Knowledge of CFD 
required for further 
analysis 

  

Mandatory Requirement: 

Low CD Yes Yes Yes, depending on 
sweep angle 

Total System 
Weight under 

2.5 lbs 

Yes Yes No 

Easy 
replacement 

Yes Yes No 
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and repairs 

Aftward C.P. 
location 

Yes No Yes 

Selected 
design 

✓   

 

Alternative #1, the clipped delta design, was the leading alternative for the trade study. Alternative 
#2, the trapezoidal design, performed similarly to the clipped delta design. Both exhibited low 
coefficients of drag, minimal weight, and offered easy repairs. However, the clipped delta edged 
out the trapezoidal design due to its more desirable center of pressure location. The clipped delta’s 
pressure distribution is more rearward resulting in an overall rearward center of pressure. The 
increased distance between the center of gravity and center of pressure increases the stability of 
the rocket. Alternative #3, the grid fin design, had redeeming qualities such as a variable drag 
coefficient and structural integrity. Yet, it performed the poorest due to its increased weight and 
robust mechanical/electrical system requirements. 

The NACA 0008 airfoil was selected for the fin design due its thickness and symmetric shape. The 
8% maximum thickness results in a more structurally sound fin. This is useful when mitigating 
risks such as fin flutter and shock damage during hard landings. The airfoil at the root and tip of 
the fin can be seen in Figure 4.3.3.2-1. 

 

Figure 4.3.3.2-1 NACA 0008 at root and tip with general dimensions. 

 

The fin surface area and dimensions were optimized to give the rocket adequate stability. The 
overall dimensions of the fin can be seen in Figure 4.3.3.2-2. The fin integration seen in the figure 
will be described in detail in section 4.5.2 Fin Integration.  
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Figure 4.3.3.2-2: Front and side view of fins with dimensions. 

 

An isometric view of the fin is shown in Figure 4.3.3.2-3. A fillet was added at the root to increase 
aerodynamics and mitigate turbulence. Despite not being pictured, the fin tip will be rounded off 
by hand to prevent wing tip vortices.  

 

Figure 4.3.3.2-3: Isometric view of the clipped delta fin. 
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To prevent human error during manufacturing, the fins are going to be produced with 3D printers. 
3D printing offers many advantages including increased prototyping speed, superb reproducibility, 
low material cost, and minimal human involvement. PLA is the material of choice for the fins. 
Layers of 4 oz. fiberglass will be added to the fins to increase their structural integrity. The physical 
properties, including the mass of the fin, are summarized in Figure 4.3.3.2-4. 

 

Figure 4.3.3.2-4: Physical properties of the fin. 

4.3.3 Avionics Subsystem 

4.3.3.1 Data Control Component  

The Data Control System (DCS) is responsible for datalogging and establishing a reliable 
connection to transmit data for the proposal’s Preliminary Avionics Package. A trade study was 
completed in order to select the best candidate (Table 4.3.3.1-1). Some of the key functions of 
the DCS for this system are: 

● Record surroundings using Camera 
● Data log location and time information 
● Transmit the above information to main display panel 
● Control dynamical systems and subsystems 

 

 

 

 

 

 

 



California State Polytechnic University, Pomona | 2017-2018 NSL 22 
 

Table 4.3.3.1-1: DCS trade study - CPU components. 

Raspberry Pi Zero W Raspberry Pi 3 Model B Arduino Micro 

  

 

The Raspberry Pi Zero W 
utilizes a 1GHz 64-bit single-
core CPU and 512MB RAM. 
This compact device performs 
multiple functions supported by 
USB ports for user friendly 
interfaces. This system reduces 
the mass of the payload while 
satisfying the requirements. 

The Raspberry Pi 3 Model B 
utilizes a 1.2GHz 64-bit quad-
core ARM Cortex-A53 CPU 
and 1GB RAM. The state of 
the art processing power 
provided by this system 
supports multiple input 
interfaces. These extra 
superfluous features increase 
the size of the payload. 

The Arduino Micro is a 
microcontroller and developed 
in conjunction with Adafruit. It 
utilizes a 20 digital 
input/output pins, 16 MHz 
crystal oscillator, micro USB 
connection, and ICSP header. 
Despite all of these device 
parameters, it doesn’t surpass 
the smaller Raspberry Pi Zero 
W.   

PROS: 

● Ability to run multiple 
programs 

● Lightweight and 
relatively small 

● CSI camera connector 

PROS: 

● Accessible USB ports 
● Easy to debug  
● Built in Ethernet port 

PROS: 

● Small form factor 
● User friendly  

CONS: 

● Limiting Memory 
Storage 

● Large Form factor 

CONS: 

● Heavy and relatively 
large 

● Superfluous accessories  

CONS: 

● Limited multitasking ability 
● Single serial interface 
 

 

Leading Alternative: Raspberry Pi Zero W 

The Raspberry Pi Zero W provides the best tradeoff between performance and size capacity while 
satisfying the mission objectives. The Data Collection System requires a wireless transmission 
capability, on board data logging, and user-friendly interfaces. This compact device performs 
multiple functions supported by USB ports for user friendly interfaces. The Pi Zero accomplishes 
all these key functions while maintaining a relatively small size as shown in Figure 4.3.3.1-1.  
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Figure 4.3.3.1-1: Dimensional drawing of Raspberry Pi Zero W in SI units (mm). 

 

A summary of the DCS is described in Table 4.3.3.1-2 below: 

Table 4.3.3.1-2: DCS Mass Summary 

Component Mass (lbs) 

Raspberry Pi Zero W 0.0198416 

Adafruit 10 DOF IMU 0.0062 

SD Card 0.0076 

Total .0523 lbs 
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4.3.3.2 Observation Component 

Table 4.3.3.2-1 Observation Component Alternative #1 Trade Study 

Alternative #1 

 

Raspberry Pi 3 Model B, Arducam OV5647, PKCELL USB Battery Pack 

Advantages: 

 1080p30 video 
 Estimated total cost: $85 
 Low cost camera: $14.99 
 Small camera dimensions (including cable): 0.1in x 0.2in x 4.7in 

Disadvantages: 

 Estimated weight: 4.675 ounces 
 Large computer board dimensions: 3.4in x 2.3in x 0.8in 
 High cost computer board: $35 
 Large power requirements: 400 mA (Bare-board active current consumption) 

This alternative was originally selected due to its ability to offer similar video modes to other 
camera and computer board combinations at a lower price. The main disadvantages of this 
alternative are its size, weight, and power requirements relative to the other alternatives.   
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Table 4.3.3.2-2 Observation Component Alternative #2 Trade Study 

Alternative #2 

 

Raspberry Pi Zero v1.3, Raspberry Pi Camera Module V2, PKCELL USB Battery Pack 

Advantages: 

 1080p30 video 
 Estimated total cost: $69 
 Low cost computer board: $5.00 
 Small computer board dimensions: 2.6in x 1.2in x 0.2in 
 Small camera dimensions: 0.98in x 0.90in x 0.35in 
 Low power requirements: 150mA (Bare-board active current consumption) 
 Estimated weight: 3.775 ounces 

Disadvantages: 

 High camera cost: $22.99 
 Additional cable for camera required 

This alternative is being considered due to its low cost, size, and weight. It also has low power 
requirements, and the ability to offer video modes similar to the other alternatives. The main 
disadvantages of this alternative are the cost of the camera, and the incompatibility of the 
computer board with the original cable of the camera. However, the additional cable required to 
connect the camera to the computer board is relatively inexpensive, and it can replace the 
original cable of the camera easily. 
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Table 4.3.3.2-3: Observation Component Alternative #3 Trade Study 

Alternative #3 

 

Raspberry Pi 3 Model B, Raspberry Pi Camera Module V2, PKCELL USB Battery Pack 

Advantages: 

 1080p30 video 
 Small camera dimensions: 0.98in x 0.90in x 0.35in 
 Compatibility with original camera cable 

Disadvantages: 

 Estimated weight: 4.975 ounces 
 Estimated total cost: $93 
 Large computer board dimensions: 3.4in x 2.3in x 0.8in 
 High cost computer board: $35 
 High camera cost: $22.99 
 Large power requirements: 400 mA (Bare-board active current consumption) 

This alternative was considered due to the compatibility of the computer board with the original 
cable of the camera. It offers similar video modes to the other alternatives, and the dimensions 
of its camera are small. The main disadvantages of this alternative are its high cost, power 
requirements, and weight. 
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Leading Alternative: Alternative #2 

Alternative #2 shown in Table 4.3.3.2-2, which consists of a Raspberry Pi Zero computer board 
and a Raspberry Pi Camera Module V2, is currently the leading alternative. The combination of 
this computer board and camera offer the highest quality video at the lowest price and weight. 
Additionally, this alternative has the smallest dimensions. This will allow its components to be 
stored in the body tube of the launch vehicle with ease, and it will also allow the observation bay 
to have smaller dimensions. As a result, there will be more space for additional components if 
necessary. Furthermore, this alternative has the lowest power requirements. The battery selected 
for this alternative is a PKCELL USB Battery Pack that provides a 5V 1A output, and has a 
2200mAh capacity. The low power requirements of this alternative and the battery selected will 
ensure that the camera remains operational during the launch vehicle’s time on the launch pad and 
throughout its flight. In order to store the video captured by the camera, a 32GB Micro SD card 
with the NOOBS operating system preinstalled was selected. This will allow for greater 
compatibility with, and easier use of, the Raspberry Pi Zero. One of the disadvantages of this 
alternative is that the original cable of the camera must be replaced with another that is compatible 
with the computer board. However, it can easily be replaced, and the compatible cable is relatively 
inexpensive. The other disadvantage of this alternative is the high cost of the camera compared to 
the cost of the cameras of the other alternatives considered. Although the camera is expensive 
compared to other cameras considered, the total price of this alternative is the lowest overall. The 
prices of all of the components needed for this alternative to be operational are included in the total 
estimated price, not including additional wires that may be determined to be necessary as the 
observation bay is constructed. Table 4.3.3.2-4 lists the components of the observation bay, their 
corresponding weights, and the total weight of the components. 

The details of the mass summery of the observation subsystem is listed below in Table 4.3.3.2-4. 

Table 4.3.3.2-4: Observation subsystem mass summary (in ounces). 

Part Weight(ounces) 

Raspberry Pi Zero 0.3 

Raspberry Pi Camera Module V2 0.6 

Raspberry Pi Zero Camera Cable NA 

PKCELL USB Battery Pack 2.575 

32GB SD/Micro SD Card 0.3 

Additional Wires NA 

Total Weight 3.775 
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4.3.3.2.1 Observation Bay Overview 

Originally, the observation bay was housed in its own section of body tube of the launch vehicle 
with a coupler that connected it to the main parachute bay. This resulted in an excess amount of 
unused space since the current components of the observation bay have small dimensions. In order 
to reduce the amount of unused space, the observation bay is now housed in the coupler connecting 
the motor bay and the drogue parachute bay. This coupler has a length of 12 inches, an inner 
diameter of 5.835 inches, and an outer diameter of 5.976 inches. The components of the coupler 
and the observation bay, which is now housed inside of the coupler, can be seen in Figure 4.3.3.2-
1. Currently, the observation bay will only use about 7 inches of the coupler length, which will be 
housed inside of the body tube housing the motor bay. The bulkhead with the U-bolt will separate 
the part of the coupler housing the observation bay, and the part of the coupler housed inside of 
the drogue parachute bay. Figure 4.3.3.2-2 demonstrates how the components will be housed inside 
of the coupler. Also, as shown in both figures, there will be a 1 in. diameter hole on the coupler, 
which will also be present on the section of body tube housing the motor bay. 

 

Figure 4.3.3.2-1 Observation Bay Components 
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     Figure 4.3.3.2-2 Observation Bay Setup 

 

All of the components of the observation bay will be mounted on the observation bay component 
plate. A top view, and a side view, of the observation bay component plate is shown in Figures 
4.3.3.2-3 and 4.3.3.2-4 respectively, along with its dimensions. The camera will be mounted at an 
angle on the observation bay component plate to ensure that footage of the launch is captured. 
Table 4.3.3.2-1 lists the weight of the entire observation bay and its components. 
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Figure 4.3.3.2-3 Observation Bay Component Plate Top View 

 

 

 

Figure 4.3.3.2-4 Observation Bay Component Plate Side View 
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Table 4.3.3.2-1 Observation Bay Mass Summary (in ounces). 

Part Weight (ounces) 

Raspberry Pi Zero 0.3 

Raspberry Pi Camera Module V2 0.6 

Raspberry Pi Zero Camera Cable NA 

PKCELL USB Battery Pack 2.575 

32GB SD/Micro SD Card 0.3 

Additional Wires NA 

Blue Tube 2.0 Coupler 21 

Zinc-plated U-bolt, 3/8" - 16 Thread, 1-1/4" ID 0.1 

Birch Plywood (Bulkhead/Component Plate) 25.44 

Total Weight 50.315 

 
 

4.3.4 Propulsion Subsystem 

The Cesaroni L1115 is the team’s candidate that fulfills the launch requirements for the 39 lb. 
launch vehicle (dry mass). From its initial conceptual design to present, the team has been able to 
reduce its weight from the original 46 lbs.  The Aerotech 1120W is another viable candidate, but 
is currently not available for purchase. These motors were simulated on OpenRocket, Excel, and 
MATLAB. They were found to deliver the payload to approximately 5280 ft. and meet the 
minimum rail exit velocity of 52 ft/s. The team chose motors which exceed the apogee altitude 
requirement to allow for construction flexibility. The team will further define motor selection as 
more data becomes available. A trade study of the two motors can be seen in Table 4.3.4-1.  
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Table 4.3.4-1 Trade Study for Propulsion Subsystem 

 Cesaroni L1115 Aerotech L1120W 

Motor Cost (x1) $259.30 $300.00 

Motor Availability Online retail Currently out of stock 

Casing Cost (x1) $189.95 (Pro75-4G) $417.30 (RMS-75/5120 
Casing w/ forward seal disk) 

Casing Availability Online retail Limited  

Advantages Flatter burn slope allowing 
for better nozzle utilization 

Shorter burn time means 
better rocket stabilization as 
at rail exit 

Altitude Estimates 

(OpenRocket) 

 ~ 5711 ft.  N/A 

Altitude Range Estimates 

(Excel)  

~ (5630ft. - 5775 ft.) ~ (5540 ft. - 5681 ft.)  

Altitude Range Estimates 

(MATLAB) 

~ 5528.5 ft ~ 5472.3 ft 

Selected Motor ✓  

 

According to the new OpenRocket model, the Cesaroni L1115 yields a better apogee altitude than 
the Aerotech L1120W. At a newly achieved apogee of 5711 ft., the estimate goes beyond the 
intended goal by 8.16%. Having a higher than intended apogee is important because ballast 
weights can always be added to adjust the rocket’s apogee. However, simulations are not always 
accurate. Additional computation must be done to aid the motor selection. An Excel model was 
made to calculate apogee values for different motors. According to the Excel calculations in Table 
4.1.5.4-4, the calculations reveal that the motors have sufficient thrust to reach intended altitude 
as well and fall within the range that the OpenRocket and MATLAB simulations demonstrated. 
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The Cesaroni L1115 was more cost efficient than the Aerotech L1120W in regards to the motor 
and casing. Availability issues make the Aerotech 1120W less desirable. Both the Cesaroni L1115 
and Aerotech L1120W offer a longer burn time and feature a descending burn slope as shown in 
the thrust profiles in Figure 4.3.4-2.  

 

Figure 4.3.4-2 Cessaroni L1115 and Aerotech L1120W Thrust Profiles 

 

This descending burn slope infers that drag may reduce as the rocket approaches MECO. However, 
it is noted that the Cesaroni L1115 has a flatter burn slope, which provides better nozzle utilization. 
The specifications of the Cesaroni are represented in the following Table 4.3.4-2. 

 

Table 4.3.4 – 2: Cesaroni L1115 Specifications 

Cesaroni L1115  Units 

Motor Mass 0.302 slugs 

Propellant Mass 0.164 slugs 

Burnout Mass 0.132 slugs 

Average Thrust 252.562 lbf 

Peak Thrust 302.594 lbf 

Total Impulse 1127.422 lbf-s 
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Burn TIme 3.100 s 

ISP 213.60 s 

 

Table 4.3.4 - 2 shows the altitude calculations for the Cesaroni L1115 made in Excel. These 
calculations show the estimated altitudes for a light launch vehicle and a heavy launch vehicle. 
The weight of the “light” launch vehicle was calculated by using the current weight of the 
OpenRocket model (~46 lbs.). The “heavy” launch vehicle was calculated by adding an additional 
10% mass onto the OpenRocket model. This method of calculation was used due to the fact that 
the mass isn’t clearly defined at this stage and is expected to change. Calculating an apogee value 
for a light and heavy vehicle yielded a range. If the final vehicle weight lies between the light and 
heavy vehicle, its calculated apogee can be expected to fall within that range. The total weight 
estimate of the rocket including the motor is 46 lbs. The drag coefficient used was found to be 0.52 
since it conforms with previous team estimates of the rocket body.  

However, the Excel calculations were not very conservative. Major simplifications and 
assumptions were made to make the calculations manageable. The major assumptions made are 
that the rocket flies at a constant angle of attack, no wind cases, uniform, constant gravity, and 
constant air density. As a result, the rocket motor performance is overestimated. This is confirmed 
by the high values for apogee. The validity of these calculations will be tested in subsequent 
vehicle launches.  

Table 4.3.4.4 -3 Cesaroni L1115 Motor Altitude Range for Light and Heavy Launch 
Vehicles. 

Cesaroni L1115 Light Units Heavy Units 

Average Mass (Ma) 1.432 Slugs 1.575 Slugs 

D/v^2 (k constant) 0.00012 lbf/ft^2 0.00012 lbf/ft^2 

Qb Constant 1287.768 ft/s 1273.244 ft/s 

Xb Constant 0.223 1/s (Hz) 0.200 1/s (Hz) 

Burnout Time 4.482  sec 4.482 sec 

Burnout Velocity 
(vb) 

594.491 ft/s 536.007 ft/s 
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Burnout Alt. (yb) 1384.11 ft 1239.884 ft 

Coasting Mass (Mc) 1.350 slugs 1.350 slugs 

Coasting Velocity 
Coeff. 

(qc) 

395.025 unitless 395.025 unitless 

Velocity Decay 
Coeff. (Xc) 

0.238 unitless 0.238 unitless 

Additional Altitude 
Coasting (yc) 

4390.651 ft 4390.651 ft 

(Table cont.) Light Units Heavy Units 

Maximum 
Theoretical Altitude 

5775.562 ft 5630.534 ft 

Target Altitude 5280 ft 5280 ft 

Percentage to Goal 
5280 ft 

109.386 % 106.639 % 

 

The MATLAB calculations are more conservative and essentially create a redundancy in the 
calculation to validate the Excel calculations. As represented in Figure 4.3.4-3, the code also 
creates the same simplified assumptions as the Excel model minus the 10% safety margin placed 
on the weight of the launch vehicle. The MATLAB model maintains the original dry mass without 
adding on any weight to create a baseline altitude estimation to compare to.  
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Figure 4.3.4-3: MATLAB Peak Altitude Calculation 

 
4.3.5 Launch Vehicle Leading Design and Mass Summary 

With the leading design selected, an overview of the launch vehicle was conducted. Prior to 
launch, the launch vehicle will weigh in at 46 lb. and will have an overall length of 93 in, which 
is an improvement compared to the previous design that weighed in at 51 lb. and had a length of 
100 in. This reduction in weight and length gave desired results when calculating the apogee of 
the rocket, an altitude of about 5700 ft. Figure 4.3.5-1 and Table 4.3.5-1 provide further 
information on the length and weight of each compartment and module. 
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Figure 4.3.5–1: Rocket design overview with length and weight of each compartment 

 

The length dimensions and mass summary of the leading launch vehicle design is listed below in 
Table 4.3.5-1. 

Table 4.3.5-1: Component Summary 

Component Name Length (in) Weight (lb.) 
Nose Cone 12.0 2.22 

Payload Fairing 14.5 7.52 
Main Parachute Bay 12.5 4.51 

Recovery Bay 12.0 2.84 
Drogue Chute Bay 9.0 1.51 
Observation Bay 7.0 3.13 

Motor Bay 26.0 18.83 
Total 93.0 46.0 

 

 4.4 Recovery Subsystem Design 

4.4.1 Recovery Subsystem Overview 

As shown in Figure 4.4.1-1, the layout of the launch vehicle’s recovery system is designed to 
provide redundancy and ensure safe recovery of all components. 
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Figure 4.4.1 - 1 Recovery System Layout with Redundancy 

The first and most important components of the recovery system begin with the main parachute 
and the drogue parachute. They include a 10 ft. diameter Fruity Chute’s Toroidal Parachute as the 
main and a self-manufactured 8.24 ft2 cruciform parachute (made from Mil-spec 1.1 oz ripstop 
nylon) as the drogue. The main parachute’s toroidal design provides stability, a high Cd of 2.2, 
and an effective area of 76.1 feet squared. This design satisfies requirement 3.3 by having a descent 
speed of under 14.3 feet per second. For the self-manufactured drogue parachute, the drogue will 
initially reduce the descent speed to 90 feet per second. Each of these parachutes will have a set of 
a ball bearing swivel and a shock cord. 

The second main component of the recovery system involves the avionics. Based on the diagram 
in Figure 4.4.1-1, the avionics bay will include two Perfect Lite StratoLoggerCF altimeters and 
two Eggfinder GPS systems, which run on 9V and 7.4V LiPo batteries respectively; the 9V 
batteries must be replaced before each flight. The avionics system will provide telemetry and 
deploy the two parachutes at predetermined altitudes. The drogue will deploy at apogee and the 
main will deploy at 400 ft.  The StratoLoggerCF altimeter was chosen for its compact size, low 
cost, and its ability to show voltage, altitude and temperature upon startup. This allows the launch 
vehicle to meet requirement 2.16, which requires the launch vehicle to be able to stay idle on the 
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launch pad for a minimum of one hour. The EggFinder GPS was also chosen for its low price 
point, its ability to perform without the added cost of purchasing additional hardware/licenses and 
its ability to plot its flight path using Google Earth.  

To ensure safe recovery of the team’s launch vehicle, the team took into account probable 
mishaps such as power loss, blackpowder leaks and E-match disconnects that may occur during 
the ascent phase of the rocket before MECO. Because of this reason, the avionics bay includes 
two sets of the altimeters each with its own independent power supplies. This will ensure the 
mission can still be completed as set by the requirements of this competition.  

 4.4.2 Recovery Bay Overview 

The Recovery Bay will be constructed out of a Blue Tube 2.0 coupler with a 10.5 in length and a 
corresponding inner and outer diameter of 5.835 in. and 5.976 in. A ¾ in. plywood bulkhead will 
cover each end of the recovery bay. A #516-5/16” x 1-3/8” x 3-3/4” U bolt will be attached to each 
bulkhead using ½”-10 thread hex nuts. To keep the recovery bay enclosed and to provide structural 
stability as well, two threaded rods will run through the inside of the recovery bay and each 
bulkhead being secured with hex nuts and steel washers at each end. Each bulkhead will support 
two charge canisters made of PVC pipe.  This section of the rocket will serve as a coupler 
connecting both, the main parachute bay and the drogue parachute bay, using 10-32 x ¾ in cap 
screws. It is relevant to mention that the bulkhead connecting the recovery bay to the main 
parachute bay will be experiencing the greatest amount of impulse force during deployment. To 
ensure the protection of the two altimeters the recovery will be housing, drop tests will be 
conducted. 
 
To secure the Recovery Bay to the frame of the rocket, six evenly spaced holes will be made on 
each of the bulkhead through which screws will be pushed in to secure the recovery bay in place. 
It is of utmost importance to provide as much protection to this section of the rocket as possible 
and avoid any malfunctions during flight. 
 
As an essential subdivision of Module 2, the recovery bay will house the electronics necessary to 
ensure the safe descent of the launch vehicle. Two altimeters will be attached to a 3-D printed plate 
to avoid any damage caused by in-flight aerodynamic forces. To avoid movement of the plate 
itself, two centering rings with slits fixed inside the bay will be placed at each end of the recovery 
bay. If one of the altimeters was to fail, the other would continue to perform its specific task during 
flight. Each of the altimeters will have its own power supply that will keep them running 
throughout the flight satisfying vehicle req. 2.4.  For further minimizing the margin of failure, the 
inside walls of the recovery bay will be layered with a thin aluminum coating. The aluminum will 
isolate both altimeters inside the recovery bay from outside radio waves and transmission that 
could potentially interfere with their specific task. This is found to be the most efficient way to 
reduce any malfunction of the recovery bay electronics due to outside sources. 
 
A Blue Tube 2.0 collar of 2 in. in length will be attached to the center of the recovery bay and will 
lay flush with the rest of the airframe. Two ½ in diameter holes will be drilled vertically through 
the collar and the coupler to control the flight electronics from the outside. The ability of externally 



California State Polytechnic University, Pomona | 2017-2018 NSL 40 
 

controlling the flight electronics satisfies vehicle req. 2.3. Figure 4.4.2-1 demonstrates the recovery 
bay assembly and corresponding inner components.  

 

 
Figure 4.4.2-1: Recovery Bay subsection with components. 

 

 

4.4.3 Main Parachute Recovery Component 

Selection of the correct main parachute shape and size is vital to the success of the mission.  The 
maximization of drag allows for the most optimal parachute design to safely bring the launch 
vehicle and payload down. Three different parachutes were analyzed for their suitability as the 
launch vehicle’s main parachute recovery component.  A trade study was conducted to compare 
various parachutes from different vendors against important specifications, as identified in Table 
4.4.3-1.  The team determined that the important points of comparison for the main parachute 
should include the weight of the parachute, its coefficient of drag, the size, and the effective area.  
A trade study was performed obtain the leading alternative for the team’s main parachute design, 
as evidenced by Table 4.4.3-2 below. 
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Effective area of the main parachute was designed in such a manner that each of the launch 
vehicle’s components would not exceed a maximum of kinetic energy of 75 ft-lbf, as needed by 
Requirement 3.3. The sizing of the main parachute considered the weight of the launch vehicle, 
the required descent rate to land the launch vehicle, and the coefficient of drag of the parachute.  

Table 4.4.3-1: Main Parachute Specifications 

 

   

Shape Toroidal Hemispherical Flat Sheet 

Vendor Fruity Chutes Sperachute 
Top Flight 
Recovery 

Size (ft) 10 16 16 

Weight (oz.) 36 53 44 

Coefficient of Drag 2.2 0.75 0.75 

 

Table 4.4.3-2: Main Parachute Trade Study 

 Toroidal Hemispherical Flat Sheet 

Pros 

 Highest 
Coefficient of drag 

 Smaller area and 
lighter weight 

 Moderate stability 
 

 Less shroud lines 
 Less chance of line 

tangle 
 Moderate stability 

 Moderate stability 
 Easily made by 

manufacturer 
 Less likely to 

drift from launch 
area 

Cons 
 
 
 

 More shroud lines, 
makes it more 
likely to tangle 

 Geometry requires 
two sets of shroud 
lines 
 

 Heaviest 
 Low coefficient of 

drag 
 Larger area 

required 
 Increased packing 

volume 

 Low coefficient 
of drag 

 Large area 
required 

 More shroud lines 
 Weak material 
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Mandatory Team Requirements: 

Diameter less 
than 14 ft. 

Yes No No 

Coefficient of 
Drag above 0.9 

Yes No No 

Weight below 48 
oz. (3 lb.) 

Yes No Yes 

Selected Design 
 
✓ 

  

 

The leading alternative determined via the trade study was chosen to be Fruity Chute’s toroidal 
parachute.  This design has the lowest weight and area, making it easier pack within the launch 
vehicle. The parachutes shape is ideal for producing high drag at high speeds.  The parachute is 
strong, made of 1.1 oz. Mil-spec nylon capable of staying in one piece upon deployment.  
Additionally, the toroidal shape meets the minimum requirements set forth by the team. The 
toroidal shape has the smallest diameter and produces a remarkably high coefficient of drag, as 
compared to the other two geometries. The coefficient of drag has been estimated at 2.2 by the 
manufacturer and additional testing will verify these results.  To satisfy the kinetic energy 
requirement, the descent rate must not exceed 14.8 feet per second. The optimal diameter of the 
toroidal parachute has been determined to be 10 feet. 

Fruity Chute’s Iris Ultra Standard 120” parachute will be used as the main parachute for the team’s 
launch vehicle. Along with the parachute, additional items are needed to attach the parachute to 
the launch vehicle and increase its stability: a ball bearing swivel, quick link, and shock cord. Their 
contribution to the total rocket weight can be seen in Table 4.4.3-4. A technical drawing of the 
main parachute can be seen in Figure 4.4.3-3. 
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Figure 4.4.3-3 Technical Drawing of Main with Dimensions 

 

Table 4.4.3-3: Main Parachute Mass Summary 

Items Weight (oz.) 
Parachute (with shroud lines) 36 

Stainless Steel Swivel (3000 lb. pull) 1.71 
Quick Link 1.92 

Kevlar Shock Cord (2200 lb. pull) 0.42 
Total 40.05 

 

4.4.4 Drogue Parachute Recovery Component 

The control and stabilization of the rocket when landing is dependent on the drogue and main 
parachute. To optimize this result, the drogue parachute must meet mandatory requirements set by 
the team along with other justifications shown in the trade study below (Table 4.4.4-2). The 
candidates taken into consideration for the drogue parachute were a hemispherical with a spill hole 
design, cruciform (also known as cross) design, and a toroidal design. The parachute must 
efficiently slow down the rocket for the main parachute to deploy. The key components for 
choosing this design consist of the size, coefficient of drag, and weight as shown in the table below 
in Table 4.4.4-1. 

 

Table 4.4.4-1 Size, Coefficient of Drag, and Weight of the Drogue Parachute Alternatives 
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Drogue Parachute 

Alternatives 

Diameter Size 
(ft.) 

Coefficient of 
Drag 

Weight (oz.) 

Hemispherical with 
spill hole 

3.5 0.75 3.2 

Cruciform/Cross 3 0.98 5.5 

Toroidal 4 2.2 7.44 

 

Table 4.4.4-2 Drogue Parachute Trade Study 

 Alternative #1

 

Hemispherical with 
spill hole 

Alternative #2

 

Cruciform/Cross 

Alternative #3 

Toroidal 

Pros: ● Light weight 
● Moderate 

shroud lines, 
less likely to 
tangle 

● Less material 

● Moderate 
coefficient of drag 

● Maximum 
stability 

● Less shroud lines, 
tangling is 
unlikely 

● Highest 
coefficient of 
drag 

● Moderate 
stability 

Cons: ● Lowest 
coefficient of 
drag 

● Lowest stability 

● More material 
required 

● More shroud 
lines, likely to 
tangle 

Mandatory Requirement: 

Diameter size 
less than 3.5 

ft.: 
Yes Yes No 

Can be 
manufactured 

in house: 
No Yes No 
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Weight 
below 6 oz.: 

Yes Yes No 

Selected 
design 

 ✓  

 

Alternative 2, the cruciform design, was the leading architecture from the trade study. This 
parachute has the diameter size of 3 ft. and meets all the mandatory requirements set by the team. 
Alternative 1, the hemispherical shape with the spill hole, failed to meet the requirement of being 
manufacturable by students. Alternative 2, the toroidal shape, failed to meet the requirement of a 
size less than 3.5 ft. and a weight below 6 oz. Its size was 4 ft. and weighed about 7.44 oz. The 
total weight for the entire drogue parachute component is shown below in Table 4.4.4-3. The 
cruciform design is shown in the dimension drawing below Figure 4.4.4-1 in terms of “a” and “b”. 
The dimensions of the parachute can be found in 4.4.5.1 Drogue Parachute Size Analysis. This 
design also excelled in stabilization and was unlikely to tangle, which is needed to safely deploy 
the main parachute. 

This cross parachute was also chosen for its simplicity. The parachute will be manufactured by the 
students to optimize the descent rate. The primary material for the drogue will be Mil-spec 1.1 oz. 
ripstop nylon. This nylon fabric has been chosen for its low weight and its ability to mitigate 
tearing. All stitches for the parachute will be double stitched to increase durability.  Nylon shroud 
lines will be used for the parachute. To prevent unwanted spinning during descent, a low friction, 
ball bearing swivel will be implemented. A mass summary of the drogue can be seen in Figure 
4.4.4-1. 

 

Figure 4.4.4-1 Dimension of Drawing of Cruciform Drogue Parachute  
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Table 4.4.4-3 Drogue Parachute Mass Summary 

Items Weight (oz.) 

Parachute (with shroud lines) 5.5 

Stainless Steel Swivel (3000 lb pull) 1.71 

Quick Link 1.92 

Shock Cord 0.42 

Total: 9.55 

 

4.4.5 Recovery Avionics Component 

The avionics components record and provide telemetry, deploy the two recovery parachutes, and 
locate the rocket after completion of its flight. They allow for the rocket to measure inputs and 
react at predetermined markers. Altimeters record flight data such as altitude and temperature and 
initiate parachute deployment at predetermined altitudes. GPS allows visualization of the rocket’s 
path and aids in pinpointing the rocket’s landing area during recovery. Additionally, the GPS 
system will stream its data to a ground station (laptop) so location information is available during 
recovery.  

4.4.5.1 Recovery Avionics: Altimeter 

Altimeters record telemetry during flight and initiate parachute deployment at the appropriate 
altitude. They are an important component of the recovery design. Because there are two 
parachutes on the rocket, dual deployment altimeters will be considered for the mission. The 
altimeters selected for the trade study are the Missile Works RRC2+, Missile Works RRC3, and 
PerfectFlite Stratologger CF.  

Table 4.4.5.1-1 Recovery Altimeter Trade Study 

 Alternative #1 Alternative #2 Alternative #3 

 

 
  

 Missile Works RRC2+ Missile Works 
RRC3 

PerfectFlite 
StratologgerCF 

Price $49.99 $72.99 $57.50 (with 
audio/LED 
connector) 
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Data 
Recording 

Capabilities 

Reports post flight peak 
altitude only 

Timestamp, altitude, 
velocity, temperature, 
events (at 20Hz for 
altitude/velocity and 
1Hz for 
temperature/battery 
voltage) 

Altitude, temperature, 
and battery voltage at 
20Hz 

Data Storage N/A 15 flights at 28 
minutes each 

16 flights at 18 
minutes each 

Drogue 
Chute 

Deployment 
capabilities  

At Apogee/Apogee with 
delay 

Range is 
programmable  and 
can be configured by 
user- specifics not 
available on website 

At Apogee 

Main Chute 
Deployment 

altitude 
capabilities 

Preprogrammed at 300, 500, 
800, or 1,000 feet 

Programmable by 
user 

Range of 100 feet - 
9,999 feet at 1 foot 
increments with 9 
Presets for quick 
selection 

Maximum 
Dimensions 

Length: 2.28” 

Width: 0.925” 

Length: 3.92” 

Width: 0.925” 

Length: 2.00” 

Width: 0.84” 

Weight 0.323 oz. .600 oz. 0.380 oz. 

Output 
Events 

Drogue chute/Main chute  Drogue chute/Main 
chute/Auxiliary 

Drogue chute/Main 
chute 

Output 
Current 

5 Amps 5 Amps 5 Amps 

Selected 
Alternative 

  ✓ 

 

Leading Alternative: Alternative #3 PerfectFlite Stratologger CF 

The Stratologger CF is the leading alternative determined via the trade study. The Stratologgers 
will handle recording altitude throughout flight and ignition of the charges which deploy the 
parachutes. The reliability along with Cal Poly Pomona students’ familiarity with the 
StratologgerCF emphasizes the benefits of choosing two Stratologgers to run in the flight vehicle. 
The low cost of this choice is also complimented by the system’s ability to record battery voltage. 
Data Storage is suitable for the targeted flight time of around two to three minutes. In addition, the 
StratologgerCF's small physical footprint is most convenient for storage in the compact avionics 
bay of the rocket.  
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The StratologgerCF has the added advantage of measuring and displaying battery voltage on 
system startup. The ability to observe battery health in conjunction with a preflight requirement of 
replacing the Stratologger’s 9V battery before each flight will maximize compliance with 
requirement 2.10; the rocket should be able to sit launch-ready on the pad for a minimum of 1 
hour.  

Additionally, electric matches will be used to initiate the parachute deployment system. This 
system consists of a bridgewire and pyrogen in series with a wire. When sufficient current is 
applied through the wire, the pyrogen will ignite. The Stratologger CF has two output event 
terminals which will send a current to the electric matches. Drogue Chute deployment occurs at 
apogee while Main Chute deployment is user selected between 100 to 9,999 feet in one-foot 
increments. 

 

 

Figure 4.4.5.1-1: Electric Matches 

 

Finally, to access data post-flight, the avionics sled will need to be removed from the avionics bay. 
Once removed, each Stratologger will be attached to a computer via a data link cable. The 
PerfectFlite DT4U USB Data Transfer Kit will allow data to be downloaded and subsequently 
graphed. A CAD model of the Stratologger CF with dimensions can be seen in Figure 4.4.5.1-2. 
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Figure 4.4.5.1-2: StratologgerCF Altimeter Technical Drawing 

 

Mass Summary 

Each StratologgerCF Altimeter has a weight of 0.380 ounces. 

4.4.5.2 Recovery Avionics: GPS 

GPS Systems are responsible for recording the coordinates of the rocket and assist in finding its 
location after touchdown. The GPS tracking systems selected as candidates for the trade study 
include the Eggfinder, TeleGPS, and Telemetrum. 

Table 4.4.5.2-1 GPS Trade Study 

 Alternative #1 Alternative #2 Alternative #3 

 

  

 

 Eggfinder TeleGPS Telemetrum 

Cost Under $100 for 
whole kit   

$214 (TeleGPS) 

+ $107 (TeleDongle) 

+ HAM Radio license 

$321(Telemetrum) 

+ $107 (TeleDongle) 

+ HAM Radio license 

Ease of Integration Hardware can be 
upgradeable, Good  

Requires licensing, Requires licensing, 
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software Good software Superior software 

Battery Requirements 7.4V LiPo or 

7.2v NiMH  

At 250 mA 

>3.8 V 3.3V  

At 150 mA 

Data Output Method 900 MHz license-free 
ISM band (Stream) or 

USB 

HAM Radio (Stream) 
or 

USB 

Ham Radio (Stream) 
or 

USB 

Maximum 
Dimensions 

(TX Module) 

Length: 3.00” 

Width: 0.90” 

Length: 1.50” 

Width: 1.00” 

Length: 2.75” 

Width: 1.00” 

Weight 0.706 oz. 0.430 oz. 0.710 oz. 

Selected Alternative ✓   

 

Leading Alternative: Alternative #1 Eggfinder 

The Eggfinder GPS system is the optimal choice for the Team’s purposes. Its low price point and 
simplicity make it highly appealing for the conditions of the competition. While the other 
alternatives require the purchase of additional hardware and licenses, the Eggfinder is obtained as 
a kit ready to perform. Within the kit are the RX receiver and TX transmitter modules. The RX 
receiver module is USB powered and therefore will be connected to a computer on the ground 
station throughout the duration of the flight . This ground station will be based around a laptop 
computer for ease of transportation to and from launch locations. Upon uplink of the flight data 
from the TX to RX module, the flight path may be plotted using Google Earth or other KML file 
compatible software on the laptop. Power to the TX module will be supplied by a 7.4V LiPo 
battery. A CAD model of the Eggfinder GPS transmitter with dimensions is depicted in Figure 
4.4.5.2-1. 
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Figure 4.4.5.2-1: Eggfinder GPS Technical Drawing  

 

Mass Summary 

Each Eggfinder GPS transmitter has a weight of 0.706 ounces. 

 

4.4.6 Parachute Sizing and Safe Descent Analysis 

 

In order for the launch vehicle to descend and land safely, both the drogue and main parachute 
must be sized in such a way that steady flight is optimized. The drogue parachute will deploy 

immediately after reaching apogee (5280 ft.) and maintain a steady velocity of 90  until the main 

parachute is deployed. In order to minimize wind drift, the main parachute will be deployed at an 
altitude of 400 ft. The increased size of the main parachute will allow the rocket to remain under 
the 75 ft-lbf of kinetic energy requirement. 
 

4.4.6.1 Drogue Parachute Size Analysis 

To get the desired descent rate of 90 ft./s after apogee, the area of the drogue parachute must be 
optimized. The area of the parachute can be determined with the following relationships. While in 
descent, there are only two forces affecting the rocket. 

𝛴𝐹 = 𝑚𝑎 = 𝐷 + 𝑊 = 0                                              (Eq. 1) 

Where m is the mass of the rocket; a is acceleration; D is the drag force; and W is the weight of 
the rocket. The weight of the rocket can be rewritten in the following expression: 

𝑊 = 𝑚𝑔                                                          (Eq. 2) 
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Where g is acceleration due to gravity; g = 32.2 ft./s2 and the current estimated mass of the 
rocket is 1.266 slugs. 

The drag force can be found using the following expression: 

𝐷 = 𝜌𝑣 𝐴 𝐶                                                   (Eq. 3) 

Where, Cd is the coefficient of drag of the parachute; Aeff is the effective area of the parachute;   

V is the desired descent velocity of 90  and 𝜌 is the air density at 5280 ft.; 𝜌= 0.002033 slug/ft3 

Combining Equation 2 and 3 gives produces the following expression: 

𝐶 =
×

. × ×  
                                                   (Eq. 4)     

𝐴 = 2𝑎𝑏 − 𝑎                         (Eq. 5) 

Where a is the thickness of the gore; and b is the length of the gore (seen in Figure 4.4.5.1-1). 

 

Figure 4.4.5.1-1 Dimensions of Cross Parachute in terms of a and b 

 

The coefficient of drag for a cross shaped parachute generally lies within the range of 0.6 - 0.85. 
In order to maximize factor of safety, a CD of 0.6 will be assumed for the purposes of a basic 
calculation. Later on, wind tunnel and drop test data will provide more accurate values. 

By rearranging Equation 4: 

𝐴 =
. × ×

               (EQ. 6) 

Substituting appropriate values into equation 6: 

𝐴 =
40.73 

0.5 × 2.033 × 10 × 90 × 0.6
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𝐴 =  8.24 𝑓𝑡  

The dimensions of the cross parachute must be ideally proportioned in terms of the ratio of b, the 
length, over a, the width. For an area of 8.24 𝑓𝑡 and estimated dry mass of 1.266 slugs the ideal 
proportion is between 0.264 and 0.333. The best proportion for the launch vehicle will be 
determined through further testing and for these tests we will choose an arbitrary ratio of 0.30. By 
solving for b when using a = 0.3b, and substituting into [EQ.5] we determine that the length and 
width of the gores will be 4.02 ft. and 1.206 ft. respectively.  

Multiple drop tests with subscale models will be scheduled to test the validity of these calculations 
and to verify that these dimensions are effective in keeping the rocket stable in descent and landing. 

4.4.6.2 Main Parachute Size Analysis. 

In order to determine the ideal area for the main parachute, calculations must be performed with 
the most severe possible values of maximum velocity in order to create an adequate margin of 
safety. After performing calculations based on the maximum allowable kinetic energy (see 4.6.7), 
the maximum descent rate with main deployed was defined. None of the modules can exceed this 
descent rate. The area of the main can be determined using this descent rate. Assuming the total 
mass of the rocket after burnout (1.3043 slugs), the drag coefficient for a toroidal parachute (2.2), 
and maximum descent rate (calculated in Section 4.6.7 Kinetic Energy - 14.82 ft./s), the area of 
the main can be found.  

𝐴 =
. × ×

    (Eq. 1) 

By using these two values and plugging them into the equation: 

𝐴 =
. ∗ .

. × . ∗ ∗ . ∗ .
    (Eq. 2)  

 𝐴 =  71.97 𝑓𝑡  

The area found for the main (71.97 ft2) is the minimum area required to meet the kinetic area 
requirement. This area results in an approximate parachute diameter of 9.57ft. This calculation 
verifies the leading alternative choice for the main parachute; The Fruity Chutes toroidal parachute 
has a diameter of 10 feet. 

 

4.4.7 Recovery Subsystem Leading Components 

The recovery system for the launch vehicle will consist of a dual parachute deployment system. 
Fruity Chute’s Iris Ultra Standard toroidal shaped parachute has been chosen to be used as the 
main parachute.  The parachute satisfies Requirement 3.3 by having a descent speed under 14.3 
feet per second, allowing for a margin of safety for the kinetic energy requirement. With a 
parachute diameter of 10 feet, the effective area for the main parachute is approximately 76.1 feet 
squared. This parachute was chosen over the other candidates because it is made from 1.1 oz. Mil-
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spec nylon, which contributes to the parachute’s high strength and low weight. In addition, it has 
an extremely high coefficient of drag. The high drag coefficient reduces the area needed to reach 
maximum terminal velocity, which in turn, reduces the weight added to the rocket and the volume 
needed to pack the parachute within the launch vehicle. The drogue parachute chosen for the 
launch vehicle is a cruciform shape parachute with an approximate area of 8.24 feet squared. The 
cruciform shape was chosen because of its high stability and minimal drift tendencies. The drogue 
parachute will decelerate the rocket to approximately 90 feet per second. Both parachutes will be 
attached to the rocket using ¼ inch thick Kevlar shock cord rated to 2200 lbs. manufactured by 
Fruity Chutes.  The main parachute and drogue will be attached to the main parachute bay using a 
3000 lb. rated stainless steel swivel. The total mass added to the launch vehicle can be seen in 
Table 4.4.7-1. 

 

Table 4.4.7-1: Recovery Subsystem Mass Table 

 Main Parachute Drogue Parachute 

Items Weight (oz.) Weight (oz.) 

Parachute (with shroud lines) 36 5.5 

Swivel 1.71 1.71 

Quick Link 1.92 1.92 

Kevlar Shock Cord (2200 lb. pull) 0.42 0.42 

Total: 49.6 oz. 

 

 

4.4.8 Recovery Subsystem Redundancy 

 

To meet requirement 3.6, the recovery system will incorporate redundant, commercially available 
altimeters. The recovery system will utilize two PerfectFlite Stratologger CF’s. The primary 
Stratologger will be programmed to eject the drogue at apogee and the main parachute at 400 feet. 
The secondary altimeter will ensure successful recovery in the event of a disconnection of an E-
match, a black powder leak, or power loss. The secondary altimeter will be programmed to eject 
the drogue 2 seconds after apogee. The secondary main charge will be programmed to fire at 350 
feet. Figure 4.4.8-1 is a simplified electrical schematic of the altimeters.  
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Figure 4.4.8-1 Primary and Secondary Altimeter Schematic  

Each altimeter will have its own power supply to ensure independent operation. Each of the four 
E-matches will be linked to a separate black powder charge. This is to mitigate system failure due 
to powder leak or disconnect of E-match.  

4.4.8.1 Deployment Charge and Altimeter Layout 

4.4.8.1.1 Derivation of Ejection Charge Size 

The ejection charge sizing was calculated using Vernk.com’s method. For a body tube of 6 inches, 
it is estimated that 350 lbs of force are required to separate the body tubes. The derivation begins 
with the Ideal Gas Law Equation. This is assuming all of the black powder in the mortar is 
converted into gas.  

𝑃𝑉 = 𝑛𝑅𝑇                                                            (Eq. 1) 

Where P is pressure in lb/in2, V is volume in in3, n is the mass of black powder in lbs, R is the gas 
constant in in-lbf/lbmR , and T is combustion temperature of the powder. When using 4F black 
powder, constants for R and T are found to be 266 in-lbf and 3307 R respectively.  

The pressure can be optimized for the rocket size by using with the definition of pressure: 

𝑃 = 𝐹/𝐴                                                                 (Eq. 2) 

Where F is force required to separate the tube sections and A is the cross-sectional area of the tube 
containing the parachute. According to VernK.com, a good rule of thumb for force required to 
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separate a 6-inch diameter rocket is 300-350 lbf. To ensure separation, it is best to overestimate 
the force. Area can be rewritten and 𝜋r2. 

 Rewriting equation 1 combining it with equation 2 yields: 

𝑃𝑉 = 𝑛𝑅𝑇 ⇒  𝑛 =
𝑃𝑉

𝑅𝑇
=

(
𝐹
𝐴

)𝑉

𝑅𝑇
=

(
𝐹

𝜋𝑟
)𝜋𝑟 𝑙

𝑅𝑇
=

𝐹𝑙

𝑅𝑇
=

𝐹𝐿

(879662 𝑙𝑏 /𝑙𝑏 )
 

𝑛 = 1.1137 × 10 (𝑖𝑛 𝑙𝑏 /𝑙𝑏 ) (𝐹𝐿)                                       (Eq. 3) 

Where n is found in units of lbm. However, lbm is not the ideal unit to work with when quantifying 
small amounts of powder. Grams or grains would be ideal for this application. There are 453.6 
grams in a lb. Rewriting equation 3 to yield units of grams is stated below 

𝑛 = 5.157 × 10 (𝑖𝑛 𝑙𝑏 /𝑔) 𝐹𝐿                                         (Eq. 4) 

The charge size is found to be a function of force required to induce separation and length of tube 
section. Given a tube length of 13 inches for the main and 10 inches for the drogue, and assuming 
350 lbf, gives the desired mass of black powder.  

𝑛 = (5.157 × 10 (𝑖𝑛 𝑙𝑏 /𝑔) )(350 𝑙𝑏 )(9 𝑖𝑛) =  1.624 𝑔𝑟𝑎𝑚𝑠 

𝑛 = (5.157 × 10 (𝑖𝑛 𝑙𝑏 /𝑔) )(350 𝑙𝑏 )(12.5 𝑖𝑛) =  2.256 𝑔𝑟𝑎𝑚𝑠 

These charge sizes are approximations and will be verified with ground ejection tests. 

4.4.8.1.2 Deployment Charge Location and Preparation 

The masses of black powder will be placed in mortars, also referred to as wells, on the top and 
bottom of the recovery bay. This is depicted in Figure 4.4.8.1.2-1 

 

Figure 4.4.8.1.2-1 Black Powder Well locations on the Recovery Bay 

The black powder wells are made of a small length of PVC tube. The PVC tube will hold the black 
powder required for ejection. E-matches will be used to ignite the powder. To accommodate the 
E-matches, small holes will be drilled through the bulkheads for each PVC tube. Putty and tape 
will be used to close the gap caused by the E-match hole. Once the E-matches are set and the 
powder has been poured, the well will be topped off with rocket wadding such as dog barf. This 
will prevent the parachutes and cords from being burned. The wells will cap with multiple layers 
of tape.  
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4.4.8.1.3 Altimeter Layout 

The two Stratologger CF’s will be placed in the Recovery Bay (shown in 4.4.8.1.2-1). Both 
altimeters will be fixed to the bay with the MH44 mounting hardware sold by PerfectFlite. Due to 
the compact size of the altimeters, placement is not an issue. The approximate 1-foot long recovery 
bay has sufficient volume to accommodate the Stratologgers. E-matches will connect the ejection 
charges to the altimeters. The E-matches will fit in the drilled holes in the bulkhead. There are a 
total of 4 E-matches: two for the primary altimeter, and two for the secondary. The altimeters will 
be accessible from the outside of the body tube via rotary switches. This allows for the arming of 
the altimeters with a tool (such as a screwdriver) without having to take the rocket apart. The layout 
of the altimeters is depicted in Figure 4.4.8.1.3-1. 

 

Figure 4.4.8.1.3-1 Altimeter Layout in Recovery Bay along with E-matches (orange lines), 
Rotary Switches, and Power Supplies 
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4.5 Full Scale Launch Vehicle Interfaces and Integrations 

 

Interface Overview: 

Figure 4.5-1 shows the preliminary launch vehicle system, subsystems, and components in a 
product WBS with interface connections. The dashed red lines indicate relationships between 
components. To give an example, the motor bay dimensions will depend on the motor and motor 
casing selection. The recovery bay design will depend on the selection of the recovery avionics. 

 

Figure 4.5-1: WBS of the launch vehicle showing interface connections. 

 

 

 

 

 

 

 

 



California State Polytechnic University, Pomona | 2017-2018 NSL 59 
 

4.5.1 Interface A: Avionics Integration 

 

Figure 4.5.1-1: Payload Control and Data System 

The payload (rover) will be a self-contained system. It is designed to gather, store, and transmit 
data, while also carrying out its mission. A Raspberry Pi Zero W (RPi) computer will be used as 
the main control unit. An Adafruit GPS module will send GPS data to the RPi via a UART 
connection at a 10Hz rate. The GPS module will also data log a copy of all the data it sends to the 
RPi. The GPS data will be sent back out of the RPi to an Adafruit transceiver via an SPI connection, 
where it will be transmitted back to the ground station for live updates. A Raspberry Pi V2 camera 
will record video during the flight, and send all data to the RPi via the camera connection. The 
video data will be stored on a micro SD card installed on the RPi. The same video feed will be sent 
out to a video transmitter, which will provide live video back at the ground station. The transceiver 
will receive a radio signal from the ground station to remotely initiate the rover. The servors on 
the rover will be controlled through the GPIO pins on the RPi, and will use Pulse Width 
Modulation (PMW). The drive motor will use a direct signal, and be time driven.  

4.5.2 Interface B: Fin Integration 

Three fins will be utilized on the rocket to minimize drag and weight. Through-the-wall (TTW) 
fins will be implemented to allow for easy repairs and prevent fin shearing during acceleration. 
The fins extend past the body tube and connect to the centering rings via a series of slots in the 
body tube. The slots extend all the way to the rear of the body tube to allow the fin assembly to be 
pulled out in a convenient manner. Figure 4.5.2-1 demonstrates the removal of the fin assembly 
from the body tube (body tube is purposefully shortened for the sake of demonstration).  
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Figure 4.5.2-1 TTW Fin Assembly shrouded by body tube (left) and TTW Fin Assembly 
removed from body tube (right) 

Lifting the body tube exposes the fins, centering rings, and motor tube. This design offers many 
advantages including rapid replacement of fins/centering rings and increased structural integrity. 
The fins are connected to the centering rings via bolts and tongue and groove fittings. The centering 
rings at the top and bottom of the assembly will be drilled and tapped to accommodate 1/4-inch 
bolts. The bolts (1.5-inch length) will extend into a tapped hole in the fin to ensure a secure 
mechanical connection. The centering rings in the middle of the assembly will interface with the 
fins with a tongue and groove fitting. Figure 4.5.2-2 adds clarity to the mounting mechanism. 

 

Figure 4.5.2-2 Centering Layout for Fin Assembly 

 

To mitigate the fins separating from the centering rings, 1/4-inch steel bolts (length of 1.5 in) with 
a nylon patch will be used to mate the parts. The nylon patch acts as a thread locker and prevents 
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loosening due to vibration. A friction fit on FN 4 will be used to mate the middle centering rings 
to the fin. A tight fit will prevent unwanted oscillation and flutter during flight. 

Dimensions of the mounting mechanism are shown in Figure 4.5.2-3 

 

Figure 4.5.2-3 Fin Mechanism with Dimensions  

To allow for a seamless transition between body tube and fin, the base of the fin is rounded to 
match the radius of the body tube.  An exploded view of the assembly can be seen in Figure 4.5.2-
4 (Body tube not pictured) 

 

Figure 4.5.2-4 Exploded View of Fin and Centering Ring Mechanism 
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4.5.3 Interface C: Launch Vehicle and Ground Station 

 

Figure 4.5.3-1: Ground Station System 

The data transmitted from the rover will be captured by an Adafruit transceiver (GPS data) and a 
video receiver. The data will be sent to a Raspberry Pi A, where it will be stored on an external 
drive, and displayed on a graphical user interface (GUI). Storing this data will provide a 
redundancy of the data for further analysis. The GUI will also allow the ground station to send the 
command to the rover to initiate its mission via the transceiver.  

 

4.6 Mission Performance Predictions 

 

4.6.1 Mission Performance and Criteria 

The mission performance is defined by how well the launch vehicle will perform beyond mission 
requirements based on the allowable range of values defined by the team. A high performance 
and effective launch vehicle will be characterized by a minimal difference between target and 
actual peak altitudes, optimal stability margin, minimal ground impact velocity, drift distance, 
safe landing, and delivery and protection of the payload experiment. The performance criteria for 
this project is outlined in Table 4.6-1. 
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Table 4.6-1: Performance criteria descriptions and success ranges. 

Performance 
Criteria 

Description Goal/Allowable Range for Success 

Peak altitude Reach a target peak altitude of 
5,280 feet 

Minimize altitude difference 
from target peak altitude. 
Allowable range: ±75 feet 

Stability Margin The center of gravity must be 
located forward of the center of 
pressure to provide a stable 
flight. 

The CG and CP will be optimized 
so that static margin is in range: 

2 caliber < SM < 3 calibers 

Kinetic Energy 
upon ground 
impact 

Each independent section of the 
launch vehicle must withstand 
maximum impact kinetic energy 
of 75 ft-lbf so that there will be 
no damage to the structure or 
any internal components. 

Minimize the ground approach 

velocity: 0 ft/s < Velocity < 20 ft/s 

Horizontal Drift 
Distance 

The distance between the 
launch pad and each individual 
section must not exceed a drift 
distance of 2,500 feet. 

Minimize the distance: 

0 ft. < Drift distance < 2,500 ft. 

Launch Vehicle 
Ease of Assembly 

The launch vehicle shall be 
capable of being prepared for 
flight at the launch site within 4 
hours, from the time the Federal 
Aviation Administration flight 
wavers opens. 

Modular design of the launch vehicle 
sections, where assembly only requires 
fastening of each module with shear 
pins. 

Recovery System 
Fire Safety 

Both parachutes must be able to 
with stand fire hazard generated 
by activation of the ejection 
charges. 

Both parachutes will be wrapped in fire 
retardant Nomex blankets. 

Launch Vehicle 
Structural 
Robustness 

The launch vehicle shall be 
designed to be recoverable and 
reusable. Reusable is defined as 
being able to launch again on 
the same day without repairs or 
modifications. 

The launch vehicle will be designed to 
be structurally robust with reasonable 
factors of safety. 
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Recovery System 
Redundancy 

The recovery system must have 
redundant altimeters and 
ejection charges. 

The recovery system will be built with 
duplicate systems to prevent recovery 
system failure. 

 

4.6.2 Flight Profile Simulations 

OpenRocket was used to simulate and analyze the flight profiles to verify that requirements are 
met by the current design. Trajectories were analyzed at wind speeds of 0, 5, 10, 15, and 20 mph. 
Figures 4.6.2-1 to 4.6.2-5 display the graphical results of the varying simulations and Tables 4.6.2-
1 to 4.6.2-5 summarizes pertinent data of each simulation in ascending order of velocity. 

 

Figure 4.6.2-1 Flight Trajectory Profile at 0 mph Wind Speed 
 

Table 4.6.2-1 Flight Trajectory Results at 0 mph 

Velocity at 
Deployment 
(ft/s) 

Apogee 
(ft) 

Max 
Velocity 
(ft/s) 

Max 
Acceleration 
(ft/s2) 

Time to 
Apogee  

(s) 

Total 
Flight 
Time  

(s) 

Ground Hit 
Velocity 

(ft/s) 

48.3 5854 626 237 19.7 155 21.5 
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Figure 4.6.2-2 Flight Trajectory Profile at 5 mph Wind Speed 

 

Table 4.6.2-2 Flight Trajectory Results at 5 mph 

Velocity at 
Deployment 
(ft/s) 

Apogee 
(ft) 

Max 
Velocity 
(ft/s) 

Max 
Acceleration 
(ft/s2) 

Time to 
Apogee 

 (s) 

Total 
Flight 
Time 

(s) 

Ground Hit 
Velocity 

(ft/s) 

48.3 5830 626 237 19.7 155 21.5 
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Figure 4.6.2-3 Flight Trajectory Profile at 10 mph Wind Speed 

 

Table 4.6.2-3 Flight Trajectory Results at 10 mph 

 

Velocity at 
Deployment  

(ft/s) 

Apogee 
(ft) 

Max 
Velocity 
(ft/s) 

Max 
Acceleration 
(ft/s2) 

Time to 
Apogee 

 (s) 

Total 
Flight 
Time 

 (s) 

Ground 
Hit 
Velocity 

(ft/s) 

48.3 5778 625 237 19.6 154 21.4 
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Figure 4.6.2-4 Flight Trajectory Profile at 15 mph Wind Speed 

 

Table 4.6.2-4 Flight Trajectory Results at 15 mph 

 

Velocity at 
Deployment 

(ft/s) 

Apogee 
(ft) 

Max 
Velocity 
(ft/s) 

Max 
Acceleration 
(ft/s2) 

Time to 
Apogee 

(s) 

Total 
Flight 
Time (s) 

Ground Hit 
Velocity 

(ft/s) 

48.3 5683 624 237 19.7 152 21.6 
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Figure 4.6.2-5 Flight Trajectory Profile at 20 mph Wind Speed 

 

Table 4.6.2-5 Flight Trajectory Results at 20 mph 

Velocity at 
Deployment 
(ft/s) 

Apogee 
(ft) 

Max 
Velocity 
(ft/s) 

Max 
Acceleration 
(ft/s2) 

Time to 
Apogee 

(s) 

Total 
Flight 
Time 

(s) 

Ground Hit 
Velocity 

(ft/s) 

48.3 5661 623 237 19.4 151 21.5 

 

In summary, the maximum altitude for each case was slightly above requirement 2.1, reaching an 
altitude of 5280 ft. This was tolerable due to the simulation being an ideal flight, and altitude will 
be lower in actual flight than in simulation. The relative error will be determined in the full-scale 
model flights later this year. In addition, it was clearly seen that the wind velocity did not greatly 
impact the flight profile due to our stability margin of 2.04 cal. Overall, simulations resulted in 
satisfying flight data. 

 

 



California State Polytechnic University, Pomona | 2017-2018 NSL 69 
 

4.6.3 Altitude Predictions  

The current state of altitude predictions was performed with OpenRocket software. The rocket 
parameters were set as close as possible to possible conditions of the flight location. Results of the 
software currently predicts a minimum altitude of 5661 ft. and a maximum altitude of 5854 ft., 
which can be seen on Table 4.6.3-1. Until a full-scale model is tested, an overcompensation in 
altitude is preferred. 

Table 4.6.3-1: Comparison of Wind Speed and Apogee 

Wind Speed (mph) Apogee (ft.) Time to Apogee (sec) 

0 5854 19.7 

5 5830 19.6 

10 5778 19.6 

15 5683 19.7 

20 5661 19.4 

 

4.6.4 Motor Thrust Curve 

As shown in Figure 4.6.4 - 1, the Cesaroni L1115 motor offers a burn slope that is fairly constant 
with a downward tendency. Because of this flatter burn slope, it is determined that the launch 
vehicle will have better nozzle utilization. As a result, a more constant mass flow through the 
nozzle will occur throughout the duration of the 4.1 seconds of burn time. This is important to 
ensure the forces acting on the nozzle remain constant and so the team can more easily perform 
and predict calculations such as apogee and drift approximations. 
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Figure 4.6.4-1 Cessaroni L1115 Thrust Profile 

 

4.6.5 Launch Vehicle Load Verification 

To verify that the launch vehicle can withstand the loads expected in flight, critical components 
were determined and analyzed to ensure the maximum loading in flight will not cause failure of 
the part.  The first parts considered are those that are affected by launch forces. These include the 
motor mount assembly, payload housing, and observation bay body section. 

The motor mount is tasked with transferring all the force from the motor to the rest of the body 
during the launch.  With our leading vehicle design, the motor interfaces with the body using 
centering rings that are permanently attached to the motor tube. This design is shown in Figure 
4.6.5-1.  
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Figure 4.6.5-1: Motor Mount Assembly 

This assembly, which slides in the body tube, is mechanically joined to the body tube using screws 
in the foremost and aft most ring. Therefore, all the load is transferred from the motor to the body 
tube through these screws. Two considerations are taken when analyzing the screws which are 
shear tear out of the screws from the wood centering rings and shearing of the bolts themselves at 
the interface. The maximum loading these screws will experience is the maximum thrust output of 
the motor.  For the Cessaroni L1115, this maximum thrust is 385.5 pounds. To ensure that these 
parts do not fail, and to account for any defects in building materials, a factor of safety of 4 will 
be included in the calculations. The screws selected to attach the motor assembly to the body tube 
are ¾ inch 4-40 steel round head screws (shown in Figure 4.6.5-2). 
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Figure 4.6.5-2: Dimensions of example ¾ in 4-40 steel screw 

Performing the calculations for shear tear out with all the given assumptions, a minimum of 4 
screws is required to resist shear tear out of the screws from the wood centering rings. To prevent 
shearing of the screws themselves, a minimum of five is required.  With the current configuration, 
it would be best to secure the motor assembly to the tube using seven screws in total, four in the 
foremost ring and three centered between each fin in the lower ring. This will put a load of 55 
pounds through each of the screws. For shear stress, the stress per screw is 5600 psi and with the 
max allowable for the screws being 34620 psi we are left with a factor of safety of approximately 
6. With the screws being ¾ in., the launch will result in a max tear out shear stress of 244 psi on 
the wood, and with the wood assumed to have a max shear stress of 1300 psi, the factor of safety 
for shear tear out is about 5.5.  This layout will meet the load requirements for the launch and 
secure the body tube for the motor bay efficiently.  

Similar considerations are taken for the payload housing. However, since the housing is being 
directly mounted to the body tube using screws, the only concern would be shearing of the screws 
at the interface.  The forces acting on these screws originate from the mass of the payload assembly 
and housing resisting acceleration from the rocket, therefore the maximum acceleration must be 
determined to calculate the maximum force on the screws.  With the current configuration, the dry 
mass of the launch vehicle is approximately 41 pounds and the loaded mass is approximately 46 
pounds.  Analyzing the thrust curve, it is shown that peak thrust occurs quite early so it can be 
assumed that a small amount of propellant mass is burned when peak thrust is achieved.  With this, 
it will be assumed that the mass of the rocket at peak thrust is approximately 45 
pounds.  Referencing the motor specs from the manufacturer, the maximum thrust is 385.48 
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pounds.  To use the equation for acceleration we can calculate the mass as  m=W/g  to get 1.3975 
slugs.  Plugging this mass into the equation for acceleration, a=Fm, with the maximum thrust as 
the force, the maximum acceleration of the rocket is calculated to be approximately 276 ft/s2 or 
8.57 g’s. To obtain the total acceleration felt by the payload housing, gravity must be added in, 
therefore the acceleration used to calculate the force from the payload housing is 308.2 ft/s2 or 
9.57 g’s.  With the payload weighing approximately 7 pounds, the total force that must be 
supported by the screws is 67 pounds. With the current design of the payload housing, six screws 
will mount the housing to the body tube.  Assuming even weight distribution of the payload, the 
force per screw will be evenly distributed and each screw will be required to withstand 11.2 pounds 
of force during launch.  Using this information and adding a factor of safety of 4 to the load, the 
minimum required diameter of each screw is found to be .05 in. By going with a ¼ in 4-40 steel 
screw, a stress of 4570 psi will be exerted on each screw resulting in a factor of safety of 7.5. This 
shows that using these screws with the current payload bay housing is safe for the expected launch 
forces.  

The last concern with launch forces is the section of body tube housing the observation bay.  This 
section of body tube has most of the launch vehicle's weight above it during launch which means 
it is the section of body tube that takes the maximum compression force during launch.  The 
maximum force acting on this tube section can be calculated as the total mass above the top face 
of the body tube multiplied by the maximum acceleration of the launch.  This acceleration is 
known from the previous calculations and the mass can be estimated from Figure 4.6.5-3 observing 
the current configuration mass of the modules above the observation bay.   

 

 

Figure 4.6.5-3: Leading design dimensions and module weights. 

Since the drogue chute is supported by a bulkhead within the observation bay body tube, its mass 
is neglected and the total mass supported by the section of body tube is approximately 17.1 
pounds.  During launch, this will result in a 146.5 lb. maximum force acting on the upper edge of 
the body tube. A test performed by Dr. Drake Dämerau of General Dynamics showed the ultimate 
compressive strength of Blue Tube to be approximately 5000 psi. With the given max loading, the 
maximum compressive stress that will act on the tube is 73.32 psi resulting in a large factor of 
safety eliminating the concern of failure due to this loading.   
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4.6.6 Stability Analysis 

4.6.6.1 Stability Margin, Simulated CP and CG 

The actual distance between center of pressure and center of gravity is called the static margin— 
which correlates to how stable a rocket is upon launch. The reference line when measuring the 
distance of center of gravity and center of pressure is from the tip of the nose cone. For the Team’s 
Original design, shown in Figure 4.6.6.1-1 below, static margin is located between Center of 
Pressure (denoted by the red dot) and Center of Gravity (denoted by the blue dot).  

 

 

Figure 4.6.6.1-1: Location of Center of Pressure and Center of Gravity of previous design 

 

There are certain instances where a rocket becomes “too stable” such that the rocket’s flight path 
will veer directly into the wind— this phenomena is called weathercocking. To prevent such a 
phenomena from occurring, precautions on the rocket were taken into account by organizing the 
configuration of the subsections to ensure that the static margin is greater than or equal to the 
diameter of the rocket. Based on the weight of each section and the design of the rocket, the 
configuration was placed in an open simulator, OpenRocket, where it resulted in an estimated static 
stability margin of 2.37 calibers (the unit of static margin), which satisfies vehicle req. 2.16 where 
it states of having a static stability margin of 2.0 or greater upon the forward rail button detaching 
from the rail at launch. In typical model rocketry, the stability of 1 to 2 calibers is appropriate if 
the length-to-diameter ratios are approximately 10. Because the team’s value of 2.38 is within 
range of the vehicle requirements and the stability constrictions, they are acceptable in the team’s 
rocket design.   

However, upon regulating the various components of the rocket, the team produced a different 
design ensure a more secure flight, thus producing a change in stability. Shown in Figure 4.6.6.2-
1 below, Leading Design, depicts the most recent changes to the team’s launch vehicle. Taking a 
specific look at our design, the payload bay (once located right above the motor bay) is now 
repositioned directly underneath the nose cone. The static margin, previously at a 2.37 is now at a 
2.04 calibers, going down by .33, which is a significant decrease in value.  
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Figure 4.6.6.1-2: Leading Design: Location of Center of Pressure and Center of Gravity 

 

However, not only did this new design take into effect the changing static margin value, but it also 
did the same for its center of gravity and center of pressure. When dealing with both, it is important 
to take into account that a vehicle is stable when it is designed to counteract the rotating forces 
caused by natural resistances (for example, wind) that can veer the rocket in a undesirable 
direction. To execute a promising stability, ensure that the center of pressure is located directly 
behind the center of gravity. The rocket’s mass balance point, or center of gravity, concentrates on 
the resultant weight of the rocket; mass and weight are distributed throughout the center of gravity 
thus causing the motion of a rotational spin. In cases of application, finding the center of gravity 
gains complication as the object’s mass strays from unison in respect to its reference location or 
reference line. In other words, the more homogenous an object’s mass is distributed, the easier it 
is to calculate the object’s center of gravity. To find center of gravity of the rocket, we reference 
the equation: 

• X . . =    (4.6.6.6-1)  

Where:  

Wm() denotes the weight of each module 

Dm() denotes the distance between each module to the nose tip, and 

 X . . denotes the location of center of gravity from the nose tip 
 
As the rocket is rotating about its center of gravity, an angle of inclination (direct to its flight 
path) generates a lift force from the fins and body of the rocket. Simultaneously, aerodynamic 
drag is continuous during those miniature angular inclinations. Referencing Architecture 1, the 
center of gravity is 67.024 inches which pales in comparison to the leading design, Architecture 
2, which stands at 56.156 inches. 

 
Center of pressure heavily relies on the force lift and aerodynamic drag. Center of pressure, or 
the aerodynamic balance point, on the other hand, has much in relation to center of gravity— it is 
the resultant force of where the aerodynamic pressures act upon flight. In application, stability 
heavily depends on center of pressure as there is much air pressure force distributed in front of 
the center of pressure as there is behind it. If we take for instance a rocket tilted to the direction it 
is flying, it will fly directly to air flow if undisturbed. On the contrary, a rocket that is disturbed 
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for example by wind, the rocket will fly at an angle-of-attack, which can be brought back to zero 
via normal force (CN). As the angle-of-attack directly affects the overall size and shape of the 
normal force’s (CN) distribution, normal force (CN) consequently regulates the location of 
center of pressure. This concept is pivotal to stability such that as angle-of-attack increases, the 
center of pressure moves forward.  

 
From the nose tip, we calculate center of pressure using this equation: 
 

   • 𝑋 . . =
( ) ( )

( ) ( )
    (4.6.6.1-2) 

Where:  

(𝐶 )  denotes the nose cone normal force  

(𝐶 )  denotes the fin normal force 

𝑋  denotes the distance between the nose tip and nose center of pressure location 

𝑋  denotes the distance between the nose tip and fin center of pressure location 

 

Based on the design of the nose cone, (𝐶 )  and 𝑋  are given by: 

• (𝐶 ) = 2  

• 𝑋 = (. 466)𝐿  

Where: 

 𝐿  denotes the length of the nose cone 

Additionally, (𝐶 )  and 𝑋  can be found using the following equations: 

• (𝐶 ) =
( )

( )

    (4.6.6.1-3) 

• 𝑋 = 𝑋 + ∆𝑋      (4.6.6.1-4) 

• ∆𝑋 =
( )

( )
+ (𝐴 + 𝐵 − )   (4.6.6.1-5) 

Where: 

S denotes the fin semi-span 

n denotes the number of fins  

A denotes the fin root chord 

B denotes the fin tip chord length  
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L denotes the length of the fin’s half chord 

D denotes the rocket’s diameter 

M denotes the projected length from the front edge fin root to front edge of fin tip 

𝑋  denotes the distance from nose tip to front edge of fin root 
 
Figure 4.6.6.1-3 gives a visual representation of the measured sections of the fin required to 
calculate of center of pressure of the fins. 

    
    Figure 4.6.6.1-3: Fin’s measured sections  
 
Fins are a crucial design to any rocket design or launch vehicle in general. Recalling that the 
leading design adjusts the payload in such a way that it sits directly underneath the nose cone. It 
directly relates to center of pressure in that along with center of gravity, the static margin 
changes. So, the decreased value of static margin is due to the fact that our most recent design 
shrinks the dimensions of the fins in order to secure a deeper and stronger flight. 

4.6.7 Kinetic Energy 

To ensure the Kinetic Energy is below the maximum allowed value of 75 ft-lbf, calculations of 
maximum velocity must be performed on each individual, tethered module using equation 1. 

𝐾𝐸 =  𝑚𝑣     (Eq. 1) 

Table 4.6.7-1 Kinetic Energy Analysis 

Module Mass (slugs) Maximum z Velocity (ft/s) 

Nose Cone + Payload Fairing 0.303 22.26 



California State Polytechnic University, Pomona | 2017-2018 NSL 78 
 

Main/Drogue Parachute Bays 
+ Recovery Bay 

0.275 23.34 

Observation Bay + Motor 
Bay 

0.682 14.82 

 

In order to meet keep the components of the rocket from exceeding the maximum kinetic energy, 

each module will need to land at a maximum velocity of 14.82 . In order to create a reasonable 

factor of safety, the maximum velocity will be designed for 13.0 . This allows for a factor of 

safety slightly over 1.1 

 

4.6.8 Drift Calculations 

Due to safety regulations, it is required that the vehicle lands within a 2,500 feet recovery radius 
with winds velocities up to 20 mph during launch. Two things were evaluated to determine the 
drift distance: the time the vehicle spends in the air and the maximum kinetic energy allowed for 
any module of the vehicle at landing. The time spent in the air was to be minimized as vector 
analysis was used to determine wind drift. Two conditions for the calculations include the rocket 
being launched at zero degrees and the maximum kinetic energy of any module will not exceed 75 
ft-lb. These two conditions resulted in the optimum main parachute deployment altitude of 400ft. 
The calculations considered different wind speeds of 5mph, 10 mph, 15 mph and 20 mph. With 
winds up to 20 mph the drift distance will be at the allowable recovery radius of 2,500 feet. If 
winds are below 20 mph, the drift distance will be within the allowable recovery radius.  

4.6.9 Calculation Verification  

Two methods were used to verify results, the first method was vector analysis and the second 
method was the OpenRocket software.  Using vector addition, we calculate the drift distance. The 
velocity vector of the vehicle is assumed to be straight down towards the ground while the wind 
velocity is horizontal and perpendicular to the vehicle descend velocity vector. This is depicted in 
Figure 4.6.9.2.  
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Figure 4.6.9.2 - Vector Addition of Wind Velocity and Descend Velocity resulting in 
Resultant Velocity 

The resultant vector has a component in the radial direction that the same magnitude as the wind 
velocity. The following equations were used to formulate a table in Excel.  

𝑇 =                                (Eq. 1) 

𝐷𝑟𝑖𝑓𝑡 = 𝑉 (𝑇 + 𝑇 )              (Eq. 2) 

Where 𝑇  is the time to main parachute deployment, 𝐻 is the apogee altitude, 𝐻  is the altitude 
of in which the main will be deployed and 𝑉  is the terminal velocity of using the drogue which 
we will assume to be 90 ft./s. 

The terminal velocity for the largest segment was calculated to be 14.82 ft./s with the largest 
component having a weight of 22 lb. However, taking into account a factor of safety the terminal 
wind velocity is to be 13.00 ft./s. Using these parameters, the total flight time was calculated to be, 
assuming the main parachute is deployed at an altitude of 400 feet, 84.9 seconds. The final drift 
distances are listed in the following table and in Figure 4.6.9.1. 

Table 4.8.9.1 Drift Distance Using Vector Analysis 

Wind Velocity (ft/s) Drift Distance (ft) 

0 0 

5 623 

10 1246 

15 1869 

20 2493 

 

Descend 
velocity 

Wind 
Velocity 

Resultant Velocity 
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Figure 4.6.9.1 Drift Distance Using Vector Analysis  

 

For the simulation, the initial conditions include the rocket being launched at zero degrees from 
the vertical, wind velocity having turbulence of 10%, and that the wind velocity was perpendicular 
to the rocket velocity. As seen in the results, the turbulence had a negligible effect on the wind 
drift. The values obtained are listed on Table 4.6.9.2 and Illustrated on figure 4.6.9.3. Using the 
OpenRocket software simulation, the values obtained were more conservative compared to the 
first method.  

 

Table 4.6.9.2 drift distance using OpenRocket simulation 

Wind Velocity (ft/s) Drift Distance (ft), (10% 
turbulence) 

Drift Distance (ft), (no 
turbulence) 

0 10 28 
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5 410 427 

10 885 1002 

15 1519 1536 

20 2211 2229 

 

 

Figure 4.6.9.2 Drift Simulation For Wind Velocity of 10 mph 
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Figure 4.6.9.3 Drift Simulation For Wind Velocity of 15 mph 

 

Figure 4.6.9.3 Drift Simulation For Wind Velocity of 20 mph 
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Figure 4.6.9.3 Drift Distance Using OpenRocket Simulation 

After numerous simulations with varying parameters, the values obtained are significantly smaller 
than those found by vector analysis. The values obtained from vector analysis were very close to 
the maximum allowable wind drift. This is because the method makes many assumptions for the 
sake of simplicity. These assumptions include constant air density, assuming parachute 
deployment is instantaneous, and negligible wind drift during ascension. The OpenRocket 
simulations were more intricate than vector analysis and produce more reasonable data. Despite 
the differences between the two methods, they both validate mission success. Further changes will 
be made to guarantee a safe landing within the allowable radius accounting for the factor of safety. 
Changes may include lowering the overall mass of rocket, distributing the weight of the rocket 
segments to lower the kinetic energy at landing and deploying the main parachute at a lower 
altitude. These options will be evaluated as changes to the rocket design are made.  
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5.0 Safety 

5.1 Safety Officer Responsibilities  
 
Safety Officer, Chemical Engineer 
Natalie Aparicio 
naparicio@cpp.edu 
323-919-0223 
 
Safety Officer Responsibilities 

1. Generate a launch and safety checklist by FRR submission and used during launch days 
and LRR. 

2. Filter out unsafe designs of the launch vehicle and payload experiments. 
3. Compliance of team members to wear safety equipment and follow procedures carefully 

during manufacturing. 
4. Monitor team activities during: 

a. Design of vehicle and launcher 
b. Construction of vehicle and launcher 
c. Assembly of vehicle and launcher 
d. Ground testing of vehicle and launcher 
e. Recovery testing 
f. Sub-scale testing 
g. Full scale testing 
h. Launch day 
i. Educational engagement activities 

5. Implement procedures for construction, assembly, launch, and recovery activities. 
6. Manage, maintain and write the team’s hazard analyses, failure mode analyses, 

procedures for the overall launch vehicle system and the payload experiment. 
7. Attain and record all MSDS of materials used during construction and assembly. 
8. Write and enforce document stating that the team will abide by the rules of the FAA. 
9. Write and enforce document stating that the team will abide by local rocketry club’s RSO 

during test flights. 
10. Determine all the risks and delay impacts and analyze the means of mitigation. 
11. Determine environmental concerns and effects of the launch vehicle system and payload. 
12. Create a Safety Compliance Document to fulfill Requirement SR4.5 and SR4.6. 

 
5.2 Risk and Delay Impact  
 
There are other potential risks, aside from the actual launch vehicle itself, to the project. These 
risks, including delays in report and budget deadlines, can be detrimental and are covered in 
Table 5.2-1. 
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Table 5.2-1: Deadlines and Budget Risk Assessment 
Deadlines/Budget Risk Assessment 

Hazard Cause Effect     Pre-  
Miti
gati
on 
RA
C 

Pre-Risk Mitigation Pos
t-              
Mit
igat
ion 
RA
C 

Post-Risk 

   Failure to 
meet    

Proposal   
deadline 

 Incomplete safety 
plan 

 Incomplete 
educational 

outreach plan 
 Incomplete 

technical details 
 Incomplete 

payload design 

Proposal not 
accepted by  

officials 
 

E1 Low  Weekly team 
meetings 

 Systematic 
approach to 

distribution of 
work 

 Immediate 
response to any 

activity that does 
not move the 
team forward 

3E Low 

   Failure to   
   meet PDR  

deadline 

 Inadequate 
subsystem design 

 Launch vehicle 
design that does 

not meet 
functional 

requirements 
 Unacceptable 

payload 
integration 

Unable to pass  
PDR review 
with go ahead to 
manufacture 

E1 Low  Well thought out 
approach to 

review 
preparation 

 Complete 
organized launch 

vehicle and 
subsystem design 

 Frequent review 
of requirements 

to ensure positive 
design progress 

3E Low 
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   Failure to    
      meet 
     CDR 

deadline 

 Unsuccessful 
launch of sub-
scale launch 

vehicle 
 Insufficient 
maturity in design 

since PDR 
 Unacceptable 

final launch 
vehicle design 

Unable to pass    
CDR 

Review with go 
ahead to test 
launch full-scale 
launch vehicle 

1D Moderate  Implement 
systems 

engineering 
techniques to 

organize launch 
vehicle and 

payload design 
and keep project 

on schedule 
   -Constant 

review of 
requirements to 
ensure they are 
being met by 

design 
components 

 Analysis and 
testing of key 

features of 
payload 

experiments 
 Weekly meetings 

3E Low 
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  Failure to 
 meet 
FRR 
deadline 

 Unable to 
demonstrate 

payload 
completeness and 

correctness via 
video 

 Failure to 
demonstrate 

successful full-
scale launch 

vehicle launch 
 Failure to present 

acceptable testing 
of recovery 
system and 

interface with 
ground system 

Unable to pass 
  CDR with go 

 ahead to compete 
in final launch 

1D Moderate  Complete 
analysis on 

critical 
aerodynamic 
parameters 

during flight 
 Top to bottom 

testing of 
necessary code 

for ground station 
and avionics 

 Complete and 
thorough analysis 

and testing of 
recovery system 

including 
parachute sizing 

and material 
selection 

3E Low 

  Failure to 
receive 

 necessary 
project 
funding 

 Not enough 
fundraising 

 Not enough 
community 

outreach and 
support requests 

 Unable to 
purchase 
necessary 

materials and 
equipment 

 Insufficient 
traveling funds 

1C High  Create a well-
designed and 
thought-out 
funding plan 

 Develop a 
welcome package 

that can be 
distributed to 

local companies 
requesting 

support 
 Reach out to 

college grants 
and programs for 

support 

2E Low 
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5.3 Failure Modes and Effects Analysis (FMEA)  
 
The risk matrix will be utilized to categorize and mitigate potential hazards involved with the 
project. Two factors, likelihood and severity, accompanies each risk.  Tables 7.3-1 and 7.3-2 
elaborates on how the likelihood and severity factors are given. These values are used to create 
the Risk Assessment Codes (RAC) which determines the risk of each hazard. Tables 7.3-3 and 
7.3-4 illustrates a color-coded chart for the RAC and corresponding risk level. 
 

Table 5.3-1: Likelihood Definitions 
Description Qualitative Definition Quantitative 

Definition 

A - Frequent High likelihood to occur immediately or continuously Probability > 0.9 

B - Probable Likely to frequently occur 0.9 ≥ Probability > 
0.5 

C - 
Occasional 

Expected to occur occasionally 0.5 ≥ Probability > 
0.1 

D - Remote Unlikely to occur but reasonable to expect occurrence 
at some point in time 

0.1≥ Probability 
>0.01 

E - 
Improbable 

Very unlikely to occur with no expect occurrence over 
time 

0.01≥ Probability 

 
Table 5.3-2: Severity Definitions 

Description Personnel 
Safety and 
Health 

Facility and Equipment Environmental 

1 - 
Catastrophic 

Loss of Life or 
permanent 
injury 

Loss of facility, launch 
systems, and associated 
hardware 

Irreversible severe environmental 
damage that violates laws and 
regulations 

2 - Critical Severe injury Major damage to facility, 
launch systems and 
associated hardware 

Reversible environmental damage 
causing a violation of law or 
regulation 

3 - Marginal Minor injury Minor damage to facility, 
launch systems and 
associated hardware 

Minor environmental damage 
without violation of law or 
regulation where restoration is 
possible 

4 - 
Negligible 

Minimal first 
aid required 

Minimal damage to 
facility, launch systems 
and associated hardware 

Minimal environmental damage 
without violating laws or 
regulations 
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Table 5.3-3: Risk Assessment Codes (RAC) 

Likelihood 1 
Catastrophic 

2 
Critical 

3 
Marginal 

4 
Negligible 

A - Frequent 1A 2A 3A 4A 

B - Probable 1B 2B 3B 4B 

C - Occasional 1C 2C 3C 4C 

D - Remote 1D 2D 3D 4D 

E - Improbable 1E 2E 3E 4E 

 
Table 5.3-4: Risk Levels Assessment 

Risk Levels Assessment 

Risk Levels Risk Assessments 

High Risk Highly undesirable, will lead to failure to complete the project 

Moderate 
Risk 

Undesirable, could lead to failure of project and loss of a severe amount of 
competition points 

Low Risk 
Acceptable, won’t lead to failure of project but will result in a reduction of 
competition points 

Minimal 
Risk 

Acceptable, won’t lead to failure of project and will result in only the loss of a 
negligible amount of competition points 
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Table 5.3-5: Launch Pad Risk Assessment 
Launch Pad Risk Assessment 
Hazard Cause Effect Pre-

Mitigation 
RAC 

Pre-Risk Mitigation 
 

Post-
Mitigation 
RAC 

Post-
Risk 

Failure of 
launch 
vehicle to 
meet 
stability 
velocity 
before 
leaving 
launch rail 

Misalignment in 
launch rail 
causing 
guidance pins to 
break or get 
stuck 

 

Instability of launch 
vehicle during 
launch 

3D Low Use correct 
launch lugs and 
firmly embed 
them into rocket 
body 

3E Low 

Unstable 
launch 
pad   

Un-level ground  Launch vehicle 
may leave 
launch platform 
in an 
unpredictable 
manner 

 Launch vehicle 
may not reach 
the set 
competition 
altitude 

2D Moderate Prior to launch, 
the launch 
platform should 
be checked for 
stability and 
correct alignment. 
All members 
present at launch 
should follow 
NAR/TRA 
Minimum 
Distance 
regulations 

3E Low 
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Table 5.3-6: Launch Vehicle and Recovery System Risk Assessment 
 

Launch Vehicle and Recovery System Risk Assessment  

Hazard Cause Effect Pre –
Mitigatio
n RAC 

Pre - 
Risk 

Mitigation Post – 
Mitigatio
n 

Post - 
Risk 

Drogue or 
main 
parachute fails 
to deploy 

 Black 
powder 
charges fail 
to ignite 

 Malfunction 
in the e-
matches 

 Malfunction 
in altimeters 

 Altimeters 
fail to send 
signals 

 Incorrect 
wiring of 
avionics and 
pyrotechnics 

Preparable 
damage to 
launch vehicle, 
its 
components, 
and electronics 
Failure to meet  
reusability 
requirement 
failure to meet 
landing kinetic 
energy 
requirement   

1B High  Redundant 
black 
powder 
charges, 
altimeters, 
and e-
matches 

 Ground 
testing of 
electric 
ignition 
system 
(igniting 
black 
powder 
charges) 

 Detailed 
launch 
procedure 
check list, 
that includes 
all the 
procedures 
of properly 
installing all 
avionics and 
pyrotechnics 
in the launch 
vehicle, will 
be created 
and 
followed 

2E Low 
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Launch 
vehicle is 
unstable after 
leaving launch 
pad 

 Doesn’t 
reach high 
enough 
velocity 
after leaving 
launch pad 

 Launch 
vehicle 
motor does 
not have 
enough 
thrust 

 Launch 
vehicle is 
too heavy 

 Too much 
friction 
between 
launch rails 
and launch 
vehicle 

           Predictable 
 trajectory that 
could lead to 
crash 
Failure to meet 
altitude 
requirements 
ideal launch 
vehicle 
position for 
drogue and 
main parachute 
deployment 

3E Low  Create 
model to 
determine 
the launch 
vehicle ’s 
stability 
velocity 
based on fin 
and launch 
vehicle size 

 Create 
model to 
predict 
launch 
vehicle’s 
launch pad 
exit velocity 
and use 
model to 
select 
approximate 
motor size 

 Perform test 
to determine 
the friction 
coefficient 
between the 
launch rail 
and launch 
vehicle 

 Use 
lubricant to 
reduce 
launch rail 
friction 

4D Minima
l 
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Structural 
failure/shearin
g of fins 
during launch 

 Insufficient 
epoxy used 

during 
installation 

of fins 
 Epoxy used 

to install 
fins is 

improperly 
cured 

        Unstable launch  
vehicle, 
resulting in an 
unpredictable 
trajectory 

        Possible launch 
vehicle crash 
and injury to 
personnel 

1D Moderat
e 

 Reinforce 
fins with 
sheets of 
carbon fiber 

 Examine 
epoxy for 
any cracks 
prior to 
launch 

 Perform test 
on fin 
installation 

 Ensure all 
personnel 
are alert and 
are the 
appropriate 
distance 
away from 
launch pad 
during 
launch 

2E Low 

Failure of 
launch 
vehicle’s 
internal 
bulkheads 

 Launch 
force on 
bulkheads is 
larger than 
they can 
support 

 Bulkheads 
are poorly 
manufacture
d 

       Main and    
      drogue        
parachutes 
attached to 
bulkhead will 
become 
useless 
internal 
components 
supported by 
bulkheads will 
become 
insecure and 
could be 
damaged 
Damage to 
critical 
avionics 
systems 
 Failure of 

recovery 
system and 

loss of 
launch 
vehicle 

1D Moderat
e 

 Create 
prediction 
models of 
the force the 
bulkheads 
will receive 
during 
launch 

 Use model 
to ensure all 
bulkheads 
are within a 
margin of 
safety 

 Perform 
static load 
test on all 
bulkheads 

 Perform 
detailed 
inspection of 
all 
manufacture
d bulkheads 
prior to 
launch 

2E Low 
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Launch 
vehicle motor 
fails to ignite 

 Poorly 
installed e-
match 

 Malfunction 
in e-match 

 Defective 
motor 

 Launch 
vehicle will 
not launch 

 Failure to 
meet launch 
requirement
s 

2E Low  Follow NAR 
safety guide 
lines, 
waiting a 
minimum of 
60 seconds 
before 
approaching 
launch 
vehicle 

 Once the 
RSO gives 
the all clear, 
check the 
ignition 
system for 
any loss of 
connection 
or faulty 
ignitors and 
fix 
connection 
or ignitors 

 If problem 
continues, 
replace 
motor with 
spare 

4E Minima
l 
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Buckling of 
the launch 
vehicle’s main 
body tube 
during launch 

 Body tube 
receives 
greater 
forces than 
it can 
support 

 Structural 
failure of 
launch 
vehicle 
during 
flight 

 Failure to 
meet launch 
vehicle 
requirement
s 

1E 
 
 
 
 
 
 
 
 

Low  Create 
prediction 
models of 
the force the 
body tube 
will receive 
during 
launch 

 Ensure body 
tube was 
correctly 
manufacture
d with good 
structural 
properties 
(correct 
vacuum 
bagging 
process was 
used in the 
creation of 
the carbon 
fiber) 

 Perform 
static load 
test on the 
body tube 

1D Minima
l 

 
5.4 Personnel Hazard Analysis  
5.4.1 Hazardous Materials Handling and Operations 
The team must be aware of and abide by these safety parameters while interacting with hazardous 
materials. Only designated personnel may handle these materials in accordance to state, federal, 
NAR, and TRA regulations. 
 

5.4.2 Hazard Recognition and Accident Avoidance 
It is the safety officer’s responsibility to thoroughly educate the team members with the necessary 
precautions when acting on behalf of the UMBRA NSL Team. The safety officer must review the 
safety briefings to all members before critical events such as launches and manufacturing processes 
to ensure the safe practice at all times. 
 
These briefings will instruct the members about the proper handling and good practices to keep 
and maintain the collective safety of the team. When necessary, the safety officer will only utilize 
experienced team members to demonstrate these practices. The safety officer will provide an 
electronic copy available online and upon request, physical copies of the MSDS throughout the 
aerospace labs. 
 
When it is deemed necessary, the safety officer has the authority to interrupt ongoing activities 
and lead impromptu safety mitigations. In the absence of the safety officer, participating members 
must review the provided MSDS and immediately notify the safety officer for documentations to 
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prevent any further incidents. Safety offenders who violate and continue to violate the safety 
protocols will face disciplinary actions. 
 

5.4.3 Carbon Fiber Composites 
The utilization of pre-impregnated carbon fiber for a strong body tube presents hazards to the 
manufacturers. Prolonged exposure to carbon fiber may lead to skin and respiratory irritation and 
lung disease. In addition, contact with epoxy resins can cause inflammation and conjunctivitis. 
Before the manufacturing process, manufacturers must read and understand the material safety 
data sheets for safety guidelines and mitigations. All members must wear protective gloves, safety 
goggles, respirators, and aprons while handling composite materials. The safety officer must be 
present to oversee the safety process and be prepared to handle emergency situations. 
 
5.4.4 Other Construction Materials 
The operation guidelines for any construction material follows the same safety precautions as 
aforementioned for handling carbon fiber composites. Team members must be aware of the 
consequences of handling the specified material. If the members are unaware or uncertain of the 
effects, they must review and understand the MSDS or communicate with the safety officer. The 
operating members must not handle the material in question without proper understanding of it.   
 

5.4.5 Pre-launch Briefing 
All members who attend launches must attend to each prior pre-launch briefings. The safety officer 
will review all applicable rules and regulation in accordance to the launch site, FAA, NSL Safety 
Regulations, NAR and TRA Code for High Power Rocketry, and federal, state, and municipal 
legislation. These briefings will be unique to the specific launch and launch site and individuals 
who choose not to attend will be banned from the event. 
 

5.4.6 Launches  
A checklist must be established and reviewed by the team before the launch event. This checklist 
will encompass all required materials and procedures to ensure safety while assembling and 
launching the launch vehicle. Before the event, the team will verify that the weather is suitable for 
launch and will be postponed if the weather is deemed otherwise. The safety officer must inspect 
and educate the process, in which designated members handle assembly, activations*-, ejection 
charges, and motors, prior to the installation. The launch vehicle must be assembled at their 
respective workplace away from the launch rails and other possible hazards. Only after completing 
the assemblage may the team deliver the launch vehicle to the proper launch site. Fine tuning and 
avionic triggers are only allowed at the launch rail when the motor and ignition system are both 
unarmed. The arming sequence must be performed only after all other adjustments have been 
completed. When the preparations are finished, the igniters may be inserted into the motor and 
secured into place and subsequently the ignition system must be on standby. The safety officer 
will ensure that all personnel are accounted for and under blockhouses or viewing bunkers. The 
launching sequence will begin only after the launch site is clear. If a misfire occurs, the ignition 
system must be disabled and a mandatory wait time must be obeyed until the safety officer 
determines that it is safe to approach the launch vehicle. 
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5.4.7 Unmanned Rocket Launches and Motor Handling Compliance with Federal, State and 
Local Laws 
Each UMBRA NSL member must review and acknowledge the following federal, state, and local 
laws and regulations pertaining to amateur rocketry. 

 Federal Aviation Regulations 14 CFR, Subchapter F, Part 101, Subpart C; Amateur 
Rockets: 

http://www.ecfr.gov/cgi-bin/text-idx?rgn=div5&node=14:2.0.1.3.15#sp14.2.101.c 
 Code of Federal Regulation 27 Part 5: Commerce in Explosives; and Fire Prevention 

http://unh.edu/rocketcats/part55.pdf 
 NFPA 1127 “Code for High Power Rocket Motors.” 

http://catalog.nfpa.org/2013-NFPA-1127-Code-for-High-Power-Rocketry-
P1410.aspx?icid=B484 
The team reviews and acknowledges the rules of and submits the necessary documentations for 
each launch site such as FAA waivers. The team’s launch vehicle will adhere to the maximum 
altitude granted at the sites and fly only in clear and calm weather conditions. 
Launches will take place at: 

1. Friends of Amateur Rocketry 
2. Mojave Desert Advanced Rocketry Society 
3. Lucerne Dry Lakebed 

 

5.4.8 Written Compliance to Safety Regulations 
The team is required to individually review and acknowledge the following NASA safety 
regulations. These regulations are also incorporated into the prerequisite team contract and 
subsequent activities. 

1. A complete safety inspection, detailed in Pre-launch Checklist, will be reviewed before 
every launch and the team must abide by the determination of the inspection. 

2. The range safety officer has authority to override the safety inspection and the launch if the 
launch vehicle deviates from the set guidelines and is deemed unsafe. 

 

5.4.9 Caution Statement Plans, Procedures, and Other Working Documents 
Each member engaging in activities that involving materials with potential hazards are required to 
attend all necessary safety meetings prior to handling the materials. Any time the member is 
uncertain of the proper practice, the member must review the corresponding MSDS and ask for 
the safety officer’s assistance. In addition to these safety protocols, all lab safety rules must be 
incorporated into the activity at all time. The safety procedures are provided below. 

1. Gain permission from the safety officer for usage of hazardous materials 
a. Safety officer must approve in writing for each member 

2. Verify proper attire in the lab environment 
a. Long hair must be tied to prevent vision obstruction and tangling risks 
b. Closed-toed shoes must be worn at all times 
c. Clothing must not be too loose or constricting 
d. Protective gear must be worn when handling hazardous materials as instructed by 

the safety officer and corresponding MSDS 
3. Confirm the alertness of all participating members 
4. Prepare and keep the work area clean and free of obstruction 
5. Obtain and handle the hazardous materials 
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6. Properly dispose of the excess hazardous materials and clean and organize the lab space 
 

Table 5.4.9-1: Personal Protective Equipment  
Product Chemical Family Manufacturer Hazards PPE 

1 West System 
105 Epoxy 
Resin 

Epoxy Resin West System 
Inc. 

May cause skin 
irritation, eye 
irritation, and 
allergic reaction. 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas. 

2 West System 
205 Fast 
Hardener 

Amine West System 
Inc. 

Burns to eyes and 
skin; harmful if 
swallowed or 
ingested. 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas, face 
gear. 

3 Aluminosilicate 
Fiber Blankets 
(TaoFibre 
Blanket) 

Ceramic Fiber 
(RCF) 

InterSource 
USA Inc. 

Prolonged exposure 
to dust may cause 
skin, eye, and 
respiratory tract 
irritation. 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas, 
protective 
breathing 
masks. 

4 Dan Tack 2028 
Contact Spray 
Super Adhesive 

Aerosol Adhesive Adhesive 
Solutions Inc. 

May cause 
headaches, 
dizziness, 
unconsciousness, 
injury, and toxicity, 
skin and eye 
irritation. 

Proper 
respiratory 
equipment 
and other 
facial gear 
including 
goggles. 

5 West System 
105 Epoxy 
Resin 

Epoxy Resin West System 
Inc. 

May cause skin 
irritation, eye 
irritation, and 
allergic reaction. 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas. 
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6 Generic 
Oriented Strand 
Board Material 

N/A N/A (MSDA 
provided by 
Structural 
Board 
Association) 

Inhalation and 
exposure to dust can 
cause dizziness, 
skin and eye 
irritation, serious 
injury, or even 
death. 

Ventilation, 
Protective 
Gloves, 
Respiratory 
Protection 

7 MTM49L Epoxy 
Resin 

Epoxy Resin Advanced 
Composites 
Group Inc. 

Inhalation and 
exposure can cause 
respiratory defects 
and skin/eye 
irritation, or allergic 
reaction. 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas. 

8 R-Matte Plus-3 
(Sheathing 
Insulation 
Board) 

Polyisocyanurate 
Foam 

Rmax 
Operating, 
LLC. 

May cause skin 
irritation, eye 
irritation, and 
allergic reaction; 
known carcinogenic 
material (harmful in 
overexposure). 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas, proper 
ventilation. 

9 West System 
105 Epoxy 
Resin 

Epoxy Resin West System 
Inc. 

May cause skin 
irritation, eye 
irritation, and 
allergic reaction 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas. 

10 Aeropoxy 
PH3630 

Modified Amine 
Mixture 

Aeropoxy May cause skin 
irritation, eye 
irritation, and 
allergic reaction. 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas. 
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11 Aeropoxy 
PH6228A 

Epoxy Resin Based 
Mixture 

Aeropoxy May cause skin 
irritation, eye 
irritation, and 
allergic reaction. 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas. 

12 Aeropoxy 
PH6228B 

Modified Amine 
Mixture 

Aeropoxy May cause skin 
irritation, eye 
irritation, and 
allergic reaction. 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas. 

13 Aeropoxy 
PH3660 

Epoxy Resin Based 
Mixture, 
Diphenylolpropane 

Aeropoxy May cause skin 
irritation, eye 
irritation, and 
allergic reaction; 
liver, kidney 
irritation with 
overexposure. 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas, proper 
ventilation. 

14 Aeropoxy 
PH3665 

Modified Amine 
Mixture 

Aeropoxy Skin, Eye, and Lung 
irritation with 
overexposure; 
toxicity. 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas, proper 
ventilation. 

15 Aeropoxy 
PR2032 

Multifunctional 
acrylate 

Aeropoxy Skin, Eye, and Lung 
irritation with 
overexposure; 
toxicity. 

Gloves, loose 
clothing, 
goggles, no 
exposed 
areas, proper 
ventilation. 
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5.4.10 Machining Lab 
Machine operators on the team must be adhere to the regulations such as the yellow and red tag 
set forth by California State Polytechnic University. To receive the certifications, members must 
complete trainings administered by Professor Stover, the Director of the Engineering Project 
Development Laboratory, which includes a lab tour, machine demonstrations, and subsequent 
exam. Yellow tag allows the team to utilize drill press, saws, belt sanders, grinders, and metal 
brakes while red tag certifies for lathes and CNC utilization. Regardless of certifications, all 
operators must wear protective gear and avoid wear loose clothing and hair. Operator must be 
educated about the locations of safety stations throughout the lab and against working alone. 
 
 
 
 

Table 5.4.10-1: Lab and Machine Shop Risk Assessments 
Lab and Machine Shop Risk Assessment 
Hazard Cause Effect Pre –

Mitiga
tion 
RAC 

Pre - Risk Mitigation Post – 
Mitigatio
n 

Post - 
Risk 



California State Polytechnic University, Pomona | 2017-2018 NSL 102 
 

Personnel 
injury when 

working with 
chemicals 

 Chemical 
spill/splash 

 Exposure 
to 

chemical 
fumes 

Skin, eye, and lung 
irritation 

Mild to serve skin burns
Lung damage or asthma 

3C Moderate  MSDS will 
be readily 

available in 
all labs at all 
times.  They 

will be 
reviewed 
prior to 
working 
with any 

chemicals 
 Gloves and 

safety 
glasses will 

be worn 
when 

handling 
hazardous 
chemicals 
 All 
personnel 

will be 
familiar with 
locations of 

safety 
equipment 
including 
chemical 

showers and 
eye wash 
stations 

4D Minima
l 
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Personnel 
injury when 
using power 

tools and 
hand tools 

such as 
hammers, 
saws, and 

drills 

 Improper 
training in 
tool and 

lab 
equipment 

      Mild to severe cuts or 
bruises 

      Damage to tools and 
equipment 

   Damage to launch     
vehicle and AGSE 

components 
 

2C Moderate  All 
personnel 
must be 
properly 
trained in 
tool use 

 All 
personnel 
must wear 

safety 
glasses, 

gloves and 
other PPE 

when using 
tools 

 Tools should 
be properly 
stored and 

taken care of 
 Appropriate 

apparel must 
be worn 

when 
working in 

lab 

3D Low 

Personnel 
injury and 
improperly 

manufacture 
components 
when using 

lab machines 
such as 
mills, 

sanders, or 
table saws 

 Lack of 
training in 

lab 
machine 

use 

       Mild to severe cuts 
and bruises 

      poorly fabricated 
parts 

 

2C Moderate  All 
personnel 
working in 
lab must 
receive 

Yellow Tag 
certification 
before using 

any lab 
machines 

 Personnel 
using more 

advance 
machines 
must have 
Red Tag 

certification 
 Testing and 

validation of 
all 

manufacture
d parts must 

be done 

3D 
 
 

Low 
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Personnel 
injury during 
carbon fiber 
fabrication 
and cutting 

 Excess 
exposure 

to airborne 
fiber 

particles 
 Mishandli

ng of 
epoxy and 
resins used 

      Mild to severe       
      irritation of  

       skin, eyes and lungs 

3D Low  Manufacture 
of carbon 

fiber must be 
done outside 
or in a well-
ventilated 

lab 
 Proper PPE 

must be 
worn at all 

times 
including 

safety mask, 
goggles, and 

gloves 
 All vacuum 

bagging 
safety 

procedures 
must be 
followed 

4E Minima
l 
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Poorly 
manufacture

d carbon 
fiber 

components 

 Improper 
storage of 
prepreg 
carbon 
fiber 

leading to 
break 

down of 
chemical 
properties 

 Leaks 
during 

vacuum 
bagging 
process 

 Poor 
selection 

in material 
for the 

breather, 
release 

film, and 
sealant 

tape used 
during the 
vacuum 
bagging 
process 

     Voids, wrinkles, and 
imperfections in 

carbon fiber 
       Structural failure in 

the carbon fiber body tube 

    Rough fin and body 
surfaces 

    Misalignment of               
rocket sections 

3C Moderate  Vacuum 
debulking 
should be 

performed to 
eliminate 

wrinkles and 
voids 

 Vacuum 
requirements 
must be met 

prior to 
heating 

during the 
construction 

of carbon 
fiber 

 Leak checks 
must be 

performed 
prior to cure 
and heat-up 

 Testing and 
validation of 

all 
constructed 
carbon fiber 
parts must be 

done 

3D 
 

Low 

 
 

5.5 Environmental Concerns and Effects 
The greatest possible threat to the well-being of the environment originates from the motor. The 
APCP combustion releases hazardous byproducts such as hydrochloric acid. Hydrochloric acid 
affects the launch rail’s surroundings by changing pH of any nearby water leading to deaths in 
both plants and fish species. In addition, hydrochloric acid can bond with ozone producing 
halocarbons. These substances do not easily degrade in natural environments and as a result, tend 
to accumulate leading to fire hazards. However, the threats, minimal in relation to the Space Shuttle 
Solid Boosters, are only present in the immediate vicinity and the overall effect on the global 
environment is nominal. 
 
It is also important to note that testing facilities that the team will be utilizing are locations in 
deserted areas. There are mainly dirt and shrubs for miles around the test zones. Any emergency 
water supplies are safely installed in huts and at strategic locations far from the launch pad.   
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In addition, the components of the launch vehicle are also potential concerns. In the event of 
parachute failure, the carbon body tube will be scattered across the area. These carbon fiber pieces, 
like the nylon parachutes, will not degrade and pose choking threats to wildlife. 
 
Acrylonitrile Butadiene Styrene, commonly known as ABS, is another potential area of concern. 
Printing with ABS, especially when overheating, may cause an accumulation of Hydrogen 
Cyanide (HCN). High concentration of HCN leads to various health conditions such as asthma and 
bronchitis. There is also a fire hazard during the process. 
 
Curing agents can further disrupt the environment. When the epoxy and hardener fuse, mixture 
hardens within a short amount of time. This may disrupt and harm the environment when it is 
inappropriately disposed of or spilled. 
 

6.0 Launch Plan Overview 

 
6.1 Pre-Launch Compliance Checklist 
Team members will ensure that the pre-launch compliance checklist is understood and checked 
before launches. 
◻ The vehicle shall carry one commercially available barometric altimeter for   official 

altitude determination and reported during launch day. The altimeter shall report the 
altitude via a series of beeps. 

◻ At LRR, the NASA marked altimeter will be used for official scoring. 
◻ The team shall report to the NASA official the altitude with the officially marked altimeter. 
◻ The rocket must be flown at the competition launch site. 
◻ The rocket must have proved to be reusable and recoverable before flight day. 
◻ Launch vehicle shall be prepared within 4 hours before launch. 
◻ Launch vehicle must be in ready configuration at a minimum of 1 hour. 
◻ Launch vehicle shall have no external circuitry. 
◻ Launch vehicle shall be launched with a 12 Volt direct current firing system. 
◻ After completing full scale demonstration flights, no components shall not be modified. 
◻ Vehicle shall be in fully ballasted configuration during full scale test. 
◻ Full scale motor does not have to be flown during full scale test. 
◻ Successfully recover subscale model. 
◻ Vehicle and recovery system shall be functioned as designed. 
◻ Payload does not have to be flown during testing, but vehicle must have a simulated mass. 
◻ All teams shall use the launch pad provided. 
◻ Must implement EIT Accessibility Standards. 

 
 
 
 



California State Polytechnic University, Pomona | 2017-2018 NSL 107 
 

6.2 Preliminary Checklist of Final Assembly and Launch Procedures 
6.2.1 Recovery Preparation 

Recovery Bay Preparation: 
◻ Perform visual inspection of all electronics and wire connections. 
◻ Ensure handler and those in the vicinity are wearing safety glasses. 
◻ Ensuring powder charges are facing away from all personnel; connect main powder 

charges to exterior terminals on the fore payload bay bulkhead. 
◻ Mount powder charges onto the payload bulkhead. 
◻ Ensure continuity and secure placement of powder charges. 
◻ Bolt bulkhead and main parachute bay onto the front of the payload bay. 
◻ Ensuring powder charges are facing away from all personnel; connect drogue powder 

charges to exterior terminals on the forward recovery bay bulkhead. 
◻ Mount powder charges onto the front bulkhead. 
◻ Ensure continuity and secure placement of powder charges. 
◻ Connect altimeters to the terminal leads; Ensure continuity. 
◻ Announce the intention to connect batteries and clear area of all unnecessary personnel. 
◻ Connect two (2) batteries. 
◻ Carefully slide electronics board into place. 
◻ Bolt bulkhead and drogue parachute bay onto the front of the recovery bay. 
 
Black Powder Charge Preparation: 
◻ Ensure handler and those in the vicinity are wearing safety glasses. Only the mentor will be 

allowed to handle preparation. 
◻ Insert the e-match into the modified shell. 
◻ Ensure seal at insertion point. 
◻ Carefully pour the measured amount of black powder into the modified shell. 
◻ Pack the remaining space of the modified shell with “dog barf” wadding. 
◻ Seal the top of the modified shell with blue painter’s tape. 
◻ Place prepared powder charge into the ammunition can until ready to mount.  
 
Parachute Preparation: 
◻ Perform visual inspection of nylon shock cords. 
◻ Perform visual inspection of Nomex Thermal Protection Blankets. 
◻ Perform visual inspection of connection points (quick links and eye bolts). 
◻ Perform visual inspection of the parachute. 
◻ Attach Nomex Thermal Protection Blankets to the parachute/shock cord connection point. 
◻ Fold parachute according to the proper folding procedure as deemed by Fruity Chutes (for 

the Main). 
◻ Wrap the folded parachute in Nomex Thermal Protection Blankets ensuring there is no 

exposed parachute material. 
◻ Connect to the respective eye bolt on the recovery bay. 
◻ Insert into the respective parachute bay. 
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◻ Set aside until ready to mount. 
 

6.2.2  Payload Experiment Preparation 

◻      Perform visual inspection of the SPOC, secure the SPOC on the inner tubing of the launch 
vehicle body. 

◻      Perform visual inspection on the rover mechanics, electronics, solar panels, and wire 
connections. 

◻      Connect power supply to rover. 
◻      Perform systems check on the rover, such as GPS readings and transmissions to and from 

rover. 
◻      Insert rover into payload bay and load it onto the SPOC. 
 
6.2.3 Motor Preparation 

◻      Ensure the L2 certified Mentor and those in the vicinity are wearing safety glasses. 

◻      Ensure motor casing has not been damaged or modified. 

◻      Unwrap the motor and place on an appropriate surface away from any other flammable 
materials. 

◻      Ensure all materials listed in the manual are present and not damaged. 

◻      Apply a thin film of silicon O-ring lubricant to the inside of the motor casing. 

◻      Apply a thin film of silicon O-ring lubricant to the outside of the motor. 

◻      With the protective nozzle cap on, insert the motor into the motor tube. 

◻      Apply lubricant to the threads of the aft closure. 

◻      Remove the nozzle cap and thread aft closure onto the case. Tighten until the motor is 
properly seated. 

◻      Reinstall the nozzle cap onto the nozzle. 

◻      Wipe clean the motor casing ensuring there is no residue. 

◻      Insert the motor casing into the motor mount. 

◻      Attach retention ring. 

◻      Insert motor mount into the motor bay. 

6.2.4 Final Assembly and Launch Preparations 

Final Assembly: 

◻     Connect the Nose Cone to the main parachute bay with shear pins. 
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◻      Ensure that the rover is housed securely inside the payload bay. 

◻     Connect the front of the payload bay to the drogue parachute bay with shear pins.  

Launcher setup: 

◻      Lower launcher to the horizontal position. 

◻      Ensure no personnel are in the flight path of the launch vehicle, carefully slide the launch 
vehicle onto the launch rail. 

◻      Ensure the launch vehicle is properly seated on the launch rail. 

◻      Ensure the igniter is properly fed into the Ignition Insertion System.  

Launch Procedure: (unnecessary personnel removed from the area) 

◻      Once the launch vehicle is in launch position and the igniter is inserted, arm the electronics. 

◻      Safety officer check to ensure the checklist is properly completed. 

◻      The LCO enables the master arming switch. 

◻      Once LCO allows, the hard switch will be activated. 

◻      The LCO will commence the countdown of 5 seconds. 

◻      Once the countdown is completed. The LCO says “fire” and ignition is triggered.  

Post-Flight Inspection: (only to be completed when the RSO has given the approval) 

◻      Visually track launch vehicle and payload from the time of launch to the time of recovery. 

◻      Assemble a team of two groups to recover the launch vehicle and the rover. 

◻      Wait until inspection is allowed before securing the launch vehicle and rover. 

◻      Inspect the launch vehicle’s external components for any clear signs of damage. 

◻      Document the launch vehicle through inspection and photographs for the later assessment. 

◻      Download video data and review altimeter data. 

 

7.0 Payload Criteria 

7.1 Payload Objective and Experiment 

The payload objective is to successfully deploy a rover from a safely landed rocket that will travel 
5 feet from its landing site and subsequently deploy a pair of foldable solar panels as described in 
the NASA Student Launch 2018 Handbook Experiment Requirements as Option 1. 
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● 4.5.1 Teams will design a custom rover that will deploy from the internal structure of the 
launch 

● vehicle. 
● 4.5.2 At landing, the team will remotely activate a trigger to deploy the rover from the 

rocket. 
● 4.5.3.1 After deployment, the rover will autonomously move at least 5 ft. (in any 

direction) from the 
● 4.5.3.2 Team shall provide proof which will determine that the rover traveled 5ft 

autonomously. 
● launch vehicle. 
● 4.5.4. Once the rover has reached its final destination, it will deploy a set of foldable solar 

cell panels. 
 

7.2 Payload Success Criteria 

The following criteria listed in Table 7.2-1 shall determine a successful experiment for the rover. 

Table 7.2-1 Payload Requirements and their success criteria. 

Requirement 
Number 

Success Criteria 

4.5.1 Rover shall deploy from within the launch vehicle upon landing. 

4.5.2 Upon landing, team shall remotely deploy rover from launch vehicle 
by sending a signal to the software controlling the rover. 

4.5.3.1 After deployment, the rover will autonomously travel 5ft from 
landing site of the launch vehicle. 

4.5.3.2 Data retrieved by the team from the GPS and camera attached to the 
rover shall be used to confirm the distance traveled by the rover 
autonomously. 

4.5.4 After arriving to its destination, the rover will successfully deploy a 
set of foldable solar panels. 
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7.3 Payload System Level Design 

7.3.1 System Trade Study 

This section involves a series of tables to demonstrate the various alternatives for the payload 
experiment at the system level. Each table includes a description of the various rover designs 
with their pros and cons. The first alternative is shown in Table 7.3.1-1. 

Table 7.3.1-1 Payload Design Trade Study - Alternative #1 

Rover A (Open-Body Single-Gear Track Rover) 

 

Brief Description: 

This is a design for a small, condensed rover with a thin two-track system moved by a single 
main gear placed on the upper front of each track and supported by smaller gears along the 
track. The contents of the hardware such as the raspberry pi, GPS chip, etc. will be placed 
between the two tracks within the body of the rover. The hardware will be cased on the bottom 
but the rover will have an open top in which the camera will be positioned out of. The solar 
panels will deploy through the top via spring system and be positioned above the rover. 

Pros: 

● Only one motor needed to move both tracks 
● Track allows for stability and increased traction over uneven terrain 
● Hardware is protected by being encased between tracks 
● Open top allows for simple, straightforward deployment of solar panels 
● Simple manufacturing of the body 

Cons: 

● Low maneuverability due to tracks 
● Lower speed due to tracks 
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● Potential for damage to hardware due to open-top design 

The open body tracks system is a strong candidate for the requirements desired (driving 5 feet, 
deployment of solar panels. The design is simple yet sturdy; this design requires little more 
than the track/gear system, and one general piece for the body making manufacturing simple 
and quick. The intended terrain is uneven making the tracks desirable due to their traction, and 
mission requirements can be met without maneuverability. The open top allows for simple 
deployment of solar panels limiting risk of failure. 

 

Table 7.3.1-2 Payload Design Trade Study - Alternative #2 

Rover B (Closed-Body Multi-Gear Track Rover) 

 

Brief Description: 

This design is for a larger rover, driven by multiple linear gears of equal size on both sides of a 
thick track, in which multiple motors will be inside for increased power. In between the tracks, 
lies a support platform upon which lies the encased hardware and solar panels. The case of the 
hardware and solar panels is a cube with a whole in the front for the camera to be pointed out 
of and is bolted onto the support platform. The casing of the hardware opens up via remote 
control allowing for solar panels to deploy out of via spring system. 

Pros: 

● Increased Power due to multiple gear motors 
● Track allows for stability and increased traction over uneven terrain 
● Increased protection for hardware 
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Cons: 

● Low maneuverability due to tracks 
● Complex manufacturing 
● Increased weight 
● CG not close to ground 

The closed body allows for more protection of hardware from outside forces such as extreme 
weather conditions, and the placement of the hardware on top of a platform allows for 
protection from uneven terrain below. The thicker tracks allow for increased stability over 
uneven terrain. The need for an extra servo to open the top of the hardware cases poses a 
higher risk of malfunction making deployment of solar panels a possible concern. The need for 
more motors adds more weight but does serve as insurance in the event that one motor stops 
working. 

 

Table 7.3.1-3 Payload Design Trade Study - Alternative 3 

Rover C (Open-Body Multi-Wheel Rover) 

 

Brief Description: 

This design is for a larger rover moving on 6 wheels, 3 wheels on each side. The wheels would 
each be powered by their own motor, all motors encased together in the center of them. Above 
the motors would lie the hardware components, including solar panels. The hardware is 
protected by some casing around it but not fully enclosing it. 
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Pros: 

● Increased speed 
● Increased maneuverability 
● Open top allows for simple deployment of solar panels 

Cons: 

● Complex manufacturing 
● Increased weight 
● Decreased stability/traction on uneven terrain 
● High power supply needed 

The wheels allow for maneuverability and speed unmatched by a track system however, the 
requirements of the rover are not dependent on maneuverability or speed. The wheels also run 
a higher risk of getting stuck on uneven terrain or even flipping over depending on the 
extremity of the terrain. The placement of the solar panels on the top of the rover allow for 
simple deployment but also risk being damaged without any protection. The hardware is also 
at risk with little casing to protect it but its placement also allows for quick access and repairs. 

 

The tables listed in this section include two alternatives for the deployment system at the system 
level, which consists of a pendulum based system deemed as the System Protection Orientation 
Correction (SPOC) or a tetrahedron system. Table 7.3.1-4 demonstrates the details of SPOC. 

Table 7.3.1-4 Deployment System Alternative 1 

Pendulum System (SPOC) 
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Brief Description: 

This is a design for the deployment system which will hold the rover in place throughout the 
duration of the flight and upon landing the system will correct itself so that the rover is upright 
and ready to begin moving out of the launch vehicle. The SPOC will be bolted to the sides of 
the launch vehicle to maintain placement, but the inner part of the SPOC will be free to rotate 
about itself and will be driven by the mass of the rover, therefor always keeping the rover in a 
deployable position. Upon the parachute deployment, a pin used to prevent the SPOC from 
rotating will be pulled out. The rover will be able to drive off the ramp and out of the launch 
vehicle upon landing.  

Pros: 

● Simple concept/not prone to failure 
● Easy to make and attach to the launch vehicle  
● Primarily mechanical system 

Cons: 

● In event that the launch vehicle lands vertically, rover cannot deploy 
● System prone to getting stuck in parachute upon landing 

SPOC is relatively simple allowing for ease of deployment. The only concern is that upon 
landing, the parachute could possibly block the rover from exiting because the parachute 
deployment system is directly connected to the opening of the pendulum system. Another 
concern is that if the launch vehicle is vertical upon landing the rover would be upright and 
unable to move down the ramp. However, not many concerns are present; only one servo is 
needed for the deployment of the ramp thus it being an almost entirely mechanical system 
leaving little room for error. The simple design is also easy to manufacture and attach to the 
launch vehicle. 

 

Table 7.3.1-5 Deployment System Alternative 2 

Tetrahedron System 
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Brief Description: 

This is a design for the deployment system which acts as a shell for the rover, based on the 
Pathfinder spacecraft lander system. The shell will consist of a base, and 3 alternate sides fully 
encasing the rover protecting it during the duration of the flight. Near landing, the tetrahedron 
shell will be released from the launch vehicle so it will make a separate landing from the 
launch vehicle. Accelerometers will be placed within the structure to measure which way the 
rover needs to be positioned and will then be programed to correct itself upon landing. Once 
the rover has been corrected, the surrounding walls will open up to lay flat with ground 
allowing the rover to begin movement.  

Pros: 

● Self-correcting system 
● Doesn’t need to be attached to the launch vehicle 

Cons: 

● Difficult to manufacture 
● Need for extra electrical systems 
● Highly integrated system prone to complications that could lead to failures 
● Expensive 

The system is proven to work as seen on the Pathfinder mission, however the system is very 
complex and not only difficult to build but also difficult to program. Many more materials are 
needed for this deployment system in comparison to SPOC and would also likely be much 
heavier than the pendulum system as well. The system does, however, provide extra protection 
in the event that something were to happen to the launch vehicle.  
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7.4 Payload Design with Current Leading Alternatives 

7.4.1 System Leading Design 

The leading system design was chosen by process of elimination, by evaluating the trade studies 
of all three designs.  

Rover C was eliminated due to the possibility of losing traction in the uneven terrain. It would 
require more drive motors, which makes the rover larger, heavier, more expensive, and more 
complex to build. The rover needs to remain small in order to fit within the pendulum which will 
hold it in place during flight.  

Rover B was eliminated due to being top heavy. The center of mass needs to remain towards the 
bottom of the rover for the pendulum to work correctly. The use of two motors driving the tracks 
helps with power, and allows for turning, but also makes the rover too wide to fit within the 
pendulum.  

Rover A was chosen due to its simple design. The tracks allow for the needed traction over the 
terrain. Using only one drive motor reduces weight, and allows the rover to be thinner. Only being 
able to drive straight is acceptable for the rover, as it only needs to drive straight from the launch 
vehicle. The open frame also reduces weight and makes manufacturing simpler.  

The tetrahedron system was eliminated due to being too complex to build. It would require multiple 
actuators to function, which drives up cost, weight and difficulty when integrating. This system 
would also have to be deployed from the launch vehicle before landing, which violates a 
requirement.  

The pendulum system was chosen to deploy the rover because it is simple and light weight. The 
difficulty is low due to only using mechanical parts, and no actuators. Due to most of the parts 
being 3D printed, this system is also cost effective. 

7.4.2 Payload Leading Design Mass Summary 

Table 7.4.2-1: Leading payload design’s mass summary. 

Leading Payload Mass 

Purpose Item 
Mass 

(g) 
Qty 

Total Mass 
(g) 

Rover Pi Zero 9.0 1 9.0 
SD Card 2.0 1 2.0 

Transceiver 5.1 1 5.1 
GPS Module 8.1 1 8.1 

Video Transmitter 9.0 1 9.0 
Pi V2 Camera 3.4 1 3.4 

Circular Polarized Antenna 9.0 2 18.0 
Solar Panel 9.0 4 36.0 
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Micro Servo 9.0 2 18.0 
Motor/Gear Drive 200.0 1 200.0 

Track and Wheel Set 100.0 1 100.0 
Torsion Spring 5.0 2 10.0 
Battery Pack 145.0 2 290.0 

GPIO Pin Header 2.1 1 2.1 
Frame 400.0 1 400.0 

Rover Total     1110.7 
          

Pendulum 
(SPOC) 

Steel balls 30.0 
100 
pk 

30.0 

Lithium Grease 10.0 1 10.0 

Bolts/nuts 10.0 
100 
pk 

10.0 

printed parts 200.0   200.0 

PLA   1   

Pendulum Total     250.0 
          
  Payload Total     1360.7 

 

7.4.3 Leading Drawings and Electrical Schematics 

Figure 7.4.3-1: Preliminary Rover design assembly 
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Figure 7.4.3-2: Preliminary Body frame design 
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Figure 7.4.3-2 Preliminary Rover Drive Wheel design 
 

Figure 7.4.3-3 Preliminary Electrical Schematic concept 
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7.4.3.1 Payload Fairing Design 

For this updated design of the launch vehicle, a decision was made to move the payload fairing 
from above the motor bay to below the nose cone. This decision was made when a concern was 
brought up of the possibility that the motor bay would landing right side up (vertically) preventing 
the rover from deploying. In order to have the rover deploy and accomplish Experiment 
Requirement 4.5.2, the payload fairing must land on its side. To guarantee the said orientation the 
payload fairing was moved to below the nose cone where upon landing it will teeter to its side 
exposing the rover exit as shown in figure 7.4.3.1-1. 

 

 

Figure 7.4.3.1-1: View of the rover exit and expected landing orientation 

  

The overall design of the new payload fairing is still very similar to that described in the proposal, 
except for one difference. Unlike the old design, the new design will be made out of 12 in airframe 
tubing to provide the full 6 in inner diameter for the SPOC the old design was made out of a 
coupler, only providing 5.78 in of inner diameter space. A coupler will still be utilized to connect 
the payload firing to the parachute bay using shear pins to hold it on place during launch, applying 
the shear pins will satisfying Recovery System Requirement 3.8. The said coupler will have a 
length of 7 in where 3.5 in will be set inside of the payload fairing and the other 3.5 in will be 
exposed to accomplish the joining of the parachute bay. With the coupler in place, the overall 
length of the payload fairing (minus the nose cone) will have a length of 14.5 in and is expected 
to weigh 7.52 lb. with the payload. At the exposed end of the coupler, a hollowed bulkhead will 
be placed to provide an opening for the rover to exit from. 

As can be seen in Figure 7.4.3.1-2 (a), the hollowed bulkhead will be designed with a 4.7 in 
diameter opening with an outer diameter of 5.84 in. Two holes spaced 1.25 in apart were made on 
the face of the bulkhead to fit a zinc-plated steel, 3/8 in – 16 threaded, U-bolt. Being aware that 
the hollowed bulkhead will be exposed to impulse forces from the U-bolt during deployment of 
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the main parachute, a thin aluminum plate will be placed at the bottom of the bulkhead for greater 
shear resistance; future testing will be made to verify. Lastly, a groove around the inner edge of 
the bulkhead will made to fit a 3D printed plug. The plug will not only be meant to protect the 
payload from the main parachute during deployment, but it will also help to keep the main 
parachute bay pressurized during the deployment process. This said plug will be fitted with a 114 
sized routing eye-bolt, as can be seen in Figure 7.4.3-2 (b), where it will attached to the main shock 
cord in a way that it may be pull off from the groove during deployment. 

                         

                                         (a)                                                                         (b) 

Figure 7.4.3.1-2: (a) Hollowed bulkhead dimensions, (b) 3D-printed plug with routing eye 
bolt 
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7.4.4 Interfaces: Payload and Launch Vehicle 

The payload bay will be located directly under the nose cone and at the very top of the main body 
of the rocket. This is so that as the rover deploys out of the payload bay, there will be no messy 
parachute strings or other hindrances. Additionally, this strategy of placement would allow for the 
team to easily take the payload out of the rocket and put it back in. Ease of removal is necessary 
as the team cannot waste time dismantling the rocket in order to change the payload or the payload 
bay in any way. The shock cord will be attached to the main body through a U-ring on the bottom 
section, but the nose cone is meant to shear off with the use of shear pins. A gyroscopic bearing 
located in the payload bay will hold the rover in place and turn it to whichever way the rocket 
lands. After landing, a makeshift ramp will get unlocked and the treads of the rover would move 
off the ramp and out into the open where the rover can complete its objectives.  

 

7.4.5 Precision, Repeatability, Recovery 

The Nasa Student Launch handbook mandates a GPS on the rover so that the team would be able 
to track its position. This GPS will feed back data information to the Raspberry Pi Zero located at 
the base. Additionally, a Raspberry Pi Camera will be mounted on the top part of the rover and 
will be recording a video feed. This video feed will be transmitted back to the base along with the 
GPS data. A transceiver and receiver will also be used in this project as a way for a person to 
remotely trigger the rover sequence. Reusability is key with the payload and the payload bay and 
the rover will not be connected to the rest of the rocket’s avionics in any way. This allows for the 
mission objectives to still be completed even if some other components of the rocket fail. The 
gyroscopic bearing used to set the rocket correctly will be a 3-D printed model which is easy to 
manufacture, but also strong enough to not break unless under catastrophic loads. All electronic 
components of the rover will be bolted down and sealed inside a waterproof casing to make sure 
they do not get damaged.  
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7.5 Payload Standard Operating Procedure 

The operating procedure for the rover is defined in a flowchart in Figure 7.5-1. 

Figure 7.5-1: Flowchart of the rover operating procedure. 

8.0 Project Plan 

8.1 Requirements Verification  

The requirements compliance matrix for each subsection will be outlined in this section. Any 
requirement cells highlighted in blue will be addressed in the CDR. The requirements 
compliance matrix gives the following nomenclature:  

 

 

 

 

1 Test
2 Analysis
3 Demonstration
4 Inspection 

Method of Verification Table Definition Status 
V IP NV 

Verified 
In 

Progress 
Not 

Verified 
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8.1.1 General Compliance Matrix 

 

REQ# Description 1 2 3 4 V IP NV

GR1.2

The team shall provide and maintain a 
project plan to include, but not limited to the 
following items: project milestones, budget 

and community support, checklists, 
personnel assigned, education engagement 

events, and risks and mitigations.

8 x
Demonstration of the project 

plan.
1

GR1.3

Foreign National (FN) team members shall 
be identified by the Preliminary Design 

Review (PDR) and may or may not have 
access to certain activities during launch 

week due to security restrictions. In additino, 
FN's may be separated from their team 

during these activities. 

1.4 x Inspection of all team members. 1

GR1.4

The team shall identify all team members 
attending launch week activities by the 
Critical Design Review (CDR). Team 

members shall include:

GR1.4.1
Students actively engaged in the project 

throughout the entire year.
1.4 x

Members shall demonstrate their 
engagement.

1

GR1.4.2 One mentor. 1.1 x
Demonstration of the active 

advisor.
1

GR1.4.3 No more than two adult educators. 1.1 x
Demonstration of the active 

mentors.
1

StatusGeneral Requirements Verification Method

All team members have their subteams 
and designated responsibilities delegated 

by their subteam leads. 

Dr. Donald Edberg

Dr. Todd Coburn and Rick Maschek

1

Project plan will be discussed in greater 
detail in CDR and LRR. 

Design Requirements Section Verification Details

1.4 x

CPP NSL does not have any FNs on the 
current team.

Team members shall demonstrate 
100% of the project.

GR1.1
Team Lead, Casey, will distribute an 

equal amount of work to each student, 
both for writing and manufacturing.

Students on the team shall do 100% of the 
project, including design, construction, 
written reports, presentations, and flight 

prepartion with the exception of assembling 
the motors and handling black powder or 

any variant of ejection charges, or preparing 
and installing electric matches (to be done by 

the team's mentor).
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GR1.6
The team will develop and host a Web site 

for project documentation.
1.4 x Inspection of website existence. 1

GR1.8 All deliverables must be in PDF format. 1.4 x Inspection of all deliverables. 1

GR1.7

1

In every report, teams will provide a table of 
contents including major sections and their 

respective sub-sections.
Page numbers will be visible on the 

bottom rand hand side of each review.
In every report, the team will include the 
page number at the bottom of the page.

ALL

pg 1

Demonstration of educational 
activities.

1

x
Demonstration of all page 

numbers.

9 x

Demonstation of use of computer 
equipment during teleconferences.

xN/A

Demonstration of Table of 
Contents.

1x

x

Outreach Manager, Megan, will be in 
carge of planning activities with over 200 

students.

Final documents will be saved in PDF 
format.

Inspection of deliverables on 
website after each deadline.

Teams shall post, and make available for 
download, the required deliverables to the 
team Web site by the due dates specified in 

the project timeline. 

Web Managers, Casey and Megan, will 
upload all the required documents on the 

website by the due date.
1.4

The team shall provide any computer 
equipment necessary to perform a video 

teleconference with the review board. This 
includes, but not limited to, a computer 

system, video camera, speaker telephone, 
and a broadband Internet 

connection.Cellular phones can be used for 
speakerphone capability only as a last resort.

CPP NSL shall be on campus during 
video teleconferences with access to a 

computer system, video camaera, 
speaker telephone, and a broadband 

Internet connection.

1

GR1.9

GR1.11

GR1.10

GR1.5

http://www.cpprocketry.net

1

The team will engage a minimum of 200 
participants in educational, hands-on 
science, technology, engineering, and 

mathematics (STEM) activities, as defined in 
the Educational Engagement Activity Report, 
by FRR. An educational engagement activity 

report will be completed and submitted 
within two weeks after completion of an 

event. A sample of the educational 
engagement activity report can be found on 

page 31 of the handbook. To satisfy this 
requirement, all events must occur between 
project acceptance and the FRR due date. 

Table of Contents will follow the cover 
page.
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GR1.13

Teams must implement the Architectural 
Transportation Barriers Compliance Board 

Electronic and Information Technology (EIT) 
Accessibility Standards (36 CFR Part 1194) 

Subpart B-Technical Standards 
(http://www.section508.gov): § 1194.21 

Software applications and operating 
systems. § 1194.22 Web-based intranet and 

Internet information and applications.

6.1 x
Demonstration to include EIT 

Standards in all systems.
1

GR1.12 1
Demonstration during flight day to 

use launch pads provided.
Final vehicle design shall allow the use of 

the provided launch pads.
6.1 x

The team will implement the EIT 
Accessibility Standards.

All teams will be required to use the launch 
pads provided by Student Launch's launch 
service provider. No custom pads will be 

permitted on the launch field. Launch 
services will have 8ft. 1010 rails, and 8 and 

12 ft. 1515 rails available for use. 

GR1.14

Each team must identify a "mentor." A 
mentor is defined as an adult who is included 
as a team member, who will be supporting 
the team (or multiple teams) throughout the 
project year, and may or may not be 
affiliated with the school, institution, or 
organization. The mentor must maintain a 
current certification, and be in good standing, 
through the National Association of 
Rocketry (NAR) or Tripoli Rocketry 
Association (TRA) for the motor impulse of 
the launch vehicle and must have flown and
successfully recovered (using electronic, 
staged recovery) a minimum of 2 flights in 
this or a higher impulse class, prior to PDR. 
The mentor is designated as the individual 
owner of the rocket for liability purposes and 
must travel with the team to launch week. 
One travel stipend will be provided per 
mentor regardless of the number of teams he 
or she supports. The stipend will only be 
provided if the team passes FRR and the 
team and mentor attends launch week in 
April.

1.1 x
Demonstration of the active 

mentor.
1

Total 8 7 1

Rick Maschek will be our mentor for 
CPP NSL. 

Notes
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8.1.2 Launch Vehicle Compliance Matrix 

 

REQ# Description 1 2 3 4 V IP NV

VR2.2

The vehicle will carry one commercially 
available, barometric altimeter for recording 
the official altitude used in determining the 

altitude award winner. Teams will receive the 
maximum number of altitude points (5,280) if 
the official scoring altimeter reads a value of 
exactly 5280 feet AGL. The team will lose 
one point for every foot above or below the 

required altitude.

4.4.5 & 
6.1

x

The team shall review the launch 
vehicle system, subsystems and 
components design verifying at 

least one commercially available 
altimeter. 

1

VR2.3

Each altimeter will be armed by a dedicated 
arming switch that is accessible from the 
exterior of the rocket airframe when the 

rocket is in the launch configuration on the 
launch pad.

6.2.4 x
Verify the dimensions are the 

appropriate size for the selected 
switches.

1

VR2.4
Each altimeter will have a dedicated power 

supply. 

4.4.1, 
4.4.2 & 
4.4.8

x x
Inspection of altimeter schematic 

design
1

VR2.5
Each arming switch will be capable of being 
locked in the ON position for launch (i.e. 
cannot be disarmed due to flight forces). 

4.4.8.1.3 x
Inspection of altimeter schematic 

design
1

VR2.6

The launch vehicle will be designed to be 
recoverable and reusable. Reusable is 

defined as being able to launch again on the 
same day without repairs or modifications.

4.6.1 & 
6.1

x

Conducting launch tests shall be 
able to result in a usable vehicle 
afterwards. The Structures team 
shall design the structure to be 

robust and withstand impact loads 
through testing. 

1

Vehicle Requirements Verification Method

An altimeter will be used to record flight 
data such as altitude and temperature and 

to initiate parachute deployment at 
predetermined altitudes.

Each altimeter will be armed using a 
rotary switch that is accessible from the 

outside of the body tube. The rotary 
switch will be toggled using a flat head 

screw driver and cannot be disarmed due 
to flight forces.

The rocket will be designed to be 
reusable and recoverable before flight 

day.

The vehicle was found to deliver the 
payload to approximately 5,280 feet and 
meet the minimum rail exit velocity of 52 

ft/s.

VR2.1

The avionics bay includes two sets of the 
altimeters each with its own independent 

power supplies. 

Two 1/2 in. holes will be made on the 
recovery avionics bay to allow room for 
arming switches that may be accessed 

from the exterior.

4.3.4 & 
4.4.6

x x

OpenRocket simulations of final 
design provide projected altitude, 

launch tests shall showcase 
altitude reached.

The vehicle will deliver the payload to an 
apogee altitude of 5,280 feet above ground 

level (AGL). 

Design Requirements Section Verification Details

1

Status
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VR2.7

The launch vehicle will have a maximum of 
four (4) independent sections. An 

independent section is defined as a section 
that is either tethered to the main vehicle or is 
recovered separately from the main vehicle 

using its own parachute.

4.3.5 x
Final build will verifiy three 

independent sections.
1

VR2.8
The launch vehicle will be limited to a single 

stage. 
4.3.2 x x

Final build will verify the rocket is 
single-stage.

1

VR2.9

The launch vehicle will be capable of being 
prepared for flight at the launch site within 3 

hours of the time the Federal Aviation 
Administration flight waiver opens.

4.6.1 x
Before test launches, the team 
shall time the preparation of the 

launch vehicle.
1

VR2.10

The launch vehicle will be capable of 
remaining in launch-ready configuration at 
the pad for a minimum of 1 hour without 
losing the functionality of any critical on-

board components.

6.1 x

Before test launches, the team 
shall demonstrate if the vehicle 
can be read on the stand for 1 

hour.

1

VR2.11

The launch vehicle will be capable of being 
launched by a standard 12-volt direct 

current firing system.
The firing system will be provided by the 

NASA-designated Range Services Provider.

6.1 x
Launch tests shall be done with a 
12 Volt firing system proving its 

ability to function.
1

VR2.12

The launch vehicle will require no external 
circuitry or special ground support 

equipment to initiate launch (other than what 
is provided by Range Services). 

6.1 x
Inspection of the electrical 

circuitry design
1

The launch vehicle will have three 
independent esctions known as modules. 

Launch vehicle will be limited to a single 
stage.

Modular design of the launch vehicle 
sections, where assembly only requires 

fastening of each module with shear pins.

Launch vehicle must be in ready 
configuration at a minimum of 1 hour.

1
Cesaroni L1115 motors are still 

commercially available.

The launch vehicle will use a commercially 
available solid motor propulsion system using 
ammonium perchlorate composite propellant 
(APCP) which is approved and certified by 

the National Association of Rocketry 
(NAR), Tripoli Rocketry Association 

(TRA), and/or the Canadian Association of 
Rocketry (CAR).

Launch vehicle wil utilize a commercially 
bought Cesaroni L1115 solid propellant 

motor.
4.3.4 x

Launch vehicle shall be launched with a 
12 Volt direct current firing system.

Launch vehicle shall have no external 
circuitry.

VR2.13
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VR2.14.3

Full pedigree of the tank will be described, 
including the application for which the tank 
was designed, and the history of the tank, 

including the number of pressure cycles put 
on the tank, by whom, and when.

VR2.15
The total impulse provided by a College 
and/or University launch vehicle will not 

exceed 5,120 Newton-seconds (L-class).
4.3.4 x x

Company provided specifications 
verify the impulse.

1

VR2.16

The launch vehicle will have a minimum static 
stability margin of 2.0 at the point of rail exit. 

Rail exit is defined at the point where the 
forward rail button loses contact with the 

rail.

4.6.6.1 x

OpenRocket simulations have 
verified current static stability 

margins. Further calculations will 
be made when the full-scale 

rocket is built.

1

VR2.17
The launch vehicle will accelerate to a 

minimum velocity of 52 tips at rail exist. 
4.3.4 x

Simulations shall be conducted to 
analyze the minimum velocity. 

1

The minimum factor of safety (Burst or 
Ultimate pressure versus Max Expected 

Operating Pressure) will be 4:1 with 
supporting design documentation included in 

all milestone reviews.

Total impulse of Cesaroni L1115 will be 
5,015 Newton-secounds.

The launch vehicle will be a stability 
margin of 2.04.

The motors of the launch vehicle were 
found to meet the minimum rail exit 

velocity of 52 ft/s.

Final motor choices must be made by the 
Critical Design Review (CDR).

VR2.13.2

VR2.14

VR2.14.1

VR2.13.1

Each pressure vessel will include a pressure 
relief valve that sees the full pressure of the

valve that is capable of withstanding the 
maximum pressure and flow rate of the tank.

Any motor changes after CDR must be 
approved by the NASA Range Safety 

Officer (RSO), and will only be approved if 
the change is for the sole purpose of 

increasing the safety margin.

Pressure vessels on the vehicle will be 
approved by the RSO and will meet the 

following criteria:

VR2.14.2
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VR2.18

All teams will successfully launch and 
recover a subscale model of their rocket 

prior to CDR. Subscales are not required to 
be high power rockets.

N/A x x
Launch day will verify the success 

of launch and recovery.
1

VR2.18.1

The subscale model should resemble and 
perform as similarly as possible to the full-

scale model, however, the full-scale will not 
be used as the subscale model.

N/A x x
Launch day will verify that the 
subscale will perform similar to 

the full-scale model.
1

VR2.18.2
The subscale model will carry an altimeter 
capable of reporting the model's apogee 

altitude. 
N/A x x

Visual inspection will be made on 
launch day to verify the use of an 

altimeter.
1

VR2.19

All teams will successfully launch and 
recover their full-scale rocket prior to FRR 

in its final flight configuration. The rocket 
flown at FRR must be the same rocket to be 
flown on launch day. The purpose of the full-
scale demonstration flight is to demonstrate 

the launch vehicle’s stability, structural 
integrity, recovery systems, and the team’s 

ability to prepare the launch vehicle for flight. 
A successful flight is defined as a launch in 
which all hardware is functioning properly 

(i.e. drogue chute at apogee, main chute at a 
lower altitude, functioning tracking devices, 

etc.). The following criteria must be met 
during the full-scale demonstration flight:

8.4 x
Launch vehicle must be 

recoverable and reusable after the 
launch tests are conducted.

1

VR2.19.1
The vehicle and recovery system will have 

functioned as designed.
6.1 x

During flight day, the launch 
vehicle needs to demonstrate the 

objectives and operations 
planned.

1

VR2.19.2
The payload does not have to be flown 

during the full-scale test flight. The following 
requirements still apply:

6.1 x
Inspection that a mass simulation 
is present during the launch test. 

1

VR2.19.2
.1

If the payload is not flown, mass similators 
will be used to simulate the payload mass.

6.1 x
Inspection that a mass simulation 
is present during the launch test. 

1
During the launch test, put a mass 

representation of the payload in the 
payload fairings.

A subscale model wil be launched and 
recovered prior to the CDR.

The subscale model will perform similar 
to the full-scale model.

The subscale model will carry an 
altimeter capable of reporting the model's 

apogee altitude. 

Gantt Chart shows a schedule of sub-
scale and full-scale testing dates.

TBD on Flight Day

During the launch test, put a mass 
representation of the payload in the 

payload fairings.
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VR2.19.2
.1.1

The mass simulators will be located in the 
same approximate location on the rocket as 

the missing payload mass.
6.1 x

Inspection that a mass simulation 
is present during the launch test. 

1

VR2.19.3

If the payload changes the external surfaces 
of the rocket (such as with camera housings 

or external probes) or manages the total 
energy of the vehicle, those systems will be 
active during the full-scale demonstration 

flight.

N/A x
Demonstration during the test 

flight
1

VR2.19.4

The full-scale motor does not have to be 
flown during the full-scale test flight. 

However, it is recommended that the full-
scale motor be used to demonstrate full flight 
readiness and altitude verification. If the full-
scale motor is not flown during the full-scale 
flight, it is desired that the motor simulates, 

as closely as possible, the predicted 
maximum velocity and maximum acceleration 

of the launch day flight.

6.1 x
Inspection of the purchased full 

scale motor
1

VR2.19.5

The vehicle must be flown in its fully 
ballasted configuration during the full-scale 
test flight. Fully ballasted refers to the same 
amount of ballast that will be flown during 

the launch day flight. Additional ballast may 
not be added without a re-flight of the full-

scale launch vehicle.

6.1 x
This will be determined during 
flight day by demonstrating that 

the vehicle is fully ballasted.
1

VR.2.19.6

After successfully completing the full-scale 
demonstration flight, the launch vehicle or 
any of its components will not be modified 

without the concurrence of the NASA 
Range Safety Officer (RSO).

4.6.1 x
Inspection of the rocket after full 
scale demonstration shall have the 
same results as before flight day. 

1

VR2.19.7

Full scale flights must be completed by the 
start of FRRs (March 6th, 2018). If the 

Student Launch office determines that a re-
flight is necessary, then an extension to 
March 28th, 2018 will be granted. This 

extension is only valid for re-flights; not first-
time flights.

8.4 x Inspection of the Gantt Chart 1

During the launch test, put a mass 
representation of the payload in the 

payload fairings.

The launch vehicle is designed to be in 
fully ballasted configuration during the test 

flight.

No design modification after last full-
scale flight. 

Gantt Chart shows a schedule of sub-
scale and full-scale testing dates.

There will be no changes to the external 
surfaces of the rocket. 

Full scale motor does not have to be 
flown during full scale test. 
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VR2.20
Any structural protuberance on the rocket 
will be located aft of the burnout center of 

gravity.
6.2.4 x

Inspection of the structural design 
and pertubations.

1

VR2.21 Vehicle Prohibitions

VR2.21.1
The launch vehicle will not utilize forward 

canards.
N/A x N/A 1

VR2.21.2
The launch vehicle will not utilize forward 

firing motors.
N/A x x N/A 1

VR2.21.3
The launch vehicle will not utilize motors that 
expel titanium sponges (Sparky, Skidmark, 

MetalStorm, etc.)
4.3.4 x

The commercially-bought motor 
will not expel titanium sponges.

1

VR2.21.4
The launch vehicle will not utilize hybrid 

motors. 
4.3.4 x

The commercially-bought motor 
will be solid propellant.

1

VR2.21.5
The launch vehicle will not utilize a cluster of 

motors. 
4.3.4 x x

A single motor will be used for 
the launch vehicle.

1

VR2.21.6
The launch vehicle will not utilize friction 

fitting for motors.
4.3.4 x

Retainer will secure motor casing 
without the need to friction fit.

1

VR2.21.7
The launch vehicle will not exceed March 1 

at any point during flight.
4.6.2 x x

OpenRocket simulations verify 
the max speeds are below March 

1. 
1

VR.2.21.8
Vehicle ballast will not exceed 10% of the 

total weight of the rocket.
N/A x N/A 1

Notes Totals 13 7 18

Launch vehicle will utilize a Cesaroni 
L1115 solid propellant motor.

Launch vehicle will utilize a Cesaroni 
L1115 solid propellant motor.

The launch vehicle will utilize a single 
motor. 

The motor mount will be secured via 
epoxy and the motor will be retained 

using a motor retention ring.

The launch vehicle will reach speeds of 
626 ft/s.

A ballast will not be added to the launch 
vehicle. 

There will be minimal changes to the 
external surfaces of the rocket. 

There are no forward canards.

There are no forward firing motors.
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8.1.3 Recovery System Compliance Matrix 

 

REQ# Description 1 2 3 4 V IP NV

RS3.2

Each team must perform a successful ground 
ejection test for both the drogue and main 
parachutes. This must be done prior to the 

initial subscale and full-scale launches.

4.4.8.1.1 x
Results of the ground ejection test 

shall verify successful 
performance. 

1

RS3.3
At landing, each independent sections of the 
launch vehicle will have a maximum kinetic 

energy of 75 ft-lbf.
4.6.1 x

Hand calculations and respective 
simulations are utilized to analyze 

kinetic energy.
1

RS3.4
The recovery system electrical circuits will 
be completely independent of any payload 

electrical circuits.
4.4.1 x

The launch vehicle shall 
demonstrate that the recovery 

system electrical circuits is 
separate from the payload 

electrical circuits during the launch 
test.  

1

RS3.5
All recovery electronics will be powered by 

commercially available batteries.
4.4.1 x

Inspection of the altimeters and 
avionics schematic

1

RS3.6

The recovery system will contain redundant, 
commerially available altimeters. The term 
"altimeters" includes both simple altimeters 
and more sophisticated flight computers.

4.4.1 x
Inspection of the altimeters and 

avionics schematic
1

1

Status

Recovery testing will be done to 
determine the proper deployment 

of both parachutes.

Design Requirements Section Verification Details

The drogue parachute will deploy 
immediately after reaching apogee and 

maintain a steady velocity of 90 ft/s until 
the main parachute is deployed. In order 
to minimize wind drift, the main parachute 
will be deployed at an altitude of 400 ft.

The avionics bay includes two sets of the 
altimeters each with its own independent 

power supplies.

The launch vehicle will stage the deployment 
of its recovery devices, where a drogue 

parachute is deployed at apogee and a main 
parachute is deployed at a lower altitude. 

Tumble or streamer recovery from apogee 
to main parachute deployment is also 

permissible, provided that kinetic energy 
during drogue-stage descent is reasonable, 

as deemed by the RSO.

Recovery System Requirements Verification Method

A recovery system test on November 18, 
2017 will cover a ground ejection test for 

both the drogue and main parachutes 
prior to the subscale and full-scale 

RS3.1

Each independent section of the launch 
vehicle must withstand miximum impact 
kinetic energy of 75 ft-lbf so that there 

will be no damage to the structure or any 
internal components.

4.4.6 x

The recovery bay will show the recovery 
system electrical circuits in between the 

main and drogue bays. Payload electrical 
ciruits will be separate from the recovery 

system electrical circuits.

The avionics bay will include two Perfect 
Lite StratoLoggerCF altimeters and two 

Eggfinder GPS systems, which run on 9V 
and 7.4 LiPo batteries respectively.
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RS3.7
Motor ejection is not a permissible form of 

primary or secondary deployment.
4.4.5.1 x

Recovery Testing will be 
performed to ensure altimeter 

deployment system.
1

RS3.8
Removable shear pins will be used for both 
the main parachute compartment and the 

drogue parachute compartment. 
4.6.1 x

Inspection of the parachute bay 
design and construction

1

RS3.9
Recovery area will be limited to a 2500 ft. 

radius from the launch pads.
4.6.8 x

Inspection of the launch vehicle 
safety requirements

1

RS3.10

An electronic tracking device will be installed 
in the launch vehicle and will transmit the 

position of the tethered vehicle or any 
independent section to a ground receiver.

4.4.5.2 x
Inspection of the avionics 

schematic
1

RS3.10.1

Any rocket section, or payload component, 
which lands untethered to the launch vehicle, 
will also carry an active electronic tracking 

device.

4.4.2 x
Inspection of the launch vehicle 

safety requirements
1

RS3.10.2
The electronic tracking device will by fully 
functional during the official flight on launch 

day.

4.4.5.1 
& 

4.4.5.2
x

Pre flight checklist will be 
implemented. Recovery avionics 
will be tested for function directly 

or with a multimeter.

1

The primary and secondary altimeters will 
initiate the ejection charges.

Batteries for the GPS system and 
altimeters will be replaced/inspected 

before each flight. Back up units will be 
purchased and installed in the case of an 

emergency.

Modular design of the launch vehicle 
sections, where assembly only requires 

fastening of each module (main and 
drogue parachute compartments) with 

shear pins.

Due to safety regulations, it is required 
that the vehicle lands within a 2,500 feet 
recovery radius with winds velocities up 

to 20 mph during launch.
GPS Systems are responsible for 

recording the coordinates of the rocket 
and assist in finding its location after 

touchdown.

All rocket sections and payload 
components will land tethered to the 

launch vehicle.
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RS3.11

The recovery system electronics will not be 
adversely affected by any other on-board 

electronic devices during flight (from launch 
until landing).

4.4.8.1.3 x Inspection of the recovery bay 1

RS3.11.1

The recovery system altimeters will be 
physically located in a separate compartment 

within the vehicle from any other radio 
frequency transmitting device and/or 

magnetic wave producing device.

4.4.2 x
Inspection of the recovery bay 

design 
1

RS3.11.2

The recovery system electronics will be 
shielded from all onboard transmitting 

devices, to avoid inadvertent excitation of 
the recovery system electronics.

4.4.2 x
Inspection of the recovery bay 

design 
1

RS3.11.3

The recovery system electronics will be 
shielded from all onboard devices which may 

generate magnetic waves (such as 
generators, solenoid valves, and Tesla coils) 

to avoid inadvertent excitation of the 
recovery system.

4.4.2 x
Inspection of the recovery bay 

design 
1

RS3.11.4

The recovery system electronics will be 
shielded from any other onboard devices 
which may adversely affect the proper 

operation of the recovery system electronics.

4.4.2 x
Inspection of the recovery bay 

design 
1

Notes Totals 1 14 2

For further minimizing the margin of 
failure, the inside walls of the recovery 
bay will be layered with a thin aluminum 
coating. The aluminum will isolate both 
altimeters inside the recovery bay from 

outside radio waves and transmission that 
could potentially interfere with their 

specific task.

The recovery system electronics will be 
isolated from outside factors.

The recovery system electronics will be 
isolated from outside factors.

The recovery system electronics will be 
isolated from outside factors.

The altimeters will be separated from 
other electronic systems in the recovery 

bay to prevent interference.
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8.1.4     Payload Experiment Compliance Matrix   

 

 

 

 

REQ# Description 1 2 3 4 V IP NV

ER4.2
Additional experiments (limit of 1) are 

allowed, and may be flown, but they will not 
contribute to scoring. 

7.1 x
Investigation of the experiment 

documentation in the PDR.
1

ER4.3

If the team chooses to fly additional 
experiments, they will provide the 

appropriate documentation in all design 
reports, so experiments may be reviewed for 

flight safety.

7.1 x
Investigation of the experiment 

chosen in the PDR. 
1

Each team will choose one design 
experiment option from the following list. 

Experiment Requirements Verification Method

There will be no additional experiments 
or design reports.

Option 2ER4.1 1

There will be no additional experiments 
or design reports.

7.1

Design Requirements Section Verification Details

x

Status

Investigation of the experiment 
documentation in the PDR.

REQ# Description 1 2 3 4 V IP NV
ER4.5 Deployable rover

ER4.5.1
Teams will design a custom rover that will 
deploy from the internal structure of the 

launch vehicle.
7.4 x

Inspection of rover design 
schematics 

1

ER4.5.2
At landing, the team will remotely activate a 
trigger to deploy the rover from the rocket.

2.4, 4.1 
& 7.4.5

x
Inspection of rover design 

schematics 
1

ER4.5.3
After deployment, the rover will 

autonomously move at least 5 ft. (in any 
direction) from the launch vehicle. 

7.3 x
Inspection of rover design 

schematics 
1

ER4.5.4
Once the rover has reached its final 

destination, it will deploy a set of foldable 
solar cell panels. 

2.4, 
6.2.2 & 

7.3
x

Inspection of rover design 
schematics 

1

Notes Totals 3 1 3

The payload experiment is a deployable 
rover that will be remotely triggered by 

the team after the launch vehicle has 
landed.

The payload obective is to successfully 
deploy a rover from a safely landed 
rocket that will travel 5 feet from its 

landing site.
The rover will deploy a set of foldable 
solar cell panels after reaching its final 

destination.

Verification DetailsDesign Requirements Section
Verification Method StatusExperiment Requirements Option 2 

The payload team will build a small, 
condensed rover with a thin two-track 

system. The leading system design 
includes a tetrahedron system and a 

pendulum system.
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8.1.5      Safety Compliance Matrix 

 

REQ# Description 1 2 3 4 V IP NV

SR5.2
Each team must identify a student safety 

officer who will be responsible for all items in 
Section 5.3.

5.1 x
Demonstrated in team description 

of PDR
1

SR5.3
The role and responsibilities of each safety 

officer will include, but not limited to:

SR5.3.1
Monitor team activities with an emphasis on 

Safety during:

SR5.3.1.1 Design of vehicle and payload 5.1 x Demonstrate safety during design 1

SR5.3.1.2 Construction of vehicle and payload 5.1 x
Demonstrate safety during 

construction
1

SR5.3.1.3 Assembly of vehicle and payload 5.1 x
Demonstrate safety during 

assembly
1

SR.5.3.1.4 Ground testing of vehicle and payload 5.1 x
Demonstrate safety during ground 

testing
1

SR5.3.1.5 Sub-scale launch test(s) 5.1 x
Demonstrate safety during sub-

scale launch test
1

SR5.3.1.6 Full-scale launch test(s) 5.1 x
Demonstrate safety during full-

scale launch test
1

SR5.3.1.7 Launch day 5.1 x
Demonstrate safety during launch 

day
1

SR5.3.1.8 Recovery activities 5.1 x
Demonstrate safety during 

recovery test
1

Design Requirements Section Verification Details

1

Demonstrate safety during 
educational engagement activities

Educational Engagement Activities
Outlined for Safety Officer 

responsibilities
5.1 x 1

Status

Outlined for Safety Officer 
responsibilities

Outlined for Safety Officer 
responsibilities

Each team will use a launch and safety 
checklist. The final checklists will be included 

in the FRR report.
and used during the Launch Readiness 

Review (LRR) and any launch day 
operations.

Safety Requirements Verification Method

Natalie Aparicio

Outlined for Safety Officer 
responsibilities

Outlined for Safety Officer 
responsibilities

Outlined for Safety Officer 
responsibilities

Outlined for Safety Officer 
responsibilities

Outlined for Safety Officer 
responsibilities

Outlined for Safety Officer 
responsibilities

SR5.1

SR5.3.1.9

Safety Managers and Officers will create 
a checklist prior to FRR and LRR.

At LRR, demonstration of the use 
of the checklist

5.1 x
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8.2 Comprehensive Budget 

 

8.2.1 Full Scale Launch Vehicle Expenses 

Table 8.2.1-1: Launch vehicle expenses for the full-scale vehicle. 

Full-Scale Launch Vehicle Budget 

Item Supplier 
Unit 
Price Qty 

Total 
Price 

Vehicle 
Structure 

Blue Tube 2.0 Airframe ARR $66.95  2 $133.90  
Blue Tube 2.0 Coupler ARR $66.95  1 $66.95  

Totals 2 6 8

SR5.5

Notes

Safety Officer will update the hazard, 
failure, procedure, and MSDS sheets for 

all reviews in accordance to new 
materials and regulations.

Implement procedures developed by the 
team for construction, assembly, launch, and 

recovery activities.

Safety Officer and Team Lead will lead 
the team to follow all procedures made.

Safety task to demonstrate these 
procedures

5.1 x

During test flights, teams will abide by the 
rules and guidance of the local rocketry 
club’s RSO. The allowance of certain 

vehicle configurations and/or payloads at the 
NASA Student Launch Initiative does not 

give explicit or implicit authority for teams to 
fly those certain vehicle configurations and/or 

payloads at other club launches. Teams 
should communicate their intentions to the 
local club’s President or Prefect and RSO 
before attending any NAR or TRA launch.

Team members will sign a documents 
stating that they will abide to these rules.

1

1

1

1

Team members demonstrate that 
they signed the rules and guidance 
of the local rocketry club's RSO 

and have available by CDR.

Team members demonstrate that 
they signed the rules for FAA and 

have available by CDR. 

Team members will sign a documents 
stating that they will abide to these rules.

5.1 x

x5.1

Review (preliminary, critical, etc) 
documents will demonstrate these 
hazard analyses, failure modes, 

and procedures.
Review (preliminary, critical, etc) 
documents will demonstrate these 
hazard analyses, failure modes, 

and procedures.

x

1

x

SR5.3.2

Teams will abide by all rules set forth by the 
FAA.

Manage and maintain current revisions of the 
team’s hazard analyses, failure modes 

analyses, procedures, and MSDS/chemical 
inventory data.

Safety task force are in charge of writing 
proposal Section 3.0, safety plans, 
procedures, and other documents.

Assist in the writing and development of the 
team’s hazard analyses, failure modes 

analyses, and procedures.
5.1

5.1SR5.3.3

SR5.3.4

SR5.4
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Zinc-plated U-bolt, 3/8" - 16 
Thread, 
 1-1/4" ID McMaster-Carr $1.03  4 

$4.12  

10-32 Alloy Steel Hex Flat Head 
Screw 
 (100pk) McMaster-Carr $10.65  1 

$10.65  

PVC white pipe Home Depot $2.28  1 $2.28  
3/4'' Birch Plywood Home Depot $49.98  1 $49.98  
Routing Eye bolt (Trade size 114) McMaster-Carr $5.14  1 $5.14  
Clear Acrylic Sheet Lowe's $3.19  1 $3.19  

Nylon Shear Pins (25pk) 
Apogee 
Components $3.10  2 

$6.20  

Threaded Rod- 1/2"-10 Thread,  
12" long McMaster-Carr $16.38  2 

$32.76  

Silicone Adhesive Lowe's $7.98  1 $7.98  
Hex Nut - 1/2"-10 Thread size McMaster-Carr $2.60  8 $20.80  
1/2" screw size Stainless steel 
washer 
 (25pk) McMaster-Carr $8.82  1 

$8.82  

Epoxy Resin West Marine $102.99  1 $102.99  
Hardener West Marine $94.99  1 $94.99  
Rail buttons Apogee Rockets $3.22  1 $3.22  

Propulsion 
System 

Motor Tube ARR $29.95  1 $29.95  
Motor Retainer Apogee Rockets $47.08  1 $47.08  

Motor Casing 
Off We Go 
Rocketry $309.95  1 

$309.95  

Lube siriusrocketry $5.99  1 $5.99  

Cesaroni L1115 
Chris' Rocket 
Suplies $246.95  3 

$740.85  

Recovery 
Avionics 

Perfectflite Stratologger CF PerfectFlite $57.50 2 $115.00 
Mounting Hardware - Stratologger 
CF 

PerfectFlite $1.99 2 $3.98 

USB data transfer kit PerfectFlite $24.95 1 $24.95 
Eggfinder GPS Eggtimer Rocketry $70.00 1 $70.00 
Duracell 9 V Battery (2 pack) Staples $9.79 1 $9.79 
2S 7.4 2200mAh LiPo Amazon $17.99 1 $17.99 
Electronics Rotary Switch Apogee Rockets $9.93 2 $19.86 

Parachute 
System 

Pyrodex Powder Cabela's $19.99 1 $19.99 
Fruity Chutes 120" Iris Ultra 
Standard Parachute 

Fruity Chutes $402.00 1 $402.00 

1.1 oz. Ripstop Nylon RipstopByTheRoll $4.40 2 $8.80 
Med Shock Cord Rocketarium $19.00 2 $38.00 
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Koch Quick Link 1/4in. Walmart $1.27 2 $2.54 

550 Type III MIL-C-5040 Paracord 
West Coast 
Paracord 

$11.95 1 $11.95 

Tubular Nylon ParaGear $2.00 2 $4.00 

SW-1000 Swivel  
Top Flight 
Recovery LLC 

$4.50 2 $9.00 

Nomex Blanket Amazon $10.49 2 $20.98 

Misc. 

 PLA Filament re3D $95.00 3 $285.00 
4 oz. Fiberglass Weave Fiberglast $12.05 1 $12.05 
PC-Clear Epoxy Home Depot $32.91 1 $32.91 
1/4"-20 Bolt 1.5 inch length  McMaster Carr $10.66 1 $10.66 

Total Expenses:     $2,807.24 
 

8.2.2 Sub Scale Launch Vehicle Expenses 

Table 8.2.2-1: Launch vehicle expenses for the sub-scale model. 

Sub-Scale Launch Vehicle Budget 

Item Supplier 
Unit 
Price Qty 

Total 
Price 

Vehicle 
Structure 

Blue Tube 2.0 Airframe ARR $29.95  1 $29.95 
Blue Tube 2.0 Coupler ARR $31.95  1 $31.95 
Eye-bolt Lowes $0.95  4 $3.80 

Nylon Shear Pins 
Apogee 
Components $0.00  0 

$0.00 

PVC pipe Home Depot $0.00  0 $0.00 
PLA filament re3D $0.00  0 $0.00 

10-32 Alloy Steel Hex Flat Head  
Screw (100pk) McMaster carr $10.65  1 

$10.65 

10-32 zinc plated nuts McMaster carr $7.78  1 $7.78 
3/4'' Birch Plywood Home Depot $49.98  1 $49.98 

Propulsion 
System 

Motor Casing 
Off We Go 
Rocketry $309.95  1 

$309.95 

Retainer Sirius Rocketry $47.08  1 $47.08 
Lube siriusrocketry $5.99  1 $5.99 
Aerotech L1150 Sirius Rocketry $169.99  2 $339.98 

Recovery 
Avionics 

Perfectflite Stratologger CF PerfectFlite $57.50 2 $115.00 
Mounting Hardware - Stratologger 
CF 

PerfectFlite $1.99 2 $3.98 

USB data transfer kit PerfectFlite $24.95 1 $24.95 
Eggfinder GPS Eggtimer Rocketry $70.00 1 $70.00 
Duracell 9 V Battery (2 pack) Staples $9.79 1 $9.79 
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2S 7.4 2200mAh Lipo Amazon $17.99 1 $17.99 
Electronics Rotary Switch Apogee Rockets $9.93 2 $19.86 

Parachute 
System 

Pyrodex Powder Cabela's $19.99 1 $19.99 
1.1 oz. Ripstop Nylon RipstopByTheRoll $4.40 2 $8.80 
Med Shock Cord Rocketarium $19.00 2 $38.00 
Koch Quick Link 1/4in. Walmart $1.27 2 $2.54 

550 Type III MIL-C-5040 Paracord 
West Coast 
Paracord 

$11.95 1 $11.95 

Tubular Nylon ParaGear $2.00 2 $4.00 

SW-1000 Swivel  
Top Flight 
Recovery LLC 

$4.50 2 $9.00 

Nomex Blanket Amazon $10.49 2 $20.98 
Total Expenses:     $1,213.94 

 

 

 

8.2.3 Recovery System Expenses 

Table 8.2.3-1: Recovery expenses for the full-scale vehicle. 

Full-Scale Recovery System Budget 

Item Supplier 
Unit 
Price Qty 

Total 
Price 

Avionics 

Perfectflite Stratologger CF PerfectFlite $57.50 2 $115.00 
Mounting Hardware - 
Stratologger CF 

PerfectFlite $1.99 2 
$3.98 

USB data transfer kit PerfectFlite $24.95 1 $24.95 

Eggfinder GPS 
Eggtimer 
Rocketry 

$70.00 1 
$70.00 

Duracell 9 V Battery (2 pack) Staples $9.79 1 $9.79 
2S 7.4 2200mAh LiPo Amazon $17.99 1 $17.99 
Electronics Rotary Switch Apogee Rockets $9.93 2 $19.86 

Parachute 
System 

Pyrodex Powder Cabela's $19.99 1 $19.99 
Fruity Chutes 120" Iris Ultra 
Standard Parachute 

Fruity Chutes $402.00 1 
$402.00 

1.1 oz. Ripstop Nylon RipstopByTheRoll $4.40 2 $8.80 
Med Shock Cord Rocketarium $19.00 2 $38.00 
Koch Quick Link 1/4in. Walmart $1.27 2 $2.54 
550 Type III MIL-C-5040 
Paracord 

West Coast 
Paracord 

$11.95 1 
$11.95 

Tubular Nylon ParaGear $2.00 2 $4.00 
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SW-1000 Swivel  
Top Flight 
Recovery LLC 

$4.50 2 
$9.00 

Nomex Blanket Amazon $10.49 2 $20.98 

Misc. 

 PLA Filament re3D $95.00 3 $285.00 
4 oz. Fiberglass Weave Fiberglast $12.05 1 $12.05 
PC-Clear Epoxy Home Depot $32.91 1 $32.91 
1/4"-20 Bolt 1.5 inch length  McMaster Carr $10.66 1 $10.66 

Total Expenses:     $1,119.45 
 

 

 

 

Table 8.2.3-2: Recovery expenses for the sub-scale model. 

Subscale Recovery System Budget 

Item Supplier 
Unit 
Price Qty 

Total 
Price 

Avionics 

Perfectflite Stratologger CF PerfectFlite $57.50 2 $115.00 
Mounting Hardware - 
Stratologger CF 

PerfectFlite $1.99 2 
$3.98 

USB data transfer kit PerfectFlite $24.95 1 $24.95 

Eggfinder GPS 
Eggtimer 
Rocketry 

$70.00 1 
$70.00 

Duracell 9 V Battery (2 pack) Staples $9.79 1 $9.79 
2S 7.4 2200mAh Lipo Amazon $17.99 1 $17.99 
Electronics Rotary Switch Apogee Rockets $9.93 2 $19.86 

Parachute 
System 

Pyrodex Powder Cabela's $19.99 1 $19.99 
1.1 oz. Ripstop Nylon RipstopByTheRoll $4.40 2 $8.80 
Med Shock Cord Rocketarium $19.00 2 $38.00 
Koch Quick Link 1/4in. Walmart $1.27 2 $2.54 
550 Type III MIL-C-5040 
Paracord 

West Coast 
Paracord 

$11.95 1 
$11.95 

Tubular Nylon ParaGear $2.00 2 $4.00 

SW-1000 Swivel  
Top Flight 
Recovery LLC 

$4.50 2 
$9.00 

Nomex Blanket Amazon $10.49 2 $20.98 
Total Expenses:     $376.83 
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8.2.4 Payload Expenses 

Table 8.2.4-1: Expenses for the payload experiment. 

Payload Experiment Expenses 
Item Supplier Unit Price Qty Total Price 

Rover 

Pi Zero Amazon $10.00  1 $10.00  
SD Card Amazon $6.99  1 $6.99  
Transceiver Adafruit $19.95  1 $19.95  
GPS Module Adafruit $39.95  1 $39.95  
Video Transmitter Gearbest $14.99  1 $14.99  
Pi V2 Camera Amazon $29.95  1 $29.95  
Circular Polarized Antenna Amazon $8.99  2 $17.98  
Solar Panel Amazon $16.49  4 $65.96  
Micro Servo Adafruit $5.95  2 $11.90  
Motor/Gear Drive Robotshop $6.95  1 $6.95  
Track and Wheel Set Robotshop $6.39  1 $6.39  
Torsion Spring Grainger $9.10  2 $18.20  
Battery Pack Amazon $18.99  2 $37.98  
GPIO Pin Header Adafruit $0.95  1 $0.95  

Pendulum 
(SPOC) 

Steel balls (100pk) VXB $4.95  1 $4.95  
Lithium Grease Grainger $4.95  1 $4.95  
Bolts/nuts (100pk) Bolt Depot $10.00  1 $10.00  
PLA Monoprice $19.99  1 $19.99  

Ground 
Station 

Pi A Amazon $35.17  1 $35.17  
Transceiver Adafruit $19.95  1 $19.95  
Video Receiver Gearbest $14.99  1 $14.99  
LCD Screen Amazon $34.95  1 $34.95  
Keyboard Walmart $14.95  1 $14.95  
Circular Polarized Antenna Amazon $8.99  2 $17.98  

Total Expenses:     $466.02  
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8.2.5 Educational Engagement Expenses 

 

 

 

 

 

 

 

 

 

 

8.2.6 Travel and Other Expenses 

Table 8.2.6-1: Expenses for launch site fees for all full-scale and sub-scale launches. 

Launch Site Fees (Sub-scale & Full-scale) 

Item Supplier Unit Price Qty 
Total 
Price 

Sub-scale Test #1:  

Rocketry Organization of 
California (ROC) at the 
Lucerne Dry Lake Launch 
Site $20  1 $20  

Sub-scale Test #2: 

Friends of Amateur Rocketry 
(FAR) at the Mojave Desert 
Launch Site $10  15 $150  
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Sub-scale Test Backup #1: F.A.R. $10  15 $150  

Sub-scale Test Backup #2: F.A.R. $10  15 $150  

Full-scale Test #1:  R.O.C. $20  1 $20  

Full-scale Test #2: F.A.R. $10  15 $150  

Full-scale Test Backup #1: F.A.R. $10  15 $150  

Full-scale Test Backup #2: F.A.R. $10  15 $150  

Total Expenses       $940  
 

Table 8.2.6-2: Launch site travel expenses from Cal Poly Pomona to the launch sites. 

 

Launch Site Transportation 

Item Supplier Gas Price per Visit (3 vehicles) Total Visits 
Total Gas  

Price 

Roundtrip CPP 
to the ROC Site n/a $76.44  2 $152.88  
Roundtrip CPP 
to the FAR Site n/a $148.26  6 $889.56  
Total Expenses       $1,042  

 

Table 8.2.6-3: Other expenses including website maintenance and travel to competition. 

 

Other Expenses 

Item Supplier Unit Price Qty 
Total 
Price 

Website 

Starter Site 1 year 
subscription  Weebly $96.00  1 $96.00  
Domain name for CPP 
Rocketry website Weebly $29.95  1 $29.95  

Travel Flight & Hotel (4/4-4/9) Priceline 
$551  15 $8,265.00  

Total Expenses       $8,390.95  
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8.2.7 Overall Budget 

Table 8.2.7-1: Comprehensive budget including launch vehicles and other expenses. 

Overall Budget 
Item Total Price 
Full-Scale Launch Vehicle $2,807.24 
Sub-Scale Launch Vehicle $1,213.94 
Payload Experiment $466.02 
Launch Site Fees $940.00 
Launch Site Transportation $1,042.44 
Other Expenses $8,390.95 
Total Overall Budget $14,860.59 

 

8.3 Funding Plan 

Plans to acquire funds for the project include: fostering community support, contacting local 
companies for sponsorship, and attaining University specific grants. Local companies, such as 
SpaceX, have provided sponsorship and will continue to support the team. The team is currently 
in the process of submitting proposals and applications for additional grants and sponsorship 
through Northrop Grumman, ASHRAE Undergraduate Program Equipment Grants, and the 
DiscoverE Collaboration Grant. The team also partners directly with the high-powered rocketry 
club, UMBRA, and plans on using its partnership to secure further funding through the team’s 
University. Some of the main funding sources are outlined in Table 8.3-1 and have not changed 
since the Proposal. Other sources of sponsorship will be used in order to provide for the remaining 
budget deficit to reach project goals. 
 

Table 8.3-1 Funding sources from Cal Poly Pomona and their potential support. 
 

Funding Source Potential Support 
Cal Poly Pomona Associated Students Incorporated (ASI) Grant $5,000.00 
Cal Poly Pomona Engineering Council Special Projects Funding $800.00 
California Space Grant $4,000.00 
Cal Poly Pomona Research and Project Grants $1,000.00 
Total $10,800 
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8.4 Timeline 
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9.0 Educational Engagement Plan 

9.1 Educational Engagement Status 

Currently, four schools are being considered for possible student engagement: International 
Polytechnic High School (iPoly), Leonard G. Westhoff Elementary School, Suzanne Middle 
School, and Walnut High School. Contact with iPoly and Westhoff Elementary School has been 
made and outreach events are still pending. The team will work with various clubs on campus to 
ensure at least one event. In particular, the team will collaborate with the Society of Women 
Engineers (SWE) and Institute of Electrical and Electronics Engineers (IEEE) Clubs at school to 
promote educational outreach. A meeting with the principal of Westhoff Elementary School is 
scheduled for the team to visit the campus and make a presentation of the rocket. Contact has not 
been made with iPoly, Suzanne Middle School, or Walnut High School. However, contact with 
these schools will happen in the foreseeable future.    

9.2 Education Engagement Summary and Details  

There are currently three different options of educational engagement with K-12 students. The 
first option involves an educational/direct interaction where students learn about propulsion and 
drag. This event will include a lecture and a hands-on activity where the students will use a 
variety of parachutes and timers to see how different dimensions will affect those two concepts. 

The second option involves another educational/direct interaction where students will participate 
in programming exercises at school. We will give a lecture on how programming can bring 
projects to life and have the students solve real-life applications through coding. At the end of 
the presentation, we will demonstrate how our payload experiment works with its integration into 
the launch vehicle by bringing the Raspberry Pi Zero. 

The third option involves an outreach/direct interaction where the team makes a field trip to the 
designated school and gives a PowerPoint Presentation about structural components behind the 
rocket, specifically with the propulsion system and recovery avionics. Towards the end of the 
presentation, a premade rocket will be launched to showcase the material from the classroom 
into action


