
 

 

 

 

 

 

 
 

 

 

  

 

NASA Student Launch Competition 2016-2017 
CRITICAL DESIGN REVIEW 

January 13, 2017 

 
California State Polytechnic University, Pomona 

3801 W Temple Ave, Pomona, CA 91768 

Department of Aerospace Engineering 

 



 
  

PURPOSE 

The Critical Design Review “demonstrates that the maturity of the design is appropriate to support 

proceeding to full-scale fabrication, assembly, integration, and test that the technical effort is on 

track” to complete the flight and ground system development and mission operations to meet 

overall performance requirements within the identified cost schedule constraints– Student Launch 

Handbook 
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1.0 General Information 

1.1 Advisors and Mentors  

Rick Maschek 

rick.maschek@rocketmail.com 

760-953-0011 

Rick Maschek will act as our mentor. Rick is heavily 

experienced in rocketry with over fifty years of flying rockets 

and he has built his own hybrid rockets. He holds a Tripoli 

Rocketry Association Level 2 certification and his certification 

number is #11388. Since he holds a certification, he will 

perform all handling of igniters, motors, and changes. 

Currently, his main project is working on the Sugar Shot to 

Space. 

 

Donald L. Edberg, Ph.D. 

dedber@cpp.edu 

909-869-2618 

Dr. Donald Edberg will be the team’s faculty advisor. With about thirty 

years of experience combined in the aerospace industry and teaching, he 

will provide great advice on the project overall. Dr. Edberg has been 

employed at General Dynamics, AeroVironment, McDonnell Douglas, 

and the Jet Propulsion Laboratory. He was also formerly a Boeing 

Technical Fellow at both Boeing’s Phantom Works and Boeing 

Information, Space and Defense Systems and most recently a faculty 

fellow at NASA Marshall Space Flight Center. Dr. Edberg has advised 

numerous senior projects at his time in California Polytechnic University, Pomona for the 

aerospace engineering department. In addition, he has been an advisor for the past four years for 

the NASA Student Launch Initiative teams.  

 

Todd Coburn, Ph.D. 

tdcoburn@cpp.edu 

Dr. Todd Coburn will act as our secondary faculty advisor for the team. Dr. 

Coburn has been employed in Us Technical Consultants, Boeing Commercial 

Airplanes, and at Boeing Defense Systems; totaling to nearly thirty years of 

experience in the aerospace industry, specifically with strength analysis. Dr. 

Coburn will provide much insight on the launch vehicle’s structural 

properties and capabilities.  

 

 

mailto:rick.maschek@rocketmail.com
mailto:dedber@cpp.edu
mailto:tdcoburn@cpp.edu
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1.2 Team Members  

 
 

Figure 1.2-1 Team Members WBS 
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Figure 1.2-2 Task Forces WBS 

 

Figure 1.2-1 shows the Work Breakdown Structure for the entire NASA Student Launch Team, 

CPP NSL. Team Lead, Samuel Daugherty, is shown at the top of the hierarchy, right above the 

Safety Officer and Deputy. There are three specific functional sub-teams: Structures, 

Aerodynamics, and Avionics; aiding the overall core team is the support team. In addition to each 

members’ sub-team responsibility, they also have a main “Task Force” that require participation 

in and attention. These tasks include: Outreach, Safety, Primary Payload, Secondary Payload, 

Recovery, and Website Managing. Figure 1.2-2 outlines the Task Forces.  

 

Each team member is given a responsibility and therefore will be active and engaged during the 

entirety of the project. Each team member is also required to participate in the design, construction, 

writing processes and as well as participation during presentations and flight preparations. 

However, the handling of the black powder and anything of that variant will be handled by the 

team’s mentor.  

 

In addition, there is 1 foreign national on the team, Jairo Sanchez.  

 

 

 

 

 



 

16 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

1.3 NAR Association  

The designated NAR/TRA section that the team will be working with for launch assistance is the 

Southern Rocket Association (SCRA) #430. The main launch site for the team that is covered 

under section #430 is at Lucerne Dry Lakebed. Martin Bowitz, SCRA president, is the main contact 

for this section; below is his contact information. 

 

Martin Bowitz 

Section #430 

PO Box 5165 Fullerton, CA 92838 

mebowitz@earthlink.net 

714-529-1598 

1.4 Website Compliance 

The team website is located at www.cpprocketry.net as shown in Figure 1.4-1. In addition to the 

primary function of hosting the team’s deliverables in PDF format, it will keep the public up to 

date on the project, inform educators of outreach opportunities, host pictures and videos during the 

design and manufacturing process, link to social media outlets, host team member pictures and 

bios, and contain documentation from Cal Poly Pomona teams of past years. The website also 

features information and pictures on the rocketry club on campus the team works closely with, 

UMBRA. To create the Cal Poly Pomona NASA Student Launch Website, the Weebly website 

builder was used. Weebly allows the creator to build a website using a drag and drop interface 

editor. This ensures the ability to create a clean and professional website. In addition, Weebly 

comes with a free hosting platform. This cloud-based infrastructure provides fluid interaction for 

visitors. 

 

 
 

Figure 1.4-1: www.cpprocketry.net home page 

http://www.nar.org/local_club/southern-california-rocket-association-scra-430/
mailto:mebowitz@earthlink.net
http://www.cpprocketry.net/
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1.5 Statement of Work 

Below lists the Statement of Work (SOW) Compliance. This ensures the team fulfills major 

requirements listed in the SOW from the NASA Student Launch Competition. 

 

Project Name: NASA University Student Launch Initiative for Colleges and Universities 

Governing Office: NASA Marshall Space Flight Center Academic Affairs Office 

SOW Task Compliance 

Period of Performance: Eight Calendar 

Months 

A Gantt Chart shall ensure an eight-calendar 

month schedule. This Gantt Chart will be 

updated every review period. 

Proposal Deliverables Review Document shall be posted on 

cpprocketry.net 

PDR Deliverables Review Document, Review Presentation, and 

Flysheets shall be posted on cpprocketry.net 

CDR Deliverables Review Document, Review Presentation, and 

Flysheets shall be posted on cpprocketry.net 

FRR Deliverables Review Document, Review Presentation, and 

Flysheets shall be posted on cpprocketry.net 

LRR Deliverables  Review Document shall be posted on 

cpprocketry.net 

PLAR Deliverables Review Document shall be posted on 

cpprocketry.net 

Vehicle Requirements Fulfilled in section 8.3.1 of the CDR 

Recovery System Requirements Fulfilled in section 8.3.2 of the CDR 

Experiment Requirements Fulfilled in section 8.3.3 of the CDR 

Safety Requirements Fulfilled in section 8.3.4 of the CDR 

General Requirements Fulfilled in section 8.3.5 of the CDR 
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NASA Student Launch Projects 
Feedback Form 

 

 

School/Institution/Team Cal Poly Pomona 

Milestone PDR 

Review Panel Decision  
 
 

Feedback 

 

Comments from the review panel members concerning the team’s PDR is included below. 

 

1. The coupler length of 2” is too short.  Couplers should be at least twice as long as the rocket 

is wide. 

Couplers were made about 12” for the subscale launch vehicle. Will also be implemented 

for the full scale. 

2. The terminal velocity of the drogue chute is slow, and could lead to large drift distances. 

3. Is the nose cone sealed to prevent the parachute the parachute from lodging within it during 

ejection? 

There will be a bulkhead in the nosecone to prevent the parachute to be lodged inside and 

for parachute connection lines 

4. How will the team ensure simultaneous actuation/failure of the servos? 

See Section 6.1.1 

 Two physically coupled servos which receive the same electrical signal 

5. How will the rocket sense motor burnout? 

Accelerometer will detect a large drop in acceleration during flight 

 

 

 

 

 

 

 

Actions 

1. None Given 
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2.0 Summary of CDR Report 

2.1 Team Summary 

The California Polytechnic State University, Pomona NSL Team is a student organization located 

in Pomona, California. The project faculty advisor is Dr. Donald Edberg, Professor of Aerospace 

Engineering. The team’s Rocketry mentor is Rick Mascheck (Tripoli Rocketry Association Level 

2: #11388). The team’s structural engineering advisor is Dr. Todd Coburn, Professor of Aerospace  

Engineering. The mailing address of the department is as follows: California State Polytechnic 

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

91768 

2.2 Launch Vehicle Summary 

An overview of the launch vehicle is shown below in Figure 2.2-1. 

 
Figure 2.2-1: Launch Vehicle Model 

2.2.1 Size and Total Mass 

The length of the launch vehicle from the tip of the nose cone to the end of the motor bay is 8 ft., 

11 in. The outer diameter of the body tube is 6.16 in. and the total mass of the launch vehicle 

including a loaded motor is 48.4 lbs. The lengths of the various modules are further defined in 

Figure 2.2.1-1: Launch Vehicle Bay Lengths. 

 
 

Figure 2.2.1-1: Launch Vehicle Bay Lengths 
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2.2.2 Motor Choice 

The launch vehicle utilizes an Aerotech L1120W-O motor, whose documented performance 

allows for reasonable estimates for the apogee, launch acceleration, and rail exit velocity. 

2.2.3 Recovery System 

The recovery system, utilizing two altimeters, initially activates at apogee by firing the aft ejection 

charge to release the cruciform drogue parachute. Once the launch vehicle has been decelerated, 

stabilized, and has fallen to an altitude of 500 ft., the fore ejection charge will fire, releasing the 

toroidal main parachute. 

2.2.4 Rail size 

For the launch vehicle to reach a velocity of at least 50 ft/s and therefore achieve stability, a 12 ft. 

1515 aluminum launch rail will be used to reach 62.4 ft/s by launch rail clearance. 

2.2.5 CDR Milestone Review Flysheet 

The CDR milestone review flysheet can be found by following the subsequent link: 

http://www.cpprocketry.net/2016-2017-current.html 

2.3 Payload Experiment Summary 

Solidworks Models of both payloads are shown below in Figure 2.3-1. 

 
 

Figure 2.3-1: FMP (left) and RIS (right) Payloads 

2.3.1 Primary Payload: RIS 

The primary payload takes the form of a Roll Induction System (RIS). Specifically, the RIS 

primarily consists of an autonomous aileron system which, following motor burnout, initiates two 

complete rotations and a counter rotation that ceases all angular displacement instigated by the 

active system.  

2.3.2 Secondary Payload: FMP 

The secondary payload, the Fragile Material Protection system (FMP) consists of a “pill” housing 

suspended within a payload bay whose purpose is to shield the provided fragile materials from the 

loads and impulses generated by the launch and recovery of the launch vehicle.   
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3.0 Changes made since PDR 

3.1 Changes made to vehicle criteria 

1.) Parabolic Nose Cone to Elliptical Nose Cone 

Upon retrieving our subscale vehicle, we found that the impact with the ground caused the tip of 

the parabolic nose tip to chip off due to its fragility. Since then, we have changed the design to a 

blunt elliptical nose cone to avoid this error on the full-scale. There is a 3% difference between the 

drag coefficients. 

 

2.) Weight and Length Increased 

The length of the rocket has increased from 7.3 feet in PDR to 8.92 feet. This changed is mostly 

associated with having two payloads onboard the rocket, as well as a larger motor which will be 

discussed later. The weight has also increased from 28.1 pounds to 48.38 pounds. This change is 

staggering, since for past rockets we used a 4-in diameter, and now we are using a 6-inch diameter 

body tube. The estimated weights of the bulkheads and other hardware increased as well. 

 

3.) Couplers Size Increased 

From the advice of NASA during the last PDR presentation, as well as our mentor for this project, 

we have increased the size of our couples from 7-inches to 13.5-inches. This change should allow 

for better structural stability of the interlocking sections of the rocket as well as to negate any 

bending moments that might be present for those sections. 

 

4.) Main Parachute Size Increase 

The main parachute for the rocket has increased in size to compensate for the weight increase. In 

order to achieve the desired kinetic energy at touch down the parachute was increased from a 27.4 

square foot toroidal parachute to an 80 square foot toroidal parachute. 

 

5.) Drogue Parachute Decreased in Size  

The size of the cruciform drogue parachute started off at 11.25 square feet, but NASA had concerns 

about the rocket having too low of a velocity from the drogue during the last PDR presentation. 

The previous area for the drogue was unrealistic and enabled the rocket to drift several thousand 

feet more than our range allowed. Effectively the drogue has gone from 11.25 square feet down to 

3.3 square feet and finally to 5 square feet.  

 

6.) Avionics Recovery Bay “new” sled design 

The Avionics Recovery Bay originally had a sled design to match the size of the couplers but since 

the size of the couples has increased, as mentioned above, the recovery bay changed as well. In 

order to keep the weight low, the team kept the same sled and components design, but two more 

bulkheads were added to keep the sled within the center of the bay between the bulkheads for the 

main and drogue parachutes.  

 

7.) Motor Bay increased size and motor changed 

Since the rocket has increased in size so much the entire motor had to be changed to compensate. 

To reach the height requirement, we must increase the size of the motor from an Aerotech L1150P 

motor to a larger Aerotech L1120W-O motor. This larger motor has increased the size of the motor 

bay slightly, but the 75-mm diameter is the same and nothing else was changed by this.  
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3.2 Changes made to payload criteria 

1.) Roll Induction System (RIS) design and configuration finalized 

There are now two actuated ailerons instead of four. In addition, the ailerons are arranged in a 

physically coupled servo assembly, which improves system reliability and safety and constrains 

ailerons to counter-rotating motion. 

 

2.) RIS Payload Control System: Open vs Closed Loop  

Video results of our subscale flight demonstrate remarkable stability of the rocket around its roll 

axis. Since the same fin airfoil design will be employed on the full-scale rocket, we believe it’s 

more experimentally sound to implement an open loop system, at least initially. The open loop 

system will detect the large negative acceleration of motor burn out and initiate a set of pre-

programmed servo deflections in accordance with the objectives of NSL 2017 Requirement 3.3. 

The results of the open loop tests may necessitate implementing a robust closed loop system 

afterwards, which will be easier with the experience gained during open loop testing. 

3.) Integrated Primary Payload Bay Design 

In the original design for the rocket we had included two secluded sections called the 

Observation Bay and RIS Payload Bay; they sat adjacent to one another in the rocket. From 

designing these sections on CAD it became apparent that having them separated from one 

another with a bulkhead had no real purpose other than increasing the level of complexity adding 

weight. For this reason, we have removed the bulkhead separating the two bays and combined 

them on one single electronics sled in the rocket. So now, all systems relevant to payload success 

are now in one centralized location. This also allows ease of integration and system 

implementation. These systems are: (1) Payload Control System (PCS) (2) Data Collection 

System (DCS) (3) Observation System (OS) 

4.) New Frame for Fragile Material Protection (FMP) 

The FMP Bay originally had no frame around the “Pill” or the capsule used to house the fragile 

material. During a trouble-shooting of a full-scale model, it became very difficult to attach the 

surgical tubing to the bulkheads and still attach the FMP within the rocket effectively. In order to 

solve this, a frame is going to be constructed to allow the “Pill” to be mounted within the frame 

and then the frame can be inserted into the rocket at the specific location without hassle.  

3.3 Changes made to project plan 

1.) Wind and Water tunnel tests changed to 1/23/2017 and 1/25/2017 respectively 

2.) Structural Testing changed to 1/21/2017 

3.) Electronics Testing changed to 1/28/2017 

4.) RIS and FMP payload tests on 2/4/2017 

5.) Full scale launch test #2 at 2/18/2017 will consist of multiple tests (2-3 launches) using sugar 

motor engines with the same characteristics, to calibrate the RIS Payload and verify its rolling 

performance.  

6.) FRR Draft will start after second successful Launch Day Test  
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4.0 Vehicle Criteria 

4.1 Design and Verification of Launch Vehicle: Flight Reliability and Confidence 

4.1.1 Mission Statement and Mission Success Criteria 

Our mission is to successfully build, test, and fly, a launch vehicle carrying multiple scientific 

payloads to an apogee of 5,280 ft., allowing us to collect valuable data in flight. The fist payload 

is roll induction system (RIS) that will enable the launch vehicle to actively initiate two complete 

rotations and a counter rotation to cease all effects of the active roll mechanism post motor burnout. 

The second payload is a fragile material protection system (FMP) that will shield an unspecified 

payload from the forces resulting from the launch and recovery of the launch vehicle. In addition 

to both payloads, a data collection system will be collecting a suite of kinetic and atmospheric data 

in flight. Additionally, the mission success criteria can be found below in Table 4.1.1-1: Mission 

Success Criteria. 

 

Table 4.1.1-1: Mission Success Criteria 

 

Performance 

Criteria 

Description Goal/Allowable Range 

for Success 

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

AGL  

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 caliber 

Main 

Parachute 

Deployment 

Altitude 

The main parachute must be deployed at 

an altitude of 500 ft. AGL. 

Have a redundant 

parachute deployment 

system which will ensure 

the parachute is deployed 

in range: ±50 feet 

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. 
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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. 

RIS Ascent 

Stage 

Activation 

The RIS must activate and complete two 

full rotations between motor burnout and 

apogee. 

RIS shall be able to sense 

motor burnout and 

autonomously activate the 

roll. 

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. 

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. 
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4.1.2 Final Design: Components and Justification 

The final design specifications for the launch vehicle, regarding the trade studies performed in the preliminary design review, are as 

follows: The launch vehicle will have a uniform, 6 in. diameter body tube, an L1120W-O motor, an ellipsoid nose cone, and four clipped 

trapezoidal fins. The data collection system will utilize an Arduino MEGA, and the observation system will use a Raspberry Pi Zero. 

The recovery system consists of a cruciform drogue parachute and a toroidal main parachute, which will both be ejected from their 

respective bays using ejection charges controlled by Perfectflite StratologgerCF altimeters. The Launch vehicle’s tracking system is 

comprised of a redundant GPS system: a BRB900 and a Trakimo, which are both housed in the nose cone. 

 

From the tip of the nose cone down, the major bays of the launch vehicle are as follows: Nose cone/GPS bay, main parachute bay, 

recovery avionics bay, drogue parachute bay, FMP bay, RIS bay, and finally the motor/Fin bay. These bays are shown more clearly in 

Figure 4.1.2-1. 

 

 
Figure 4.1.2-1: Launch Vehicle Overview
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4.1.2.1 Launch Vehicle Geometry Final Design 

As stated previously, the final body tube geometry of the rocket consists of a uniform 6 in. diameter 

body tube. During the preliminary design, a trade study, between a uniform 6 in. body tube and a 

tapered body tube with a transition from 6 to 4 in., was performed on the geometry of the launch 

vehicle. Ultimately the uniform body tube was chosen for the final design because it eliminated 

the unnecessary complexity of the transition piece, and the greater volume of the motor bay allows 

for easier integration of the RIS payload. 

4.1.2.2 Propulsion Subsystem Final Design 

Of the various motors that were traded during the preliminary design, none made it into the final 

design of the launch. More detailed development of the various subsystems on the launch vehicle, 

Particularly the RIS subsystem, caused the weight of the rocket to increase by about 10 lbs. more 

than our preliminary analysis. Even though the Aerotech L1150 motor was chosen as our leading 

design in the preliminary design review, it is no longer able to carry our launch vehicle to its target 

apogee. Nor were any of the other traded motors. Therefore, the L1120W-O motor was chosen for 

the final design of the launch vehicle because MATLAB, Excel, and OpenRocket analysis shows 

that this new motor can carry the launch vehicle to its target apogee of 5,280 ft. 

4.1.2.3 Nose Cone Final Design 

Like the propulsion system, none of the traded nose cones in the preliminary design were chosen 

in the final design of the launch vehicle. Ultimately an ellipsoid nose cone was chosen for the final 

design because it has better aerodynamic performance than any of the traded nose cones. This fact 

became far more important as the weight of the launch vehicle increased since even the smallest 

change in the overall drag coefficient of the rocket can affect its apogee by tens or even hundreds 

of feet. An elliptical design performs best in subsonic flow regimes and was therefore used in the 

final design of the launch vehicle. 

4.1.2.4 Fin Final design 

A clipped trapezoidal fin was chosen as the leading alternative in the preliminary design of the 

launch vehicle and was subsequently chosen as its final design. The clipped trapezoidal fins 

possess a good balance between their drag coefficient and their usable volume. The usable volume 

is critically important for the implementation of the aileron actuating mechanisms as a part of the 

RIS payload. Additionally, the un-swept trailing edge allows for the ailerons to produce lift in only 

the desired direction to produce torque about the launch vehicle post-motor burnout. 

4.1.2.5 Data Collection System Final Design 

As the leading design for the preliminary design, the Arduino Mega was chosen as the final design 

for the computer controlling the Data Collection System. The Arduino Mega was chosen as the 

final design because it supports on-board data logging and wireless transmission. The MEGA is 

also XBee shield friendly and can be easily mounted in the interior of the launch vehicle. Being a 

more familiar platform to the team was another huge benefit of this system. 
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4.1.2.6 Observation Electronics Final Design 

Like the propulsion subsystem and the nose cone, the final design for the observation electronics 

does not include any of the traded components. The preliminary leading design was to use the 

Raspberry Pi 3 Model B. The final design of the observation electronics instead uses the similar 

Raspberry Pi Zero. The reasoning for switching to the Zero is that it maintains much of the same 

functionality while having a smaller form factor and much lower power consumption than the 

Raspberry Pi 3 Model B, which is critically important to being able to stay active on the launch 

pad for up to an hour. 

4.1.2.7 Main Parachute Final Design 

The final design for the main parachute has a toroidal shape. This design was chosen as the leading 

alternative in the preliminary design and was therefore used during the launch of the subscale 

rocket and worked fantastically. The primary reasons for choosing the toroidal parachute are its 

extremely efficient packing factor and its high value for its drag coefficient. The drag coefficient 

of the toroidal parachute is 2.2, which allows it to use less material than other parachutes that 

produce the same drag, which contributes to its high packing factor. 

4.1.2.8 Drogue Parachute Final Design 

As the leading design in the preliminary review, a cruciform drogue parachute was also chosen for 

the final design of the launch vehicle. The primary reason for choosing a cruciform drogue is the 

stability that it imparts on the descending launch vehicle. In addition to it helping ensure the safe 

ejection of the main parachute, the stability imparted by the drogue parachute is critical to the 

safety the Fragile Material Protection bay. 

4.1.2.9 Recovery Altimeter Final Design 

The PerfectFlite StratologgerCF was chosen for the final design of the recovery altimeter because 

of its simplicity and cost effectiveness. The StratologgerCF has only two firing circuits and can be 

purchased with extra pin-out circuit to attach an amplified speaker or LED and of the three traded 

altimeters, it was the least expensive. 

4.1.2.10 Tracking GPS Final Design 

The final design of the tracking system includes two of the three traded GPS components. Both 

the Trakimo and BRB900 GPS receivers and transmitters were chosen as part of the final design 

to have redundant tracking systems. The Trakimo system has theoretically infinite range so long 

as it can connect to a cellular tower, but since cellular data transmission can be spotty, the BRB900 

will be implemented to make up for any gaps. 
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4.1.3 CAD Drawings: Components and Subsystems 

4.1.3.1 Structures Subsystem 

Body Tube  

The rocket body is manufactured out of Blue Tube 2.0. There will be three main sections of the 

body tube. Module one, module two and the payload bay. Module one, shown in Figure 4.1.3.1-1, 

will be 26” long and will hold the main parachute piston system as well as part of the recovery 

bay. Shear pins are located at the top of the tube connected to the nosecone, six screws will hold 

it onto the coupler. 

 
Figure 4.1.3.1-1 Module one, holds the main parachute and part of recovery bay 

 

Module two, shown below in Figure 4.1.3.1-2, is 19” long and will hold the second half of the 

recovery bay, the drogue parachute and half of the FMP bay. Six shear pins are located at the top 

of the tube connecting it to the coupler, six screws on the bottom hold it onto the FMP bay. 

 

 
Figure 4.1.3.1-2 Module two, holds part of recovery bay, drogue parachute and part of FMP bay 

 

The payload, below in Figure 4.1.3.1-3, is 49” long and will hold the second half of the FMP bay, 

the PCS, observation equipment and motor. There are three sets of six screws holding the FMP 

bay and the PCS hardware in place. Eight screws located at the bottom hold the carbon fiber motor 

mount. Additionally, the bottom of the body tube is cut into to slide the integrated fins into the 

body tube. 
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Figure 4.1.3.1-3 Payload bay, holds part of FMP bay, PCS and motor 

 

Fin Integration 

 
Figure 4.1.3.1-4 Exploded view of Entire Fin Integration 
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Figure 4.1.3.1-5 Close Up View of Fin Integration 

 

 
 

Figure 4.1.3.1-6 Dimension Side View of Fin with no Aileron 
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Figure 4.1.3.1-7 Dimension Side View of Fin with Aileron 

 

 
Figure 4.1.3.1-8 Front View of Fin              Figure 4.1.3.1-9 Front and top View of Aileron 
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Figure 4.1.3.1-10 Centering Ring Number 1 Side and Top Views 

 
Figure 4.1.3.1-11 Centering Ring Number 2 Side and Top Views 
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Figure 4.1.3.1-12 Centering Ring Number 3 Side and Top Views 

 

 
 

Figure 4.1.3.1-13 Large Hose clamp 
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Couplers 

Since PDR, the length of the coupler increased from 7-inch to 13.5-inch. The increase in length is 

necessary for the structural stability and integrity of the launch vehicle since the coupler joints are 

one of the most common failure points in a rocket. With the current length of the coupler, it now 

meets the required length of at least two body tube diameters. And, a minimum of 1 body tube 

diameter on each side of the joints, as shown below by Figure 4.1.3.1-1 and Figure 4.1.3.1-2.  

Increasing the length of the coupler, helps improve bending, torsional and compression resistance 

while the launch vehicle is in flight.  

 

The launch contains two couplers; the first shown in Figure 4.1.3.1-1. This coupler will house the 

Recovery Avionics Bay, and secure the main parachute bay with the Drogue Parachute Bay. Both 

couplers have the same inner and outer dimensions, 5.86 and 5.97 inches, respectively. The only 

difference is the collar; coupler-1 has a 1.50-inch collar which will be epoxy around the coupler, 

6.0-inch from the bottom. The collar allows the launch vehicle to maintain a constant outer 

diameter between both sections. Coupler-2 will attach the Drogue Parachute Bay with the Motor 

Bay and does not need an arming switch, which is also why the collar for this coupler is smaller at 

1.00-inch in length, as shown in Figure 4.1.3.1-2. 

 

 
(Left) Figure 4.1.3.1-14: Dimensional Drawing of Coupler 1 (Right) Figure 4.1.3.1-2: 

Dimensional Drawing 
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Bulkheads 

 
Figure 4.1.3.1-15 Overview of Nosecone Bulkhead 

 

 
Figure 4.1.3.1-16 Front and side View of Nosecone Bulkhead 
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Figure 4.1.3.1-17 Overview of the Motor Block Bulkhead 
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Figure 4.1.3.1-18 Front and Side View of Motor Block Bulkhead 
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4.1.3.2 Propulsion Subsystem 

 
 

Figure 4.1.3.2-1 Overview of Motor Bay 

 

 
 

Figure 4.1.3.2-2 Location of Thrust Retainer, Motor Casing, and Motor 
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Figure 4.1.3.2-3 Carbon Fiber Motor Tube Housing the Motor Casing 
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4.1.3.3 Aerodynamics Subsystem 

Nosecone 

 

 

The previously chosen parabolic nose cone have been updated to an ellipsoid nose cone for several 

reasons. The parabolic was initially chosen for its drag performance in subsonic velocities, 

however, after utilizing the design, it became apparent that the pointed tip add fragility. Upon 

landing after two successful recovery events, the nose cone was moderately damaged. With the 

addition of avionics into the nose cone, it has become imperative to minimize damage to the area. 

The blunter tip also allows for safer landings. In the event of a malfunction and the launch vehicle 

becomes erratic, it is safer to have a blunt tip accelerating towards the ground than a sharp tip. In 

terms of aerodynamics, ANSYS has shown that the two nose cones have near identical drag 

performances as shown in the velocity contours below in Figure 4.1.3.3-1 and Figure 4.1.3.3-2. 

 

Parabolic Nose Cone 

 

Ellipsoid Nose Cone 

 

Volume: 108.48 cubic inches 

Drag coefficient: 0.0025 

Volume: 110.07 cubic inch 

Drag coefficient: 0.0025 

Pros:  

Lower Drag Coefficient 

 

Cons:  

Pointed Tip 

Pro: 

Blunter tip 

Safer 

Reusability 

More Volume 

 

Con: 

Smaller Volume 

Greater Drag Coefficient 
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Figure 4.1.3.3-1 Velocity Contour for Parabolic Nose Cone at Mach 0.6 

 

 
 

Figure 4.1.3.3-2 Velocity Contour for Ellipsoid Nose Cone at Mach 0.6 
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Both nose cones were tested under identical Mach 0.6 free stream velocities. As illustrated, the 

velocity gradient is indicated with the change in color. The cooler colors represent lower velocities 

around Mach 0.4 and under while the warmer colors represent higher velocities than Mach 0.4. 

The streams at the top and bottom edge indicated in turquoise are irrelevant and should be ignored 

as they represent the far field where the air is unchanged by the nose cone movement.  

 

The two values differ 3% with the parabolic nose cone at a slight advantage. However, the 

advantages of utilizing the blunter tip ensures the safety and certainty of the onboard data 

outweighs the slight advantage by a far amount. 

Fins 

The fins provide stability and will also act as the roll induction mechanism for the rocket. As such 

their design is critical.  Table 4.1.3.3-1 lists the specific dimensions of the whole fin. 

 

Table 4.1.3.3-1 Dimensions of fin  

Root cord  12’’ 

Tip cord  2” 

Height  7” 

Sweep Angle  55.4 Degrees  

Sweep Length  10.161” 

Thickness  1” 

Aileron Height  4” 

Aileron Length  2” 

 

In order to ensure stable flight with as little roll as posible it was imperative that the pressure 

distribtion for the fins be the same on both sides. Figure 4.1.3.3-3 confirmes the pressure is 

distrubted evenly on both faces, while Figure 4.1.3.3-4 confirms the flow over the fin is uniform 

and not subject to disturbances. This analysis was acomploshed using the Solid Flow Simulation 

Tool.  

 

 
Figure 4.1.3.3-3 Distribution of Flow over the Fin 
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Figure 4.1.3.3.-4 Pressure Streamline Distribution 

 

 
 

Figure 4.1.3.3-5 2-View of the standard fins 

 

Two of the fins will have ailerons while, the other two will be standard fins. The standard fins can 

be seen in figure 4.1.3.3-5 seen below. 

 

Figure 4.1.3.3-5 also shows the integration extensions neccesary to mount the fins to the motor 

bay. All of the fins will have this extension.  This fin extension will also house part of the servo 

used for acuating the aileron. Figure 4.1.3.3-6 shows the fins with ailerons and the cutout for 
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mounting the servo arm. These fins were tested during the subscale launch and perfomed as 

expecteed. They stabalized the subscale and allowed for an excellent flight. For this reason the 

team is confident that this design will function as entended for the fullscale. In order to obtain the 

necessary aerodynamic coefficents and observe how the ailerons perfom wind and water tunnel 

testing will be conducted on the fins. These plans are explained in greater detail in the test report 

section. The design for these aifoils comes from the N0011 airofil. The airfoil was stretched at the 

maxchord postion to meet the deminsion requiremtns for the engine bay. Since the design is similar 

to the original N0011, data for that airfoil will be compared to the team’s design. Specificly the 

the testing will look at CL,CD,Cma, forces experineced by the airfoil, and charactersitics of flow 

over the airfoil.  

 

 
 

Figure 4.1.3.3-6 View of Fins with the aileron   
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4.1.3.4 Recovery Subsystem 

Main Parachute Bay 

For the main parachute bay a piston recovery system will be implemented, shown in Figure 4.1.3.4-

1. There is a dual ejection charge system so ensure that the piston fully pushed out the parachute. 

The secondary charge will have more black powder then the initial charge and will ignite using e-

matches if the initial is not strong enough. The parachute itself is a toroidal chute whose area is 80 

ft2. 

 
Figure 4.1.3.4-1 Main parachute bay 

 

Drogue Parachute Bay 

For the drogue parachute bay the classic design is used. A dual ejection charge will still be 

implemented but a piston will not be used. The drogue parachute is a cruciform design. The 

ejection charges will be lit using e-matches, using the same setup as the main parachute bay’s 

ejection charges. 

 

 
Figure 4.1.3.4-2 Drogue Parachute Bay 
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Recovery Avionics Bay 

The Recovery Avionics bay will house all the avionics electronics as well as serve as a coupler to 

secure the Main Parachute Bay with the Drogue Parachute Bay. The Recovery Avionics Bay is 

also separate from the Payload Bay; this will ensure that the electronics will not interfere with each 

other and be safe from all other onboard transmitting devices that can generate inadvertent 

excitation, magnetic waves, or anything else that can affect functionality.  

 

The Recovery Avionics bay will be constructed out of blue tube that is 13.5 inches in length with 

an outer and inner diameter of 5.97 and 5.86, respectively. A 1.50-inch collar will be epoxy around 

the bay 6.0-inch from the bottom and will act as a switch band; current dimension is shown in 

Figure 4.1.3.4-1. The Recovery bay will be inserted into the lower section of the Main Parachute 

Bay and secured to the launch vehicle through a birch-wood bulkhead with six steel flat-head 

screws placed 45 degrees, with two 45-degree clearance on both sides of the bulkhead’s width to 

avoid any obstruction the launch vehicle can have on the launch rail. 

 

The bulkheads on each end of the bay support a U-bolt, along with two charge canisters made from 

PVC pipe. The shock cords and shroud lines will connect to the launch vehicle via quick links at 

the U-bolt. The U-bolt will be fastened to the bulkheads using epoxy for additional strength, the 

design and dimensions is shown specifically in Figure 4.1.3.4-2. The bulkheads also act as a barrier 

between the different sections, which will protect the internal electronics from launch forces and 

black powder charges blasts from the Parachute Bay. The bulkhead is also a major component in 

the launch vehicle and will experience most of the impulse force from the main parachute 

deployment. Thus, it has been designed to handle the loads from the deployment. None the less to 

ensure the bulkhead and shock cord can withstand the impulse force several drop tests will be 

done. 

 

The overall schematics of the Recovery Bay can be seeing in Figure 4.1.3.4-1. Further discussion 

on the internal mounting hardware and design for the recovery electronics will be mention in 

Section 4.3.4 Attachment Hardware Design. 
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Figure 4.1.3.4-1:  Front View and assembly of Recovery Avionics 

 

 
Figure: 4.1.3.4-2 Dimensional Drawing of Recovery Avionics Bulkhead 

 

The collar allows the launch vehicle to maintain a constant outer diameter between both sections 

while serving as a switch band for the ignition switch which will activate both altimeters from the 

outside of the launch vehicle once it is in launch position, the arming switches will also be able to 

be locked and unlocked. Six 0.2-inch vent holes will be drilled symmetrically around the collar to 

allow the altimeters to do pressure readings during flight. 
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4.1.3.5 Payload Subsystems 

Roll Induction System: Servo Block Assembly 

 

 
 

Figure 4.1.3.5-1 Roll Induction System: Servo Block Assembly 
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Figure 4.1.3.5-2 Roll Induction System: Servo Block Assembly Parts 
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Roll Induction System: Aileron Assembly 

 

 
 

Figure 4.1.3.5-3 Roll Induction System: Aileron Assembly 
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Figure 4.1.3.5-4 Roll Induction System: Aileron Assembly Parts 
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Payload Bay Electronics 

 

  
 

Figure 4.1.3.5-5 Payload Bay Electronics 
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Figure 4.1.3.5-6 Payload Bay Electronics Parts
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Payload Bay 2: Fragile Material Protection (FMP) 

The second payload bay will contain the FMP design, which is a suspended container referred to 

as the Pill, will be approximately 12” in length and a diameter of 5.8”. The Pill, which is 6.5” long 

with a diameter of 4”, will be suspended by surgical tubing through the ring attached to the Pill as 

seen in Figure XX1. Inside the FMP bay will be a lining of cushion to reduce the impact on the 

Pill due to unexpected collision with the walls of the bay. Additional padding is also present inside 

the Pill to hold and secure the fragile material. To remove the FMP system from the bay, the 

surgical tubing will be attached to a frame which is detachable from the body tube for easy access. 

As seen in Figure XX2 the top of the frame will be a horizontal steel rod with vertical beams 

attaching it to the removable bulkhead, which is secured to the body tube with bolts. 

 

 
 

(Left) Figure 4.1.3.5-7: Pill which holds fragile material (Right) Figure 4.1.3.5-8: FMP Frame 
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4.1.4 CAD Drawings: Final Launch Vehicle 
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4.1.5 System Level Requirements and Risk Compliance 

 

Table 4.1.5 shows the main system level requirements that were the main design drivers for our 

launch vehicle. The table includes a risk description, mitigation, and the risk level. As shown, the 

risk levels are between low and intermediate. 

 

Table 4.1.5 System Level Requirements and Risk Compliance 

 

System Level Requirements (DR) 
Risk Description Mitigation Risk Level 

REQ# Description 

VR1.1 

The vehicle shall deliver the 

science or engineering payload 

to an apogee altitude of 5,280 

feet above AGL 

Vehicle does not 

reach 5280 feet, CPP 

NSL team gets 

points off 

Structure, 

recovery, 

and 

avionics 

test 

1 

VR1.14 

The launch vehicle shall have 

a minimum static stability 

margin of 2.0 at the point of 

rail exit. 

Vehicle becomes too 

stable and weather 

cocks or too unstable 

and goes on random 

trajectory 

Recovery 

Avionics 

Test 

2 

VR1.4* 

The launch vehicle shall be 

designed to be recoverable and 

reusable. 

Vehicle breaks 

during landing 

Structure 

and 

Recovery 

Tests 

1 

RSR2.1 The launch vehicle shall stage 

the deployment of its recovery 

devices, where a drogue 

parachute is deployed at 

apogee and a main parachute 

is deployed at a much lower 

altitude. 

Parachutes don't 

deploy and inability 

to recover the 

vehicle  Recovery 

Tests 
1 

RSR2.3 At landing, each independent 

sections of the launch vehicle 

shall have a maximum kinetic 

energy of 75 ft-lbf. 

Vehicle reaches too 

high kinetic energy 

will damage internal 

and external launch 

vehicle 

Subscale 

and Ful 

scale tests 

1 
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4.1.6 Design Integrity 

4.1.6.1 Suitability of Fins' Shape and Size 

In past years the fins to our rockets were made from a sandwich composite of plywood and carbon 

fiber. Last year’s NSL team choose to build the fins with an airfoil design using 3D printed material 

and had successful testing and results from it. We decided to go with the same approach for our 

rocket and so far the airfoil designs for the subscale had beautiful results and held structurally to 

our test flight. For the subscale the fins held their integrity on lift off, apogee, and after being 

dragged half a mile on the ground after impact.  

 

The shape of the airfoil is a modified version of the NACA Langley 0011 airfoil. This is discussed 

in a later section, but this airfoil is symmetrical which means it provides no lift at zero angle of 

attack which is what we wanted for trying to keep the roll of the rocket to a minimum. In addition 

to this, after some modifications to the original points we were able to create the perfect shape in 

order to accomplish our tasks and keep the coefficient of drag low. In order to accomplish our task 

of roll induction we need two fins that contain a movable aileron surface within them, and two fins 

are solid in shape with no movable surfaces. The actual size of the fins allows the rocket to have a 

stability margin consistence to the requirement of at least 2 calipers, and currently we have a 

stability margin of 2.65. Below in Figures 4.1.6.1-1 and 2 the fins are present with and without the 

aileron surface. 

 

 
Figure 4.1.6.1-1 Fin Section with no Aileron Surface 

 

If we focus on the fin with the aileron surface, we will see in figure 4.1.6.1-2 that the aileron will 

slide into the cut out section perfectly because the aileron is just a continuation of the original 

geometry. Within the fin’s section we will also see a circular hole that runs along the inside of the 

cutout, this will be the location of the axial that will attach to the aileron and eventually to the 

servo-arm for the actuation. Figure 4.1.6.1-3 shows the axial attachment with the aileron surface. 
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We will be using a small diameter steel rod that will be brazed to a thin piece of aluminum sheet 

metal that will then be epoxied to the inside of the aileron as shown. Brazing is not the strongest 

form of attachment, but with the edition of epoxy resin added it will be strong enough to hold the 

joint. If preliminary tests show that this will not hold, then a thin sheet of steel will be used instead 

and thinly welded in place. 

 
Figure 4.1.6.1-2 Fin Section with Aileron Surface cut out 

 
Figure 4.1.6.1-3 Axial attachment to Aileron Surface 

 

Next is the integration into the motor bay. The fins have been placed on custom made integration 

slats that will place the fins into the correct location within the motor bay and attachment them 

firmly into place.  These integration slats are also going to be made from PLA plastic and 3D 

printed as well. The entire integrated section can be seen in Figure 4.1.6.1-4 for without the aileron 

and Figure 4.1.6.1-5 for with the aileron. The fin will rest on the integration section but will be 

printed as one section to keep continuity. 
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Figure 4.1.6.1-4 Complete Fin Integration for the Fin 

 

 
Figure 4.1.6.1-5 Complete Fin Integration for the Fin with Aileron 

 

Figure 4.1.6.1-6 shows a visual depiction of how the aileron will actuate during the maneuver. The 

axial within the fin will be directly attached to the aileron, but will be free to move rotationally 

within the fin, which allows this system to work with the payload. A more detailed description of 

this can be found within the payload section. 
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Figure 4.1.6.1-6 Depiction of Aileron movement in Fin 
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Figure 4.1.6.1-7 shows how the centering rings interlock within the fin integration. There will be 

no epoxy or glue at all in this fin design, all of the attachments will be friction fit and tied down, 

and the purpose of this is to have all the parts removable for maintenance, replacement, and 

manufacturing becomes easier. Bulkhead number one, as labeled in the drawing, will slide in at a 

45-degree angle to the motor tube and the front end of the fin is inserted underneath the centering 

ring one. From there, centering rings two and three will interlock with the middle section of the 

fin and the back section will rest on the last centering ring number 4 and will be tied down using 

a house clamp, as seen in Figure 4.1.6.1-8. 

 

 

Figure 4.1.6.1-7 Centering Rings Interlocking Mechanism 

 

 
 

Figure 4.1.6.1-8 Interlocking of Centering Ring Number Four with House Clamp 
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4.1.6.2 Materials Compliance 

The body tube is constructed out of Blue Tube 2.0. The material is lighter than fiberglass and can 

theoretically withstand the forces generated by the rocket. The material also allows for the 

electronics to perform without any signal interference. The body tube test in section 8.1.4 will be 

conducted in to prove that the blue tube can withstand the forces with a decent margin of safety. 

In terms of quantitative data, the blue tube has a young’s modulus of 580 ksi, and a peak load of 

around 3 kips. 

 

The nose cone and fins will be 3-D printed out of PLA plastic to have full customizable control. 

This allows for uniform fins to be made, which is essential in order to get the payload working 

correctly since it relies on a stable rotation of the rocket. During the sub-scale launch the 3-D 

printed parts did show some wear, due to this the nosecone is redesigned with a blunt tip. The PLA 

shear test and bulkhead tests, shown in section 8.1.4, will confirm that the nosecone and bulkhead 

combination can withstand the forces experienced during launch. 

 

The bulkheads will be constructed out of birch wood and be .75” thick. Due to experiments run 

for the sub-scale tests it was decided that the bulkheads will not have carbon fiber layers in order 

to reduce weight of the rocket. The bulkheads will be fastened to the body tube and coupler with 

wood screws going directly into the bulkhead, compared to past years where L-brackets were used 

to attach it. This change will save on weight and provide a more modular component since less 

materials must be epoxied in place. The bulkheads used to carry the snatch load and engine thrust 

load will be tested to see if the thickness can be reduced to .50” thick. 

4.1.6.3 Motor Mounts and Retention 

The motor block bulkhead will be 1.5 in in length with exactly 6 holes that will carry the load of 

the motor. In order to determine the retention for the motor bulkhead a bearing stress analysis and 

shear out stress analysis were used to make sure the motor maintained its structural integrity.  

 

𝜏𝐵𝑒𝑎𝑟𝑖𝑛𝑔 =
𝐹

𝐴𝑏
=

𝐹

. 5𝜋𝐷𝑡
 

 

The motor will be putting out 350-lb of force at max thrust, and there are 6 screw carrying the load 

which results around 60-lb load for each screw. There will also be a factor of safety of 2 within 

the calculation. The screw diameter we will be using is .187-in and the thickness that will be used 

is the length of the screw which is 1-in. Carrying out the calculation yields the following. 

𝜏𝐵𝑒𝑎𝑟𝑖𝑛𝑔 =
60𝑙𝑏×2𝐹𝑆

. 5×𝜋×.187𝑖𝑛×1𝑖𝑛
 

𝜏𝐵𝑒𝑎𝑟𝑖𝑛𝑔 = 408 𝑝𝑠𝑖 𝑝𝑒𝑟 𝑠𝑐𝑟𝑒𝑤 

 

Yellow Birch wood is rated for 1,880 psi for shearing allowable which puts us at a Margin of safety 

of 3.6 which is more than perfect for flight. Another structural analysis that should be performed 

is the shear out force for birch wood. The shear out formula for maximum force at shear out is as 

follows, where the screw thickness, t, from the center of the screw to the end of the bulkhead, e, 

and 2 represents effectively two areas 

𝑃𝑢(𝑠ℎ𝑒𝑎𝑟−𝑜𝑢𝑡) = 𝐹𝑠𝑢𝐴𝑠 

𝑃𝑢(𝑠ℎ𝑒𝑎𝑟−𝑜𝑢𝑡) = 𝐹𝑠𝑢2𝑒𝑡 
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This is the common way of performing a shear out analysis as outline in Bruhn’s Analysis and 

Design of Flight Vehicle Structures. This calculation, including a factor of safety of 2, is as follows: 

 

𝑃𝑢(𝑠ℎ𝑒𝑎𝑟−𝑜𝑢𝑡) = 1880𝑝𝑠𝑖×.5×2×0.661𝑖𝑛×1𝑖𝑛 

𝑃𝑢(𝑠ℎ𝑒𝑎𝑟−𝑜𝑢𝑡) = 1,242 𝑙𝑏 

 

Since each screw will only experience 60-lb of force that puts us at a margin of safety of 19.7. This 

margin of safety is high which indicates that this bulkhead is actually too large for its purpose. The 

size will remain the same, however if it will increase safety later by decreasing weight, then it will 

be reduced in size. The final analysis that should be performed is the Bearing stress of the blue 

tube. The same bearing stress formula is used for the blue tube which is as follows, where the 

force, F, will be the force on each screw pressing against the body tube which is 60-lb. The 

diameter, D, of the screw being used which is .187-in and the thickness, t, is 0.16-in. The analysis 

yields the following results 

𝜏𝐵𝑒𝑎𝑟𝑖𝑛𝑔 =
𝐹

𝐴𝑏
=

𝐹

. 5𝜋𝐷𝑡
 

𝜏𝐵𝑒𝑎𝑟𝑖𝑛𝑔 =
60𝑙𝑏×2𝐹𝑆

. 5×𝜋×.187𝑖𝑛×0.16𝑖𝑛
 

𝜏𝐵𝑒𝑎𝑟𝑖𝑛𝑔 = 2,553 𝑝𝑠𝑖 𝑝𝑒𝑟 𝑠𝑐𝑟𝑒𝑤 ℎ𝑜𝑙𝑒 

 

From the blue tube data sheet available from the “AlwaysReadyRocketry.com” the Ultimate 

Compressive Strength is 35,000 psi. Given this information a margin of safety of 12.7 is achieved 

which lets us know that the blue tube will be more than capable of handling this kind of stress. 

Aside from the calculations, the motor casing will be sliding into the carbon fiber motor tube and 

held in place with the forward motor retainer which is screwed into place on the outside of the 4th 

bulkhead as shown in Figure 4.1.6.3-1. 

Figure 4.1.6.3-1 Motor Bay Location of Thrust Retainer 

  

Thrust Retainer 

Holes 
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4.1.6.4 Final Mass of Launch Vehicle 

The final weight of the launch vehicle was estimated by weighting in-stock components or using 

simple density calculations. Most electronics were accessible from subscale test and were found 

using a digital scale. The masses of Blue Tube are based on density measurements used on the 

subscale vehicle which also matches the value giving from OpenRocket. The density of Blue Tube 

was measured to be 0.751 oz./in3.   

 

All wood components such as bulkheads and centering rings were manufactured and found its 

respective weight using a digital scale. Some components such as the nose cone, fins, and any 3D 

part, were modeled in SolidWorks and set the specified material which in turn gives the parts 

estimated weight. Results were also compared with OpenRocket to make sure the launch vehicle’s 

mass are the same as the predicted, Openrocket uses the density and volume of the part to generated 

its estimated weight, which both methods agreed. 

 

The Launch vehicle does not currently account for epoxy weight, but the additional weight that it 

will produce have been deemed as an acceptable margin by the team.  The current wait is 48.43-

lb with the motor and 42.24-lb after burnout phase. The mass reflects the maximum allowable 

mass of the launch vehicle to achieve the intended altitude of 5280 ft. The launch vehicle mass 

statement is shown in Table 4.1.6.4-1 below. In addition, a breakdown for every section is shown 

in Table 4.1.6.4-2 through 4.1.6.4-4, which lists every component and their respective masses. 

 

Table 4.1.6.4-1:  Overall mass of the launch vehicle 

 

Component Total Mass (oz.) Total Mass (lbs.) 

Nose Cone 40.490 2.531 

Section 1 184.026 11.547 

Section 2 549.690 34.356 

Total with Motor 774.928 48.433 

Empty Motor Mass 707.828 42.240 

 

Table 4.1.6.4-2 Nosecone Component Masses 

 

Nosecone 

Part Name Description Quantity Mass(oz) Mass(lbs) 

BRB900 

GPS - include antennas and battery- 900 MHz 

system 1 1.940 0.121 

Trakimo GPS - GSM system 1 1.410 0.088 

Mount Hardware  Holds sleet in place              1 1.500 0.094 

PLA Nosecone structure 1 22.200 1.388 

Bulkhead (wood) 

Removable bulkhead (includes U-Bolt and 

screws) 1 10.600 0.663 

Fiberglass E-

board 

Avionics sled holding all electronics in the 

Nose Cone 1 2.840 0.178 

TOTAL 40.490 2.531 
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Table 4.1.6.4-3: Section 1 Component Masses 

 

Section 1 (Recovery, Drogue, Main, Piston) 

Part Name Description Quantity 

Mass 

(oz) 

Mass 

(lbs) 

XT60 battery clips 

Stratologger CF Altimeter with firing circuits 2 0.760 0.048 

2000 Mah 3s LIPO LIPO battery powers altimeter system 2 13.400 0.838 

Schurter switch 

Physical switch to break circuit between battery 

and altimeter 2 0.570 0.036 

XT60 battery clips Interface between wiring harness and battery 2 0.570 0.036 

Mount Hardware 

Interface that secures altimeters to electronics 

sled 2 0.710 0.044 

Wires Wires used to complete circuits.  2 1.410 0.088 

Ejection charge 

Canisters  PVC tubing containing black powder charger 4 1.400 0.088 

E-match Electrical match that lights the ejection charge 4 1.920 0.120 

Hardware 

Blue tube  Launch vehicle’s air frame tubing    51.700 3.231 

Coupler  Joints sections of the launch vehicle   15.900 0.994 

Brackets Battery holders etc. - note: best estimation              1 3.000 0.188 

Screws  Flat-head steel screw for mounting  4 0.240 0.060 

Bulkhead Removable Birch-wood bulkhead   10.000 0.625 

Bulk head hardware Accounts for both U-bolts, screws and nuts   0.600 0.038 

Drogue 

Drogue Parachute  Cruciform parachute 1 3.891 0.243 

Drogue quicklinks Connection link between U-bolt and shock cord 3 7.704 0.481 

Drogue Nomex 

 Fire resistant fabric that protects parachute 

from ejection charge during deployment 1 0.963 0.060 

Drogue Shock Cord  18 ft shock cord 1 17.080 1.067 

Main 

Main Parachute  Toroidal Parachute  1 13.073 0.817 

Main quicklinks Connection link between U-bolt and shock cord 3 7.704 0.481 

Main Nomex 

 Fire resistant fabric that protects parachute 

from ejection charge during deployment 1 0.963 0.060 

Main Shock Cord  18 ft shock cord 1 17.080 1.067 

Piston 

Piston tube Blue Tube 1 2.790 0.174 

Bulkhead Birch wood bulkhead with hardware 1 10.600 0.663 

Piston Shock-Cord  18 ft shock cord 1 17.080 1.068 

TOTAL 184.026 11.547 
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Table 4.1.6.4-4: Section 2 Component Masses 

 

Section 2 (FMP, OB, RIS, Motor Mount, Fins) 

Part Name Description Quantity 

Mass 

(oz) Mass (lbs) 

PAYLOAD BAY 

HS-7955TG Servo Servos for Roll Induction System 2 4.586 0.287 

4-40 Mounting Hardware Servo cabling, mounting hardware 2 1.764 0.110 

11.1V, 2200mAh LiPo Payload Bay power supplies 2 14.010 0.876 

Arduino Micro Controls Roll Induction System 1 0.230 0.014 

Arduino MEGA 2560 Controls Data Collection System 1 1.306 0.082 

Adafruit 10 DOF IMU DCS sensor 1 0.099 0.006 

XBee Pro 900HP DCS transmitter 1 0.299 0.019 

High Gain Antenna For XBee (adds 15mi+ range) 1 0.458 0.029 

XBee Adapter For XBee 1 0.320 0.020 

SD Breakout + Card DCS local data storage 1 0.130 0.008 

Raspberry Pi Zero v1.3 Controls Observation System 1 0.300 0.019 

Pi Camera v2 Camera for Observation System 1 0.180 0.011 

Switch Switch for entire payload system 1 0.415 0.026 

Misc. mounting hardware Mounting hardware 1 2.000 0.125 

MOTOR Bay + Fins 

RMS-75/5120 Casing  Motor casing with forward seal disk  1 45.630 2.852 

75 mm aft closure  Motor casing closure  1 2.580 0.161 

75 mm Forward Closure  Forward closure  1 12.125 0.758 

Aeropack 75 mm Retainer  Retainer ring  1 4.225 0.264 

Motor (TBD)    1 168.000 10.500 

Motor Bay + RIS/Obs Bays + 

Fins From Solidworks model 1 251.450 15.716 

PAYLOAD FMP 

FMP Pill  3D printed system 1 7.000 0.438 

FMP Surgical Tubing   8 0.984 0.062 

FMP Foam  Foam for item protection 1 3.000 0.188 

Bulk heads  Birch-wood removable bulkhead  1 10.000 0.625 

FMP Frame  Blue tube  1 12.000 0.750 

Bulk head hardware accounts for both U-bolts  1 0.600 0.038 

FMP ITEM TBD at competition day 1 6.000 0.375 

TOTAL 549.690 34.356 
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4.2 Subscale Flight Results 

4.2.1 Data Gathering Devices 

Various data gathering devices where implemented into the rocket for subscale launch. 

 2 Altimeters 

o Strattologger CF altimeters were used to record altitude and initiate drogue 

deployment and main parachute deployment 

o These were placed near the parachute bay in the Recovery Avionics Bay 

 Arduino Unon 

o The Arduino Uno was used to attempt to record acceleration data and rotational 

data 

o It was placed in position of the RIS system near the motor of the rocket 

 Keychain Camera 

o Camera was used to record flight footage to compare to other recorded data and to 

verify each stage of flight 

4.2.2 Apogee and Other Flight Data 

The altimeters recorded flight time and altitude data of the flight. The recorded apogee was 3122 

ft at 16.3 seconds. The video data doesn’t have altitude data but it does suggest that the apogee 

was around 16 seconds and helps to verify altimeter data. The DCS had a malfunction and data 

was unable to be extrapolated. Yet, velocity data can be found from the altitude and time data. 

Unfortunately, an attempt to pull acceleration data from altitude and time data left very unrealistic 

and incomprehensible acceleration data and during descent the velocity data was nearly in the 

same condition. 

4.2.3 Scaling Factors 

The original scaling factor was for the full-scale launch vehicle to be geometrically twice the size 

of the subscale, therefore having a scaling factor of two. Unfortunately, the subscale launch vehicle 

does not always scale properly as shown in Table 4.2.3-1: Scaling Factors. Some of the most 

critical flight show excellent parity. One of the most important tests of the subscale launch is to 

ensure that the predicted stability margin of the full-scale rocket allows for a successful launch. 

The static stability margins of the full-scale and subscale launch vehicles differ by only 13%, which 

means that the successfully launched subscale rocket will have similar aerodynamic qualities as 

the full-scale. Additionally, there is an extreme parity between the maximum velocities of both 

rockets. This indicates that they will experience very similar aerodynamic loads, which the 

subscale has demonstrated it can withstand. 

 

Table 4.2.3-1: Scaling Factors 

 

 Full-Scale Launch 

Vehicle 

Sub-Scale Launch 

Vehicle 

Scaling Factor 

(Full/Sub) 

Length (in.) 107 77 1.39 

Diameter (in.) 6.0 3.0 1.99 

Mass (oz) 774 168 4.61 
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Launch 

Acceleration (g) 

6.40 11.3 0.57 

Rail Exit Velocity 

(ft./s) 

55.8 75 0.74 

Max Velocity (ft./s) 574 460 1.11 

Altitude (ft.) 5148 3127 1.65 

Static Stability 

Margin 

2.65 3.3 1.13 

 

The full-scale rocket is different, larger, and more mature adaptation of the subscale rocket. The 

full-scale rocket will include actuating control surfaces on the fins, which are controlled by the 

RIS payload. This subsystem along with the FMP bay will add significant mass and length to the 

rocket. Rocket organization and recovery system design will be designed similarly, implementing 

lessons from the subscale launch.  

 

The goal of the subscale launch was to characterize the dynamic launch environment for use in 

development of the rotation induction and fragile material protection payloads. Additionally, the 

subscale launch served as a testbed for the static stability margin of both the subscale and full-

scale launch vehicles. 

4.2.4 Launch Day Conditions and Simulation 

The day of Cal Poly Pomona’s subscale launch was very clear and moderately windy. Wind speed 

varied from about 5 MPH in the morning to about 15 MPH in the afternoon at Lucerne Dry Lake 

Bed. The team can prepare the launch vehicle within a 4-hour time limit. The launch was 

performed in the early afternoon when wind speeds were closer to 15 MPH. Running the 

OpenRocket simulation using launch day wind conditions outputs that our velocity off launch rail 

was 75 ft./s, simulation apogee was 2,817 ft., maximum velocity was 516 ft./s, maximum 

acceleration was 370 ft./s2, time to apogee was 8.92 s, total flight time was 158 s, and the ground 

hit velocity was 18.7 ft./s. Of these values the most critical is the apogee. Per the on-board 

altimeters on launch day, the actual apogee of the subscale rocket was 3,127 ft., which represents 

a difference of 310 ft. between the simulation and the actual flight. Taking this discrepancy into 

consideration, further trajectory analysis was performed using MATLAB and Excel to better match 

the actual flight data, which is discussed in more detail in section 4.2.6. 

4.2.5 Subscale Flight Analysis 

4.2.5.1 Predicted vs Actual Flight Data and Error Calculation 

A prediction model was designed using MATLAB code and some characteristics that were 

determined using OpenRocket. Using the measured mass the day before flight and a Cd of 0.51 

that was found from OpenRocket the predicted altitude was approximately 3116 ft. The model also 

uses an average thrust and average mass during burn. The Strattologger CF gave an Apogee of 

3122 ft. This showed the model was accurate and within 1%. This accuracy verifies the MATLAB 

code as a reasonable model to use for the Full-Scale Launch. While, aerodynamic testing and other 

flights will be more indicative of a coefficient of drag value and velocity and accelerometer data 

from test flights of the full scale will allow for a better developed model of the thrust. Another 

model was developed in Excel to determine the Cd from the actual flight data, but it’s results are 
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compared to develop various models for comparison for future flights and was compared to this 

flight to see how altitude and velocity values compare. The model had a predicted height of 3120 

ft, but the accuracy of the altitude vs time is far less than the MATLAB model. This trend can be 

seen below in the graph, where the MATLAB model follows the actual flight data closer than the 

other model. 

 

 

Figure 4.2.5.1-1 Predicted vs Actual Height Graph for 2 Models compared to Flight Data 

 

The predicted flight data had a predicted max velocity of 458 ft/s. The actual flight data for velocity 

was noisy and gave a max velocity of 500 ft/s, yet it can be seen in the graph below that the actual 

velocity profile is close to the predicted velocity profile. Also, the maximum velocity of the actual 

flight was most likely not 500 ft/s. The predicted Excel model from the Cd has the most amount 

of error associated with its velocity values over time when compared to the actual flight data on a 

graph. and a predicted maximum velocity of 498 ft/s, which has an error of less than one percent. 
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Figure 4.2.5.1-2 Predicted vs Actual Velocity Graph comparing 2 models to Flight Data 

 

Finally, an Excel model was developed for predicting descent time for drogue descent and main 

descent. The error between the model and the actual flight data is less than 10.35 % for both 

models. The predicted and actual descent times can be seen in the table below. 

 

Table 4.2.5.1-1 Parachute Descent Times compared to Predicted Descent times 

 

Drogue Video Descent Time 36 s Main Video Descent Time 29 s 

Drogue Predicted Descent Time 38 s 
Main Predicted Descent 

Time 26 s 

Error 5.26 % Error  10.34 % 

 

The error associated with these models most likely has a lot to do with how they are ideal cases 

and assume a launch that is 90 degrees and doesn’t include any weather cocking due to wind. They 

also use an estimated coefficient of drag or are attempting to determine the coefficient of drag. 

Therefore, it is expected that the model that determines the coefficient of drag will have a more 

accurate predicted max altitude because this is how the coefficient of drag was determined. The 

models overall were accurate when compared to actual flight data and the error is minimal.  
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4.2.5.2 Drag Coefficient Estimation 

Table 4.2.5.2-1 Cd calculations for subscale and full-scale models 

  Sub-scale Full-scale  

Open Rocket 0.46 0.52 

Excel 0.73 0.44 

%Error  58.70 -15.38 

Matlab 0.51 0.55 

%Error  10.87 5.77 
 

Using an excel sheet based on the mass of the rocket and thrust curve Cd for both the subscale and 

full-scale found. In the case of the subscale the actual maximum height reached was used as the 

goal. From their it’s a simple matter plugging in Cd values until the height is reached. This method 

is excellent when the rocket fly’s perfectly straight up, however, the subscale launch did weather 

cock at the beginning of its launch and was traveling at a slight angle for the begging portion of its 

flight. This means that the excel model is not working from an idealized perspective, thus it should 

be expected that the open rocket model.  

 

Using a simple free body diagram as seem in figure 4.2.5.2-1 along with the kinematic equations 

it is possible to find Cd. 

 
 

Figure 4.2.5.2-1 Free Body of a Rocket in Flight 

 

The Matlab predictions and open rocket predictions for both the subscale match closely. The 

relatively low percent errors compared to the open rocket give the team confidence in the model.  

The Matlab code used is seen in section 4.2.6. 
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4.2.6 Subscale Flight Data Impact 

The subscale flight data was used primarily to help create better prediction models. While the data 

was used alongside the expected thrust data to determine the Cd of the subscale. This model that 

finds the Cd can be reversed to give a prediction model for the full scale with an expected Cd. 

Another model was created in MATLAB prior to subscale launch and the altimeter data was 

compared to the model to help verify the model. The model was accurate when using the predicted 

Cd from the OpenRocket model that was created. Yet, the altimeter data allowed for realization 

that drag wasn’t being modeled correctly from the burnout to apogee and was edited and this model 

gave a better prediction that was within 6 ft. MATLAB model code can be seen below for the 

subscale. 
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Figure 4.2.6-1 MATLAB Code used as Prediction Model 

 

The outputs to the code above can be seen below. The maximum velocity, maximum altitude, and 

the error in feet between the subscale flight and the predicted altitude can be seen in the outputs 

below. 

 

 

 
Figure 4.2.6-2 MATLAB Output for Inputted Parameters of the Rocket  
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4.3 Recovery Subsystem 

4.3.1 Final Recovery Design and Justification 

The recovery system is being designed with a dual parachute deployment regime to satisfy 

requirement 2.1. Once the rocket reaches apogee at approximately 5280 ft., the recovery bay 

altimeters trigger the aft parachute bay ejection charges and the drogue parachute will begin 

deployment. Once the drogue parachute has inflated the rocket will ride the drogue until roughly 

500 ft. determined by drift calculations to stay within the required 2250 ft. radially of the launch 

pad. The only case that does not meet the altitude requirement is at a 20-mph wind case, and the 

deployment altitude will be modified to 350 ft. to stay 2250 ft. radially in this case. The forward 

bay altimeter will then trigger the main parachute bay ejection deploying the piston beginning 

parachute deployment. The landing velocity will be roughly 13.6 ft/s, which was determined to be 

the limiting landing velocity by kinetic energy calculations to satisfy requirement 2.3, a max 

kinetic energy of 75 ft-lbf on landing of each section is met. A general mission overview can be 

seen in Figure 4.3.1-1. 

 

 
 

Figure 4.3.1-1 – Recovery system overview 
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The altimeter chosen to perform the recovery task of igniting the deployment charge is the 

stratologgerCF. This device was chosen based on operating voltage, weight, and max allowable 

amps through the firing circuit. Operating voltage varies from 4V-16V, which allows the use of a 

three cell LiPo at a full charge of 13.5 V. In conjunction with the higher operating voltage and max 

current of 10A during firing a wider variety of E-matches can be utilized reliably for ejection 

charge ignition. The stratologgerCF is 60% lighter than majority of available altimeters, weighing 

in at .38 Oz.  

 

The GPS systems chosen for the rocket are the BRB900 and Trackimo. The rational for having 

two different GPS system was for redundancy and utilization of different transmission frequencies. 

Also, neither of them require an amateur radio operators license. The systems together weigh less 

the 8 Oz and does not require large antennas for GPS signal reception. 

4.3.2 Parachute Design 

The main parachute is a toroidal design with an effective area of 80 ft2. Toroidal parachutes offer 

a high Cd of 2.2 while providing the lowest packing volume. The selected parachute will be the 

Iris Ulta Compact 120 in. purchased from Fruity Chutes. Suspension lines are constructed using 

nylon paracord rated to 550 lbs. around both the inner and outer circumference of the parachute. 

Both the inner and outer suspension lines are secured to a bridle by ties and shrink wrap. The bridle 

has a swivel which then is secured to the harness using a quick link. To prevent tear out of the 

bulkhead securing the parachute to the rocket, a delay ring is being used. The delay ring slows the 

inflation time of the parachute by restricting suspension line motion briefly. The effect is similar 

to reefing lines commonly used in space capsules. A main parachute schematic can be seen below 

in Figure 4.3.2-1. 

 

 
Figure 4.3.2-1 – Main Parachute Schematic 
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The drogue parachute is a cruciform design with an effective area of 5.0 ft2. Cruciform parachutes 

offer high stability during descent of the rocket while minimizing packing volume and weight. The 

gores are constructed of Rip stop nylon due to its known effectiveness in parachute construction. 

Each gore is approximately 1.00 x 3.00 ft. as seen in Figure 4.3.2-2. Suspension lines are 

constructed of nylon paracord rated to 550 lbs. load. The lines are sized at 1.65 times the gore 

length, roughly 4.95 ft. long each. The suspension lines meet at a Kevlar bridle connected to a 

1500 lbs. rated swivel. A 1200 lbs. rated quick link secures the drogue to the harness. A drogue 

parachute schematic can be seen below in Figure 4.3.2-3. 

 
Figure 4.3.2-2 – Drogue Parachute Sizing 

 

 
Figure 4.3.2-3 – Drogue Schematic 
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4.3.3 Harness Design 

Both the main parachute and drogue parachute will use a shock cord roughly four times the length 

of the rocket, measuring at 40 ft. The shock cord is made from ½ in. Kevlar rated at 6000 lbs. load. 

All quick links used are identical, and made of ¼ in. thick steel rated at 1200 lbs.  

 

The main parachute harness mounts to the nose cone and the electronics bay. To ensure the rocket 

segments attached to the main parachute do not collide during descent the harness will be split 

different lengths to increase safety. From electronics bay bulkhead to the main parachute 30 ft. of 

shock cord will be used. From the main parachute to the nosecone bulkhead, 10 ft. of shock cord 

will be used. 

 

The drogue parachute harness mounts to the electronics bay and the fragile material protection 

bay. From the electronics bay bulkhead to the drogue parachute, 30 ft. of shock cord will be used. 

From the drogue parachute to the fragile material protection payload bulkhead, 10 ft. of shock cord 

will be used. A general overview of this may be seen in Figure 4.3.3-1. 

 

 
Figure 4.3.3-1 Harness design overview 
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4.3.4 Attachment Hardware Design 

Since PDR the length of the Recovery Avionics bay was increased from 7-inches to 13.5 inches, 

due to this change in length and to avoid the mounting sled being longer than it needs to be, a new 

mounting hardware design will be implemented. Referring to Figure 4.3.4-1 and Table 4.3.4-1 for 

all reference to components.  

 
 

Figure 4.3.4-1. Exploded view of Avionics Bay components 

Table 4.3.4-1: Recovery Avionics Component Summary 

 

 

 

 

 

 

 

ID Number Part Name 

1 Internal Bulkhead fastener  

2 Arming Switch 

3 Blue Tube Coupler 

4 9v Battery  

5 3D printed retainer sled 

6 Bulkhead 

7 Collar 

8 Altimeter 

9 Sled 

10 Internal Bulkhead faster 



 

81 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

 

The new design will allow the avionics system to stay fit in the center of the coupler without having 

to extend the sled and threaded rods longer than needed, which if it is too long can cost the sled 

long to buckle when experiencing the launch loads. Inside the Bay an internal a plywood bulkhead, 

component 6, the 5.86-inch diameter will be epoxied in place and serve as the based. Two threaded 

rods will be mounted on the bulkhead and used to fasten and hold the assembly. Afterward a 3D 

printed retainer sled, component 5 and shown separately in Figure 4.3.4-2, is mounted to the 

plywood bulkhead, which will secure the sled containing the avionics, as shown in Figure 4.3.4-3.  

The retainer bulkhead also has a 1.0-inch by 0.55-inch open slot to run the igniters from the sled 

to the ejection canister. Two 0.3-inch diameter holes will help the retainer bulkhead stay align with 

the threaded rod. The retainer’s main objective is to ensure the avionics sled is held secure to 

ensure components remain functional when experiencing forces and vibrations during launch, as 

well to ensure the masses stay along the centerline of the launch vehicle. The retainer bulkhead 

also allows the avionics sled to be easily inserted and removed without the need of aligning with 

centering rings and issue the previous design had.    
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Figure 4.3.4-2: Top and Side view of the Avionics Sled Retainer 

 

 
Figure 4.3.4-3: Front view and Cross Sectional view of the Avionics Hardware Design 

 

Once the sled is in position, another retainer will be used to secure the sled in place and will be 

closed off with a bulkhead on the bottom and fixed with nuts. The exact dimensioning and position 

of the assembly can be seeing in Figure 4.3.4-3. 

 

The sled where the avionics is mounted on will be 5-inch in height by 5-inch in width and a 

thickness of about 0.11-inch. The sled is made out of two layers of fiberglass weave coated in 

epoxy resin that are offset 45 degrees; this processes greatly improves bending, torsional, and 

compression resistance while the launch vehicle is in flight. A layer of Aero-Mat is then added, 

which is a honeycomb foam mat that increases the integrity and thickness of the composite 

structures, aiding in resisting compression stresses. Another two layer of fiberglass weave offset 

at 45-degree afterward is added for additional reinforcement. Nylon standoffs and standard #4-40 

screws will be used to secure both altimeters in place.  And additional two 9V, component 4, 

batteries will be mounted onto a battery holder and secure with zip- ties for extra precaution. 
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4.3.5 Electrical Components Design: GPS 

 
 

Figure 4.3.5-1 BRB900 and Trackimo 

 

The two GPS systems, the Big Red Bee (BRB) 900 and the Trackimo (see Figure 4.3.5-1), are 

housed in the nose cone of the rocket. The Trackimo is an all in one commercial GSM GPS. The 

GPS is capable of using multiple bands to transmit data, but uses the 850 and 1900 MHZ Bands 

(3G) in the US (see Table 4.3.5-1). The refresh rate of the device can be adjusted via Trackimo’s 

online terminals or manually refreshed. The other GPS onboard is the BRB900, sold by Big Red 

Bee. The BRB900 utilizes an XBEE as the transmitter and a High performance 50 channel ublox 

7 GPS chipset (see Table 4.3.5-2). The unit can transmit up to 6 miles and can record a total of 2 

½ hours of flight data. The ublox 7 chipset also allows the GPS to triangulate its height above 

ground. 

 

Table 4.3.5 – 1 Trackimo Specifications 

 

Battery Life Up to 144 hours 

accuracy 50 feet 

Transmitter frequency Quad Band (850/900/1800/1900 MHz) 

Weight 1.55 Oz 

Dimensions 1.8 in x 1.6 in x 0.7 in 

 

Table 4.3.5-2 BRB900 Specifications 

 

Battery Single cell LiPo 4.2V 

GPS chipset Ublox 7 

accuracy 10 feet 

Transmitter XBee (900 MHz) 

Range 6 Miles 

On board data 512 Mb (2.5 hours of telemetry at 1Hz) 

Weight 1.76 Oz 

Dimensions 2.85 in x 1.10 in 
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4.3.5.1 Drawings and Sketches 

 
 

Figure 4.3.5.1-1 GPS Nose Cone Sled 

 

The GPS’ are mounted to the nose cone sled, as seen in Figure 4.3.5.1-1. Mounting in the nose 

cone allows for GPS to be housed is a separate compartment from the Altimeter. This allows the 

GPS an unobstructed view of the sky during flight. Separate housing of the GPS units also allows 

minimal use of metallic materials that may negatively affect transmission signal. This also allows 

the Recovery bay to be completely shielded from any transmissions that may cause undesired 

operation of the altimeters. 
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4.3.5.2 Block Diagrams 

 
 

Figure 4.3.5.2-1 BRB900 Block diagram 

 

 
 

Figure 4.3.5.2-2 Trackimo Block diagram 
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Figures 4.3.5.2-1 and 4.3.5.2-2 are block diagrams that describe how the BRB900 and Trackimo 

receive and transmit their data. Both systems receive signals from the GPS satellite array and 

triangulate their location in coordinates on the surface of the earth, this is the only interface they 

have in common. The BRB900 directly transmits the position data to BRB900 receiver on the 

ground at the launch site (see Figure 4.3.5.2-1). The coordinates can then be seen in real time on 

the receiver screen or computer monitor. The Trackimo has an extra step compared to the BRB900. 

Once ready the Trackimo transmits data to a local cell tower it is in range of, on either the 850 or 

1900 MHz band (see Figure 4.3.5.2-2). This data is then sent to the Trakimo servers. The servers 

can be accessed on a mobile device or lap top to retrieve real time coordinates of the rocket. 

4.3.5.3 Electrical Schematics 

 
Figure 4.3.5.3-1 2D schematic of GPS sled 

 

Figure 4.3.5.3-1 is a two-dimensional representation of how the GPS’ are mounted on the sled. 

The color of the sled is also of importance. This cream color specifies that the sled should be made 

out of wood, fiberglass, or any non-conductive material. Carbon fiber cannot be used since it is 

capable of blocking radio waves. This restriction on materials also affects the nose cone 

construction and paint. The nose cone will be reinforced with fiberglass instead of carbon fiber. 

Furthermore, metallic and dark paints cannot be used coat the nose cone. The concentration of 

metal specs is the paint is high enough to negatively affect GPS performance. 

4.3.6 Electrical Components Design: Altimeters 

 
 

Figure 4.3.5-2 PerfectFlite StratologgerCF 
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The stratologgCF (SLCF) is a commercial Altimeter provided by PerfectFlite (see Figure 4.3.5-2). 

Designed to the replace the stratologger SL100, the SLCF has a smaller foot print of 2.0 inches by 

0.84 inches (see table4.3.5-3). The SLCF is equipped with a pressure sensor accurate to within one 

foot below 38,000 feet MSL. It also has a 24-bit digital pinout, which can be connected to an 

Arduino for flight control or telemetry transmission. The SLFC also has a speaker soldered to the 

board, to help locate the rocket, or an option that allows for the addition of an amplified speaker 

or LED. Another feature is custom programing of firing circuits. Using the DT4U Interface, 

deployment altitudes and delays and be adjusted using PerfectFlite’s DataCap. This program can 

also be used to export the recorded flight data to Excel of MATLAB for analysis. 

 

Table 4.3.5-3 - Specifications of StratologgerCF 

 

Max altitude 100,000 feet MSL 

Flight data storage 16 flights, 18 minutes each 

Brown out protection Tolerates power loss for 2 seconds 

Input Voltage 4V - 16 V 

Length 2.00 in 

Width  0.84 in 

height 0.50 in 

 

4.3.6.1 Drawings and Sketches 

 
Figure 4.3.5.1-1 - 3D Model of Recovery Sled 
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Figure 4.3.5.1-1 is a 3-dimensional representation of how the altimeters will be mounted on the 

recovery sled. Each SLCF is securely mounted with stand offs to ensure the vibration of launch 

doesn’t cause the SLCF to make contact with the carbon fiber sled. Also, they are mounted 

symmetrically to keep the center of gravity close to the center of the long axis. The battery plugs 

will be mounted at the bottom of the sled for easy access and Zip tied together so the plugs do not 

separate during launch. All connections with the switch are soldered to reduce chance of 

disconnection during flight. 

4.3.6.2 Block Diagrams 

 
Figure 4.3.5.2- 3 – Altimeter Block Diagram 

 

Figure 4.3.5.2-3 is a block diagram of the order in which the hardware in the Recovery bay 

interfaces with each other.  Starting with the Lipo battery, it interfaces with the switch that closes 

or opens the circuit. The SLCF is connected to the switch to create the closed circuit. From there 

the SLCF interfaces with the E-matches. The E-matches then are taped in the ejection charge cup. 

4.3.6.3 Electrical Schematics 

 
Figure 4.3.5.3-1 2D Schematic of Recovery Sled 
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The 2-dimensional schematic (Figure 4.3.5.3-1) show the circuit of the full recovery subsystem 

housed in the recovery bay. The Figure only shows one half of the system, as mentioned before, 

the other half of the system is symmetrically mounted on the reverse of the sled. The two primary 

components mounted to the board are the SLCFs and LiPo batteries. Wires from both the SLCF 

and Lipo connect to an externally mounted rotary switch. The switch allows the circuit to be 

externally broken until the rocket is prepared for launch and sitting in the upright position on the 

launch rail. The other wires seen interfacing with the SLCF’s terminals are the Main and drogue 

E-matches. The E-matches are routed along the center of the board and are fed through small holes 

in the recovery bulk heads.  

4.3.7 Electrical Component Redundancy: GPS and Altimeters 

The GPS systems complement each other’s operations range. The BRB900 uses a 900Mhz 

transmission system with a Line of Site (LOS) range of 6 miles. The Trackimo uses the GSM 

network, specifically 3G, to transmit position coordinates. In the case of severe rocket drift the 

Trackimo data can be utilized to locate the rocket. Another consideration for the addition of the 

Trackimo is the possibility other teams may be using 900Mhz systems and channels, possibly 

making it difficult for the BRB900 ground station to properly receive transmissions.To make the 

recovery altimeter system redundant there are two identical separate systems. Each system 

includes and altimeter, switch, battery, and matches. It is important that the systems be separate so 

that failure is isolated. The two systems are set to deploy their charges at staggered intervals so the 

body tube is not damaged on deployment. The primary altimeter system has no delay at apogee 

and is set to deploy the main at 700 feet. The secondary altimeter has a one to two second delay 

for apogee deployment and is set to deploy the main at 500 feet. If the primary fails to perform its 

task it is the job of the secondary to ensure proper deployment of recovery systems. 

4.3.8 Operational Frequency of Locating Trackers 

In total, there will be three independent systems capable of data transmission located within the 

launch vehicle. While the Payload Data Collection System will not be relaying GPS data, it will 

be transmitting real time flight data to our ground station as part of our payload success verification 

strategy. These systems are outlined and compared in Table 4.3.7.1 below:  

 

Table 4.3.8-1: Launch Vehicle Data Transmission Systems Summary 

SYSTEM NAME RF MODULE OPERATIONAL 

FREQUENCY 

TRACKIMO 3G GPS TRACKER Proprietary 3G GSM: 850/1900 MHz  

(US bands) 

BRB900 GPS TRACKER Digi XBee-PRO XSC 

S3B 

900 MHz 

PAYLOAD DATA COLLECTION 

SYSTEM 

Digi XBee-PRO 900HP 

S3B 

900 MHz 

 
There was initial concern that the above 900MHz XBee modules could potentially interfere with 

each other’s signals. This has been avoided by ensuring that each transmitter/receiver pair have 

unique destination addresses, and that they are on separate identification networks. This was 

accomplished using Digi’s X-CTU software specially designed for their XBee RF modules. Initial 

testing has shown no signal interference.  
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4.4 Mission Performance Predictions 

4.4.1 Flight Profile Simulations 

To verify that requirements are met by the current design, simulations using OpenRocket were 

used to analyze the flight profile. Trajectories were analyzed and 0, 5, 10, 15, and 20 mph. Tables 

4.4.1-1 – 4.4.1-5 display the results of the varying simulations, in ascending order of velocity. 

 

Table 4.4.1-1 0 Mph Flight Trajectory Results 

Launch Rail Exit 

Velocity (ft/s) 

Apogee 

(ft) 

Max 

velocity 

(ft/s) 

Max 

Acceleration 

(ft/s2) 

Time to 

Apogee (s) 

Total Flight 

Time (s) 

54.8 5127 574 206 18.4 161 

 

Table 4.4.1-2 5 Mph Flight Trajectory Results 

Launch Rail Exit 

Velocity (ft/s) 

Apogee 

(ft) 

Max 

velocity 

(ft/s) 

Max 

Acceleration 

(ft/s2) 

Time to 

Apogee (s) 

Total Flight 

Time (s) 

54.8 5108 573 206 18.4 160 

 

Table 4.4.1-3 10 Mph Flight Trajectory Results 

Launch Rail Exit 

Velocity (ft/s) 

Apogee 

(ft) 

Max 

velocity 

(ft/s) 

Max 

Acceleration 

(ft/s2) 

Time to 

Apogee (s) 

Total Flight 

Time (s) 

54.8 5050 572 206 18.4 159 

 

Table 4.4.1-4 15 Mph Flight Trajectory Results 

Launch Rail Exit 

Velocity (ft/s) 

Apogee 

(ft) 

Max 

velocity 

(ft/s) 

Max 

Acceleration 

(ft/s2) 

Time to 

Apogee (s) 

Total Flight 

Time (s) 

54.8 4968 571 206 18.2 156 

 

Table 4.4.1-5 20 Mph Flight Trajectory Results 

Launch Rail Exit 

Velocity (ft/s) 

Apogee 

(ft) 

Max 

velocity 

(ft/s) 

Max 

Acceleration 

(ft/s2) 

Time to 

Apogee (s) 

Total Flight 

Time (s) 

54.8 4938 571 206 18.1 156 

 

In summary, the various wind cases verify that the apogees are in a tolerable range from simulation. 

Further testing will confirm that current design parameters will work for the 5280 feet. altitude 

requirement. Currently a slightly high Cd value is being used to conservatively estimate the altitude 

range. Wind tunnel test testing will confirm the Cd range and if altitude needs to be added, weight 

may be shed from the piston system as well as secondary Fragile Material Protection payload. All 

cases meet the exit rail velocity of minimally 52 fps off the rail, requirement 1.15, as well as the 

minimal static margin off the rail of at least 2.0, requirement 1.15. 
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4.4.2 Simulated Motor Thrust Curve 

The old motor, Aerotech L1150R, no longer suffice the height requirement. The updated launch 

vehicle is significantly heavier and a more powerful motor is needed as described below. The 

launch vehicle utilizes the Aerotech L1120W to achieve the target altitude of 5280 feet. This motor 

exhibits a longer burn time than typical L motors. Thus, there is a general trend of gradual 

acceleration and deceleration. After the initial acceleration to around 300 pounds, the thrust curve, 

as shown in Figure 4.4.2-1, begins to plateau for 2 seconds and gradually decreases for the 

remaining 3 seconds. Table 4.4.2-1 shows the Aerotech L1120 performance parameters. 

 
Figure 4.4.2-1 Aerotech L1120W Thrust Curve 

 

Table 4.4.2-1 Aerotech L1120 Performance Parameters 

Propellant Weight 6.08 lb 

Motor Weight 10.27 lb 

Peak Thrust 349.57 lb 

Average Thrust 220.91 lb 

Total Impulse 4922.22 Ns 

Burn Time 5.01 seconds 

4.4.3 Altitude Predictions  

To verify the rocket design values and satisfying requirement 1.1, the 5280ft. max altitude 

requirement, both an OpenRocket model and a MATLAB script were written for simulations. The 

current predicted Cd value of the rocket by OpenRocket is 0.55, which will be refined with wind 

tunnel testing before launch. This value is reasonable based off previous team’s values. Using the 
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current best mass and geometric estimates of the rocket, OpenRocket currently predicts an altitude 

of 5127 ft. Table 4.4.3-1 displays a comparison between the two models. 

 

Table 4.4.3-1 OpenRocket and MATLAB Predicted Altitudes 

 

Model Altitude (ft) 

OpenRocket 5127 

MATLAB Script 5128 

Difference (%) .0195 % 

 

In summary, the OpenRocket Model predicts a range of altitudes around 5127 ft.. The parameter 

that vastly controlled this in the sim was the finish (Cd) of the fins, with altitudes ranging from 

5100 ft. – 5600 ft. The finish that matched a Cd value of around 0.5-0.6, but ultimately higher than 

the design anticipates. The MATLAB model predicts an altitude of roughly 5128 ft.. The 

MATLAB model assumes no wind and a perfect 90º trajectory, which theoretically would lead to 

a higher altitude. This leads to believe that the Cd being used currently is overly conservative, but 

will be improved during testing. Once wind tunnel testing is complete the more accurate Cd values 

will be inputted into the sims to further verify the rocket design. These results will be compared to 

the initial flight test to the verify simulation fidelity and contribute to further analysis. 

4.4.4 Load Verification 

Another high stress point on the rocket is the engine block, similar in design to Figure 4.4.4-1 

except with 6 brackets, specifically the shear tear out and bearing stress on the birch wood from 

the bolts. Assuming the force on the engine block is the thrust output of the motor, the force is 

about 404 lbf. Distributing this force across the six bolts in the engine block it comes out to 68 lbf 

per bolt. The bolts themselves will be 1” long and approximately .15” in diameter. The engine 

block itself is .75”, leaving .3” of length for the shear tear out through the birch wood. With these 

dimensions the shear stress is approximately 114 psi and the bearing stress is 453 psi. The FS for 

the shear stress is 9.47 and the bearing stress FS is 7.64, satisfying the minimum FS requirements 

for the rocket. 

 

The last stress point to look at is the recovery bay bulkhead, seen in Figure 4.4.4-1. The recovery 

bay will be experiencing a snatch load of 1500 lbf. The shearing and bearing stress caused by the 

bolts and the washers on the U-bolt will need to be looked at. The snatch load will be distributed 

across six bolts for the recovery bay, giving each bolt a load of 250 lbf. The dimensions of the 

bolts are 1” long and .15” in diameter. This results in a shearing stress of 417 psi and a bearing 

stress of 1667 psi. This results in a FS of 2.7 for the shear stress and a FS of 2.09 for the bearing 

stress.  For the U-bolt, the force of 1500 lbf will be distributed across two washers whose radius 

is .370”. These dimensions result in a shearing stress of 430 psi and bearing stress of 1740 psi. 

These results in an FS of 2.0 for the bearing stress and FS of 2.6 for the shearing stress. These FS 

all satisfy the requirement of 2.0 minimum FS. 
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Figure 4.4.4-1 Recovery Bay Bulkhead 

4.4.5 Stability Margin 

In Order predict how the launch vehicle will behave during flight, careful consideration of the 

launch vehicle design was emphasized to allow proper stability. With these criteria, the launch 

vehicle is model to fly at a small angle of attack, to ensure the stability and improve the launch 

vehicle's performance.  

 

The stability margin is a measurement in calibers, define as the distance between the CG and CP. 

One Caliber is the maximum body diameter of the launch vehicle. As such, the stability of the 

launch vehicle is the ability to stay in flight and point in the upwards direction without any 

tumbling or spinning. Since PDR, the launch vehicle’s component dimensions and weight have 

been reported and simulated with a better accuracy. The updated weight made the launch vehicle 

heavier than previously anticipated. It made the launch vehicle slightly nose-heavy due to a heavier 

Main Parachute and thereby increasing the stability, but this change in stability is still within range.  

In typical model rocketry, a stability margin of 1 to 2 calibers is appropriate if the length-to-

diameter ratios are approximately 10. Since the length-to-diameter ratio for the launch vehicle is 

significantly larger at 17.37 inches, a larger stability margin is desirable, and range of 2.0-3.5 

calibers is considered acceptable to flight. Since the launch vehicle is considerably long compared 

to its radius, a large moment arm between the CP and CG locations is necessary to stabilize the 

launch vehicle, and prevent body lift forces from weather-cocking, which is also why the stability 

range is higher for our launch vehicle.   

 

Based on OpenRocket the center of gravity location is 66.62 inches from the tip of the nose cone, 

and the CG location is at 82.95 inches from the same location, the distance between both locations 

is 16.33 inches. Dividing 16.33 by the launch vehicle’s outer diameter produces a static margin of 

2.65, resulting in a stability margin of 2.65 calibers, as shown by the red circle in Figure 4.4.5-1. 

As mention earlier the stability margin is still within the proposed range, which the team has 

deemed the launch vehicle to be stable. Also, the team does not expect a high increase of weight, 

but all changes to the weight of the launch vehicle will be closely monitored and updated in the 

OpenRocket model, to ensure that the stability margin does not exceed 3.5 calibers or fall below 

one diameter of the launch vehicle.  

 

For the subscale model even with the correct simulated mass, the center of gravity was slight off 

the simulated model. This change in CG was partially due to the packing masses of the parachutes 
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being higher up than what was originally calculated with OpenRocket. This discrepancy changed 

the stability from 2.5 to 3.3. After reviewing the videos from the subscale launch, the team 

concluded that the rocket had no issues with stability or weather-cocking, even in harsh wind 

conditions. The Subscale helps confirm the stability range for the full scale and the overall design, 

giving the full scale and the team more confidences for a successful flight. 

 

 

 
Figure 4.4.5-1 OpenRocket center of gravity and center of pressure locations 

 

4.4.6 Center of Gravity and Pressure 

Center of Gravity 

The center of gravity (CG) was calculated using two methods. The first method calculates the 

center of gravity with the help of OpenRocket, which also aids with real-time CG and CP analysis. 

When the launch vehicle was, model using OpenRocket, emphasis on the distribution of weight 

and proper location as well as the total length is important to ensure the center of gravity is ahead 

of the center of pressure. As mention earlier this presented a slight change in CG than what 

OpenRocket had simulated for subscale model, but the change was not significant to roll out 

OpenRocket values, but hand calculations will also be done to verify the results.  

 

From OpenRocket the CG taken from the tip of the nose cone was reported to be 66.62 inches, as 

shown in Figure 4.4.5-1. To verify this method and the CG given from OpenRocket hand 

calculations were made using Excel.  

 

Every section of the launch vehicle is given a detailed estimated weight (wi), which was done by 

weighing each sub-component and summing them to find an overall weight. The centroid of each 

section (xi) was then estimated using the longitudinal axis of the launch vehicle as the horizontal 

axis measure from the tip of the nose cone. By multiplying each section’s centroid by its respective 

weight a moment is produced, these moments are then summed and divided by the total weight 

which of the launch vehicle. Using this method with Equation 1. Produced a center pf gravity of 

66.976. With only a 0.54% difference, this verifies both methods are valid.  

 

      Eq. 1 
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Table 4.4.5-1: Summary of Center of Gravity Results 

 

CG(OpenRocket) 66.615 in  

CG Hand Calc. 66.976 in 

% Difference  0.540 % 

 

Center of Pressure 

The center of pressure (CP) of the launch vehicle is the point at which all the air pressure forces 

concentrated at a single point. For our design, careful consideration of the fin and nose cone 

geometry was considered to ensure the CP stays close to the desired stability margin. 

 

Similar to calculating the CG, the center of pressure location is calculated based on James 

Barrowman methods. Barrowman’s method uses sectionalized analysis of individual components 

which for our design is composed of the nose cone, body sections, and fins, as also uses the theory 

of moments to derive the total normal force coefficient and center of pressure for the complete 

launch vehicle. The overall center of pressure is calculated by multiplying the component’s 

coefficient of pressure by the center of pressure for the component.   

 

In addition to being axially symmetrical, the launch vehicle must flight at small angles of attack 

and fly in the subsonic regions in order to use this method. To start, we use the tip of the nose cone 

as the origin where X=0 and increasing values as they move from the nose toward the tail of the 

launch vehicle. First, we calculate the center of pressure for the Elliptical nose cone. To determine 

its CP location, we compute the volume enclosed by its surface and dive the volume by the area 

of the base (the cross-sectional area of the component’s maximum diameter), the result will give 

us a length equal to the distance from the origin to the component’s relative center of pressure. 

However, for the elliptical shape, the location can be closely approximated with geometrical forms 

of known volume, for elliptical nose cone, it is a third of the overall length of the nose cone. The 

location of the center of pressure for the nose cone was calculated to be 4.00 inches from the tip 

of the nose cone. 

 

Since the body tubes have a constant diameter, they do not have any contribution to the pressure 

coefficient and does not contribute to the CP calculations. For this reason, the body tube will be 

omitted from the equations of Barrowman analysis. 

 

To find the center of pressure for a single fin the following procedure is use; first, we find the 

normal force coefficient at a single fin calculated by Equation 2 

                     Eq. 2 

Where n is the number of fins, S is the pan of the fins; cr is the root chord and ct is the tip chord. 

The location of CP for the fins is calculates using Equation 3: 
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            Eq. 3 

Where xf is the distance from the tip of the nose cone x=0 to the top end of the fin, m is the length 

that the tip is swept back. For the current launch vehicle, the coefficient of pressure and center of 

pressure had the following length, 8.00 and 99.39 inches, respectively. However, an interference 

coefficient or correction factor is added to compensate the airflow about the fins is disturbed by 

the airframe body. The value of interference coefficient is given by Equation 4  

         Eq. 4 

Where R is the radius of the body tube, 3.08 inches. The factor is then multiplied to the coefficient 

of pressure for the fins, giving a value a final value of 11.75 inches. To find the final location of 

CP, the following Equation 5 is used to sum all the components.  

               Eq. 5 

From this, the given Equation, the center of pressure location was calculated to be 85.51 inches 

from the origin. Evaluating and comparing the difference obtained from OpenRocket which gives 

a location of 82.95, produces a 2.9% difference, further verifying the validity of both methods. 

The results are tabulated down below in Figure 4.4.5-2.  

 

Table Figure 4.4.5-2. Summary of Center of pressure results. 

 

CP(OpenRocket) 82.95 in  

CP Hand Calc. 85.51 in 

% Difference  2.9 % 

 

4.4.7 Kinetic Energy 

Per requirement 2.3, the maximum kinetic energy upon landing may be 75 ft-lbf. To ensure the 

requirement is met, the maximum velocities of individual rocket sections were calculated, shown 

below. 

Table 4.4.7-1 Max impact velocities per component 

 

Component Mass Max Velocity 

 (slugs) (ft/s) 

Nose Cone 0.049 55.0 

Forward Rocket Section 0.329 21.4 

Aft Rocket Section 0.814 13.57 

 

To find the needed area of the parachute, equation (1) was used below. 
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A =  
2W

CDρV2
                                    Equation 1 

 

This is just a rearranged version of the drag equation solving for area for the limiting case using 

the following assumptions: 13.57 ft/s, 38.4 lbs for empty rocket weight, 2.2 Cd for the main 

parachute, and 2.38E-3 slug/ft3 for density. The area for solely the main parachute found from this 

equation is 80 ft2. The Fruity Chutes 120 in. diameter Iris Ultra Compact has an effective area of 

80 ft2, fitting the requirement. The drogue parachute has an area of 5.0 ft2 and a Cd of 1.1, also 

adding to the deceleration, and adding more margin for safety. 

 

4.4.8 Drift Calculations 

To estimate descent drift, vector analysis was used. Assuming a drogue deployment at 5280 ft., 

the drogue terminal velocity was used to find time to deployment of the main deployment using 

Eqn. 1 

 

𝑇𝐷𝑒𝑝 =
𝐻𝐴𝑝−𝐻𝑀𝑑

𝑣𝑇𝐷
          Equation 1 

 

Where Tdep is the time to main deployment, HAp is the altitude of apogee, HMd is the height of main 

deployment, and VTD is the terminal velocity of the drogue. To find the total time from main 

deployment, the terminal velocity of the main parachute’s decent was divided by 500 ft. To 

estimate each drift case, Eqn. 2 was used. 

 

𝐷𝑟𝑖𝑓𝑡 =  𝑉𝑤(𝑇𝐷𝑒𝑝 + 𝑇𝑀𝑎𝑖𝑛)             Equation 2 

 

Where Vw is the wind velocity and TMain is the time of main parachute descent. Table 4.4.8-1 

displays the results of the drift distance analysis. 

 

Table 4.4.8-1 Rocket Drift Distance Analysis 

 

Wind Velocity (mph) Drift Distance (ft) 

0 0 

5 728 

10 1456 

15 2184 

20 2912 

 

The 20-mph case is slightly over the allowable value of 2250 ft. required. The deployment 

altimeter can be easily accessed and modified, and will be changed to 325 ft. in this case to decrease 

drift to 2248 ft., meeting the requirement. 
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5.0 Safety 

5.1 Launch Concerns and Operation Procedures 

5.1.1 Recovery Preparation 

Main Parachute Procedure 

1.  Slide Nomex cloth blanket through shock cord behind the parachute attachment point. 

2. Slide the delay ring up the parachute suspension lines all the way to the canopy. 

3. Assemble harness by attaching eyebolts to respective bulkheads and to parachute bridles 

4. “Cinnamon Bun” roll the shock cord into 6’’ rolls and tape the rolls to secure them. 

 

5. Fold the parachute such that the suspension lines will easily pull out during deployment. 

 



 

99 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

 

6. Wrap the folded parachute tightly with the Nomex blanket. 

 

7. Insert black powder charge into the mortar tube on the recovery bulkhead, and secure the 

charge by wadding and taping the top of the mortar. 
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8. Verify that batteries have been installed to the recovery bay altimeters. 

9. Verify that the correct altitude is programmed on the altimeters for main parachute 

deployment. 

10. Run the igniters from the recovery altimeters to the main recovery bay mortar.  

11. Insert the rolled shock cord and wrapped parachute into the piston in the main parachute 

bay. 

Drogue Parachute Procedure 

1. Slide Nomex cloth blanket through shock cord behind the parachute attachment point. 

2. Assemble harness by attaching eyebolts to respective bulkheads and to parachute bridles 

3. “Cinnamon Bun” roll the shock cord into 6’’ rolls and tape the rolls to secure them. 

4. Fold the parachute such that the suspension lines will easily pull out during deployment. 

5. Wrap the folded parachute tightly with the Nomex blanket. 

6. Insert black powder charge into the mortar tube on the recovery bulkhead, and secure the 

charge by wadding and taping the top of the mortar. 

7. Install batteries to the recovery bay and check that the drogue altimeter is correctly attached 

and powered on.  

8. Run the igniters from the recovery altimeters to the drogue recovery bay mortar. 

9. Insert the rolled shock cord and wrapped parachute into the tube. 

Concerns 

1. Shock cord harness gets tangled or zippers out of body tube. 

2. Suspension lines tangle during deployment. 

3. Parachute ignites during deployment. 

4. Redundant altimeters misfire. 

5. Redundant altimeters fail.  

5.1.2 Motor Preparation 

Procedure 

1. Ensure handler is wearing safety glasses and gloves. 

2. Place all motor components on an appropriate surface. 

3. Inspect the motor casing is in proper condition. 

4. Inspect the propellant and verify that all its components are present and undamaged. 

5. Deburr the inside edges of the motor casing. 

6. Insert nozzle into liner and insert propellant grains. 

7. Insert the component into the casing and thread the forward closure. 

8. Apply lubricant to the threads of the aft closure. 

9. Keep the nozzle cap on and thread aft closure onto the case. Tighten until the closure is 

properly seated. 

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

11. Insert the motor casing into the motor mount. 

12. Attach retention ring.  

13. Prepare the rocket on the launch rail and cut a hole into the nozzle cap. 

14. Attach the igniter through the hole and secure the wiring down. 
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15. Have all personnel at a safe distance and fire when appropriate. 

Concerns 

1. Igniters present hazards to potential unwanted explosions. Keep wires shunted to prevent 

such events. 

2. Prepare motor away from heat sources. 

3. Prevent bodily oils and debris attaching onto the propellant. 

5.1.3 Setup on Launcher 

Procedure 

1. Lower launcher to the horizontal position. 

2. Using the launch lugs as guides, carefully slide the launch vehicle onto the launch rail. 

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

4. Insert the igniter into the motor. 

5. Raise the launch rail into its launch configuration. 

Concerns 

1. Ensure no personnel are below the launch rail as it is being lowered into its horizontal 

configuration. 

2. Ensure no personnel are in the flight path of the launch vehicles as it is seated on the 

launch rail. 

3. Only the RSO should be near the launch vehicle as the igniter is being inserted into the 

motor and armed. 

5.1.4 Igniter Installation 

Procedure 

1. Prepare the E-matches – sufficiently strip and split wires that interface to the altimeters 

screw down terminals. Do this a total of four times 

2. Ensure the Altimeters and batteries are properly affixed to the sled and switches are 

properly attached 

3. Feed the end of the stripped wires through the hole in the bulk heads, two for the main and 

two for the drogue. PICs 

4. Attach the respective wires to each altimeter and ensure they are snuggly attached by 

tugging swiftly on the wires three times 

5. Now power on the system and check for continuity. If no continuity repeat stem four. If 

the problem continues replace E-match following step one through four again. 

6. Insert the sled into recovery bay and close the bay with the bulk heads. 

7. After the ejection charge, has been poured into the cup and the E-match properly inserted, 

plug the hole the E-match wires are routed through with gum tape so corrosive gasses do 

not enter the recovery bay after deployment. 

Concerns 

1. If connections aren’t tested for continuity before launch it is possible that the parachute 

will not be deployed, resulting in loss of the launch vehicle. 



 

102 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

2. If connections are not tugged to ensure wires are attached well enough for launch 

conditions experienced the parachute may fail to deploy, resulting in loss of the launch 

vehicle. 

3. If bulk head hole not plugged corrosive gasses may shorten the service life of altimeters. 

4. If bulk head hole not plugged pressure bleeding into the recovery bay may cause failure of 

chute deployment, resulting in loss of launch vehicle. Note – This failure is unlikely to 

occur based on recovery design. 

5. Ensure that the launch vehicle can be launched with a standard 12 Volt direct current 

firing system 

6. Ensure that the launch vehicle does not need other external circuitry, just the provided 

firing system 

5.1.5 Troubleshooting 

RIS Troubleshooting: 

Procedure 

1. Remove the launch vehicle from the launch rail. 

2. Open RIS payload bay and remove electronics. 

3. Adjust electronics and test. 

4. Insert electronics back into the launch vehicle. 

5. Load launch vehicle back onto launch rail 

Concerns 

1. Ensure the tension in the RIS cables is sufficient to actuate the fins or vibrate themselves 

off the fixture. 

2. Ensure the payload batteries are fully charged. 

3. Ensure all mechanical connections are secure. 

4. Ensure all electrical connections are secure. 

 

Motor Ignition Trouble shooting: 

Procedure 

1. Pause the Launch procedures. 

2. Get team lead and official permission to continue. 

3. Replace motor ignite. 

4. Restart launch procedures from beginning. 

Concerns 

1. Ensure that only the RSO handles misfired igniters and motors. 

2. If an igniter or motor misfires, allow at least one minute to pass before taking any action. 

When replacing igniters, be sure to wear required personal protective equipment. 

5.1.6 Post-Flight Inspection 

Procedure 

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

recovery. 

2. Assemble a team of two groups of at least two team members to recover the launch 

vehicle and the payload capsule. 

3. Wait a minimum of sixty seconds before securing the launch vehicle and payload 

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

5. Document the launch vehicle through inspection and photographs for the later 

assessment. 

6. Download pictures, video, and scientific data and review altimeter data. 

Concerns 

1. Ensure team members stay off launch range until all clear is given from the RSO. 

2. Ensure team members do not chase rocket as it is descending. 

3. Ensure team members do not touch the launch vehicle until exhaustive photographic 

documentation has been completed. 

4. Ensure team members wear proper personal protective equipment as there may be 

undetonated ejection charges on-board the launch vehicle. 
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5.2 Safety and Environment: Vehicle and Payload 

The following sections updates the hazards presented in the project’s design and mitigations to 

minimize danger. More detailed systems including the RIS are discussed utilizing the Risk 

Assessment Code as shown below. 

 

Table 5.2-1: 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 5.2-2: 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 

 

These two charts above and a color coding system explain the rating scale of risks. High severity 

with high likelihood is the severest of all possible risk and as such, is indicated with red or high 

risk. Similar severity with reduced frequency is reduced to yellow or medium risk and with the 

lowest frequency, high severity risk become green or low risk. The very last rating is indicated in 

white as the minimal risk. Each risk category is formally defined in the Risk Levels Assessment. 

 

 

 

 



 

105 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

Table 5.2-3: Risk Assessment Codes (RAC) 

 

     Severity   

   Likelihood 

1 

Catastrophic 

2 

Critica

l 

3 

Margina

l 

4 

Negligibl

e 

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 5.2-4: 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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5.2.1 Personnel Hazard Analysis 

Each member engaging in activities involving hazardous materials are required to attend all 

necessary safety meetings prior to handling the aforementioned 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 

6. Properly dispose of the excess hazardous materials and clean and organize the lab space  

 

Table 5.2.1-1: Hazards and 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. 
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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. 

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 

Gloves, 

loose 

clothing, 
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irritation, and 

allergic reaction. 

goggles, no 

exposed 

areas. 

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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Personnel Hazard Analysis: Descriptions, Causes, and Effects and Mitigation Analysis 

 

Table 5.2.1-2: Lab and Machine Shop Risk Assessments 

 

Hazard Cause Effect Pre –Mitigation 

RAC 
Mitigation Post - Risk 

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 – Medium  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 

4C – 

Minimal 

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 – Medium  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    

2E – Low 

Personnel injury 

and improperly 

manufactured 

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 – Medium  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 

manufactured parts must be done 

2E – Low 
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Personnel injury 

during carbon 

fiber fabrication 

and cutting 

 Excess 

exposure to 

airborne fiber 

particles 
 Mishandling 

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 

4D – 

Minimal 

Poorly 

manufactured 

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 

different rocket 

sections  

3C – Medium  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  

3E – Low 
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5.2.2 Analysis of Failure Modes and Effects 

Failure Modes and Effects Analysis: Descriptions, Causes, and Effects and Mitigation Analysis 

The following tables reviews the risks and mitigation regarding the updated launch vehicle design in detail. The problematic areas are 

identified and revamped for the minimum possible risk. Mitigations included in these charts contain load tests and other verification 

methods that the test plans in section 8.1 goes into further detail. 

 

Table 5.2.2-1 Failure Modes and Effects Analysis 

 

Hazard Cause Effect Pre –Mitigation 

RAC 
Mitigation Post – 

Mitigation 
Rocket is pitched in 

an unwanted 

direction 

● Aileron rotating 

in the same 

direction 

 

● Personnel Hazard 

● Potential hazard to 

surrounding 

property 

2B – High 

 

 

 

 

● Number of actuated 

ailerons reduced from four 

to two 

● Remaining ailerons 

constrained to counteract 

roll 

2E – Low 

Divergent oscillation 

around roll axis 

● Payload control 

system 

malfunction 

● Ground hazard 

● Personnel Hazard 

● Loss of rocket 

2B – High ● Open loop control system 

● Autonomous control 

2E – Low 

Control Cable 

Failure  
● Low load 

enduring 

capabilities 

● Ailerons lose 

functionality 

● Errant flight 

trajectory 

2D – Medium ● Test loads and adjust to 

proper cable diameter    
2E – Low 

Misaligned ailerons ● Loose control 

cables 

● Errant flight 

trajectory 

2C – Medium ● Test tensions and adjust for 

the appropriate force 
2E – Low 
 

Failed Roll 

Maneuver 
● Payload Control 

System fails to 

recognize motor 

burnout 

● Rocket will 

continue its original 

trajectory 

 

2D – Medium ● Appropriate accelerometer 

design and prior tests 

● Redundancy 

4E – 

Minimal 

 

Li-Po Batteries 

Explosion 

● Heating from 

motor 

● Swelling 

● Explosion 

2D – Medium ● Batteries moved away from 

motor 

4E – 

Minimal 
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● Servo-controlled rods 

connect ailerons at the aft 

end to the batteries 

Failed Altimeter 

Reading 

● Unable to 

determine 

pressure 

changes 

● Black powder is not 

ignited 

● Parachute fail to 

deploy 

2D – Medium ● Designated holes near the 

altimeter 

2E – Low 

Internal Explosion 

from black powder 

● Segments are 

secured too 

tightly 

● Internal Explosion 

● Damaged blue tube 

● Failed ejection 

2D – Medium ● Use appropriate number of 

shear pins 

● Use correct shear pins 

2E – Low 

Motor Sheared 

through the rocket 

● Motor block 

fails 

● Launch vehicle is 

loss 

1C – High ● Use appropriate quantity of 

screws  

● Reinforce with a thicker 

bulkhead 

2E – Low 

Parachute fails to 

deploy 

● Shock cords 

tangled 

● Stuck parachute 

● Parachute doesn’t 

fully deploy 

1C – High ● Ensure the parachutes slide 

into the body tube with 

ease 

● Added piston mechanism 

2E – Low 

Only a single 

parachute deploys 

● One parachute 

is stuck 

● Launch vehicle 

drifts or descends 

too quickly 

2D – Medium ● Multiple black powder 

charges trigged in sequence 

● Ground testing of ignition 

system 

2E – Low 

GPS fails ● Defective 

● Damage to nose 

cone during 

flight 

● Difficulties tracking 

trajectory and 

landing  

3C – Medium ● Protective structure around 

avionic 

● Multiple devices 

3D – Low 

Kevlar shock cord 

breaks 

● Overwhelming 

force 

● Unintended 

separation 

● Falling debris 

2D – Medium  ● Sown ends to retain 

inherent Kevlar strength 

1E – Low  

Unintended Motor 

Ignition 

● Accidental 

contact with 

heat source 

● Unintended 

explosion 

1C – High ● Motor contained in 

designated storage 

● Motor is the final 

component to be assembled 

1E – Low  
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Verification Methods 

 

Hazard Verification Method Description 

Control Cable Failure Load Test Testing for maximum strength of cable 

and selecting gauge with appropriate 

safety factor  

Divergent Oscillation  Control Test Testing the open loop control system 

with test launch 

Misaligned Ailerons Load Test Testing for appropriate tension of cable  

Defective Altimeter Pressure Test Vacuum Bagging and simulating 

pressure changes to verify corresponding 

changes in detected altitude 

Engine Block Shear Load Test Testing for maximum strength of 

bulkhead and selecting thickness with 

appropriate safety factor 

Partial Parachute 

Deployment 

Pressure and Fitting Test Testing parachute packing methods and 

piston mechanism with black powder 

charges  
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5.2.3 Environmental Hazard Analysis 

Environmental Hazard Analysis: Descriptions, Causes, and Effects and Mitigation Analysis 

Environmental concerns regarding the launch vehicle revolves around the exterior features and the engine combustion. Therefore, 

precautions are taken to avoid the aforementioned hazards. The following tables indicate how the launch vehicle affects and is affected 

by the environment. 

 

The nose cone, fins, and body tube have negligible effect on the environment, however, the opposite is not true. The exterior frame is 

susceptible to weather changes. The blue tube, made of cellulose fiber, deforms if the moisture absorption surpasses its threshold and 

adversely affect structural and aerodynamic integrity. Similarly, wood can expand with moisture and cause cracks to form. The nose 

cone, although very unlikely, may have its PLA plasticize if it is exposed to sources of high heat and affect the attachments and form. 

The best solution is to avoid these types of environment during launch window and reschedule the event if necessary. 

 

The motor poses greater risk to the environment’s well-being because ammonium perchlorate is extremely potent to wildlife. This 

mixture can contaminate waters and causes retardation in wildlife. When the mixture is combusted, the byproduct reacts with water to 

form hydrochloric acid which causes corrosion in epidermal and internal tissues. Though the inherent danger of these chemicals cannot 

be altered, the overall effects is reduced when launching in an isolated area diluting the chemical concentration. In the event of a failed 

ejection, the carbon fiber debris made from the onboard components also raises concerns. These fibers are not biodegradable and may 

become choking and puncturing hazards. Therefore, the current launch vehicle design minimizes these dangers by enclosing carbon 

fiber component to minimize debris radius upon landing and reducing overall fiber usage. 

 

Table 5.2.3-1 Environmental Hazard Analysis: Hazard from the Environment 

 

Hazard Cause Effect Pre –Mitigation RAC Mitigation Post – Mitigation 

Blue Tube 

Warping 
● Moisture 

Absorption 

● Heat 

● Swelling 3C - Medium 

 

 

● Avoid rainy weather 

● Avoid transonic velocities 
4D - Minimal 

PLA Warping ● Heat ● Part Deformation 2D - Medium ● Avoid surrounding heat source 

● Avoid transonic velocities 

4E - Minimal 

Wood 

Warping 
● Moisture 

Absorption 

● Swelling 3D - Low ● Avoid rainy weather 4E - Minimal 
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Table 5.2.3-2 Environmental Hazard Analysis: Hazard to the Environment 

 

Hazard Cause Effect Pre –Mitigation RAC Mitigation Post – Mitigation 
Ammonium 

Perchlorate  
● Storage 

Malpractic

e 

● Contamination 

● Wildlife 

development 

retardation 

 

2B - High ● Store in designated box 

● Avoid unnecessary 

transportation and contact 

2E - Low 
 

 

 

Hydrochloric 

Acid 

● Motor 

byproduct 

● Corrosion 

● Toxicities in 

wildlife 

2B - High ● Test in desolate areas  2E - Low 

Carbon Fiber ● Debris 

from failed 

recovery 

event 

● Choking and 

puncture hazards 

● Not degradable 

3C - Medium ● Reduce carbon fiber usage 

● Contain carbon fiber 

components 

4C - Minimal 
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5.2.4 Safety Officer Identified Responsibilities 

Safety Officer, Aerodynamics Engineer 

Michael Nguyen 

Mnguyen1@cpp.edu 

714-261-4224 

 

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 

13. Before test flights, shall remind team of the rules and guidance of the local rocketry club’s 

RSOs. 

14. Shall ensure team followed rules set forth by the FAA. 

 

  

mailto:Mnguyen1@cpp.edu
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6.0 Payload Criteria 

6.1 Design of Primary Payload Equipment: Roll Induction System (Experiment 

Option #2, Req 3.3) 

6.1.1 Final Design Components and Justification 

During Preliminary Design, several approaches to the design for a Roll Induction System (“RIS”) 

were considered. The options were narrowed down to three architectures capable of meeting our 

PDR success criteria. These systems are outlined and summarized in Table 6.1.1-1 below.  

 

Table 6.1.1-1: PDR RIS Architectures: Summary 

 

RIS A: Inertial Flywheel RIS B: Fin Control Surfaces 
RIS C: Deployed Control 

Surface Hybrid 

   
Design Concept: 

Utilizes physics of inertia and 

torque to induce roll 

Design Concept: 

Utilizes aerodynamic forces to 

induce rolling moment; similar 

to aileron function on winged 

aircraft 

Design Concept: 

Utilizes deployable fins and a 

small momentum wheel to 

induce roll 

Advantages: 

• Not dependent on 

aerodynamics 

• Novel application 

(momentum wheels 

usually utilized outside of 

the atmosphere) 

Advantages: 

• Minimal response time 

• Low system mass 

• Low power consumption 

 

Advantages: 

• High probability of 

component reusability 

• Aerodynamic stability 

unaffected during engine 

burn 

 

Disadvantages: 

• Significant system mass 

• Large power requirements 

• Design complexity from 

large acceleration 

tolerances 

Disadvantages: 

• Adds degree of fragility to 

fins 

• Erratic trajectory hazard 

from control system 

malfunction 

• Difficult to simulate realistic 

conditions for testing 

Disadvantages: 

• Questionable response time 

• Change of aerodynamic 

center during fin 

deployment increases 

design complexity 
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RIS A, the Inertial Flywheel design, presents serious design and safety issues. Given the large 

mass of the momentum wheel (which would have to be at least 10lb by our preliminary 

calculations), structural reinforcement throughout the launch vehicle would be necessary. A 

complex bearing system would have to be developed that would allow the free rotation of the 

flywheel while the rocket experiences large accelerations during flight. In addition to the large 

mass of the system itself, large batteries would also be required to keep the system running on the 

launch pad for an hour pursuant to Req 1.8. The large overall mass increase to the rocket would 

require a much larger motor, and presents safety issues in the event of recovery failure. 

 

RIS C is an interesting hybrid concept, however we don’t feel its technology readiness will allow 

us to quickly fabricate a prototype and begin testing. Striking the right balance between the sub-

sized fins and momentum wheel could prove to be tricky and time consuming. The deployment 

mechanics and physics also add design complexity we would rather avoid. 

 

With these drawbacks in mind, we conclude that RIS B: Fin Control Surfaces is the best system 

for the Roll Induction Experiment. Fin control surfaces (hereafter “ailerons”) also offer several 

advantages: 

 

 Conceptual simplicity; “tried and true” approach to roll control 

 Minimizes mass burden on the vehicle by taking advantage of the low altitude flight 

profile of our mission 

 Challenging servo-mechanical design and execution; yet within our capabilities with 

regards to experience, cost, and time 

The primary hazard of an actuated aileron design is the possibility of errant trajectories. For one 

reason or another, an axial set of ailerons may fail to actuate in a symmetric, counter rotating 

manner. Should such a scenario occur, an unintended pitching or yawing moment could develop, 

resulting in a potentially dangerous situation for those on the ground. Our final design has 

incorporated several safety features to mitigate these risks: 

 

 Number of aileron sets reduced from two to one (from four ailerons to two) 

 Two physically coupled servos which also receive the same electrical signal 

 Physical coupling of servos constrains ailerons to counter-rotating motion (relative to 

one another) 

 

 

 

 

 

 

 

 



 

119 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

 
 

Figure 6.1.1-1: 2017 CPP NSL Roll Induction System (RIS) 

 

Our final primary payload design utilizes a coupled “pull-pull” servo configuration which 

translates the force provided by the servos in pure tension via stranded steel cable to actuate a 

single set of ailerons. This type of system eliminates the need for traditional push rods and is 

commonly seen on large scale RC aircraft. By forgoing a push rod type of system, we reduce 

weight and avoid the design issues presented by their bending under compressive loads. 
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Two physically coupled servos are utilized in the design as shown in Figure 6.1.1-2. The 

advantages of a two-servo design are: 

 Increased reliability: In the event of a servo completely failing, the other is still 

capable of performing the experiment. 

 Increased safety: In the event of a servo malfunction, it must work against the 

other before doing anything erratic. While this would likely mean forgoing a 

successful experiment, it helps mitigate the chances of an erratic trajectory. 

 

 
 

Figure 6.1.1-2: Servo Block Assembly 

 

A two-servo design also allows higher system performance since it effectively doubles torque 

available. The two servos are positioned on the top of motor block. Placing the servos here offers 

ease of mechanical coupling since the motor tube prevents the use of the inner diameter along its 

length. To translate the tension force in the steel cables, a pulley system is utilized. These pulleys 

are free to move about their axles, allowing the necessary translation of the steel cable that occurs 

while the servos actuate. Four identical servo arms are utilized in the design. By using the same 

arms both on the aileron axles and the servos, a perfect parallelogram between the cables is 

maintained while the servos actuate. This avoids any undue buildup of stress within the cables and 

servos. Figure 6.1.1-3 illustrates the movement of the control arms, pulleys, and ailerons as the 

servos actuate. The static fin assemblies and first bulkhead are hidden for clarity. 
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Figure 6.1.1-3: Servo-Aileron Movement Collage 
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6.1.2 System Design 

6.1.2.1 Drawings and Specifications of Component and Assembly 

 

Table 6.1.2.1-1 Key System Characteristics 

 

Aileron Deflection Range ±24 

Servo Torque Available @ 5.0V 250 oz-in / aileron 

 

Servo Block Assembly 

The servo block houses most of the mechanical systems of the RIS design. The servos are 

physically coupled and receive the same electrical signal, so in effect they behave as one. As the 

servos move within their ±24 deflection range, the pulleys route the control cables 90 while 

moving along the rod’s axis to allow the control cable’s lateral translation.  
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The servo block base serves as the fastener hub for the different subassemblies. 4-40 screws fasten 

the servos themselves, while six 1-3/4” long 18-8 stainless steel screws fasten the servo block to 

the motor block, providing 0.73” of penetration. A cylindrical groove underneath the motor block 

allows routing of the servos’ wires. 

 

 
 

Figure 6.2.1-1: Half-Cylinder Channel for Servo Wiring 
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Two Hitec HS-7955TG titanium gear servos power the mechanical assembly. These models are 

on the high end of commercially available R/C servos and are known for their precision and 

reliability. Our desire for performance overhead guided our servo choice. The manufacturers’ 

datasheet is included in the Appendix. 

 

Four identical double servo arms are utilized in the design: two in the motor block assembly and 

two in the aileron assembly. They are made of aluminum, and are preferable over standard plastic 

control horns since they are intended for high strength applications. This model features a set of 

24 teeth around its internal hub for interfacing with Hitec brand servos. An M2 screw tightens the 

fit around the shaft, providing a secure slip-free fit. Thread-lock will be applied to the screws to 

be on the safe side. The outer holes provide a standard M3 fit for clevis joints and other standard 

servo hardware. 

 
 

Figure 6.2.1-1: Hitec Aluminum Servo Arm (Courtesy Ebay Seller TopHobbyUS) 

 

Table 6.2.1-2 HS-7955TG Specifications 

 

 

With the constant angle relationship (equal moment arm lengths) between the servos and ailerons, 

this servo-control arm combination can provide 250 oz-in of torque to the aileron axle at its 

minimum voltage. With the aileron’s chord of 2in, length of 4in, maximum deflection of 25 deg, 

and an overestimated maximum airspeed of 750ft/s, 220 oz-in of torque would be required to 

withstand the aerodynamic loading on the aileron. Compared with this conservative value, we can 

conclude the servo’s minimum torque available is more than adequate. 

Motor Type: Coreless 

Bearing Type: Dual Ball Bearing 

Speed (4.8V/6.0V): 0.19 / 0.15 

Torque oz./in. (4.8V/6.0V): 250 / 333 

Torque kg./cm. (4.8V/6.0V): 18.0 / 24.0 

Size in Inches: 1.57 x 0.78 x 1.45 

Size in Millimeters: 39.88 x 19.81 x 36.83 

Weight ounces: 2.29 

Weight grams: 64.92 
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The pulley assembly provides the crucial redirection of the control cables. As the servos move 

within their ±24 deflection range, the pulleys route the control cables 90 while moving along the 

rod’s axis to allow the control cable’s lateral translation.  

 

Each of the two pulley assemblies is secured to the servo block with (8) #6-40 0.5” long screws. 

The right-side flange post is threaded so that the threaded pulley axle may be inserted through the 

other side and then screwed in. Together, the stainless-steel flange posts with 8 anchoring screws 

should prove more than adequate in tolerating the downward forces imposed on the axle by the 

control cables, however this assumption will be thoroughly tested. The pulley assembly may prove 

most challenging to manufacture. The steel flange posts are a custom design out of necessity. We 

are currently exploring options to have them custom CNC milled.  
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A pair of turnbuckles couple the servos. A welded nut is attached to the threaded rod, which allows 

the coupler’s length to be fine-tuned. Once each coupler’s length has been experimentally dialed 

in, high strength thread-lock will be applied to each clevis joint to prevent any slipping of the 

threaded rods. All clevis couplers, joints, and pins will be stress and fatigue tested to ensure they 

can perform the job reliably and safely. 
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The aileron assembly converts the torque provided by the servos into torque around the rocket’s 

rotational axis. With two aileron assemblies on two opposing fins, deflection of the coupled servo 

assembly forces each aileron to move in opposite directions, thus inducing roll. 

 

A thin metal plate will interface the aileron with the axle, and provide additional surface area in 

which the torque on the axle is translated into deflection of the aileron. This interface is described 

further in section 6.1.2.2. We are currently exploring options to have the axle-control arm interface 

grooved in the same style as 24-tooth Hitec servo heads are so that the control arm will be as slip-

proof as we can make it. The axle itself will sit in appropriately sized holes in the fin and fin base 

assembly. 

 

The final aileron dimensions were an important design point since they will be the lifting surfaces 

responsible for the roll control of the rocket. By using the fact that torque can be represented as 

lift force multiplied by moment arm distance, an expression for aileron length as a function of 

freestream velocity was derived (see Appendix). Using an approximate torque needed value of 4.0 

ft-lb (see Appendix), a range of aileron design lengths was plotted: 
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Figure 6.2.1-3 Aileron Length vs Freestream Velocity 

 

During the 5s post-burnout maneuver envelope, we expect the rocket’s velocity to range from 

approximately 600ft/s initially to 400ft/s after 5 seconds. Assuming a middle of the road CL of 0.5, 

an aileron design length of 4 inches was chosen since it provides some extra performance 

capability within this maneuver envelope. Considering that a NACA 0012 airfoil at 5 AoA has a 

CL of 0.625 at a comparable Reynolds number of 500,000, we believe our aileron should be capable 

of a CL of 0.5 at minimum, especially with the range of deflection our design allows.  

 

Stranded steel cable will be used to connect and interface the two mechanical subassemblies. The 

use of nylon coated stranded steel cable is standard in pull-pull servo systems. Each of the four 

control cables will be pre-tensioned to an appropriate degree to minimize vibrations. The specific 

amount of tension will be determined during testing, which will also determine the appropriate 

diameter of the cables. Since local conditions such as temperature and humidity may affect the 

tension in the cables, a turnbuckle system similar to the one shown in Figure 6.2.1-3. may be 

utilized to allow quick re-adjustments. All turnbuckles used in prototyping will be strength and 

fatigue tested.  
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Figure 6.2.1-4 Pull-Pull Wire Tensioner (Courtesy Desert Aircraft Australia) 

 

In the absence of wire tensioners such as the one above, standard looped wire crimping methods 

will be employed to interface the steel cable to the clevis pins. Since such attachments are a likely 

point of failure, the techniques used will be practiced and tested many times over. 

 

Payload Control System 

 
 

The Payload Control System (PCS) will be an open loop system which will detect burnout and 

then execute a set of pre-programmed aileron deflections consistent with the aims of the payload 

mission success criteria. While we previously planned on an immediate implementation of an 

adaptive closed loop system for roll control, we believe this approach is more experimentally 

sound, at least for the first few payload tests.  
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LIS331HH Accelerometer Specifications 

Operating Voltage 2.16 – 3.6 V 

Current Consumption < 0.25 mA (normal mode) 

Detection Range ±6g/±12g/±24g 

Data Output 16 bit 

Survivability 10,000g shock resistance (for 0.1ms) 

Operating Temperature Range -40 C to 85 C 

 

Arduino Nano v3.0 Specifications 

Microcontroller ATmega328 

Operating Voltage (logic level) 5 V 

Input Voltage (recommended) 7-12 V 

Digital I/O Pins 14 (of which 6 provide PWM output) 

Analog Input Pins 8 

DC Current per I/O Pin 40 mA 

Flash Memory 32 KB (ATmega328) of which 2 KB used by 

bootloader 

Clock Speed 16 MHz 

Dimensions 0.73" x 1.70" 

Length 45 mm 

Width 18 mm 

Weight 5 g 
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Given the team’s familiarity with the Arduino platform, along with the specifications of the 

LIS331HH accelerometer, we are predicting 100+ data samples per second. This will allow high 

data resolution and low response time for detection of motor burnout and servo control execution. 

Burnout should easily be detected by the large negative acceleration magnitude that immediately 

follows the large positive acceleration during burn. However, the programming and system 

response will be thoroughly tested to ensure the system is not tripped for any other conditions other 

than the one intended. 

 

Power to the PCS will be controlled via the central payload electronics switch (see section 6.1.3). 

However, the servos will have their own dedicated power source given their large current demands 

at stall torque (3.4A at 5.0V, datasheet in Appendix). As such, the system will have two event 

triggers: one at launch detection which will immediately power the servos, and the other at burn 

out which will coincide with the roll maneuver. Further integration of the PCS and other payload 

electronics is explored in section 6.1.3. 



 

134 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

6.1.2.2 Payload Component Interactions 

Payload component interaction takes place in the motor bay within the fin integration. It starts with 

the aileron surface that will actuate and thus creating the rolling action the rocket will experience. 

The aileron is a continuation of the original airfoil design therefore it is aerodynamic and will 

command maximum lift from the angle of attack we actuate too. Within the aileron, a thin sheet 

metal plate of aluminum will be epoxied within that thin groove, and the sheet metal plate will be 

brazed to the long steel axial as shown in Figure 6.1.2.2-1. This aileron will then fit perfectly with 

the fin section in Figure 6.1.2.2-2 where the axial is free to rotate and thus will rotate the aileron 

surface of the fin. 

 

 
Figure 6.1.2.2-1 Aileron Flap 

 

 
Figure 6.1.2.2-2 Fin without aileron flap 
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The next section for the payload integration happens within the fin integration in the motor bay. 

The fin integration will be discussed in another section of this document, however where the axial 

interfaces is important. The axial will slide through fin and fin base and will be exposed in a slot 

located on the fin base. This slot can clearly be seen in figure 6.1.2.2-3 and will house the servo 

arm. The servo arm will be the connection point for the chord that will actuate the aileron from the 

servos. 

6.1.2.3 Payload Location and Integration to Launch Vehicle 

The payload will be integrated within the motor bay holding the fins and motor as well as a 

dedicated RIS/Observation Bay directly above the motor block bulkhead. The RIS bay will be the 

location of all the electronics used for the payload. This section will house the independent circuit 

used for the RIS payload as well as the independent circuit used for the observation equipment. A 

removable sled will provide the support necessary for the batteries, gyros, and any other 

electronics, except the servos that will be used for the RIS payload. A threaded rod will be used to 

mount the sled as shown in Figure 6.1.2.3-1, but will also allow a connection between the motor 

bay and the RIS/Observation Bay allowing the entire configuration to be removable from the body 

tube. This single structure allows for easy maintenance, troubleshooting, and mounting equipment. 

 

 
 

Figure 6.1.2.3-1 RIS/Observation Bay Sled 

 

Directly below the sled on the top end of the motor block bulkhead is where the majority of the 

mechanical operations of the payload will be housed, as shown in Figure 6.1.2.3-2. This is the 

location of the coupled pulley system, cable system, and servos; however, a more detailed 

description of this system will be described in future sections. Wiring from the sled’s electronics 

will run to the servos and since they are in close proximity to each other the connections will be 

attained very easily. The pulley system will hold cables which will run the entire length of the 

motor bay to the fins. The motor block bulkhead will have two small slits cut into them on opposite 

ends to allow this cable to pass from the RIS/Observation Bay to the Motor Bay into the fins. Note, 

for sake of simplicity the cabling system is not shown in the drawings. 
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Figure 6.1.2.3-2 RIS Block 

 

The centering Rings within the motor bay will also have to house the same slits in order to 

compensate for the cabling running through them. Again, two small slits will be cut into the 

bulkhead at opposite ends as shown in Figure 6.1.2.3-3.  

 

 
 

Figure 6.1.2.3-3 Motor Bay Slots 

 

Lastly, the cabling that runs down the length of the motor bay will be met at the end of the fin 

where, as seen in Figure 6.1.2.3-4. The 3D printed fin base will have a slot cut out for both the 

axial and horn clamp that run the length of the fin and attach to the aileron surface as seen in Figure 

6.1.2.3-5. A more complex view of this mechanical system will be presented in the later sections. 
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Figure 6.1.2.3-4 Aileron Servo  

 

 

 
 

Figure 6.1.2.3-5 Aileron Servo 

6.1.2.3 Torque Needed 

The most important design parameter for a roll induction system is the amount of torque necessary 

for a given scenario. Once found, this value drives the rest of the system design. In order to get an 

idea of the magnitude of torque our system would require, we performed some simple calculations 

using Torque = Rotational Moment of Inertia x Angular Acceleration, or 

 

𝜏 = 𝐼𝛼 
 

A baseline angular acceleration value was found using basic kinematics, Where  = angular 

displacement, 0 = initial angular velocity, and t = time. 

 

𝜃 = 𝜔0𝑡 +
1

2
𝛼𝑡2 
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For a two revolution roll from rest,  = 4 and 0 = 0. To accomplish this maneuver in 5 seconds, 

an angular acceleration of 1.005 rad/s2 would be required. This happens to be a “nice” value since 

it essentially means our torque required is the same value as our rotational moment of inertia (units 

notwithstanding).  

 

Unfortunately, calculating a precise rotational moment of inertia for a dynamic, composite system 

such as a rocket is not straightforward. However, since our purpose is to get an idea of the torque 

required, we are less concerned with precision and more with magnitude. A well-designed system 

should have adequate performance capability to compensate anyways. A baseline moment of 

inertia was found using the equation for inertia of a point mass, or 

 

𝐼 = 𝑚𝑟2 
 

Where m = mass and r = distance from axis of rotation. Using our current predicted weight of 

approximately 50 lbs and a body tube radius of 3 inches, we get a rough inertia value of 3.2 lb-ft2. 

This value was compared to our OpenRocket model, which gives our rocket’s moment of inertia 

as 3.7 lb-ft2. In the interest of good engineering, we have proceeded with our design using a 

conservative value of 4.0 lb-ft2. Multiplying this with our earlier angular acceleration value gives 

us a baseline torque needed value of approximately 4.0 ft-lb. 

 

Using our final aileron area of 2” x 4”, Torque Provided vs Freestream Velocity was plotted over 

a range of CL as the below figure shows. This demonstrates that our 8 in2 aileron area provides 

greater torque than our 4.0 ft-lb minimum over our velocity range, assuming it is capable of CL 

greater than 0.4. 
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Figure 6.1.2.4-2 Torque Provided vs Freestream Velocity 

 

We are aware that these are all 2-D calculations based on simplified assumptions and that they are 

subject to real world error. We have sought to design a robust system capable of meeting and far 

exceeding the baselines they have helped us establish. 
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6.1.2.5 Primary Payload Derived Requirements and Risk Matrix 

 

6.1.3 Payload Electronics: DCS/OS 
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Figure 6.1.3-1 Payload Bay Front/Back 

 

The Payload Bay Electronics Assembly is comprised of three independent but interconnected 

systems: 

 

1) Payload Control System (PCS): The Payload Control System features the Arduino Nano-

based open-loop control system described in 6.1.2.1. 

 

2) Data Collection System (DCS): Communications and data storage hub for the PCS and 

DCS systems. Features local data logging and wireless data transmission capabilities. 

Armed with a 10 DOF multi-component sensor, the DCS will record and transmit 

acceleration, gyroscopic, barometric, and temperature data. Testing has already shown 

this system to be capable of storing 20 samples of data per second; more than adequate 

for our 10 Hz rate baseline established in PDR. 
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Figure 6.1.3-2 Hole for Camera-Mirror System 

 

The electronics sled itself is designed with holes and grooves that allow easy routing of wires and 

cables. While some wiring will be absolutely necessary (i.e., batteries, servos), most circuit 

integration will be soldered on PCB and the Arduino MEGA shield. 

 

Batteries 

The entire sled is powered by two identical 11.1V, 2200mAh Lithium Polymer (“LiPo”) batteries. 

One battery serves as the power source for the microprocessors and their related systems, while 

the other serves as a dedicated servo power source. The servo battery is not on the main switch 

loop however, it is controlled via solid state relay on the Payload Control System. This 

configuration is due to the high power demands of the two HS-7955TG servos. 

The LiPo batteries will utilize the design slots of the sled for appropriately sized zip-tie fastening. 

The zip-ties will hold the batteries securely against the sled, while the sled blocks will limit their 

up/down motion. The batteries will be transported and secured with utmost care. These procedures 

are described in our Safety section 5.0. 

 

Power Switch 

The entire electronics assembly will be controlled by a single E-SUPPORT® 12V 5A (60W) LED 

toggle switch located on the electronics sled. By channeling the servo power through an 

independent solid state relay, the high power demands of the servos will not have any impact on 

the switch’s load. The power button will be accessible through a hole in the payload bay tube 
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which will also serve as a pressure port for the BMP180. The switch will be wired so that the LED 

turns on when the switch is closed. 

 

 
 

Figure 6.1.3-3 Power Switch Location and Accessiblity (left); 60W LED toggle switch (right) 

 

The switch itself has already undergone preliminary durability and consistency testing. It requires 

a firm force of 5N directly on its face to toggle. So far we have been unable to toggle it off without 

actually pressing on the power button face. Its orientation on the sled was chosen to minimize the 

chances of engine burn acceleration accidentally toggling the switch. All things considered, this 

switch nicely satisfies our requirements for a reliable toggle and indicator system. 

 

PCS Solid State Relay (SSR) 

Given the large 3.4A current draw of the servos, it was desirable to find an independent switch 

alternative for the servos. Since solid state relays don’t have the mechanical moving parts of 

standard relays, they are more appriopriate to our high-g application. They are reputably sensitive 

to noise however. Thorough testing will be performed to ensure the SSR is not tripped at times it 

should not be. 

 

With a 5A rating at 200VDC, the relay shown below should be capable of a 7A load at 5V. Again, 

rigorous testing is in order. 
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Figure 6.1.3-4: Solid State Relay Employed in Payload Control System 

 

Expected System Power Consumption Table (Battery #1) 

System Microprocessor Expected Current Draw 

Payload Control System 

(PCS) 

Arduino Nano v3.0 100 – 200 mA 

Data Collection System 

(DCS) 

Arduino Mega R3 2560 350 - 500 mA 

Observation System (OS) Raspberry Pi Zero v1.3 160 – 300 mA 

 

With a maximum system current draw expected of 1A, a 2200mAh battery will last approximately 

2.2 hours. This provides a large margin of safety for the 1 hour running at launch pad rule. While 

the servos’ current draw will be considerably larger, it will be from a separate battery and over a 

much shorter amount of time (launch – apogee).  

 

Data Collection System (DCS) 
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DCS Circuit Schematic 

 

An Arduino MEGA will serve as the microprocessor for the DCS. A multi-I/O system was required 

for the DCS since the payload control system will not store data locally; doing so would slow down 

sampling rate of the control system. Instead, the PCS will send its data over an RX/TX serial line 

to the MEGA of the DCS, where the DCS will incorporate it into its current string and save it to a 
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microSD card while transmitting over XBee. An Adafruit 10DOF sensor was chosen as the sensor 

for the DCS due to the large amount of parameters it can sense at a relatively high sample rate. 

 

 
 

 

Data will be stored locally utilizing an Adafruit microSD breakout component and a 16GB 

microSD card. The module utilizes the high-bandwidth SPI data protocol, allowing data to be 

recorded at high sampling rates.  

 

 
Figure 6.1.3-5: Adafruit MicroSD Breakout 

 

Adafruit 10 DOF IMU Sensor Specifications 

Sensor Model 

Number 

Function Precision Measurement Range 

L3GD20H Gyroscope 8.75/17.50/70.0

0 mdps 

±245/±500/±2000 dps (Selectable) 

LSM303 Compass 205-1100 

LSB/gauss 

±1.3/±1.9/±2.5/±4.0/±4.7/±5.6/±8.

1 gauss (Selectable) 

LSM303 Accelerometer 1/2/4/12 

mg/LSB 

±2g/±4g/±8g/±16g (Selectable) 

BMP180 Barometer .03hPa; .17m; 

±2 °C 

 -40 to 185 °F; 0.30 to 1.09 atm (-

1640ft to 29528ft) 

Temperature 

Sensor 

 
 -40 to 85 °C, 300 - 1100hPa range 

dps= degree per second 

LSB = Least Significant Bit 

g = accel. due to gravity 
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Figure 6.1.3-6: XBee Pro 900HP RPSMA w/High Gain Antenna 

 

Data will also be transmitted using the XBee Pro 900HP RPSMA wireless module. This XBee has 

an operational frequency of 900MHz and 156 Kilobyte-per-second data rate. Coupled with a high 

gain antenna the module has a maximum line of sight range of 15+ miles. The high range, fast data 

rate, and Arduino-friendly Serial data protocol makes this module suitable for in-flight data 

transmission. 

 

Observation Subsystem 

The observation subsystem is a Raspberry Pi Zero with a Raspberry Pi Camera v2. It will be coded 

to start recorded when the Raspberry Pi Zero is powered on. The camera will be attached to a small 

piece that will have a mirror to angle the video outward towards the bottom of the rocket. This 

small piece will be attached to the bulkhead above the RIS system and electronics. The Raspberry 

Pi Zero will use the same power source as the RIS system and was picked due to the low power 

requirements that the Zero has. 

 

 
 

Figure 6.1.3-7 Raspberry Pi Camera v2 pictured above will be used for the Observation 

Subsystem 
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6.2 Design of Secondary Payload Equipment 

The Final design of the Fragile Material Protection Payload can be seen in Figure 6.2-1 below. As 

shown in our Preliminary Design review, we will be using a completely removable system of 

surgical tubes suspending a plastic pill-shape container full of foam to protect the fragile material. 

 

 
Figure 6.2-1 

 

As shown, there will be a steel framework to suspend the system, which is secured to the main 

bulkhead. The top of the system will be integrated to the removable bulkhead, which will insure 

the entire system to be removable. A 3D printed pill will be placed within the frame, suspended 

by 10 surgical tubes fed through a series of holes in a central ring. The central ring will be able to 

open, allowing to stretch out the surgical tubing to the side making the plastic pill removable from 

the system without the need to disassemble the surgical bands. The fragile material will be placed 

inside the plastic pill which contains an inner liner of foam. 

6.2.1 Final Design Components and Justification 

Our final design is best seen separated into its components, as seen in figure 6.2.1-1 below. 
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Figure 6.2.1-1 FMP System 

 

Here you can see the Fragile Material Protection system broken down into its individual parts. The 

system contains a 3D printed plastic shell, hereby referred to as “the pill”, that will house the 

fragile material in a cocoon of foam. A 3D printed lid will lock into place to secure the internals 

of the pill. There is a groove cut into the pill where the two half rings will sit and interlock with 

each other. The rings will be attaching the pill to the surgical tubing suspension system that will 

feed through the circle cut into the rings. The surgical tubing will then attach to the bottom wood 

removable bulkhead with use of an I-Bolt and to the top of the iron frame.  

  

The bases of this design were for ease of access on the launch day. The whole system being self-

contained and removable from the rocket was our second priority, after keeping the fragile material 

safe. 

6.2.2 System Design 

Much of our Fragile Material Protection design remains the same as our initial design from the 

Preliminary Design Review. To reiterate, there will be a plastic pill-shaped container, with an inner 

lining of foam. On the outer side of the “pill” bands of surgical tubing will be placed under tension 

and held in place by a central ring. The entire structure will be enclosed in a frame, which will be 

removable from the body tube.  However, to remove the pill from under the tension of the surgical 

tubes we will be changing the central ring from a solid piece to two separate pieces, to allow the 

removal of the entire pill without disassembling the surgical tubes. Also, due to the strength in the 

surgical tubes, we will cut down the number of tubes used from 24 to 10. By reducing the number 

of surgical tubes, it will allow the pill to deflect more and absorb more energy. Because the coupler 
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has been modified to be 12 inches, our whole FMP system will be larger, enabling more room for 

our pill to move around. 

6.2.2.1 Drawings and Specifications of Component and Assembly 

Figure 6.2.2.1-1 and Figure 6.2.2.1-2 shown below, are dimensional drawings and descriptions of 

our surgical tubing FMP design. 

 

 
Figure 6.2.2.1-1 Dimension Drawing of Leading Design 
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Figure 6.2.2.1-2 Descriptive Drawing of Suspension System 

6.2.2.2 Payload Component Interactions 

The Payload component interaction occurs between the frame of the payload and the surgical 

tubing. The frame will be able to sustain the constant tension created by the tubing need to suspend 

the pill containing the fragile materials. The frame will have a snug fit in the coupler and support 

the eyebolts. The surgical tubing will be threaded through the collar and be tied around the eyebolt.   

 

A collar was added to prevent the tubing and the pill from separating any time during the flight. 

Within the collar there is a hinge which allows an ease of access for the placement and movement 

of the pill before the launch. The pill has a groove which the collar will fit around to lock it into 

place. 
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Figure 6.2.2.1-1 Open Collar Around Pill 

 

The pill allows for the fragile material to fit snug inside and provide abundant protection through 

suspension and foam padding. The lid will have small grooves that will fit into the top portion of 

the pill allowing it to lock and remained closed the duration of the flight. Simple handles on top of 

the lid allow for easy tightening since it doesn’t require any special tool.  Shown below in Figure 

6.2.2.1-2 is the top of the lid next to the open pill. 
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Figure 6.2.2.1-2 Lid and Pill Top 

 

6.2.2.3 Payload Location and Integration to Launch Vehicle 

The Fragile Material Payload bay is located in the coupler between the drogue and the observation 

bay. The frame will consist of a metal rod that will connected to the bulkhead that separates the 

observation bay from the fragile material bay to allow for easy access the bay will be attached to 

an independent frame inside of bay to support the tension of the strings that suspend the pill. 

 

 
Figure 6.2.3.1-1 Location of Fragile Material Bay 
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In order to reduce weight a light steel rod will replace the old wood frame to reduce weight and 

not compromise strength. Since the frame is attached to the bulkhead it can easily slide in and out 

of the rocket. The frame has two rods which take up little room to allow for the collar to be pulled 

open so the pill can be removed and secured in place. The frame will have a snug fit against the 

bulkhead of the drogue parachute. 

6.2.2.4 Primary Payload Derived Requirements and Risk Matrix 

 

6.2.3 Secondary Payload Test Plans 

Test plans for the Fragile Material Protection include: 

 Multiple drop test of system to find the optimal balance between weight and safety 

 Testing failure situations to study how the system would cope with being damaged 
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7.0 Launch Operations Procedures and Checklists 

7.1 Recovery Preparation 

Powder Charge Preparation: 

 Equipment Needed: 

Safety glasses (x3)  Aluminum Tape  

E-matches (x10)  4F black powder  

Duct tape  Modified shotgun shells (x6)  

Blue painters tape  “Dog barf” wadding  

Scale  Measuring spoon  

 

1. ___Ensure handler and those in the vicinity are wearing safety glasses. 

2. ___Insert the e-match into the modified shotgun shell.  

3. ___Ensure the pyrotechnic end of the e-match is inside the shell. 

4. ___Ensure seal at insertion point with either duct tape or blue painters tape.  

5. ___Carefully pour the measured amount of 4F black powder into the modified shotgun 

shell. 

6. ___Pack the remaining space of the modified shotgun shell with “dog barf” wadding. 

7. ___Seal the top of the modified shotgun shell with duct tape or aluminum tape. 

8. ___Place prepared powder charge into the ammunition can until ready to mount. 

 

Recovery Bay Preparation: 

 Equipment Needed: 

Safety glasses (x4)  #10-32 x 3/4-inch bolt (x8)  

Drogue bay  Two (2) batteries  

Parachute bay  Electronics board  

Pliers  Recovery bay bulkhead (x2)  

 

1. ___Perform visual inspection of all electronics and wire connections. 

2. ___Ensure handler and those in the vicinity are wearing safety glasses. 

3. ___Ensuring powder charges are facing away from all personnel; connect main powder 

charges to exterior terminals on the fore payload bay bulkhead. 

4. ___Mount powder charges onto the payload bulkhead. 

5. ___Ensure continuity and secure placement of powder charges. 

6. ___Bolt bulkhead and main parachute bay onto the front of the payload bay. 

7. ___Ensuring powder charges are facing away from all personnel; connect drogue powder 

charges to exterior terminals on the forward recovery bay bulkhead. 

8. ___Mount powder charges onto the front bulkhead. 

9. ___Ensure continuity and secure placement of powder charges. 

10. ___Connect altimeters to the terminal leads. 

11. ___Ensure continuity. 

12. ___Announce the intention to connect batteries and clear area of all unnecessary 

personnel. 

13. ___Connect two (2) batteries. 

14. ___Carefully slide electronics board into place. 
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15. ___Bolt bulkhead and drogue parachute bay onto the front of the recovery bay. 

 

Parachute Preparation: 

Equipment Needed: 

Nylon shock cords  Parachute  

Nomex Thermal 

Protection Blankets 

 Quick links  

 

1. ___Perform visual inspection of nylon shock cords. 

2. ___Perform visual inspection of Nomex Thermal Protection Blankets. 

3. ___Perform visual inspection of connection points (quick links and eye bolts). 

4. ___Perform visual inspection of the parachute. 

5. ___Attach Nomex Thermal Protection Blankets to the parachute/shock cord connection 

point. 

6. ___Fold parachute according to proper folding procedure. 

7. ___Wrap the folded parachute in Nomex Thermal Protection Blankets ensuring there is 

no exposed parachute material. 

8. ___Connect to the respective eye bolt on the recovery bay. 

9. ___Insert into the respective parachute bay. 

10. Set aside until ready to mount. 

7.2 Motor Preparation 

Motor Assembly: 

Equipment Needed: 

Safety glasses  Wood screws  

Motor tube  Silicon O-ring lubricant  

 

1. ___Ensure handler and those in the vicinity are wearing safety glasses. 

2. ___Ensure motor casing not damaged or modified. 

3. ___Unwrap the motor and place on an appropriate surface. 

4. ___Ensure all materials listed in the manual are present and not damaged. 

5. ___Apply a thin film of silicon O-ring lubricant to the inside of the motor casing. 

6. ___Apply a thin film of silicon O-ring lubricant to the outside of the motor. 

7. ___With the protective nozzle cap on, insert the motor into the motor tube. 

8. ___Apply lubricant to the threads of the aft closure. 

9. ___Remove the nozzle cap and thread aft closure onto the case. Tighten until the motor is 

properly seated. 

10. ___Reinstall the nozzle cap onto the nozzle. 

11. ___Wipe clean the motor casing ensuring there is no residue. 

12. ___Insert the motor casing into the motor mount. 

13. ___Attach retention ring.  

14. ___Insert motor mount into the motor bay. 

15. ___Secure in place. 
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7.3 Setup on Launcher 

Setup on Launcher: 

Equipment Needed: 

Launch vehicle  Launch rail  

 

1. ___Lower launcher to the horizontal position. 

2. ___Ensuring no personnel are in the flight path of the launch vehicle, carefully slide the 

launch vehicle onto the launch rail. 

3. ___Ensure the launch vehicle is properly seated on the launch rail. 

4. ___Ensure the igniter is properly fed into the motor. 

5. ___Ensure vehicle is in fully ballasted configuration. 

 

7.4 Igniter Installation 

Igniter Installation: 

Equipment Needed: 

Launch vehicle  Motor igniter  

 

1.___Insert e-match into the motor. 

 2.___Raise launch rail to flight configuration. 

 3.___Connect e-match to extension cord. 

 4.___Back up until outside reasonable launch pad radius. 

 5.___Connect extension cord to direct current firing system and arming switch. 

 6.___LCO proceeds with launch procedures. 

 

7.5 Launch Procedure 

7.5 Launch Procedure 

Launch Procedure: (unnecessary personnel removed from the area) 

Equipment Needed: 

Launch vehicle  

 

1. ___Once the launch vehicle is in launch position and the igniter is inserted, arm the 

electronics. 

2. ___Safety officer check to ensure the checklist is properly completed. 

3. ___The LCO enables the master arming switch. 

4. ___Once LCO allows, the hard switch will be activated. 

5. ___The LCO will commence the countdown of 5 seconds. 

6. ___Once the countdown is completed. The LCO says “fire” and ignition is triggered. 

 

7.6 Troubleshooting 

Trouble Shooting: 

Equipment Needed: 

Launch vehicle  Motor igniter  
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If the RIS payload is not Activating: 

1. ___Remove the launch vehicle from the launch rail 

2. ___Open section and remove electronics. 

3. ___Adjust electronics and test. 

4. ___Insert the electronics back into the launch vehicle. 

5. ___Load launch vehicle back onto launch rail 

 

If the motor igniter misfires: 

3. ___Pause the Launch procedures. 

4. ___Get team lead and official permission to continue. 

5. ___Replace motor ignite. 

6. ___Restart launch procedures from beginning. 

 

7.7 Post-Flight Inspection 

Post-Flight Inspection: 

1. ___Visually track launch vehicle and payload from the time of launch to the time of 

recovery. 

2. ___Assemble a team of two groups of at least two team members to recover the launch 

vehicle and the payload capsule. 

3. ___Wait a minimum of sixty seconds before securing the launch vehicle and payload 

capsule. 

4. ___Inspect the launch vehicle’s external components for any clear signs of damage. 

5. ___Document the launch vehicle through inspection and photographs for the later 

assessment. 

6. ___Download pictures, video, and scientific data and review altimeter data. 

7. ___No modifications shall be made after completion unless provided approval from 

NASA Range Safety Officer (RSO). 

 

 



 160 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

8.0 Project Plans 

8.1 Test Plans 

8.1.1 Requirements Test Matrix with Status 

Full test plan are in Appendix B. 
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8.1.2 Testing Timeline 

 
  



 

165 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

8.1.3 Test Report Format 

CPP NASA Student Launch Team. Writer Last Name, Writer First Name Initial. California State Polytechnic 

University, Pomona. Month Number, Year. 

 

Test #: Title of the Experiment 
Fulfills Requirement(s): stated in the requirements compliance 

Planned Date of Experiment: 

Actual Date of Experiment: 

1.0 Test Objective 

What requirement(s) are you fulfilling and why. (ex: Requirement DR5.6 to be verified. 

Determining the performance of parachute materials under intense loads and heat) 

 

2.0 Success Criteria 

 What results should show to determine success, in bullets 

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Measured 

EX: Size EX: Yield Force 

 

4.0 Test Plan 

4.1 Methodology 

Brief description of your methods of testing. Static test? Load test? Drop Test? Etc. 

 

4.2 Equipment 

 Bullet format of equipment needed 

 Include safety equipment 

 

4.3 Procedures 

1. Step 1, so on 

 

5.0 Data and Results 

For the data, Include at least one table and one figure. Only show here experiment results. For the 

results, after each data set, explain what data can be used to determine if the test is successful. 

MAKE SURE TO TITLE TABLES AND FIGURES 

 

6.0 Evaluation 

Expand on the results. Explain if test was successful and why, was the success criteria met? How 

do the results drive the design of LV or payload? 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

Look back at 2.0 and mention here Check “x” if yes 

 

 

 



 

166 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

8.2 Fabrication, Assembly, and Integration Plan 

8.2.1 Fabrication Plan 

The fabrication of the launch vehicle and both of its scientific payloads will be primarily conducted 

by the team members most associated with that subsystem, with as much help from other team 

members as is required. As such the manufacturing of components such as the body tube and 

interfaces between each bay of the launch vehicle will be spearheaded by the structures sub-team. 

Similarly, the major aerodynamic components, such as the nose cone and the fins will be printed 

with PLA under the supervision of the aerodynamic sub-team. Following the same logic, 

construction of the major electronic components, such as the recovery avionics bay, and the RIS 

payload will be handled by the avionics sub-team. Lastly the construction of the FMP payload will 

be controlled by our team of support engineers. 

 

The nosecone will be printed using PLA plastic with structural features so as to house an avionics 

sled, which will be manufactured in house using fiberglass and epoxy. The main parachute and its 

associated hardware will be purchased and assembled by the aerodynamics sub-team. The recovery 

avionics bay will be housed in one of the body tube couplers and will consist of both purchased 

and in-house manufactured components. The electronics in the recovery avionics bay will rest on 

a carbon fiber avionics sled and will interface with ejection charges constructed by the avionics 

sub-team. The cruciform drogue parachute will be manufactured by the aerodynamics sub-team 

and integrated into the launch vehicle with purchased shock cords and hardware. The FMP will be 

manufactured using a 3-D printed fragile material housing that will be suspended from a wooden 

frame constructed by the support team. The RIS payload will be manufactured by the avionics sub-

team and the RIS taskforce. This requires the use of in-house electronics sleds. Purchased servos, 

cables, electronics and other various hardware, which will be put together by the team and 

integrated into RIS bay and motor bay. The motor bay, excluding the motor and its casing, will be 

entirely manufactured by the structures sub-team using pre-impregnated carbon fiber and birch-

plywood centering rings. Additionally, the cutting of body tube sections, the manufacture of 

bulkheads and centering rings, and the drilling and tapping of holes will all be completed by the 

structures sub-team. 

 

To ensure the safety of our team members and environment during the manufacture of the launch 

vehicle, the safety officer will directly supervise and advise its fabrication. 

8.2.2 Assembly Plan 

The launch vehicle was designed modularly to prioritize efficiency and ease of assembly prior to 

launch. Module one consists of the nose cone and GPS tracking equipment. Module two consists 

of both parachute bays and the recovery avionics bay. Module three consists of both payload bays 

and the motor bay. These three modules will become separated during the recovery section of the 

flight profile and are held together on the launch pad by only shear pins and friction. Each 

individual bay can also be separable from one another so long as the 10-24 fasteners securing each 

bulkhead interface are removed. This fact is critical for assembly on launch day. 

 

On launch day, most of the individual bays must be separated to prepare them for launch. The nose 

cone must have its bulkhead removed, electronics activated, bulkhead replaced and attached to the 

main parachute shock cords. The main parachute bay must be packed with the parachute, shock 
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cords, and recovery hardware and fastened to the nose cone with shear pins. The recovery avionics 

bay must have its ejection charges packed with black powder and primed with an e-match leading 

to the altimeters. Once both charges are packed, the recovery avionics bay will be fastened to both 

the main and drogue parachute bays with 10-24 screws. The drogue parachute, its shock cords and 

recovery hardware will then be packed into the drogue parachute bay. The FMP must be removed 

from its bay and the fragile material will be placed inside the suspended housing and replaced in 

its bay. The drogue parachute bay will be shear pinned onto the fore side of the FMP bay, while 

aft section will be fastened on top of the RIS bay with 10-24 screws. Before the FMP can be 

fastened to the RIS, the RIS electronics must be activated and the cabling tension must be verified. 

Finally, the motor can be inserted into the motor casing, which itself is inserted into the motor. 

This completes the pre-launch assembly of the launch vehicle. An exploded view of the launch 

vehicle can be seen below in Figure 8.2.2.-1 to better understand the assembly of the rocket. 

 

 
 

Figure 8.2.2-1: Launch Vehicle Exploded View 

8.2.3 Integration Plan 

The Integration of the RIS Payload into the full-scale launch vehicle will be an incremental 

process. The first launch of the full-scale rocket will not have an active RIS or actuating fins to 

test the passive aerodynamics and other characteristics of the launch. Once this data is internalized, 

an RIS with a somewhat rudimentary control system will be utilized during launch to understand 

what tweaks must be made to the control system. Through further launches and subsequent data 

analysis, a perfected RIS control system can be developed, allowing the RIS payload to be fully 

integrated into the full-scale launch vehicle. 
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8.3 Requirements Compliance Matrices 

Method of Verification Table Definition 

1 Test V = Verified 

2 Analysis IP = In Progress 

3 Demonstration NV = Not Verified 

4 Inspection   

8.3.1 Launch Vehicle Compliance Matrix 
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 171 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

 
 



 172 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

 
 



 173 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

 
 



 174 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

 



 175 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

8.3.2 Recovery System Compliance Matrix 
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8.3.3 Payload Compliance Matrix 
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8.3.4 Safety Compliance Matrix 
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8.3.5 General Compliance Matrix 
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8.3.6 Derived Requirements Compliance Matrix 
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8.4 Budget Plan and Status 

Sections 8.4.1-8.4.7 show the full-scale launch vehicle, subscale launch vehicle, payload experiment, travel, other, and total expenses 

are outlines. 

Table 8.4-1 Acronym 

 

NB Not Bought 

B, R Bought, Reimbursed 

B, NR Bought, Not Reimbursed 

 

8.4.1 Full Scale Launch Vehicle Expenses 

 

Launch Vehicle Structure Budget 

Purpose Component Description 
Mass 

(lbs) 
Supplier Qty 

Unit 

Price 

Total 

Price 
Status 

Nosecone 

Section 

BRB900 

GPS - include antennas 

and battery- 900 MHz 

system 

0.12 BigRedBee 1 $199.00 $199.00 NB 

Trackimo GPS GPS - GSM system 0.09 Trackimo 1 $139.99 $139.99 NB 

3D printer 

filliment 

3D Printer Filament 

Black PLA 1.75mm 

1kg Spool 

1.39 Amazon 1 $19.95 $19.95 NB 

Recovery 

Avionics 

Stratologger CF 
Altimeter with firing 

circuits 
0.05 Apogee rockets 2 $58.80 $117.60 NB 

2000 Mah 3s 

LIPO 
runs altimeter system 0.84 Amazon 2 $20.00 $40.00 NB 

schurter switch 

physical switch to 

break cuitcuit between 

battery and altimeter 

0.04 Allied Electronics 2 $7.81 $15.62 NB 
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XT60 battery 

clips 

Interface between 

wiring harness and 

battery 

0.04 RC Planet 2 $7.99 $15.98 NB 

ejection charges   0.09 Coast Rocketry 4 $2.35 $9.40 NB 

E-match to light things on fire 0.12 Amazon 4 $2.00 $8.00 NB 

Hardware 

72", 6" blue 

tube 

Blue Tube 2.0 57" 

Length 
3.23 alwaysreadyrocketry 3 $105.95 $317.85 NB 

6" blue tube 

coupler 

Blue Tube 2.0 48" Full 

Length 
0.99 alwaysreadyrocketry 2 $83.45 $166.90 NB 

L-Brackets 

Stanley-National 

Hardware 2-Pack 1.5-in 

Metallic Corner Braces 

0.19 
Stanley-National via 

Lowes 
14 $1.78 $24.92 NB 

plexiglass sheet 

OPTIX 0.08-in x 8-in x 

10-in Clear Acrylic 

Sheet 

0.52 Lowes 1 $2.98 $24.92 NB 

silicone gel 
GE Iron Grip Silicone 

Adhesive - Clear 
0.10 Lowes 1 $7.98 $24.92 NB 

Screws 

Zinc-Plated Alloy Steel 

Flat-Head Cap Screw, 

#10-32 Thread, 3/4" 

Length (25 pack) 

0.06 Bolt Depot 3 $1.69 $1.69 NB 

Nuts 

Hex machine screw 

nuts, Zinc plated steel, 

#10-32 

0.06 McMaster-Carr 3 $7.78 $15.56 NB 

Bulk heads Birchwood 0.63 home depot 1 $27.47 $27.47 NB 

Nylon Shear 

Pins (20 pack) 
  0.00 

Apogee 

Components 
5 $2.95 $14.75 NB 

U-bolt 5/16" x 1.375" x 2.5" 0.04 home depot 4 $1.30 $5.20 NB 

Drogue 

Drogue 

Parachute 
  0.24   1   $0.00 NB 

Drogue 

quicklinks 
all 3 accounted 0.48 fruitychutes 3 $12.00 $36.00 NB 

Drogue Nomex   0.06   1   $0.00 NB 
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Drogue Shock 

Cord 

Nylon wound 550 

paracord 
1.07 paracord galaxy 2 $4.99 $9.98 NB 

Main 

Main Parachute   0.82   1   $0.00 NB 

Main quicklinks all 3 accounted 0.48 fruitychutes 3 $5.00 $15.00 NB 

Main Nomex   0.06   1   $0.00 NB 

Main Shock 

Cord 

Nylon wound 550 

paracord 
1.07 paracord galaxy 2 $4.99 $9.98 NB 

Parachute 

Firewall 

3000 Denier 63'' 

wide kevlar 
  2.00 Ebay 2 $24.99 $12.00 NB 

Piston 
Piston Shock-

Cord 

Nylon wound 550 

paracord 
1.07 paracord galaxy 1 $4.99 $4.99 NB 

Motor Bay 

RMS-75/5120 

Casing w/ 

forward seal 

disk 

  2.85 apogee 1 $417.30 $417.30 NB 

75 mm aft 

closure 
  0.16 siriusrocketry 1 $80.25 $80.25 NB 

75 mm Forward 

Closure 
  0.76 apogee 1 $101.65 $101.65 NB 

Aeropack 75 

mm Retainer 
  0.26 apogee 1 $53.50 $53.50 NB 

Motor 

(L1120W-O) 
  10.50 siriusrocketry 3 $300.00 $900.00 NB 

Total Mass 30.46 lbs Total Cost $2,830.37   
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8.4.2 Sub Scale Launch Vehicle Expenses 

 

Subscale Launch Vehicle Structure Budget 

Purpose Component Description 
Mass 

(oz) 
Supplier Qty 

Unit 

Price 

Total 

Price 
Status 

Structures 

CPP decal letter of CPP 0.00 CPP 1 $5.99 $5.99 B, NR 

Blue Tube 75/48 

w/ship 
A Blue tube 48" long 24.00 Apogee 1 $35.93 $35.93 B, NR 

Blue Tube 75/48 

w/ship 
A Blue tube 48" long 24.00 

Always Ready 

Rocketry 
1 $35.93 $35.93 B, NR 

Standard Couplers 

for Blue Tube w/ 

ship 

3"x.062"wallx8" 12.20 
Always Ready 

Rocketry 
3 $12.95 $38.85 B, NR 

Screws 24x3/4 0.10 Home Depot 1 $2.57 $2.57 B, NR 

Screws 10-24X1 0.10 Home Depot 4 $2.36 $9.44 B, NR 

Screws 6X1/4 0.10 Home Depot 1 $1.18 $1.18 B, NR 

Wood Screws 14X1-1/2 0.10 Home Depot 1 $2.36 $2.36 B, NR 

Washers 16-May 0.10 Home Depot 1 $0.72 $0.72 B, NR 

Washers 16-Mar 0.10 Home Depot 1 $0.81 $0.81 B, NR 

3D Printer Filament 

3mm 

ABS/PLS/SOFT 

1kg/2.2lb 

20.00 Diyinks 3 $18.85 $56.55 B, NR 

Rail Buttons 
10 10, Aero Pacl 

RG10B 
0.10 

Bay Area 

Rocketry 
1 $3.00 $3.00 B, NR 

Tap and Drill Set 
1x02091 2-51 Tap 

and Drill Set 
0.00 Apogee 1 $13.64 $13.64 B, NR 

Motor Bay 

Motor w/ ship K1100T-L 60.00 
Bay Area 

Rocketry 
1 $264.72 $264.72 B, NR 

Motor w/ ship J460T-L 50.00 
Bay Area 

Rocketry 
2 $74.40 $148.80 B, NR 
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Aero Pack 54mm 

Retainer w/ship 

A black motor 

retainer 
1.00 Apogee 1 $46.65 $46.65 B, NR 

DCS 

Antenna 
Antenna 900MHZ 

HG R-SMA 
0.75 Digi-Key 2 $7.63 $15.26 B, NR 

Transmitter 

Reciever 

RF TXRX Module 

ISM<1GHZ 
2.00 Digi-Key 2 $39.00  $78.00 B, NR 

XBeew/ ship 
XBEE USB Adapter 

Board 
3.50 Digi-Key 1 $48.46  $48.46 B, NR 

Recovery 

System 

Swivel 
SWIV-1500-1500# 

Rosco Swivel 
2.28 Fruity Chutes 3 $4.00  $12.00 B, NR 

Swivel 
SWIV-1000-1000# 

Rosco Swivel 
2.28 Fruity Chutes 3 $3.33  $9.99 B, NR 

Quick Link 
1/4", 1200 lb load 

rating 
2.00 Fruity Chutes 4 $5.00  $20.00 B, NR 

Parachute w/ ship 
48" Parachute 

(yellow/black) 
20.80 Fruity Chutes 1 $192.95  $192.95 B, NR 

Shear Pins w/ ship 
Nylon Shear Pins, 20 

pack 
0.50 Apogee 1 $16.29  $16.29 B, NR 

Parachute Stainless 

Steel Slider Ring w/ 

ship 

1.375" ID 0.40 Fruity Chutes 1 $11.95  $11.95 B, NR 

Mounting 

Hardware 
  1.00 PerfectFlite 2 $1.69  $3.38 B, NR 

Altimeter w/ ship 
StratoLoggerCF 

Altimeter 
3.34 PerfectFlite 2 $58.16  $116.32 B, NR 

Recovery Avionics 

Batteries 
Duracell 9V 2-Pack 3.00 Home Depot 1 $14.96  $14.96 B, NR 

Total Mass 14.61 lbs Total $1,206.70   

 



 193 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

8.4.3 Payload Expenses 

 

Payload Experiment(s) Budget 

Purpose Component Description 
Mass 

(lbs) 
Supplier Qty Unit Price 

Total 

Price 
Status 

FMP 

Payload 

Bay 

Surgical Tubing 

Strong tubing to 

secure FMP box in 

place 

0.20 

Amazon 1 $22.81 $22.81 NB 

White Printer 

Filament 

Filament used for 

printing case 

0.11 
Amazon 1 $22.99 $22.99 NB 

Egg Crate Foam 
firm cushion to hold 

FMP in place 

0.02 
Samys 1 $20.00 $20.00 NB 

Plywood 
secure tubing and 

maintain shape 

0.22 
Home Depot 4 $0.40 $1.60 NB 

Primary 

Payload 

Bay: 

Payload 

control 

system, 

Data 

collection 

system, 

observation 

system 

PERFECTFLITE 

USB DATA 

TRANSFER KIT 

to interface with 

thealtimeter and 

test,adjust altitude 

deployment, and 

recover data. 

0.00 

Apogee 

rockets 
1 $34.61 $34.61 NB 

HS-7955TG Servo 
Servos for Roll 

Induction System 

0.29 
Servocity 2 $129.00 $258.00 NB 

4-40 Mounting 

Hardware 

Servo cabling, 

mounting hardware 

0.11 
Servocity 2 $10.00 $20.00 NB 

11.1V, 2200mAh 

LiPo 

Payload Bay power 

supplies 

0.88 Amainhobbie

s 
2 $163.00 $326.00 NB 

Arduino Micro 
Controls Roll 

Induction System 

0.01 
ebay 1 $16.25 $16.25 NB 

Arduino MEGA 

2560 

Controls Data 

Collection System 

0.08 
Adafruit 1 $45.95 $45.95 NB 
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Adafruit 10 DOF 

IMU 
DCS sensor 

0.01 
Adafruit 1 $30.00 $30.00 NB 

XBee Pro 900HP DCS transmitter 0.02 Adafruit 1 $40.00 $40.00 NB 

High Gain Antenna 
For XBee (adds 

15mi+ range) 

0.03 
Sparkfun 1 $7.95 $7.95 NB 

XBee Adapter For XBee 0.02 Adafruit 1 $29.95 $29.95 NB 

SD Breakout + 

Card 

DCS local data 

storage 

0.01 
Adafruit 1 $7.50 $7.50 NB 

Raspberry Pi Zero 

v1.3 

Controls 

Observation System 

0.02 
Adafruit 1 $5.00 $5.00 NB 

Pi Camera v2 
Camera for 

Observation System 

0.01 
Adafruit 1 $19.95 $19.95 NB 

Switch 
Switch for entire 

payload system 

0.03 
Adafruit 1 $5.00 $5.00 NB 

Total Mass 2.0603596 lbs Total $913.56   

 

  



 195 California State Polytechnic University, Pomona NASA Student Launch Initiative PDR 

 

8.4.4 Educational Engagement Expenses 

 

Educational Engagement Budget 

Purpose Component Description Supplier Qty Unit Price Total Price Status 

Paper Airplane 

Activity 

Cardboard Paper To make airplane designs Staples 20 $1.00 $20.00 NB 

Tape Tape certain pieces together Staples 4 $2.00 $8.00 NB 

Ruler Measure Lengths Staples 4 $2.00 $8.00 NB 

Card Tower 

Deck of Cards To create the towers Dollar Store 5 $1.00 $5.00 NB 

Weights  To place on top of the tower Staples 1 $5.00 $5.00 NB 

Balloon 

Rockets 

Assorted Balloons Create Propulsion Forces Dollar Store 5 $1.00 $5.00 NB 

Straws Act as a nozzle Dollar Store 5 $1.00 $5.00 NB 

Tape Attach balloon to vehicle Staples 4 $2.00 $8.00 NB 

Water Bottle 

Rockets 

2 Liter Bottles Used as Body Dollar Store 20 $1.00 $20.00 NB 

Water Create more pressure  Sink 1 $0.00 $0.00 NB 

Water Launcher Launch Bottle Rockets CPP 1 $20.00 $20.00 NB 

Glue Attach Fins Dollar Store 5 $1.00 $5.00 NB 

Foam Used for fins Dollar Store 5 $1.00 $5.00 NB 

Scissors Cut fin shapes Dollar Store 5 $1.00 $5.00 NB 

RC 

Demonstrations 
RC Airplane Students to Control 

Horizon 

Hobby 
1 59.99 59.99 NB 

Egg Drop 

Eggs 18 ct Ralphs 2 $4.99 $9.98 NB 

Nylon Fabric white, by the yard Amazon 4 $5.11 $20.44 NB 

string cotton twine Amazon 2 $4.93 $9.86 NB 

Scissors kid safe dollar store 10 $1.00 $10.00 NB 

Drive to 

Schools 
Gas Gas Gas Stations 1 $100.00 $100.00 NB 

Presentations trifold board white Staples 1 $7.99 $7.99 NB 

Total $281.26   
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8.4.5 Travel Expenses 

 

Travel Budget 

Purpose Description Qty Unit Price Total Price Status 

Delta Airplane Tickets 4/5/2016-4/10/2016 12 $503.20 $6,038.40 NB 

Hotel 

4/4/2017-4/10/2017                   

SpringHill Suites Hunstville Downtown, Huntville                                 

Each room fits 6 people 

3 $858.02 $2,574.06 NB 

Gas 
4/2/2016-4/10/2016                                    

 Driving for 1 truck; 1972 miles 
1 $0.13 $512.72 NB 

Total $9,125.18   

 

8.4.6 Other Expenses  

 

Other Budget 

Purpose Description Supplier Qty Unit Price Total Price Status 

Website 
website for CPP 

NSL+security  
weebly 1 $106.00 $106.00 B, R 

Subscale 

launch fee 

Lucerne Dry Lake 

Launch Fee 

ROC, rocketry 

organization of california 
1 $20.00 $20.00 B, NR 

Full-scale 

launch fee 

(#1) 

Lucerne Dry Lake 

Launch Fee 

ROC, rocketry 

organization of california 
1 $20.00 $20.00 NB 

Full-scale 

launch fee 

(#2) 

Friends of Amateur 

Rocketry at Mojave 

Desert Launch Fee  

FAR 15 $10.00 $150.00 NB 

Total $296.00   
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8.4.7 Overall Expenses 

 

Overall Budget Cost 

Launch Vehicle Structure Budget $2,830.37 

Subscale Launch Vehicle Budget $1,206.70 

Payload Experiment Budget $913.56 

Educational Engagement Budget $281.26 

Other Budget $296.00 

Travel Budget $9,125.18 

TOTAL Full Scale Launch Vehicle cost $3,743.93 

TOTAL ALL $14,653.07 

 

 

20%

8%

6%

2%
2%

62%

CPP NSL Budget Percentage Allocations

Launch Vehicle Structure Budget

Subscale Launch Vehicle Budget

Payload Experiment Budget

Educational Engagement Budget

Other Budget

Travel Budget
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8.4.8 Funding Plan 

CPP NSL’s funding plan mainly constitutes of applying for grants through the Cal Poly Pomona and California. In addition to funding 

the team is also receiving help from various companies such as SpaceX and Boeing for carbon fiber donations, and Fruit Chutes for 

parachute discounts. 

 

Potential Funding Source Support 

Cal Poly Pomona Associated Students Incorporated (ASI) Grant $5,500.00  

California Space Grant $4,000.00  

Scholars Research and Project Grants $1,000.00  

Scholars Travel Grants $1,000.00  

Outside Sources (companies, donations, online funding, etc.) $1,000.00  

Total $12,500  

Total Needed ($2,153) 
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8.5 Preliminary Timeline 

8.5.1 Gantt Chart 

 

Below shows the Gantt chart of the NSL Cal Poly Pomona Team. 
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8.5.2 Upcoming Important Milestones 

 

 
 

Milestones and Tasks Deliverables and Notes 

Testing Multiple testing done to verify requirements and rocket 

performance specifically in the areas of structural integrity and 

electronic. 

Full Scale Launch Vehicle Task is a combination of buying materials and manufacturing all 

components of the launch vehicle and of the payload systems. 

Full Scale Launch Vehicle Test #1 This test shall not include the payload systems. Test will only 

verify the launch vehicle’s performance in meeting all vehicle, 

recovery, safety, and general requirements. 

Full Scale Launch Vehicle Test #2 This test shall include the payload systems. Test will verify 

integration of the primary and secondary payload systems with 

the launch vehicle. Also, 2-3 additional tests will be 

accomplished to verify full performance and calibration of the 

RIS payload. 

FRR Due FRR, presentation, and flysheet due 

LRR Due LRR, and flysheet due 

Competition Event Some members will travel by car, carrying the launch vehicle. 

PLAR Due PLAR due 
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9.0 Educational Engagement Plan: Status, Summary and Details 

As of now we have done engagement with approximately 30 students. These students are split 

across International Polytechnic High School (iPoly) and Charter Oaks Elementary. The activities 

done will be discussed in Section 9.2. In addition to these events, three schools have showed 

interest in larger scale, hands on activities. These three schools are Country Springs Elementary 

located in Chino Hills, CA, Tustin High School located in Tustin, CA, and Almond Dale 

Elementary located in Bakersfield, CA. Event coordination is in the work with each of these 

schools. Tustin High School is estimating approximately 50 students who are somewhat 

experienced in engineering style events and will be receptive to more complex activities. Almond 

Dale Elementary is offering an event for 5-6 classes, each at about 25 kids, in addition Country 

Springs Elementary is offering an event for 3 classes, each at about 25 kids. The events for the 

elementary school will simpler in design, depending on their grade level. A more detailed list of 

events can be seen in Section 9.2. 

 

The engagement with International Polytechnic High School involved discussing different 

parameters of the rocket and how they affect performance. These parameters included basic 

concepts of center of pressure, center of gravity, stability margin and fundamental equations 

related to performance. In addition 3-D models of fins and nosecones were brought in and passed 

around the class. The engagement with Charter Oaks Elementary was similar in that different 

parameters and fundamental concepts were discussed using different parts of the rocket as visual 

aid. 

 

For the upcoming events a more detailed plan has been set, which can be seen below.  

Some of the in class activities would be 

 Crafting basic paper airplanes and discussing how they work, possibility of small 

competition with distance, flight time, etc 

 Discussion about what happens when rockets are launched, we would bring in full scale 

samples of rockets we’ve made in the past 

 Competition where groups of students build towers out of note cards and tape to see 

which one can hold the most weight 

 Demonstrating how a rocket propels itself by using balloons to propel a vehicle 

 

Large activities (Outside), if allowed for, would be 

 Building water bottle rockets and launching them on school grounds 

 RC vehicles that the students can control, discuss how they work in class afterwards, RC 

Plane demonstration by one of our members 

 An egg drop competition where students will build devices that protect an egg 

To accommodate for the range of grade levels many different engagement activities were created. 

The large activities are more suited for 5th grade and above, while some of the in-class activities 

are more geared for elementary school in general. Behind each activity is a fundamental lesson to 

be learned about rocketry. For example, the activity involving balloons presents a fun way for kids 

to learn about propulsion. It can be taught by lecture, built by the students and show a visible result. 

This will help the lessons to be more concrete and stick with the kids for longer periods of time.  
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10 Appendix A  

Aileron Length Needed Derivation 
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General Specification of HS-79555TG Coreless Digital Servo 
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11 Appendix B 
CPP NASA Student Launch Team. Daugherty-Saunders, S. California State Polytechnic University, Pomona. 1, 

2017. 

 

Test #1: Subscale Launch 
Fulfills Requirement(s): VR1.2.5, VR1.4, VR1.9, VR1.16, VR1.16.1, VR .16.2, VR1.17.1, RSR2.10 

Planned Date of Experiment: 12/10/2016 

Actual Date of Experiment: 12/10/2016 

1.0 Test Objective 

Requirement VR1.2.5 to be verified. At the launch field, to aid in determination of the vehicle’s 

apogee, all audible electronics, except for the official altitude-determining altimeter shall be 

capable of being turned off. Requirement VR1.4 to be verified. The launch vehicle shall be 

designed to be recoverable and reusable. Requirement VR1.9 to be verified. The launch vehicle 

shall 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. Requirement 1.16 to 

be verified. All teams shall successfully launch and recover a subscale model of their rocket prior 

to CDR. Requirement 1.16.1 to be verified. The subscale model should resemble and perform as 

similarly as possible to the full-scale model, however, the full-scale shall not be used as the 

subscale model. Requirement 1.16.2 to be verified. The subscale model shall carry an altimeter 

capable of reporting the model’s apogee altitude. Requirement VR1.17.1 to be verified. The 

vehicle and recovery system shall have functioned as designed. Requirement RSR2.10 to be 

verified. Removable shear pins shall be used for both the main parachute compartment and the 

drogue parachute compartment. 

 

2.0 Success Criteria 

 After launch, the launch will be recoverable and reusable. 

 Subscale launch successful. 

 On-board altimeter capable of recording peak altitude. 

 Recovery system functions as designed. 

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measured variables of this experiment 

Controlled Measured 

Design of subscale launch vehicle. Flight data measured from recovery altimeters 

such as altitude, and time. 

 

4.0 Test Plan 

4.1 Methodology 

The launch of the subscale rocket is a holistic overview of procedures. The subscale launch was 

intended to be a half-scaled model of the full-scale launch vehicle and was designed as such. To 

that effect, the launch of the subscale is primarily intended as a proof of concept for the stability 

margin of the full-scale design. 

 

4.2 Equipment 

 Subscale launch vehicle and all associated components 
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 12-volt direct firing system 

 Motor igniter 

 Launch Rail 

 Launch vehicle assembly tools 

 Personal protective equipment  

 

4.3 Procedures 

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

electronics. 

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

3. The LCO enables the master arming switch. 

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

5. The LCO will commence the countdown of 5 seconds. 

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

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

recovery. 

8. Assemble a team of two groups of at least two team members to recover the launch 

vehicle and the payload capsule. 

9. Wait a minimum of sixty seconds before securing the launch vehicle and payload 

capsule. 

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

11. Document the launch vehicle through inspection and photographs for the later 

assessment. 

12. Download pictures, video, and scientific data and review altimeter data. 

 

5.0 Data and Results 

 Launch vehicle was successfully recovered in a reusable condition. 

 The Subscale was completely successful and functioned as designed. 

 The onboard altimeter read an altitude of 3,122 ft. 

 The recovery system functioned exactly as designed. 

Analyzing the altimeter data from the subscale launch produces the data represented in Figure 5.0-

1 below. 
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Figure 5.0-1: Subscale Altimeter Data 

 

6.0 Evaluation 

The launch of the subscale launch was completely successful and met all of the success criteria 

shown in Table 6.0-1. 

 

Table 6.0-1: Success Criteria Matrix 

Success Criteria Met? 

Launch vehicle was recoverable and reusable X 

Subscale launch was successful X 

Onboard altimeter capable of recording apogee X 

Recovery system functioned as designed X 
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CPP NASA Student Launch Team. Daugherty-Saunders, S. California State Polytechnic University, Pomona. 1, 

2017. 

 

Test #2: Full Scale Launch 
Fulfills Requirement(s): VR1.1, VR1.4, VR1.17, VR1.17.1, RSR2.10 

Planned Date of Experiment: 2/11/2017 and 2/18/2017 

Actual Date of Experiment: TBD 

1.0 Test Objective 

Requirement VR1.1 to be verified. The vehicle shall deliver the science or engineering payload to 

an apogee altitude of 5,280 feet above AGL. Requirement VR1.4 to be verified. The launch vehicle 

shall be designed to be recoverable and reusable. Requirement VR1.17 to be verified. All teams 

shall 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.  

Requirement VR1.17.1 to be verified. The vehicle and recovery system shall have functioned as 

designed. Requirement RSR2.10 to be verified. Removable shear pins shall be used for both the 

main parachute compartment and the drogue parachute compartment. 

 

2.0 Success Criteria 

 Launch vehicle reaches an apogee of 5,280 ft.  75 ft. 

 Launch vehicle is recoverable and usable after launch. 

 Full scale test launch occurs prior to FRR. 

 Recovery system functions as designed. 

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Measured 

Design of full scale launch vehicle Flight data measured from recovery altimeters 

and the data collections system including 

altitude, flight time, velocity, acceleration etc. 

 

4.0 Test Plan 

4.1 Methodology 

The full-scale test will be representative of the launch conditions on competition day. The team 

will run through the entire launch procedure and analyze the resulting data to determine what 

changes must be made, if any, to the full-scale launch vehicle prior to the competition. Additionally 

multiple test launches will be run in order to perfect the control system on the RIS payload. 

 

4.2 Equipment 

 Subscale launch vehicle and all associated components 

 12-volt direct firing system 

 Motor igniter 

 Launch Rail 

 Launch vehicle assembly tools 

 Personal protective equipment  
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4.4 Procedure 

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

electronics. 

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

3. The LCO enables the master arming switch. 

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

5. The LCO will commence the countdown of 5 seconds. 

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

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

recovery. 

8. Assemble a team of two groups of at least two team members to recover the launch 

vehicle and the payload capsule. 

9. Wait a minimum of sixty seconds before securing the launch vehicle and payload 

capsule. 

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

11. Document the launch vehicle through inspection and photographs for the later 

assessment. 

12. Download pictures, video, and scientific data and review altimeter data. 

 

 

5.0 Data and Results 

N/A 

6.0 Evaluation 

N/A 
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CPP NASA Student Launch Team. Palomares, R. California State Polytechnic University, Pomona. 1, 2017. 

 

Test #3: Drogue Parachute Drop Test 
Fulfills Requirement(s): RSR2.1, RSR2.3 

Planned Date of Experiment: 1/28/2017 

Actual Date of Experiment: TBD 

1.0 Test Objective 

To test the drogue parachute’s decent velocity to verify predicted parameters, verifying 

requirement RSR2.1 and RSR2.3 

2.0 Success Criteria 

 Inflation of drogue 

 Matching estimated drop test specimen decent time. 

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Measured 

5 lb. weight Descent Time 

 

4.0 Test Plan 

4.1 Methodology 

A simple video recorded drop test will be performed to test the drogue parachute. 

 

4.2 Equipment 

 Drogue Parachute 

 5 lb. weight 

 Cell phone camera 

 

4.3 Procedures 

2. Measure height of drop location 

3. Attach parachute to weight 

4. Set up camera on ground insuring test will be in view of camera and begin recording 

5. Drop weight with drogue parachute packed 

 

5.0 Data and Results 

TBD  

6.0 Evaluation 

TBD 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

Parachute Decent Time TBD 

CPP NASA Student Launch Team. Palomares, R. California State Polytechnic University, Pomona. 1, 2017. 
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Test #4:  Main Parachute Drop Test 
Fulfills Requirement(s): RSR2.1, RSR2.3 

Planned Date of Experiment: 1/28/2017 

Actual Date of Experiment: TBD 

1.0 Test Objective 

To test the main parachute’s decent velocity to verify predicted parameters, verifying requirement 

RSR2.1 and RSR2.3 

2.0 Success Criteria 

 Inflation of main 

 Matching estimated drop test specimen decent time. 

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Measured 

10 lb. weight Descent Time 

 

4.0 Test Plan 

4.1 Methodology 

A simple video recorded drop test will be performed to test the main parachute. 

 

4.2 Equipment 

 Main Parachute 

 5 lb. weight 

 Cell phone camera 

 

4.3 Procedures 

6. Measure height of drop location 

7. Attach parachute to weight 

8. Set up camera on ground insuring test will be in view of camera and begin recording 

9. Drop weight with drogue parachute packed 

 

5.0 Data and Results 

TBD  

6.0 Evaluation 

TBD 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

Parachute Decent Time TBD 
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CPP NASA Student Launch Team. Lieske, Drayton B. California State Polytechnic University, Pomona. 1, 2017. 

 

Test #5: Ejection Charge 
Fulfills Requirement(s): RSR2.2 

Planned Date of Experiment: 2/4/2017 

Actual Date of Experiment: 

1.0 Test Objective 

Requirement RSR2.2 to be verified. Determine the ejection charge is sufficient to deploy the 

recovery system. 

 

2.0 Success Criteria 

 The sections separate with enough energy to break shear pins and pull the entire length of 

the shock cord taunt 

 The body tube does not rip or tear near shear pin interface or bulkhead screw interface 

 Parachute and shock cord undamaged from ejection charge hot gasses 

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Measured 

Ejection charge size Distance traveled by the section being ejected 

 

4.0 Test Plan 

4.1 Methodology 

The ejection charge, bulkhead, shear pins, and recovery device will be prepared to simulate launch 

configuration. Once prepared the charge will be ignited. Post ignition the results will be visually 

inspected to ensure proper deployment was achieved by the charge. If the charge does not result 

in proper deployment the system is resent and charge size increased. 

 

4.2 Equipment 

 Body tube 

 Bulkheads 

 Bolts 

 Shear pin 

 E-match 

 Ignition system with lock key and minimum of 15 ft of wire 

 Parachute 

 Chute protector 

 Sandbags 

 Safety glasses 

 Shock cord 

 FFFF black powder 

 “dog barf” cellulose insulation 

 Masking tape 
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 camera 

 

4.3 Procedures 

10. Set up a small work area at the approved test site. 

11. Pack the parachute and shock cord into the body tube and install the bulkhead and shear 

pins. 

12. Prepare ejection charge while wearing eye protection. 

13. Insert charge and fasten the bulkhead behind it. 

14. From this point on ensure no person is in front of tube. 

15. Set the tube on a sand bag angling it into the air and place another sand bag behind the 

tube to absorb recoil. 

16. Clear area around the body tube and alert everyone the test will take place 

17. Once the area is clear insert the firing key and count down from 5 

18. Before approaching the tube, if the parachute did not deploy ensure the charge ignited by 

waiting one minute. 

19. If the parachute deployed check if the shock cord is completely extended and the 

parachute has slightly unraveled from the parachute protector. 

20. If the charge did not deploy the parachute reset the test, but increase the charge size. 

 

5.0 Data and Results 

For the data, Include at least one table and one figure. Only show here experiment results. For the 

results, after each data set, explain what data can be used to determine if the test is successful. 

MAKE SURE TO TITLE TABLES AND FIGURES 

 

6.0 Evaluation 

Expand on the results. Explain if test was successful and why, was the success criteria met? How 

do the results drive the design of LV or payload? 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

Look back at 2.0 and mention here Check “x” if yes 
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CPP NASA Student Launch Team. Lieske, Drayton B. California State Polytechnic University, Pomona. 1, 2017. 

 

Test #6: Recovery Avionics shielding 
Fulfills Requirement(s): RSR 2.12 

Planned Date of Experiment: 1/29/2017 

Actual Date of Experiment: 

1.0 Test Objective 

Requirement RSR2.12 to be verified. To ensure recovery shielding is capable of blocking Radio 

frequency transmissions from onboard electronics. 

 

2.0 Success Criteria 

 Radio frequency signals substantially reduced within the recovery bay. 

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Measured 

RF shielding lining in the bay Signal strength received  

 

4.0 Test Plan 

4.1 Methodology 

The signal strength will be tested using the Trackimo and the BRB900. Both system will be 

inserted into the shielded bay and observed for signal drops or disconnections. 

 

4.2 Equipment 

 Trackimo 

 BRB900 

 Shielded Bay 

 Camera 

 

4.3 Procedures 

21. Insert the powered on BRB900 into the shielded bay 

22. Ensure the BRB900 is properly transmitting, then seal the bay. 

23. Hold the BRB900 receiver within one foot of the bay 

24. Check the receiver screen and ensure that it is not receiving transmissions 

25. Once the test is complete remove the BRB900 and Insert the Trackimo, repeat steps one 

through 4 

 

5.0 Data and Results 

 

6.0 Evaluation 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

Look back at 2.0 and mention here Check “x” if yes 
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CPP NASA Student Launch Team. Kennedy, J.  California State Polytechnic University, Pomona. 01/2017. 

 

Test #7: RIS Wind Tunnel Testing  
Fulfills Requirement(s): ER3.3.1, ER3.3.1.1, ER3.3.1.2, DR1.0ALL 

Planned Date of Experiment: 2/4/2017 

Actual Date of Experiment: TBD 

1.0 Test Objective 

The purpose of this experiment is to measure how much deflection the RIS system generates at 

various degrees of deflection.  The RIS system is the most critical component of the rocket as such 

it is critical to understand how it behaves in flight. The wind tunnel testing will measure the side 

force and moments experienced by the RIS at a zero-degree deflection then at a deflected position. 

By comparing the difference between the neutral and deflection positions it is possible to model 

how the RIS will perform at different speeds and deflections. The tests will be conducted in the 

Cal Poly Pomona Hon. Grace Napolitano Wind Tunnel Complex (Building 13-1229). 

 

2.0 Success Criteria 

 Accurate data for Normal force, pitching moment, yawing moment, rolling moment, drag 

is collected at different speeds and angles of attach  

 Flow conditions are matched to subscale wind tunnel testing 

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Measured 

Wind Speed  Normal force, pitching moment, yawing 

moment, rolling moment, drag 

AoA Normal force, pitching moment, yawing 

moment, rolling moment, drag 

Aileron Deflection  Normal force, pitching moment, yawing 

moment, rolling moment, drag 

 

4.0 Test Plan 

4.1 Methodology 

The RIS system will be mounted in the wind tunnel pictured in figure 4.2-1. It will be mounted to 

the sting using the same style of adaptor depicted in figures 4.2-3 and 4.2-4 respectively. The 

system will be tested at varying wind speeds in a zero degree deflection position then the aileron 

will be incrementally deflected until flow separation is achieved. At each position the data 

mentioned in the Table 3.0 will be collected. From this data it will be possible to generate plots of 

how the RIS system will perform at any speed and deflection. Similarly the system will also be 

varied at different angles of attack to determine how the RIS performs in case the rocket flight off 

center. In order to match the flow characteristics of the full rocket it may be necessary to add a 

rough material to better approximate the real conditions. This will be determined after the wind 

tunnel testing of the subscale model is complete.  
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Figure ??? RIS Wind Tunnel View  

Figure ? shows the RIS system that will be mounted in the wind tunnel.  

4.2 Equipment 

 Wind tunnel  

 Sting balance  

 Sting balance interface  

 

4.3 Procedures 

1. The wind tunnel will be set up according to the proper procedures listed in the user 

manual. This will be done by the lab technician.  

2. Place the model onto the sting balance. Secure the model by tightening the 3/16 inch bolt 

through the model to balance interface. Place tape over the hole to help make the results 

as accurate as possible. 

3. After making sure the model is secure and will not move, close the test section. 

4. Create the tare data by collecting data at 0 feet per second from 0 to 6 degrees. 

5. Using the GUI from the given computer, change flight speeds from 0 to 300 feet per 

second in increments of 25 feet per second 

6. Deflect the ailerons by 2 degrees the repeat steps 1-5 

7. Repeat step 6 until flow separation occurs or max deflection is reached  
8. Next vary the angle of attack for the system then repeat steps 5-6  
9. After all data has been collected, shut the wind tunnel down and wait for air flow to stop.  

10. Safely remove the wind tunnel model  

11. Collect the data from the computer and fill out section 5.0  
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5.0 Data and Results 

Table 5.0-1 Sample Data Table 

 

Velocity  Normal 

Force 

Pitching 

Moment  

Side Force Yawing 

Moment  

Rolling 

Moment  

Drag 

 

 

6.0 Evaluation 

Expand on the results. Explain if test was successful and why, was the success criteria met? How 

do the results drive the design of LV or payload? 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

Look back at 2.0 and mention here Check “x” if yes 
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CPP NASA Student Launch Team. Gonzalez, Eric A. California State Polytechnic University, Pomona. 1, 2017. 

 

Test #8: FMP Drop Test 
Fulfills Requirement(s): ER3.4.1, ER3.4.1.1, ER3.4.1.2, ER3.4.1.6 

Planned Date of Experiment: 1/22/2017 

Actual Date of Experiment: TBD 

1.0 Test Objective 

Requirements we are fulfilling with this test are ER3.4.1, ER3.4.1.1, ER3.4.1.5, protecting up to 4 

items of unknown material, up to size 3.5” diameter and 6” height and weight up to 4 ounces. Also 

fulfilling ER3.4.1.2, ER3.4.1.3, ER3.4.1.4, ER3.4.1.6 which ensure the survival of the materials 

and the systems using the preplanned materials and methods. 

2.0 Success Criteria 

 Fragile material unbroken 

 Fragile material system re-usable 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Measured 

Height of drop Fragile item broken 

 

4.0 Test Plan 

Drop fragile material system from height of 68 ft. to mimic max impulse experienced during rocket 

flight. 

4.1 Methodology 

Dropping FMP with integrated fragile item from 68ft. and evaluate damage on fragile item. A 

successful test involves the fragile item to have no damage.  

4.2 Equipment 

 Fragile material system 

 Fragile item 

 Safety goggles 

4.3 Procedures 

1. Go to building with drop equivalent to 68.2 ft, to achieve similar impulse 

2. Drop FMP  

3. Check for damage on fragile item.  

4. Evaluate damage on FMP system. 

 

5.0 Data and Results 

Data and Results to be determined on 1/24/17. 

 

6.0 Evaluation 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

 Fragile material unbroken 

 Fragile material system re-usable 

Check “x” if yes 
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CPP NASA Student Launch Team. Brannon, C. California State Polytechnic University, Pomona. 12, 2016. 

 

Test #9: Body Tube Materials Properties Test for Crippling 
Fulfills Requirement(s): DR4.1 

Planned Date of Experiment: 1/14/2017 

Actual Date of Experiment: TBD 

1.0 Test Objective 

Requirement DR4.1 is to be verified by determining the proper use of materials and structural 

elements used for the body tube and verify that these materials will not experience crippling during 

the max thrust provided by the rocket motor 

 

2.0 Success Criteria 

 The body tube will experience absolutely no localized crippling 

 The body tube will maintain its structural integrity with no permanent deformations to the 

material 

 Fastener bulkhead attachment point holes located on body tube will show no signs of 

tearing, ripping, or shearing at these specified locations 

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Measured 

Screws Crippling of longest section of body tube 

Bulkhead Areas surrounding fastener attachment points 

Body tube attachment during test  

 

4.0 Test Plan 

4.1 Methodology 

There will be two tests that are performed in order to ensure that the body tube will withstand the 

peak thrust of the motor during flight. A static load test will be applied to a bulkhead, the longest 

continuous section of body tube, including a safety factor of two. This test will be performed to 

ensure that the body tube can withstand a load equal to the peak thrust the motor will put out during 

the launch as well as with a safety factor of two.  

 

The second test will be a dynamic drop test that will imitate the same impulse the motor will put 

on the rocket during launch. This is to ensure that the body tube can hold during the change in 

force on the rocket’s body tube.  

 

4.2 Equipment 

 Safety Glasses 

 Heavy Safety gloves 

 1,000 lb Mylar parachute chord 

 Test section of body tube (same as actual rocket) 
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 Bulkhead with fasteners  

 20 lb drop test weight 

 Various heavy weights for static test 

 

4.3 Procedures 

26. Securely fasten the test section of body tube in such a way that the tube will hold the 

entirety of the weight being applied and there are no other variables that would bring the 

results of the test into question. Making sure there is clearance below the body tube for the 

drop test and static test. 

27. Apply tethered shock chord to U-bolt on bulkhead  

28. Fasten the bulkhead securely to the body tube section allowing the shock chord to fall 

through the body tube at the bottom. 

29. For the static load test, start to load the test specimen with weight very gradually until the 

desired load is achieved. Note, be sure to stay clear of test area and clear the test specimen 

after every incremental weight is added. 

30. Observe the results then begin to unload the specimen gradually 

31. For the dynamic drop test, a 20 lb weight will be hoisted up to a specified height using a 

pulley system. Note, the area must be kept clear of all students during the test. 

32. The rope will be cut and the weight will come down thus simulating the impulse on the 

body tube  

33. The system will be unloaded and this will conclude the test for buckling and failure of the 

body tube 

5.0 Data and Results 

This data and the corresponding results are planned for testing on 1/14/2017. 

6.0 Evaluation 

To be determined 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

The body tube will experience absolutely no localized crippling 

 

TBA 

The body tube will maintain its structural integrity with no permanent deformations 

to the material 

TBA 

Fastener bulkhead attachment point holes located on body tube will show no signs 

of tearing, ripping, or shearing at these specified locations 

TBA 
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Test #10: Bulkhead Shear and Shear Tear-Out Test 
Fulfills Requirement(s): DR4.2 

Planned Date of Experiment: 1/14/2017 

Actual Date of Experiment: TBD 

1.0 Test Objective 

Requirement DR 4.2 is to be verified by determining the proper use of materials and structural 

elements used for the bulkhead. We will verify that the screws used for the bulkheads do not shear 

away from the bulkhead material during the max thrust provided by the rocket motor. 

 

2.0 Success Criteria 

 The bulkhead will experience no shearing at fastener locations 

 The bulkhead will maintain its structural integrity, meaning the material the bulkhead is 

made from will not show any sign of damage or material degradation 

 Fastener bulkhead attachment point holes will show no signs of yielding due to bearing 

stress thus deforming the area around the fastener 

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measured variables of this experiment 

Controlled Measured 

Body Tube Shearing of bulkhead material 

Screws Areas surrounding fastener attachment points 

in bulkhead are damaged 

 

4.0 Test Plan 

4.1 Methodology 

There will be two tests that are performed in order to ensure that the bulkhead will withstand the 

peak thrust of the motor during flight. A static load test will be applied to a bulkhead resting on 

top of a thick-walled steel cylindrical tube, including a safety factor of two. This test will be 

performed to ensure that the bulkhead can withstand a load equal to the peak thrust the motor will 

put out during the launch as well as with a safety factor of two.  

 

The second test will be a dynamic drop test that will imitate the same impulse the motor will put 

on the rocket during launch. This is to ensure that the bulkhead can hold during the change in force 

on the rocket’s body tube.  

 

4.2 Equipment 

 Safety Glasses 

 Heavy Safety gloves 

 1,000 lb Mylar parachute chord 

 Thick-walled cylindrical steel tube 

 Bulkhead with fasteners  
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 20 lb drop test weight 

 Various heavy weights for static test 

 

4.3 Procedures 

34. Securely fasten the steel cylindrical tube in such a way that the tube will be secured during 

the test. Making sure there is clearance below the steel tube for the drop test and static test. 

35. Apply tethered shock chord to U-bolt on bulkhead  

36. Rest the bulkhead at the top of the cylindrical steel tube with only the fastening screws 

contacting the edges of the tube and the bulkhead its self along the inner diameter of the 

tube allowing the shock chord to fall through the body tube at the bottom. 

37. For the static load test, start to load the test specimen with weight very gradually until the 

desired load is achieved. Note, be sure to stay clear of test area and clear the test specimen 

after every incremental weight is added. 

38. Observe the results then begin to unload the specimen gradually 

39. For the dynamic drop test, a 20 lb weight will be hoisted up to a specified height using a 

pulley system. Note, the area must be kept clear of all students during the test. 

40. The rope will be cut and the weight will come down thus simulating the impulse on the 

bulkhead.  

41. The system will be unloaded and this will conclude the test for shear and shear tear out on 

the bulkhead. 

5.0 Data and Results 

This data and the corresponding results are planned for testing on 1/14/2017. 

6.0 Evaluation 

To be determined 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

The bulkhead will experience no shearing at fastener locations TBA 

The bulkhead will maintain its structural integrity, meaning the material the 

bulkhead is made from will not show any sign of damage or material degradation 

TBA 

Fastener bulkhead attachment point holes will show no signs of yielding due to 

bearing stress thus deforming the area around the fastener 

TBA 
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Test #11: PLA Shear Test 
Fulfills Requirement(s): DR4.3 

Planned Date of Experiment: 1/14/2017 

Actual Date of Experiment: TBD 

1.0 Test Objective 

Requirement DR4.3 is to be verified by determining the proper use of materials and structural 

elements used for PLA Plastic. We will verify the impulse force caused by the main parachute 

does not cause the screws to shear through the nosecone during midflight. 

 

2.0 Success Criteria 

 The PLA will experience no shearing at the fastener locations 

 The PLA will maintain its structural integrity, with no permanent deformation or any 

signs of damage to the material 

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Measured 

Screws Shearing the PLA plastic 

Bulkhead Area surrounding fastener attachment points  

 

4.0 Test Plan 

4.1 Methodology 

There will be two set of test that are performed to ensure the PLA plastic will withstand the impulse 

force caused by the main parachute deployment. This impulse will produce an impact force that 

will transfer to the screws, which will inherently pull on the PLA plastic, generating a normal force 

in the opposite direction. A static load test will be applied to a bulkhead attach to the PLA plastic. 

This test will be performed to ensure that the PLA plastic can withstand the load equal to the 

impulse resulting from the velocity of the falling nose cone during descent. 

The second test will be a dynamic drop test will imitate the same impulse from the main parachute 

deployment.  

 

4.2 Equipment 

 Safety Glasses 

 Heavy Safety gloves 

 Cylindrical PLA Tube 

 Shock chord 

 Anchor chain 

 Bulkhead with fasteners 

 20 lb. drop test weight 

 Various heavy weights for static test 

 Ladder  
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 Measuring tape 

 

4.3 Procedures 

42. Prepare test area by making sure all obstacles within reach of the testing subject are 

removed, and all testers have proper protection.  

43. Securely fasten the test section by tying a shock cord through U-bolt and attaching the 

bulkhead and having it hang from an overhead crane.  

44. Before testing begins, ensure all obstacles within reach of the testing area are removed, 

and all tester have proper protection. It is important safety officer is present to ensure all 

viewers are at a distance farther than the radius of the shock cord. 

45. Test model should then be lifted to the predetermine high. Before the model is drop, the 

safety officer will make sure all viewers are at a distance farther than the radius of the 

shock cord. The tester will alert viewer test will commence and have a countdown.  

46. After every test, the test model will be inspected for any damage that occurred and 

picture documentation should be taken.  

47. The distance will be keep increasing until failure or until drop velocity is much greater 

than what the nose cone will experience during flight. 

48. Proper documentation is to be recorded if pass or fail at every change in height, with a 

short description of any damages that many occur in an Excel spreadsheet along with the 

maximum velocity by converting potential energy to kinetic energy. 

49. A static test will be performed, by hanging a 200-lb weight to test static shear and record 

any damages  

 

 

5.0 Data and Results 

This data and the corresponding results is planned for testing on 1/14/2017. 

 

6.0 Evaluation 

To be determine 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

PLA Plastic will experience no shearing at faster locations TBA 

PLA Plastic will maintain its structural integrity, and will not show any 

signs of damage or material deformation 

TBA 
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Test #12: Water Tunnel Test  
Fulfills Requirement(s): DR4.4 

Planned Date of Experiment: 1/25/17 

Actual Date of Experiment: TBD  

1.0 Test Objective 

The purpose of the water tunnel test is to fulfill DR4.4 It is important to understand how the fins 

and nose cone behave in flight. Water tunnels are an excellent way to visual the characteristics of 

the boundary layer for an object in flight. The water tunnel will show were the boundary layer is 

laminar or turbulent, where the boundary layer is tripped up, and were separation occurs.  

 

2.0 Success Criteria 

 Tests show flow is turbulent as is expected 

 No separation occurs during the simulated flight envelope  

 No vortices or other disturbances form on the rocket that degrade performance  

 Clear and useable data can be drawn from the tests  

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Observed  

Size of object Flow Pattern  

Flow Speed  Speed at which separation occurs  

AoA AoA where separation occurs  

 

4.0 Test Plan 

4.1 Methodology 

For these tests, full scale models of the nose cone and fin will be placed in the water tunnel. The 

models that will be used will have a ¼” hole to the center of gravity which will be mounted to a 6” rod 

that will be attached to the C-strut. A model of a fin will also be attached. The fin will be mounted to 

a block with ¼’’ whole cut into it for mounting. Figure 2 shows this assembly in detail.  Both the nose 

cone and fins will be 3-D printed from PLA plastic, while this makes manufacturing easy it also creates 

rough surfaces. The water tunnel testing will determine if this rough surface disturbs the boundary 

layer to an unacceptable degree. The testing will also show if the boundary layer is laminar or turbulent 

and where the transition happens. Based upon theoretical calculations the boundary layer is expected 

to be turbulent. To comply with the 6.25” radius limit of the tunnel the models used will be to half 

scale of those of the full model.  

 

4.2 Equipment 

 Nose cone model with proper mounting hole  
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Figure 4.2-1 Nose Cone Water Tunnel Model 

 Fin model with proper mounting hole 

 
Figure 4.2-2 Fin Water Tunnel Model 

 Camera capable of recording in 1080p 60 fps 

 Background scale  

 Ink Dye ports  

 Rolling Hills Research Corporation Model 0710 University Desktop Water Tunnel  
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Figure 4.2-3: Water Tunnel 

 
Figure 4.2-4: Sting mount used to mount test sample 

 

 

4.3 Procedures 

1. The water tunnel will be prepared as per the operation manual  

2. The test fixtures will be mounted to the C-strut and tightened down to make sure they do not 

come loose during the experiment. 

3. The C strut will be placed in the water tunnel and bolted down to make sure it does not move 

during the experiment  

4. The dye system will be placed into the water tunnel and bolted in place to make sure it does 

not move from side to side during the experiment. The preparer must be careful to line the dye 

system properly with the test fixtures.  

5. The camera system must be calibrated to make sure the image is clear and steady. The 

background scale must be calibrated correctly with the image to ensure accurate data collection.  

6. The C-Strut will be put into the “zero reference” to make sure the model is at an angle of attack 

of 0 degrees to begin experiment.  

7. The experiment will be run at a velocity of 1, 3 and 5 inches/second at the angles of attack of 

0 degrees, 5 degrees, and 10 degrees.  

8. After the experiment, the tunnel will be inspected for next test fixture. If water is not clear 

enough, the water tunnel must be serviced. If not, repeat steps 1-7 for the second and third 

fixture.  

9. After the experiments are run and videos are recorded, the water will be drained from the tunnel 

and all equipment will be put away neatly and in its place.  

 

5.0 Data and Results 

 

6.0 Evaluation 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

Look back at 2.0 and mention here Check “x” if yes 
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Test #13: Wind Tunnel Testing  
Fulfills Requirement(s): DR 4.5 Determine the normal force acting on the rocket, pitching moment, side force, 

yawing moment, rolling moment, drag, 

Planned Date of Experiment: 1/23/2017 

Actual Date of Experiment: TBD 

1.0 Test Objective 

The purpose of the wind tunnel test is to verify the theoretical data calculated for the full-scale 

rocket with experimental data. While many of the theories used during this project provide 

excellent estimations they are no substitute for real testing. With this is mind the team has chosen 

to use the Cal Poly Pomona Hon. Grace Napolitano Wind Tunnel Complex (Building 13-1229) to test 

a 42.6% subscale model.  

 

2.0 Success Criteria 

 Useable data is recovered from the testing 

 Data from the test matches with models and known results  

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Measured 

Model Size   Normal force, pitching moment, yawing 

moment, rolling moment, drag 

AoA Normal force, pitching moment, yawing 

moment, rolling moment, drag at different 

AoA 

Yaw Angle  Normal force, pitching moment, yawing 

moment, rolling moment, drag at different 

Yaw Angles  

Velocity Normal force, pitching moment, yawing 

moment, rolling moment, drag at different 

velocities  

 

4.0 Test Plan 

4.1 Methodology 

To get the most accurate results possible, the model will be made from PLA plastic and blue 

tube. Because of the sizes of blue tube available to the team and the need for large scale model 

the team will be going with a 42.6% scale model based around a 2.56” blue tube body. The 

nose cone and fins will be made from 3-D printed PLA plastic. The model will then be tested 

at velocities ranging from 0 to 300 fps, angles of attack ranging from 0 to 30 degrees, and yaw 

angles ranging from -30 to 30 degrees.  

 

4.2 Equipment 
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Figure 4.2-1: Cal Poly Pomona Wind Tunnel Test Section 

 

 
Figure 4.2-2: Sting balance mount 
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The model will have a special mounting adaptor were the engine would sit so it can be seated on the 

sting and placed in the wind tunnel.  

 

4.3 Procedures 

1. The wind tunnel will be set up per the proper procedures listed in the user manual. This 

will be done by the lab technician.  

2. Place the model onto the sting balance. Secure the model by tightening the 3/16-inch bolt 

through the model to balance interface. Place tape over the hole to help make the results 

as accurate as possible. 

3. After making sure the model is secure and will not move, close the test section. 

4. Create the tare data by collecting data at 0 feet per second from 0 to 6 degrees. 

5. Using the GUI from the given computer, change flight speeds from 0 to 300 feet per 

second in increments of 25 feet per second. 

6. After all the speeds, have been run, change the angle of attack by two degrees and repeat 

procedure number 5. 

7. Repeat step 6 for yaw rate starting from zero then varying to +30 degrees then to -30 

degrees  

8. After all data, has been collected, shut the wind tunnel down and wait for air flow to stop.  

9. Safely remove the wind tunnel model  

10.  Collect the data from the computer and fill out section 5.0  

 

5.0 Data and Results 

Table 5.0-1 Sample Data Table 

Velocity  Normal 

Force 

Pitching 

Moment  

Side Force Yawing 

Moment  

Rolling 

Moment  

Drag 

 

6.0 Evaluation 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

Look back at 2.0 and mention here Check “x” if yes 
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Test #14: GPS Test 
Fulfills Requirement(s): DR 5.3 

Planned Date of Experiment: 1/15/2017 

Actual Date of Experiment: 

1.0 Test Objective 

Requirement DR5.3 to be verified. To ensure the GPS systems perform properly. 

 

2.0 Success Criteria 

 Both systems still transmit properly when placed next to one another 

 Both transmitted coordinates received are similar to each other. 

 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Table 6.0-2 Test Variables 

Controlled Measured 

Proximity of the GPS units Accuracy of coordinates. 

Proper transmission. 

 

4.0 Test Plan 

4.1 Methodology 

Both units will be placed adjacent to one another and driven of the dashboard of a vehicle. The 

transmission quality ad well as coordinate accuracy data will be analyzed to ensure the systems do 

not affect each other during operation. 

 

4.2 Equipment 

 Computer 

 Vehicle 

 The GPS systems 

 

4.3 Procedures 

50. Power on and initialize the BRB900 GPS/transmitter, then power on the BRB900 

receiver.  

51. Ensure the BRB900 has a GPS lock by checking the receivers display. 

52. Power on the Trackimo and wait a few minutes for GPS lock. 

53. Verify the Trackimo has a GPS lock by verifying its status with the mobile app or 

Trackimo website. 

54. Place both systems adjacent to one another on the dash board of a vehicle. 

55. Start test by driving a route within one mile of the BRB900 system. 

56. Take coordinate data at an interval of once every minute. 

57. Once a minimum of 10 test points is taken, the test can be stopped and the vehicle 

recalled. 

58. On return, shut the BRB900 and Trackimo systems off. 
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59. Analyze the data collected between the two systems for accuracy. 

 

5.0 Data and Results 

 

6.0 Evaluation 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

Look back at 2.0 and mention her X 
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Test #15: Observation Subsystem Test 
Fulfills Requirement(s): DR5.2 

Planned Date of Experiment: 1/15/2017 

Actual Date of Experiment: TBD 

1.0 Test Objective 

Requirement DR5.2 to be verified. Tests that the observation subsystem is capable of capturing 

footage and that the camera angle is preferable for footage. 

2.0 Success Criteria 

 Clear video recorded 

 Video recorded for full duration 

3.0 Testing Variables: Controlled and Measured 

Controlled Measured 

NA Video 

 

4.0 Test Plan 

4.1 Methodology 

Observation subsystem will be tested prior to being put into the rocket by turning on the system 

and letting the camera record video for 20 minutes. Then the video will be extracted and watched 

to verify that the camera records video.  After, the observation subsystem will be placed into the 

rocket to verify the angle that the camera will be recording at and this video will be extracted and 

watched. 

4.2 Equipment 

 No external equipment is needed. Only the observation subsystem will be used. 

4.3 Procedures 

1. Attach Observation Subsystem to power source. 

2. Turn on Observation Subsystem 

3. Allow Observation to record 20 minutes of video 

4. Turn off Observation Subsystem  

5. Extract video and verify that it recorded video 

6. Insert Observation Subsystem into rocket 

7. Turn on Observation Subsystem 

8. Allow for 1 minute of recording 

9. Turn off Observation Subsystem 

10. Pull out of rocket and extract video 

11. Verify the camera angle is good. 

12. Adjust as needed and repeat steps 6-11 

 

5.0 Data and Results 

 

6.0 Evaluation 
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Test #16, 17: Arduino MEGA 2560 + 10DOF IMU Test + XBee 900HP Test 

(Key components of Data Collection System) 
Fulfills Requirement(s): DR5.1, DR5.5 

Planned Date of Experiment: 1/28 

1.0 Test Objective 

DR5.3: Arduino MEGA runs all components simultaneously 

DR5.4: Verify 10 DOF sensor output matches specifications within  5% 

 mdps= millidegrees per second 

 LSB = least significant bit 

 dps = degree per second 

 g = accel. due to gravity 

DR5.5: Verify XBee transmits data to ground station 

2.0 Success Criteria 

 MEGA outputs viable data at  10 samples per second 

 10 DOF acceleration/gyroscope data matches specifications within  5% 

 Data is received wirelessly at ground station 

3.0 Testing Variables: Controlled and Measured 

These are the controlled and measure variables of this experiment 

Controlled Measured 

Arduino Code Serial data output 

XBee-Arduino Wiring Serial data output at ground station 

Rotation table angular velocity Gyroscope data output 

Rotation table angular acceleration Acceleration data output 

 

4.0 Test Plan 

4.1 Methodology 

After circuit and code baseline functionality established, system will be attached to the rotation 

table at a measured radius. Data points will be taken at  

1) Constant angular velocities 

2) Changing angular velocities (angular acceleration) 

4.2 Equipment 

 Rate of Turn Table 

 Safety glasses 

 Functional Data Collection System (“DCS”) 

 Ground station with open serial port 

 

4.3 Procedures 

1) Verify rate of turn table is centered using central leveling bubble. Attach DCS to rate of 

turn table securely at a radius of 4in. 

Component Function Precision Measurement Range 

L3GD20H Gyroscope 8.75/17.50/70.00 mdps ±245/±500/±2000 dps (Selectable) 

LSM303 Accelerometer 1/2/4/12 mg/LSB ±2g/±4g/±8g/±16g (Selectable) 
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2) Boot up DCS and establish serial data reception at ground station. 

3) Power on rate of turn table, set angular velocity at 1 rad/s. Collect data for 30s. 

4) Increase table speed to 2 rad/s. Collect data for 30s. 

5) Increase table speed to 4 rad/s. Collect data for 30s. 

6) Increase table speed to 8 rad/s. Collect data for 30s. 

7) Increase table speed to 12 rad/s. Collect data for 30s. 

8) Decrease table speed to 6 rad/s. Collect data for 30s. 

9) Decrease table speed to 0 rad/s. Collect data for 30s. 

10) Reset DCS. Reattach DCS at radius of 6 in. Repeat procedure twice more, each time 

increasing the radius of attachment by 2in. 

 

5.0 Data and Results (TBD) 

Plot data with measured angular velocity and acceleration. Compare with theoretical values at each 

radius. 

Expected test date: 1/28/17 

 

6.0 Evaluation 

 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

MEGA outputs viable data at  10 samples per 

second 

TBD 

Data is received wirelessly at ground station 

 

TBD 

10 DOF acceleration/gyroscope data matches 

specifications within  5% 

TBD 
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Test #18: XBee Test Plan 
Fulfills Requirement(s): DR5.4 

Planned Date of Experiment: 1/15/2017 

Actual Date of Experiment: TBD 

1.0 Test Objective 

Requirement DR5.4 to be verified. Verify that the Xbee will be able to transmit data at max 

altitude. 

 

2.0 Success Criteria 

 The Xbee transmitting data at over 2 miles 

 

3.0 Testing Variables: Controlled and Measured 

Controlled Measured 

Distance of transmission Data Transmission 

 

4.0 Test Plan 

4.1 Methodology 

A 2 mile distance test for data transmission 

4.2 Equipment 

 Xbee  

 Data Control System 

 Ground Station 

4.3 Procedures 

60. Setup Ground Station at an area with 2-mile line of sight available 

61. Turn on DCS to turn on Xbee 

62. Verify that there is data transmission 

63. Walk 2 miles away from Ground Station 

64. Verify that there is data transmission from 2 miles away 

 

5.0 Data and Results 

 

6.0 Evaluation 

Table 6.0-1 Success Criteria Matrix 

Success Criteria Met? 

The Xbee transmitting data at over 2 miles 

 

 

 

 


