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1 Summary of Proposal 

1.1 Adult Educators/Advisers 

Dr. Francis Loth 

Title: F. Theodore Harrington Professor 

Dept/Program: Mechanical Engineering 

Office: ASEC 57N 

Phone: 330-972-6820 

Email: loth@uakron.edu 

 

 

 

Dr. Scott Sawyer 

Title: Associate Professor and Associate Chair for Undergraduate 

Programs 

Dept/Program: Mechanical Engineering 

Office: ASEC 110A 

Phone: 330-972-8543 

Email: ssawyer@uakron.edu 

 

1.2 Safety Officer  

 

Name: Matthew D. Wilson 

Title: Safety Officer 

Organization: Akronauts Rocket Design Team 

Phone: (330)-696-4938  

Email: mdw104@zips.uakron.edu 

 

1.3 Team President 

 

Name: Daniel T. Nicolino, Jr 

Title: President 

Organization: Akronauts Rocket Design Team 

Phone: (330)-703-1676  

Email: dtn5@zips.uakron.edu 

mailto:loth@uakron.edu
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1.4 Team Summary 

 

There will be approximately 20 or more individuals committed to this project. The team consists 

of seven officers dealing with administrative tasks of the team. The positions are as follows: 

President, Vice President, Project Manager, Chief Engineer, Treasurer, Public Relations 

Manager, and Safety Officer. The team also consists of system leads for the following systems: 

Aerostructure, Research and Development, and Recovery. Each system has at least three to 

five members. Some members have multiple duties on the team.  

 

I. Officers  

A. President: Daniel 

B. Vice President: Anna 

C. Project Manager: Joe 

D. Chief Engineer: Emery 

E. Treasurer: Dylan 

F. Public Relations Manager: Hannah 

G. Safety Officer: Matthew 

II. Mentors and Adult Educators  

A. Steve Eves 

B. Francis Loth 

C. Scott Sawyer 

III. System Leads 

A. Aerostructure: Cody 

B. Research and Development: Ben 

C. Recovery: Victoria 
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1.5 NAR/TRA Mentor 

Steve Eves 

Level 3 TRA 

Phone: 330-414-5131 

Email: fireside2001@aol.com 

2 Facilities/Equipment 

2.1 Main Facility, Equipment, and Hours of Accessibility 

The team’s lab is located in the Student Design Center on campus. It has 24 hour access and is 

the main area for assembling the rocket and storage. 

2.2 Available Facilities, Equipment, and Hours of Accessibility 

The Auburn Science and Engineering Center has a separate laboratory for using composite 

materials, epoxying, and power tools. There are also two machine shops located at The Auburn 

Science and Engineering Center. Both require students to receive training prior to using any 

machine. The first has advanced equipment and is open to all graduate students and design 

teams on campus. Appointments must be made to use any machine. The shop contains the 

following: 

 

● Manual Lathe 

● Manual Mill 

● CNC Lathe 

● CNC Mill 

● Band saw 

● Grinding Wheel 

● Table Saw 

● Router 

● Various hand tools 

 

The second machine shop is used for all undergraduate work. It contains the following: 

 

● Manual Lathe 

● Manual Mill 

● CNC Lathe 

● CNC Mill 

● Band saw 

● Drill Press 

● Grinding Wheel 

● Various Hand Tools 
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Both shops are opened on the following days and times: 

 

Monday-Friday 7:00am - 4:00pm 

 

The team also has access to: 

 

Five 3D Printers 

Foam CNC Router 

Subsonic Wind Tunnel 

 

All require appointments to use. 

2.3 Computers and Software 

All engineering students have access to computer labs depending on their major. Fortunately, 

the team has all engineering disciplines at the university represented on the team. Most labs are 

open from 6:00am - 11:00pm unless special permission is given for 24 hour access. Most 

computers have many relevant programs such as: 

 

● MATLAB 

● Solidworks 

● ANSYS 

● Abaqus 

● Creo 

● AutoCAD 

● COMSOL Multiphysics 

● Microsoft Visual Studio 

● pSpice 

● LabVIEW 

● Fluent 

● Simio 

● OpenRocket 

● CES EduPack 

● MasterCAM 

● Microsoft Office 

● Adobe 

2.4 Necessary Personnel 

Both machine shops require the shop managers to be on campus when in use. No member will 

use these machine shops by themselves. They must be accompanied by another trained 

member or the machine shop manager. 

 

A portion of the electronics from a previous project. 
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3 Safety 

3.1 Safety Plan 

 

Safety Officer Responsibilities 

The Safety Officer of the Akronauts Rocket Design Team is responsible for the overall health 

and safety of all team members as well as any onlookers or bystanders during hazardous 

activity. The Safety Officer is also responsible for the compliance of any laws or guidelines set 

forth by all applicable governing bodies, ie: NASA, FAA, NAR, TRA, etc. 

 

● Responsible for providing the team with a safety manual of all possible hazards, 
procedures, requirements, SDS sheets, operator manuals or applicable laws and 
regulations 

● Ensure and confirm all active team members have read and comply with all regulations 
set forth in the provided Akronauts Safety Manual 

● Brief all team members on the safety plans for applicable environments, materials, or 
actions before beginning work 

● Identify safety violations and take corrective action to prevent future violations 
● Oversee testing to ensure safety procedures are followed properly and any risks are 

mitigated 
● Implement a risk matrix for the severity and probability of occurrence for each possible 

hazardous event.  
● Enforce the proper use of PPE in fabrication, launch, test, and where otherwise required 
● Ensure compliance with all local, state, and federal laws 
● Ensure compliance with NASA, NAR, TRA, and FAA guidelines and regulations 
● Plan for the storage and transportation of all hazardous or energetic materials 

 

3.1.1 Hazard Analysis 

The hazards outlined in Table 17: Hazard Analysis are risks linked to all rocket development 

stages including using the labs and machine shop, stability and propulsion, recovery, and 

vehicle assembly. 

 

3.1.2 Launch Procedures 

A launch checklist outlining every step needed to be taken along with required materials for 

assembling the rocket will be used at the launch site. Every revision will be reviewed by the 

Safety Officer to ensure the safety of everyone involved. Prior to attending launch, all members 

must review this document. Pre-launch checklists will be used to reduce the chance of errors or 

a misfire from occurring. Once all pre-launch checklists have been completed they will be 

reviewed by the Safety Officer. Once approved, the final checklist will be started in order to 

launch the rocket. All checklists will include any hazard warnings for members to be aware and 

safe while assembling the rocket.  
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3.1.3 NAR/TRA Procedure Description 

NAR/TRA personnel are members of the team who have been certified to the level required to 
perform the following: 
 

● Responsible for purchasing, handling, storing, and assembly of all rocket motors. 
● Responsible for handling and wiring all ejection charge igniters. 
● Responsible for handling ejection charges and loading ejection charges. 
● Responsible for making sure team is adhering to NAR/TAR Safety regulations. 

 
Overall, the NAR/TAR personal will be in charge of ensuring that all safety precautions are 
taken into account.  The High Power Safety Code of the National Association of Rocketry (NAR) 
provides a summary of safe practices for launch high power rocketry from NFPA 1127. It is a 
requirement of both the NAR and TRA safety codes that NFPA 1127 is obeyed. 
 

3.1.3.1 NAR Safety Code/Compliance 

 

NAR Code Compliance 

Certification: I will only fly high power 

rockets or possess high power rocket 

motors that are within the scope of my user 

certification and required licensing. 

Only Steve Eves and certified team 

members are permitted to handle the 

rocket motors. 

Materials: I will use only lightweight 

materials such as paper, wood, rubber, 

plastic, fiberglass, or when necessary 

ductile metal, for the construction of my 

rocket. 

All parts of the rocket will be made 

according to this standard. Team leads 

and officers will approve every addition to 

the rocket. 

Motors: I will use only certified, 

commercially made rocket motors, and will 

not tamper with these motors or use them 

for any purposes except those 

recommended by the manufacturer. I will 

not allow smoking, open flames, or heat 

sources within 25 feet of these motors. 

Only certified motors will be purchased and 

motors will only be handled by TRA/NAR 

personnel. Motors will be stored properly. 

Ignition System: I will launch my rockets 

with an electrical launch system, and with 

electrical motor igniters that are installed in 

the motor only after my rocket is at the 

At launch, the Range Safety Officer will 

have say over all safety issues. The Team 

Safety Officer and Team President are 

responsible for ensuring the integration at 
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launch pad or in a designated prepping 

area. My launch system will have a safety 

interlock that is in series with the launch 

switch that is not installed until my rocket is 

ready for launch, and will use a launch 

switch that returns to the "off" position 

when released. The function of onboard 

energetics and firing circuits will be 

inhibited except when my rocket is in the 

launching position. 

the launch site is done following the TRA 

Safety Code. All launches will be at 

NAR/TRA certified events. 

Misfires: If my rocket does not launch 

when I press the button of my electrical 

launch system, I will remove the launcher's 

safety interlock or disconnect its battery, 

and will wait 60 seconds after the last 

launch attempt before allowing anyone to 

approach the rocket. 

This requirement will be followed and the 

Range Safety Officer will have final say on 

all misfires. 

Launch Safety: I will use a 5-second 

countdown before launch. I will ensure that 

a means is available to warn participants 

and spectators in the event of a problem. I 

will ensure that no person is closer to the 

launch pad than allowed by the 

accompanying Minimum Distance Table. 

When arming onboard energetics and 

firing circuits I will ensure that no person is 

at the pad except safety personnel and 

those required for arming and disarming 

operations. I will check the stability of my 

rocket before flight and will not fly it if it 

cannot be determined to be stable. When 

conducting a simultaneous launch of more 

than one high power rocket I will observe 

the additional requirements of NFPA 1127. 

This requirement will be followed and the 

Range Safety Officer will have final say on 

all Launch Safety. 

Flight Safety: I will not launch my rocket at 

targets, into clouds, near airplanes, nor on 

trajectories that take it directly over the 

heads of spectators or beyond the 

boundaries of the launch site, and will not 

put any flammable or explosive payload in 

my rocket. I will not launch my rockets if 

This requirement will be followed and the 

Range Safety Officer will have a final say 

on flight safety. 
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wind speeds exceed 20 miles per hour. I 

will comply with Federal Aviation 

Administration airspace regulations when 

flying, and will ensure that my rocket will 

not exceed any applicable altitude limit in 

effect at that launch site. 

Launch Site: I will launch my rocket 

outdoors, in an open area where trees, 

power lines, occupied buildings, and 

persons not involved in the launch do not 

present a hazard, and that is at least as 

large on its smallest dimension as one half 

of the maximum altitude to which rockets 

are allowed to be flown at that site or 1500 

feet, whichever is greater, or 1000 feet for 

rockets with a combined total impulse of 

less than 160 N-sec, a total liftoff weight of 

less than 1500 grams, and a maximum 

expected altitude of less than 610 meters 

(2000 feet). 

All team launches will be at NAR/TRA 

certified events. The Range Safety Officer 

will have the final say over any rocketry 

safety issues. 

 

 

Launcher Location: My launcher will be 

1500 feet from any occupied building or 

from any public highway on which traffic 

flow exceeds 10 vehicles per hour, not 

including traffic flow related to the launch. 

It will also be no closer than the 

appropriate Minimum Personnel Distance 

from the accompanying table from any 

boundary of the launch site. 

This requirement will be followed and the 

Range Safety Officer will have a final say 

on launcher location. 

Recovery System: I will use a recovery 

system such as a parachute in my rocket 

so that all parts of my rocket return safely 

and undamaged and can be flown again, 

and I will use only flame-resistant or 

fireproof recovery system wadding in my 

rocket. 

The Safety Officer and Team President will 

make sure that all designs adhere to this 

requirement. Range Safety Officer will 

have final say on the recovery system. 

Recovery Safety: I will not attempt to 

recover my rocket from power lines, tall 

trees, or other dangerous places, fly it 

under conditions where it is likely to 

The recovery team will be responsible for 

designing and building a safe recovery 

system for the rocket. A safety checklist 

will be used on launch day to ensure that 
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recover in spectator areas or outside the 

launch site, nor attempt to catch it as it 

approaches the ground. 

all steps in preparing and packing the 

recovery system are followed according to 

procedure.  

Table 1: NAR Safety Codes and Compliance 

3.1.4 Plan for hazard recognition and accident avoidance 

 

Veteran team members, officers, or leads will approve of any action, method, or equipment 

used by an inexperienced or new member before beginning work. Training sessions are to be 

held on fabrication techniques and any inexperienced members will work directly with those 

more experienced. Any use of the University of Akron machine shop will follow the additional 

university required safety training. If any safety risk is observed, efforts will be taken to mitigate 

the risk and the Safety Officer will be notified immediately to resolve the situation and educate 

the offending parties to prevent the incident from happening in the future. 

 

Any tools with a risk of shock, cut, or burn will not be used without Personal Protective 

Equipment (PPE) and a second, knowledgeable team member present at all times. Any 

explosives, black powder, igniters, or flammable substances are to be kept separate and 

isolated from ignition sources until ready for application under supervision of the Safety Officer 

and mentor. All igniters will remain shunted until they are ready for use. 

 

Pre-launch briefings will be conducted and include an overview of safety procedures and rules 

at the launch site. All members will be given a copy of the launch checklist to review prior to 

launch as well. 

 

3.1.5 Caution Statements in Plans, Procedures, and Documents 

 

Any member planning to use machinery and/or chemicals will have knowledge on how to use 

them. They will refer to safety guidelines within the appropriate Safety Data Sheets (SDS). A 

safety meeting will occur before construction, tests, and launches to ensure that every member 

is aware of the safety regulations. Should any member violate any rules, they will not be able to 

use the labs or go to launches until they have reviewed their violation with the Safety Officer. 

They must acknowledge that they will further comply with all rules before they are eligible again.  

 

The following is a list of chemicals/materials that may be used along with PPE needed when 
working with them. SDS sheets will be provided in all areas. 
 
Material: West System 105 Epoxy Hardener 
Uses: Forming composite materials and bonding surfaces together that will experience 
significant loads. 
PPE: The use of goggles, gloves, mask, and apron are needed. 
SDS: http://www.westsystem.com/ss/assets/MSDS/MSDS105.pdf 
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Material: West Systems 205 Epoxy Resin 
Uses: Mixed with 105 Epoxy Resin before application. The use of goggles, gloves, mask, and 
apron are needed. 
SDS: http://www.westsystem.com/ss/assets/MSDS/MSDS205.pdf 
 
Material: West Systems Colloidal Silica Filler 
Uses: Mixed with 105 Epoxy Resin before application to thicken for areas on rocket that may 
affect aerodynamics. 
PPE: The use of goggles, gloves, mask, and apron are needed. 
SDS: http://www.westsystem.com/ss/assets/MSDS/MSDS406.pdf 
 
Material: G5000 Rocketpoxy Hardener/Resin 
Uses: Used to bond surfaces that will experience the highest amount of loading. 
PPE: The use of goggles, gloves, mask, and apron are needed. 
Datasheet: http://www.glenmarc.com/datasheets/EPOXY/RP_G5000_DATASHEET.pdf 
 
Material: Hysol Loctite E-20HP 
Uses: Used for areas that are small and hard to reach when bonding parts of the rocket. 
PPE: The use of goggles, gloves, mask, and apron are needed. 
SDS: http://www.mcmaster.com/#1506100-ghs-29314-100915/=14dru1p 

 
Material: System 3300 High Temp Tooling Epoxy 
Uses: Used to bond fiberglass together when manufacturing body tubes and nose cones. 
PPE: The use of goggles, gloves, mask, and apron are needed. 
SDS: http://cdn.fibreglast.com/downloads/PDCT-MSDS-04125.pdf 
 
Material: FFFG Triple Seven Granular Black Powder 
Uses: Used to trigger CO2 ejection system. 
PPE: The use of gloves, aprons, and goggles are needed. 
SDS: https://www.hodgdon.com/PDF/MSDS%20Files/Muzzleloading/Triple%20Seven%20SDS%20Sheet-2013.pdf 
 

3.1.6 Compliance with Federal, State, and Local Laws 

 

3.1.6.1 Federal Aviation Regulations 

Any vehicle launched will be launched on a suborbital trajectory and shall not cross into any 

other country other than the United States. It will be unmanned and not pose a threat to 

persons, property, or other aircraft. Any additional operating limitations specified by the FAA will 

be observed. No vehicles will be launched in an area where clouds or other obstructions block 

more than five tenths of the sky, or where horizontal visibility is less than five miles. The rocket 

will be launched between sunrise and sunset and not into any clouds. No airport boundary will 

exist around a 5 nautical mile radius around the launch site. 

 

The launch will not take place should any person unrelated with the operations exist within one-

quarter of the maximum expected altitude. A person that is at least over the age of eighteen will 
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be charged with ensuring the safety of the operation and also give the final approval for launch 

initiation. Precautions to report and control a fire caused by rocket activities will be prepared in 

the case of the event. 

 

At least a 45-day notice will be given to the FAA ATC Facility nearest to the launch location prior 

to the operation. The event launch coordinator shall be in contact with the FAA and inform them 

of the date, time, location, duration, and the highest affect altitude of the event. The estimated 

number of rockets, along with their propulsion and recovery systems will also be communicated 

to the FAA. A description of the launch platform, as well as the launch site coordinates will be 

provided as well. Additional safety procedures that are in place for the specific launch shall also 

be submitted to the FAA. Any other information requested by the ATF facility pertaining to the 

launch shall be submitted to them in a timely manner. 
[Doc. No. FAA-2007-27390, 73 FR 73781, Dec. 4, 2008, as amended at Doc. No. FAA-2007-27390, 74 FR 31843, 

July 6, 2009] 

 

 

3.1.6.2 Explosives and Fire Prevention 

No person who is not licensed will knowingly transport or receive any explosive materials. All 

explosive materials, regardless of the location of their manufactory, will be identified. These 

materials shall contain the name of the manufacturer, the location, date, and shift of the 

manufacture in English. If black powder is used, the total weight is not to exceed fifty pounds. All 

explosives to be used for the rocket launch or testing purposes will be stored in accordance with 

the laws regarding low explosive materials, by the U.S. Department of Transportation 

regulations at 49 CFR 172.101. 

  

3.1.7 Safety Code Regarding High Power Rocket Motors 

 

3.1.7.1 Motors and Ignition 

Only high power rockets with motors within the scope of user certification and proper licensor 

will be flown. The motors will be certified, commercially made motors which shall not be 

tampered with or used for any other purpose other than they were intended for, according to the 

manufacturer’s directions. No heat sources, including sparks, open flames, or smoke will come 

within a twenty-five-foot radius of these motors. The launch system will contain a safety feature 

where the launch switch will not be active until the rocket is to be launched and immediately 

comes back to an inactive state when released. Any onboard ignition systems will also contain 

safety interlocks that prohibit ignition until the vehicle is on the launch pad. The launch system 

itself will consist of electrical motor igniters that will be placed in the rocket motor at a 

designated preparatory site, or on the launch site. 
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3.1.7.2 Materials and Construction 

Lightweight materials will be used for the construction of the rocket. The rocket will not weigh 

more at liftoff than one-third of the certified average thrust of the high power rocket motor(s) 

intended to be ignited at launch. 

 

The parachute(s) in the rocket will be intended for all parts of the rocket to return to the ground 

safely, without damage, with the intent to fly it again. The recovery system will use only flame-

resistant or fireproof material. 

 

The launch pad system will provide a stable structure which shall guide the rocket, ensuring a 

sound flight. The guide rails will not exceed a 20-degree angle from the vertical, and will be of 

sufficient length for a stable flight, even if the wind speed exceeds 5 miles per hour. 

 

3.1.7.3 Flight Safety                                                                                                                      

The launch location will be in an open area, complying with the previous listed regulations 

obtained from the Federal Aviation Regulations 14 CFR, Subchapter F, Part 101, Subpart C; 

Amateur Rockets. The motor’s exhaust will be prevented from hitting the ground by a blast 

deflector. If using a titanium sponge in the propellant, the minimum distance of dry grass cleared 

from the launch pad will be increased by a factor of 1.5 (See Figure 1.). Should the winds reach 

speeds over 20 miles per hour, the rocket will not be launched. 

 

At least a 5-second countdown will occur before the launch of the rocket. Prior to the launch, the 

stability of the rocket will be inspected and confirmed. All persons shall be outside the minimum 

distance table from the launch pad. Should the rocket fail to launch upon connection of the 

intended launch circuit, the battery or safety feature will be removed and a period of 60 seconds 

shall pass until any person is permitted near the rocket.  

Project Daedalus reached an altitude of 10,300 feet. 
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Table 2: Displays the minimum distance from launch site required for personnel and cleared agriculture, according to 

motor type. [NFPA 1127 "Code for High Power Rocket Motors."] 

 

3.1.7 Purchase, Storage, Transport, and Use of Rocket Motors and 

Energetic Devices 

Only motors certified by the National Association of Rocketry or the Tripoli Rocketry Association 

will be purchased. The active ingredient in high power rocket motors is solid Ammonium 

Perchlorate Composite Propellant (APCP).  

 

3.1.7.1 Storage and Handling 

Motors will remain disassembled and in original packaging until immediately prior to launch. 

Motors will also be stored at a temperature between 45 degrees Fahrenheit and 100 degrees 

Fahrenheit and away from external sources of flame or heat. Igniters will be stored separate 

from the motor.  
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All purchases, storage, transportation, and use of rocket motors and energetic devices will be 

done by the proper NAR/TRA personnel. Motors casings and reloads will be purchased and 

handled by Team Mentor, Steve Eves who is a level 3 certified member by TRA. The rocket 

engines will be stored in the rocket design room at The University of Akron, where they will be 

kept in suitable conditions. All ejection charges will be properly stored in the rocket design room 

as well. 

3.1.7.2 Transportation  

In the United States, APCP is excluded from the Department of Alcohol, Firearms, and 

Tobacco’s list of explosive materials. Therefore, it will be shipped to a designated location so it 

is there upon the team’s arrival prior to launch, or transported by car. During transport, extra 

precaution will be taken to ensure hazardous materials are kept away from sources of flame or 

heat. Since the fuel is not being used for commercial purposes, no special permits or licenses 

will be required. 

3.1.7.3 Use of High Power Motors  

A high power motor will not be used in a rocket without prior simulation of the flight using that 

motor. Only NAR/TRA members are allowed to handle motors. Only the motors which the team 

NAR/TRA members are certified to handle will be used.  

 

Preventing desert sand from entering the motor. 
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3.1.9 Written safety statement 
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4 Technical Design 

4.1 Vehicle Dimensions 

The launch vehicle was designed based on previous competition experience as well as the 

requirements outlined in the 2017 NASA Student Launch Handbook. In summer of 2016, the 

team successfully launched a 12 ft tall rocket 10,300 feet using fiberglass body, nosecone, and 

fins. The target altitude was 10,000 feet. OpenRocket was used as the primary simulation 

software which has proven to be quite accurate, therefore it is the simulation software of choice. 

The proposed rocket for the 2017 NASA Student Launch competition can be seen in figure 1. 

  

 

 

 

 

Figure 1: General dimensions and layout of 2017 NASA Student Launch competition proposal 
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Total length of the proposed 2017 NASA Student launch rocket is roughly 110 inches (9 ft. 2 

in.). Below in Table 3, the length designated for each system within the rocket is show.  

  

2017 NASA SL Proposed Rocket Length Designation 

Nosecone 25 in. 

Main Chute 24 in. 

Avionics Bay 1 6 in. 

Payload (Fragile Material Protection) 12 in. 

Avionics Bay 2 6 in. 

Drogue Chute 12 in. 

Engine Bay 24 in. 

Fins x 3 Root Chord = 12in. 

Tip Chord = 4 in. 

Height = 4 in. 

Sweep =8 in. 

Table 3: Vehicle length approximations. 

Internal bulkheads are ½ inch thick, made from fiberglass, ABS, and Aluminum. 

 

Thickness of the rocket’s body tube is 1/16 inch, instead of 1/8 inch thick body tube that was 

used for the 2016 design. The 1/8 inch thick body tube was too heavy, and better performance 

will be achieved with a 1/16 inch. Outer diameter of this rocket engine is 2.95 in. 

 

Once the general dimensions and layout of the rocket were decided, the general weights 

designated for each rocket system was determined and which can be seen in the table below:  

 

2017 NASA SL Proposed Rocket Weight Designation 

Nose Cone 5 lb 

Main Chute 4 lb 

Avionics Bay 1 (including bulkheads) 1 ¾ lb 

Payload (Fragile Material Protection) 5 lb 

Avionics Bay 2 (including bulkheads) 1 ¾ lb 

Drogue Chute 2 lb 
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Engine Bay 14 lb 

Fins x 3 1 lb 

Misc. 1.3 lb 

Table 4: Vehicle section weight approximations. 

  

 

These weight estimations were based on the requirements designated in the 2017 NASA SL 

Handbook and from the expected dimensions of the rocket. A 20% tolerance was incorporated 

into this estimate to account for any future changes in the design.  

4.2 Material Selection and Justification 

The rocket will be subjected to extreme forces during lift off and flight. In order to achieve a 

stable, successful launch these forces during flight need to be addressed to determine the type 

of material for the rocket’s construction. Three major contenders were considered for the 

material selection. These materials were fiberglass, carbon fiber, and Aluminum. Immediately, 

Aluminum was determined unsuitable due to the fact that the rocket must be 100% constructed 

by students. The other two materials, fiberglass and carbon fiber, both have their positives and 

negatives. Below is a table comparing pros and cons of carbon fiber and fiberglass relative to 

each other. 

 

Material Pros Cons 

Carbon Fiber - Tensile strength 600 ksi 

- Extremely Rigid 

- Efficiently reflects heat 

- High density 

- Expensive 

- Conductive 

- fracture/shatter if broken 

Fiberglass - Tensile strength 300 ksi 

- Inexpensive 

- Low heat & pressure to 

mold 

- Flexible 

- Not conductive 

- Will deform & crack if 

broken 

- Low density 

- Heavy 

Table 5: Material Pros and Cons 

  

 

 



19 

The University of Akron Project Zaphod 

Comparing the two materials, it is evident carbon fiber supersedes the necessary requirements 

for the rocket’s construction. Both materials have high tensile strength and are rigid enough to 

handle the extreme forces the rocket will have to withstand in flight, with price and properties in 

mind, the final decision was to move forward with fiberglass.  

 

4.3 Projected Altitude 

The projected altitude was calculated using the simulation software OpenRocket. General 

dimensions, weight designations, and atmospheric data of where the rocket will be launching 

(Huntsville, Alabama) was put into the software where multiple simulations were performed. The 

most accurate simulation launched the rocket to an altitude of 5269 ft. As seen in Figure 2, the 

rocket is well above the minimum launch velocity of 52 ft/s and the minimum static stability 

margin of 2.0 required by the competition.  

 

 
Figure 2: Simulation Data using OpenRocket 

 

Once the building phase is initiated, the general dimensions may be adjusted as well as the 

weight designations. This data will then be changed in OpenRocket in the attempt to reach 5280 

feet as required by the competition. 

4.4 Parachute System Design 

The launch vehicle will use dual deployment as its recovery system. At apogee (5,280 

ft), a drogue parachute will be deployed from the mid-section of the rocket to slow the 

descent of the vehicle. At an altitude that is safe for main parachute deployment (800 ft), 

the main parachute will be deployed from the nose cone. Dual deployment will minimize 

the potential of excess drift to ensure a safe and easy recovery. 

Both the main and drogue parachutes will be connected to their own independent 

bulkheads that are fastened to the launch vehicle. Eyebolts will be used as fasteners for 

each parachute in order to maintain a firm connection to their respective bulkheads. 

The gores of both parachutes as well as their shock cords will be made of ripstop nylon. 

The material will be purchased from vendors, then assembled into two separate 

parachutes. This method has been immensely successful at previous team launches. 

The Recovery system will follow a strict sequence of events. Refer to Table 6 for the 

sequence of events and the altitudes at which they will occur. 
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Sequence Event Altitude 

1 Drogue Deployment 5,280 ft 

2 Main Deployment 800 ft 

Table 6: Recovery System Event list 

4.5 Projected Motor Brand and Designation 

A Pro 75-3g 3757L800-P High-Power Reloadable Rocket Motor System from Cesaroni 

Technologies was calculated to be used for the proposed rocket. The team has had success in 

the past using motors from Cesaroni Technologies so it was decided to remain with the same 

motor manufacture as in the past. The thrust curve for the Pro 75-3g motor can be seen in 

Figure 3 below: 

 

 
Figure 3: Thrust curve for the Pro 75-3g 3757L800-P Rocket Motor System 

 

Using OpenRocket, a 3 grain motor was determined to be adequate in launching the proposed 

rocket as close as possible to the 5280 ft. required for this competition.  

 

 

 



21 

The University of Akron Project Zaphod 

4.6 Requirements for Vehicle, Recovery System, and Payload 

Vehicle Requirement Solution 

The vehicle shall deliver the science or 
engineering payload to an apogee altitude of 
5,280 feet above ground level (AGL). 

Document all parts of launch vehicle for 
center of gravity calculations. Use values with 
hand calculations and OpenRocket for 
accurate simulations. Verify with test flights. 

The vehicle shall carry one commercially 
available, barometric altimeter for recording 
the official altitude. 

Launch vehicle will contain at least 2 
commercial barometric altimeters for 
redundancy. 

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. 

Electronic systems will be able to turn on/off 
separately. 

All recovery electronics shall be powered by 
commercially available batteries. 

Launch vehicle will contain commercial 
batteries for powering all electronic systems 

The launch vehicle shall be designed to be 
recoverable and reusable. 

Use of trackers to aid in launch vehicle finding 
during flight and landing. Parachutes will be 
designed to allow a safe landing with only 
damage that allows for the launch vehicle to 
be reused with no modification. 

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

The launch vehicle will comprise of three 
independent sections: nose cone, payload 
section, booster section. All of which will be 
tethered together. 

The launch vehicle shall be limited to a single 
stage. 

Launch vehicle motor selection will allow for 
target altitude to be reached with only one 
stage. 

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

A launch procedure checklist will be created 
and practiced to insure that the launch vehicle 
setup can be completed within the required 
time. 

The launch vehicle shall be capable of 
remaining in launch-ready configuration at the 
pad for a minimum of one hour without losing 
the functionality of any critical on-board 
component. 

All batteries/power supplies will be selected to 
allow for successful powering of all electronic 
systems for an extended period. 

The launch vehicle shall be capable of being 
launched by a standard 12 volt direct current 
firing system. 

Launch vehicle will use commercial igniters 
provided by Cesaroni. 
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The launch vehicle shall require no external 
circuitry or special ground support equipment 
to initiate launch. 

Launch vehicle will be designed to not require 
external circuitry or special ground support 
equipment to initiate launch. 

The launch vehicle shall use a commercially 
available solid motor propulsion system using 
ammonium perchlorate composite propellant 
(APCP) which is approved and certified by 
the National Association of Rocketry (NAR), 
Tripoli Rocketry Association (TRA), and/or the 
Canadian Association of Rocketry (CAR). 

Launch vehicle will use a Cesaroni Pro 75 
three grain L800-P Motor 

Pressure vessels on the vehicle shall be 
approved by the RSO 

Pressure vessel will be designed and 
documented for approval by the RSO. 

The minimum factor of safety (Burst or 
Ultimate pressure versus Max Expected 
Operating Pressure) for pressure vessels on 
the vehicle shall be 4:1 with supporting 
design documentation included in all 
milestone reviews. 

Hand calculations will be verified by testing to 
ensure the minimum factor of safety is 4:1. All 
data will be documented. 

The pressure vessel low-cycle fatigue life 
shall be a minimum of 4:1. 

Hand calculations will verified by testing to 
ensure the low-cycle fatigue life shall be a 
minimum of 4:1. 

Each pressure vessel shall include a solenoid 
pressure relief valve that sees the full 
pressure of the tank. 

A solenoid pressure relief valve will see the 
full pressure of the tank. This will be verified 
by hand calculations and testing. 

Full pedigree of the tank shall be described, 
including the application for which the tank 
was designed, and the history of the tank, 
including the number of pressure cycles put 
on the tank, by whom, and when. 

All analysis and testing will be documented. 

The total impulse provided by a Middle and/or 
High School launch vehicle shall not exceed 
5,120 Newton-seconds (L-class). 

Requirement is not for university launch 
vehicles. However, in interest for NASA to 
know total impulse, launch vehicle will use 
Cesaroni Pro 75 3 grain L800-P Motor with 
total impulse of 3,757 Ns. 

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

Launch vehicle static stability margins will be 
verified with hand calculations and 
OpenRocket.. 

The launch vehicle shall accelerate to a 
minimum velocity of 52 fps at rail exit. 

Launch vehicle minimum rail exit velocity will 
be designed using hand calculations and 
OpenRocket. It will then be verified using test 
flight data. 
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All teams shall successfully launch and 
recover a subscale model of their rocket prior 
to CDR. 

The team will design a 1:2 scaled model of 
the full scale launch vehicle for verification of 
stability and integration of systems. 

All teams shall successfully launch and 
recover their full-scale rocket prior to FRR in 
its final flight configuration. 

The test flight for the full-scale launch vehicle 
will have all final flight configuration systems, 
payload, and motor. 

The vehicle and recovery system shall have 
functioned as designed during the full-scale 
test flight. 

Launch vehicle data captured during flight will 
be compared with design criteria to verify it 
has functioned nominally. 

If the payload is not flown during the full-scale 
test flight, mass simulators shall be used to 
simulate the payload mass. The mass 
simulators shall be located in the same 
approximate location on the rocket as the 
missing payload mass. 

Payload Bay will designed to accommodate 
mass simulators for full-scale test flight if 
team determines to not fly the payload. 

If the payload changes the external surfaces 
of the rocket (such as with camera housings 
or external probes) or manages the total 
energy of the vehicle, those systems shall be 
active during the full-scale demonstration 
flight. 

The current design of the launch vehicle does 
not have the payload changing the external 
surfaces of the rocket or managing the total 
energy of the vehicle. However, if the design 
changes it will be active during the full-scale 
demonstration flight. 

If the full-scale motor is not flown during the 
full-scale flight, it is desired that the motor 
simulate, as closely as possible, the predicted 
maximum velocity and maximum acceleration 
of the launch day flight. 

The launch vehicle will use the exact motor 
that will be flown on the launch day flight for 
the full-scale test flight. 

The vehicle shall be flown in its fully ballasted 
configuration during the full-scale test flight. 

The launch vehicle will be flown with all 
components that will be present during the 
launch day flight for the full-scale test flight. 

After successfully completing the full-scale 
demonstration flight, the launch vehicle or any 
of its components shall not be modified 
without the concurrence of the NASA Range 
Safety Officer (RSO). 

The launch vehicle will designed and tested 
to not need any modifications after the full-
scale test flight. If any modifications are 
needed, NASA and the RSO will be notified 
for approval. 

Full scale flights must be completed by the 
start of FRRs (March 6th, 2016). 

The team will use system’s engineering 
principles to ensure all milestone are met in a 
timely manner. 

Any structural protuberance on the rocket 
shall be located aft of the burnout center of 
gravity. 

The rocket will be designed that any 
protuberance will be located aft of the burnout 
center of gravity. The burnout center of 
gravity will be verified using hand calculations 
and OpenRocket. 
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The launch vehicle shall not utilize forward 
canards. 

Forward canards are not incorporated into the 
launch vehicle design. 

The launch vehicle shall not utilize forward 
firing motors. 

Forward firing motors are not incorporated 
into the launch vehicle design. 

The launch vehicle shall not utilize motors 
that expel titanium sponges (Sparky, 
Skidmark, MetalStorm, etc.) 

The selected motor will not expel titanium 
sponges. 

The launch vehicle shall not utilize hybrid 
motors. 

A hybrid motor is not incorporated into the 
launch vehicle design. 

The launch vehicle shall not utilize a cluster of 
motors. 

Cluster motor are not incorporated into the 
launch vehicle design 

The launch vehicle shall not utilize friction 
fitting for motors. 

The motor will be mechanically attached to 
the launch vehicle and center using an inner 
tube and centering rings. 

The launch vehicle shall not exceed Mach 1 
at any point during flight. 

The launch vehicle design and motor 
selection will not allow the speed of Mach 1 to 
be obtained. 

Vehicle ballast shall not exceed 10% of the 
total weight of the rocket. 

Launch vehicle will be designed to minimize 
the use of ballasts to under 10% of the total 
weight of the rocket. Instead, focusing on 
other structural members to increase weight. 

Table 7: Vehicle Requirements 

Recovery System Requirements Solutions 

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. 

The launch vehicle will use redundant 
Stratologgers which are capable of dual 
deployment. Both parachutes will be located 
in different compartments of the rocket. 

Each team must perform a successful ground 
ejection test for both the drogue and main 
parachutes prior to both the initial subscale 
and full scale launches. 

Team will ejection test the launch vehicle in 
flight configuration, without motor, prior to 
both initial subscale and full-scale launches. 
All tests will be documented. 

At landing, each independent sections of the 
launch vehicle shall have a maximum kinetic 
energy of 75 ft-lbf. 

Parachutes will be designed such that all 
independent sections of the launch vehicle 
have a maximum kinetic energy of 75 ft-lbf. 

The recovery system electrical circuits shall 
be completely independent of any payload 
electrical circuits. 

No recovery system will be combined with the 
payload electrical circuit. 
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The recovery system shall contain redundant, 
commercially available altimeters. 

Two Stratologger altimeters will be used as 
redundant recovery systems. 

Motor ejection is not a permissible form of 
primary or secondary deployment. 

Motor will be mechanically fastened to the 
launch vehicle and unable to move for 
duration of flight. 

Each altimeter shall be armed by a dedicated 
arming switch that is accessible from the 
exterior of the rocket airframe when the 
rocket is in the launch configuration on the 
launch pad. 

Both Stratologgers will utilize Two arming 
switches each. The first arming switch will be 
used to power on the Stratologger, and once 
the device has completed its boot sequence, 
the second arming switch connects the 
igniters to the Stratologger. All arming 
switches will be located on the exterior at a 
height that is accessible from a person 
standing on the ground. 

Each altimeter shall have a dedicated power 
supply. 

Each Stratologger will have its own power 
supply that will be shunted until armed. 

Each arming switch shall be capable of being 
locked in the ON position for launch. 

The arming switches will require a key to 
rotate to locked ON/OFF positions. 

Removable shear pins shall be used for both 
the main parachute compartment and the 
drogue parachute compartment. 

The design will utilize removable shear pins 
to allow for proper pressurization of parachute 
compartments before ejection. 

An electronic tracking device shall be 
installed in the launch vehicle and shall 
transmit the position of the tethered vehicle or 
any independent section to a ground receiver. 

GPS and radio beacons will be installed in 
launch vehicle and will be transmitted back to 
a ground receiver to allow for position 
tracking. 

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

The current design does not have any 
section, or payload component, that is 
untethered from the launch vehicle. If the 
design changes NASA and the RSO will be 
notified and the requirement will be met. 

The electronic tracking device shall be fully 
functional during the official flight on launch 
day. 

A launch procedure will be utilized to check 
that all systems are fully functional. 

The recovery system electronics shall not be 
adversely affected by any other on-board 
electronic devices during flight (from launch 
until landing). 

The recovery system electronics is located 
within the launch vehicle such that any other 
on-board electronic devices do not adversely 
affect them. 

The recovery system altimeters shall be 
physically located in a separate compartment 
within the vehicle from any other radio 
frequency transmitting device and/or 

Any radio frequency transmitting device 
and/or magnetic producing device are located 
in separate compartment(s) from the recovery 
system altimeters. 
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magnetic wave producing device. 

The recovery system electronics shall be 
shielded from all onboard transmitting 
devices, to avoid inadvertent excitation of the 
recovery system electronics. 

The recovery system electronics are shielded 
from all on-board transmitting devices.  

The recovery system electronics shall be 
shielded from all onboard devices which may 
generate magnetic waves (such as 
generators, solenoid valves, and Tesla coils) 
to avoid inadvertent excitation of the recovery 
system.  

The recovery system will be shielded from all 
on-board devices which may generate 
magnetic waves if they are included in 
design. 

The recovery system electronics shall be 
shielded from any other onboard devices 
which may adversely affect the proper 
operation of the recovery system electronics. 

The recovery system is shielded from any 
other on-board devices that may adversely 
affect them. 

Table 8: Requirements for Recovery System 

Experiment Requirements Solutions 

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

The team has chosen experiment #3: Fragile 
Material Protection. 

If the team chooses to fly additional 
experiments, they shall provide the 
appropriate documentation in all design 
reports so experiments may be reviewed for 
flight safety. 

The current design does not incorporate any 
additional experiments. If any experiments 
are added, appropriate documentation will be 
in all design reports. 

Teams shall design a container capable of 
protecting an object of an unknown material 
and of unknown size and shape. 

The team has designed a container that is 
capable of protecting the object using 
airbags, impact gel, and a spring damper 
system. 

The object(s) shall survive throughout the 
entirety of the flight. 

The object will housed within a container that 
will protect the object from all forces in every 
direction. 

Teams may not add supplemental material to 
the protection system after receiving the 
object(s). Once the object(s) have been 
provided, they must be sealed within their 
container until after launch. 

The container is designed to expand around 
the object after it is inserted. The container 
will be able to be locked and will remain 
locked until after launch. 

The provided object can be any size and 
shape, but will be able to fit inside an 
imaginary cylinder 3.5” in diameter, and 6” in 
height. 

The container is designed to accommodate 
any size and shape object to fit inside. 

Table 9: Experiment Requirements 



27 

The University of Akron Project Zaphod 

4.7 Major technical challenges and solutions 

Launch Vehicle Challenge Solution 

Maintaining launch vehicle/payload statement 
of work while reducing total weight. 

The use of composites and structural 
reinforcements will aid in reducing total 
material used for similar strength and 
function. 

Aligning Fins Properly Design fin alignment jig to hold fins at correct 
position for attachment to rocket. 

Accessibility of Compartments Compartments will have connection points to 
allow for easy access and removal from 
rocket. 

Nose Cone Fabrication Seek guidance from mentor, and outside 
companies, on proper techniques to creating 
a nose cone. 

Table 10: Launch Vehicle Challenges 

Recovery System Challenge Solution 

Shielding recovery system from solenoid 
pressure relief valve 

Incorporate solenoid pressure relief valve into 
container and shield use spring/damper 
system as shield. 

Table 11: Recovery System Challenges 

Experiment Challenge Solution 

Recognizing correct pressure for airbags 
without breaking object while still restricting 
motion of object. 

Use pressure transducers and microcontroller 
to recognize any deviation from normal 
pressure curves documented from testing. 

Protecting airbags against sharp objects Use Kevlar or CORDURA ballistic material as 
airbag material 

Regulating pressure during flight Microcontroller will determine when to add or 
take air out of the airbags to accommodate 
for atmospheric pressure differentials during 
flight. 

Designing for low-cycle fatigue life and 
minimum factor of safety due to irregular 
shapes of airbags 

Use iterative approach of for calculating and 
testing until requirements are met. 

Table 12: Experiment Challenges 
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4.8 Projected Payload Design 

The experiment that is under consideration is the fragile material protection device. The concept 
design that was developed is a cylindrical cargo capsule with an overall inner diameter larger 
than 3.5 inches and an overall inner height greater than six inches, see Figure 4, Figure 5, 
Figure 6, Figure 7. The cargo capsule will have an opening into which the object(s) can be 
placed. The opening will either be sealed by a latch, threaded cap, or bolted down. Lining the 
walls of the cylinder’s internal cavity is a series of airbags, each airbag is padded with either a 
gel-type material or a foam. The airbags will inflate and hold any object(s) in place, isolating the 
object(s) from the harsh vibrations that it would otherwise be exposed to. The outer surface of 
the cargo capsule will be lined with a foam skin that fits easily into the rocket body, helping to 
prevent any lateral forces. To further protect the object from the impulses of the rocket during 
launch a simple spring-damper system will be attached to each side of the cargo capsule, 
shielding the fragile object from any forces that may compromise it.  
 

The airbags that will grasp the object(s) will be made out of a 
material that has some elasticity to it, possibly a Nylon-like material. 
Kevlar has also been in consideration, because it is less likely to get 
punctured by any sharp objects. The air (or other fluid) inside the 
airbag will be introduced through an electronic control system, that 
will regulate the pressure inside the airbags. The fluid that is entered 
into the system will come from a pressurized vessel that meets the 
requirement outlined in section 1.12 of the NASA Student Launch 
Handbook, and is likely to be controlled by a solenoid valve. This 
solenoid would create a magnetic field that would need to be 
insulated/ redirected from the other components of the payload. This 
can be done by encasing either the valve system or having the 
canister itself made from a ferromagnetic metal, likely stainless 
steel. The regulation of the fluid is important because too much 
would burst the airbag system, leaving the objects unprotected, and 
too little would not properly secure the object. 

 
An electronic pressure regulation system has been considered, and will likely be the method of 
choice. There will be a gage pressure transducer that will continuously sense the internal 
pressure of the airbags relative to the atmospheric pressure and provide an output as either a 
digital or analog signal. The reading will be passed along to a microcontroller which will 
implement a control system for stabilizing the internal pressure of the airbags. The 
microcontroller will provide a control signal to the pressure regulator that will vary based on 
feedback from the pressure transducer. A method 
for controlling the pressure regulator may be by 
providing a varying current. The microcontroller will 
accomplish this by generating a pulse width 
modulation (PWM) signal that will be passed 
through a low pass filter. This filter will convert the 
PWM signal into a DC voltage. Incrementing and 
decrementing the PWM frequency will vary the 
voltage, which will result in the current varying as 
well.  
 
Additionally, the microcontroller will implement a 
wireless communication protocol so that it can 

A previous payload experiment created a 3D terrain 
map by photographing the descent. 
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communicate with the ground station. The wireless module will receive commands from the 
microcontroller and pass them to another wireless module at the ground station. The ground 
station will also be able to send commands to the wireless module in the payload. The whole 
pressure regulation system will be powered using direct current (DC) voltage. The system is 
outlined in Figure 4 below. 
 

 
Figure 4: Airbag Control System Block Diagram 

 
Assisting the airbag suspension is a linear spring-damper system that will be used to further 
isolate the object(s) from vibrations and impulses. During launch, intense g-forces will be 
induced on the object(s) as the rocket takes off, which needs to be addressed. By having a 
spring and a damper on each end of the cylindrical capsule, the objects should be well isolated 
from the high impulses that may affect the object(s) during the launch or the deployment of the 
recovery system. The springs will store energy by absorbing the kinetic energy produced by the 
capsule moving. When the spring releases the energy, by compressing or decompressing, the 
viscous damper will absorb it, thus isolating the system from the impulses. The systems 
orientation and general layout can be seen below in Figure 5. 
 
The airbags that line the inside of the capsule will be adhered to the inner wall, using a 
compatible glue. The pneumatic or hydraulic lines that connect to the bags and the electronic 
regulation system will be made out of a flexible polyvinyl chloride (PVC) tubing. The tubes will 
be attached to these components with a tube clamp. The electronic pressure regulation system 
will be housed inside a compartment inside the top of the capsule, separated from the cargo 
area by a bulkhead, to which the printed circuit board (PCB) will be fastened to by machine 
screws. The electronic components will be soldered to the PCB using a lead free solder.  
 
The capsule will be secured by bolts between the two spring-damper systems on each end of it. 
The spring-damper systems will be bolted to two bulkheads that are located on each end of the 
payload cavity inside the rocket body. The springs will be seated securely over the damper 
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cylinders. O-rings will provide a radial seal between the piston and the orifice end plates. The 
cylinders and end plates will also be radially sealed using O-rings on each end. The end plates 
will be fastened to the cylinder with screws or bolts. The viscous fluid will be filled into the 
cylinder through a threaded plug.  
 

 
Figure 5: Potential Payload Design Isometric View 

 
Figure 6: Potential Payload Design Front View (Open Hatch) 
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Figure 7: Potential Payload Design Front View (Closed Hatch) 

Figure 8: Potential Payload Design Cross-Section 
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5 Educational Outreach 
 

Educational Engagement Curriculum and Outreach 

 

Over the next year, the Akronauts anticipate engaging the local community in a variety of STEM 

activities. The Akronauts members are passionate about instilling a love for science in the minds 

of young people. As a team, members have regularly participated in community outreach event 

to local inner city schools, hosting design competitions for the students to foster STEM 

education within the school. Schools that the Akronauts have visited include North Middle 

School, St. Vincent-St. Mary’s High School, and Washington Park Community Elementary 

School.  

 

The current educational outreach plan includes programming with students ranging from first 

grade to college.  

 

National Inventors Hall of Fame STEM Middle School 

 

This year, the Akronauts are partnering with NIHF STEM middle school, where 5th graders will 

be building rockets. Team members will demonstrate the concepts of physics, more specifically, 

how forces and motion in flight affect rockets. Members will also engage the students in specific 

fields of engineering, by providing them with technical challenges in mechanical, electrical, and 

chemical engineering that are relevant to rocket technology. Specific aspects of the team’s high 

powered rocket will be presented to the students over the course of five class periods. 

Questions intended to lead to critical thinking will be 

posed to the students. The school itself will provide 

the necessary funding for materials to carry out 

education on rocketry.  

 

In evaluating the educational engagement activities, 

a case study shall be completed, detailing the 

Akronauts time with the 5th grade students from the 

National Inventors Hall of Fame STEM Middle 

School. The Akronauts will visit the school a 

minimum of five times and present material in 

conjunction with the forces and motion unit that the 

students will be studying.  

 

Students will engage in various activities that will 

increase their knowledge of basic principles in 

engineering fields as they contribute to rocketry. 

During three of the classroom sessions, students will 

design and build their own model rockets. 

Participation in each of the three sessions will earn 
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the students level certifications. The levels will be labeled as silver, gold and platinum. If the 

students achieve all three levels, they will earn the title of Junior Akronauts. Our goal is to 

encourage students to actively participate during each session as they apply concepts to the 

rockets they build.  

 

During the silver level, the students will assemble and launch model rockets that have been 

supplied. During the gold level, students will design and build a launch pad with which to launch 

the previous model rocket off of. During the platinum level, the students will design and build a 

model rocket from provided recycled materials. The recycled rocket will be launched from the 

launch pad the students designed and built during the gold level.  

 

The case study will detail the mile marker skills or activities involved in each level of 

achievement. The team’s goal will be to have each student achieve platinum by the end of the 

program. 

 

An additional workshop period will focus on payload concepts and designs. The team members 

will present several payload concepts to students. Students will then develop their own 

payloads, keeping in mind how the experiment will be incorporated into a rocket. Dimensions 

provided will be sized to fit a future Akronauts project. While the students will not physically 

construct their payload experiments, they will draw their designs and in groups, discuss 

functions and potential challenges the designs might pose. Students will be encouraged to 

polish their designs for consideration for incorporation into a future Akronauts project.  

 

 

Boy Scout Troop 1 and Cub Scout Pack 3001 

 

Local Scout Troop 1 and Pack 3001 also plan to participate in the Akronauts educational 

programming. A similar curriculum to the NIHF STEM Middle School will be used with the troop 

and pack, however, necessary modifications will be made to account for the diverse age groups 

present. The scouts range from first grade to high school.  

 

The Akronauts are also working to make similar arrangement with one of the Northeastern Ohio 

Girl Scout Troops.  

 

University of Akron Ex[L] Center  

 

One of the University of Akron’s most recent additions is the Experiential Learning Center for 

Entrepreneurial & Civic Engagement. The Ex[L] Center provides students with unique education 

opportunities often not available in a traditional classroom environment. Their goal is “to enable 

students to emerge as civically engaged, skilled and adaptable leaders, ready to take on real-

world challenges.” 

 

Part of the Ex[L] Center’s program offerings include what are known as Unclasses. These 

special topic offerings are university and community focused. Recent Unclasses have included 
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Skills for Community Engagement and Consequences of Caring. The Akronauts have proposed 

an Unclass that would promote the partnership of university engineering design teams with 

other departments on campus.  

 

A frequent need that design teams have faced is the need for management of communications 

and public relations. The Akronauts are one of the first of their kind to include a public relations 

manager on their officer board. After interacting with the other engineering design teams on 

campus, the Akronauts have initiated the next steps in promoting a relationship with the School 

of Communication.  

 

Through the Ex[L] Center, the team aims to support the development and execution of an 

Unclass that would connect design teams with other departments on campus. The School of 

Communication will be the first partnership, as there are currently no classes within the 

curriculum that teach public relations within STEM fields. Participating students, through the 

Unclass program, will be able to receive course credit for their work with the design teams. The 

Akronauts will also pursue similar courses for partnership with the College of Business, School 

of Art and Department of Finance.  

 

While this partnership will evolve over multiple semesters, for the purpose of this proposal, the 

Akronauts intend to work with the Ex[L] Center and School of Communication to develop the 

first Unclass. The course will be offered beginning fall semester of 2017. An ongoing case study 

will be submitted with the Educational Engagement Activity Report.  

 

Judith Resnik Community Learning Center 

 

Located in West Akron, the Judith Resnik CLC is a well-known Akron elementary school. The 

CLC was named for astronaut Judy Resnik, an Akron native killed on the Challenger explosion. 

The Akronauts are currently seeking to partner with the Judith Resnik CLC to coordinate a 

similar program that will be carried out at the NIHF Middle School. Evaluation will be conducted 

as students achieve silver, gold and platinum status. A case study will be completed along with 

the Educational Engagement Activity Report.  

 

 

A student takes a measurement for a catapulting experiment. 
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6 Project Plan 

6.1 Project Development Schedule and Timeline 

 
Table 13: Project Gantt Chart 
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Due Date Task Description Deliverable 

9-14-16 Decide on a payload, of the 
three available. 

Of the three possible 
payloads available, one must 
be chosen so the Payload 
design can move ahead. 

Payload chosen 

9-21-16 Create different conceptual 
ideas on how to tackle the 
payload problem 

Since the Fragile Material 
protection was chosen, 
several possible designs 
must be created and the best 
chosen by the R&D team. 

General payload 
design idea 

9-21-16 Create a preliminary design 
for the Rocket Structure 

Create a rough first pass 
design of the intended rocket 
structure design, and run an 
openrocket simulation to 
determine maximum altitude. 

Projected 
Dimensions and 
Apogee of the rocket 

9-26-16 Proposal draft review All officers and leads gather 
to go over the current state 
of the proposal draft and 
comment on anything. 

Proposal rough draft 

9-30-16 Proposal submission Submit proposal through 
proper channels to NASA. 

Final proposal Draft 

10-19-16 CAD models Complete CAD models of the 
rocket structure and 
complete assembly. 

CAD Model 

10-19-16 Prototype payload design Complete CAD models of the 
fragile material protection 
payload system. 

CAD Model 

10-19-16 Recovery system design Complete drawings of the 
method of vehicle recovery, 
and determine altitudes for 
recovery events. Also 
determine projected 
parachute sizes and 
tethering cables. 

Event altitudes, 
parachute sizes, 
CAD models 

10-26-16 PDR Draft review Review the current draft of 
the PDR with officers and 
leads, and determine any 
changes that must be made. 

PDR rough draft 

10-31-16 PDR Submission Submit PDR through proper Final PDR Draft 
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channels to NASA. 

10-20-16 Peer review of rocket 
structure 

Design is presented to 
Aerostructure team and any 
concerns are presented and 
addressed. 

Design presentation 

10-20-16 Peer review of fragile 
material payload design 

Design is presented to R&D 
team and any concerns are 
presented and addressed. 

Design presentation 

10-20-16 Peer review of recovery 
system design 

Design is presented to 
recovery team and any 
concerns are presented and 
addressed. 

Design presentation 

11-16-16 Structure design finalized Once any concerns are 
addressed, the design must 
be finalized. 

Finalized Design 

11-16-16 Payload design finalized Once any concerns are 
addressed, the design must 
be finalized. 

Finalized Design 

11-16-16 Recovery design finalized Once any concerns are 
addressed, the design must 
be finalized. 

Finalized Design 

11-22-16 Complete fabrication of 
subscale recovery system 

The subscale rocket requires 
a recovery system in order 
for the subscale launch to be 
performed. 

Subscale recovery 
system 

11-23-16 Complete Construction of 
subscale rocket assembly 

In order to perform the 
subscale launch, a subscale 
model must be fabricated. 

Subscale rocket 

11-23-16 Staged recovery test on the 
ground 

Before launching the 
subscale model.  

Successful recovery 
test 

1-6-17 Subscale launch Perform a subscale launch. Subscale rocket 
launched 

1-11-16 CDR draft review Review the current draft of 
the CDR with officers and 
leads, and determine any 
changes that must be made. 

CDR rough draft 

1-13-17 CDR submission Submit CDR through proper 
channels to NASA. 

Final CDR draft 
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2-14-17 Full-scale rocket structure 
assembled 

Complete fabrication of the 
full-scale rocket for the 
launch test. 

Full-scale rocket 

2-14-17 Full-scale recovery system 
assembled 

Complete fabrication of the 
full-scale recovery system to 
be used in the full-scale 
launch test 

Full-scale recovery 
system 

2-14-17 Payload testing and analysis Complete any analysis of the 
payload system to determine 
efficiency and effectiveness 

Payload 
effectiveness report 

2-22-17 Full-scale recovery ground 
test 

Perform a full-scale recovery 
system test to verify 
functionality for the full-scale 
launch 

Successful recovery 
test 

2-28-17 Full-scale Launch Launch the full-scale model 
of the rocket 

Full-scale rocket 
launched 

3-1-17 FRR draft review Review the current draft of 
the FRR with officers and 
leads, and determine any 
changes that must be made 

FRR rough draft 

3-6-17 FRR submission Submit FRR through proper 
channels to NASA. 

Final FRR draft 

4-4-17 Final Launch Preparedness Use the month between the 
FRR submission and the 
competition for any last 
minute changes and prepare 
for the LRR. 

 

4-5-17 Competition and LRR Arrive at Competition and 
present LRR 

Final LRR draft 

Table 14: Tasks schedule 
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6.2 Budget  

 

 

Avionics     

Description Manufacturer Quantity Unit Cost Total Cost 

8 MHz 8-bit AVR Microcontroller Atmel 2 17.25 $34.50 

Capacitor, 100 nF 10% 6.3 V Murata 4 0.4 1.6 

10uF/16V ceramic capacitor Murata 4 0.2 0.8 

1.0 Ampere General Purpose Rectifier Fairchild Semiconductor 4 0.1 0.4 

Copernicus II Trimble 2 44.95 89.9 

Screw terminal block vertical, 2 pin, 5.00mm 

pitch Tyco Electronics 5 0.37 1.85 

3.3V Adjustable and fixed low drop positive 

voltage regulator STMicroelectronics 2 0.45 0.9 

MEMS motion sensor: low-power high-g 3-axis 

digital accelerometer ST Micro 2 7.57 15.14 

ZigBee® Embedded RF Module Family for 

OEMs Digi International 3 37.95 113.85 

iNEMO inertial module: always-on 3D 

accelerometer and 3D gyroscope STMicroelectronics 2 2.92 5.84 

Low Voltage Temperature Sensor Analog Devices 2 1.16 2.32 

PCB manufacturing Unknown 2 60 120 

Misc. Extras    200 

   Total 587.1 

     

Structure     

Description Manufacturer Quantity 

Unit 

Cost 

Total 

Cost 

5.5" Tube Kmac Plastics 1 $768.00 $768.00 

5.5" Coupler Rocketry Warehouse 1 $46.00 $46.00 

Threaded Inserts McMaster-Carr 2 $8.00 $16.00 

Button Head Screw McMaster-Carr 1 $5.70 $5.70 

Loctite® 1324007™ McMaster-Carr 2 $7.09 $14.18 

Disk Magnet k&j magnetics 8 $0.30 $2.40 

Polycarbonate McMaster-Carr 8 $10.77 $86.16 

Tap and Die Set McMaster-Carr 1 $98.00 $98.00 
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Drill Bit Set Home Depot 1 $65.00 $65.00 

Duct tape Home Depot 2 $4.00 $8.00 

cups Home Depot 1 $5.00 $5.00 

stir sticks Home Depot 1 $5.00 $5.00 

gloves Home Depot 1 $15.00 $15.00 

   Total $1,134.44 

     

Payload     

Description Manufacturer Quantity 

Unit 

Cost 

Total 

Cost 

Compression Damping Spring McMaster-Carr 2 $24 $48 

4.5" OD Aluminum Cylinder McMaster-Carr 1 $80 $80 

Hinges McMaster-Carr 2 $7 $14 

220 ohm Resistors Digikey 50 $0.10 $5.00 

Capacitors Digikey 50 $0.10 $5.00 

Pressure Sensors Digikey 8 $3.25 $26.00 

DC Battery Digikey 1 $27 $27 

Printed Circuit Boards Digikey 15 $7.50 $112.50 

Kevlar McMaster-Carr 9ft^2 $12/sqft $108 

Flexible PVC Tubing McMaster-Carr 3' $9 $9 

Silicone Oil McMaster-Carr 1 gil $14 $14 

Valve McMaster-Carr 1 $3.50 $3.50 

Atmel Microcontroller Digikey 6 $0.87 $5.22 

18 gauge wire McMaster-Carr 10 Feet $6 $6 

Altimeter Digikey 1 $47 $47 

GPS Digikey 1 $42 $42 

Accelerometer Digikey 1 $37 $37 

Temperature Sensor Digikey 1 $3 $3 

Misc. Extras    $300 

   Total $892 
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Recovery     

Description Manufacturer Quantity Unit Cost Total Cost 

RipStop Nylon Material Joann Fabrics 60 yd $8/yd $480 

Sewing Kit (Needles, Thread, Etc.) Joann Fabrics 1 $10 $10 

Polyester Tension Lines Dick's Sporting Goods 100 ft $30/100ft $30 

CO2 Ejection Kit Peregrine 1 $370 $175 

1" Nylon Shock-Resistant Cord McMaster-Carr 50 ft $4/ft $200 

StratoLogger Altimeter Module PerfectFlight 2 $60 $120 

   Total $1,015 

     

Propulsion     

Description Manufacturer Quantity 

Unit 

Cost 

Total 

Cost 

Cesaroni Pro 75 - 3 grain Cesaroni 1 $289.95 $289.95 

54mm White Lightning Grains White Lightning 6 $59.99 $359.94 

   Total $649.89 

     

Subscale Rocket     

Description Manufacturer Quantity Unit Cost Total Cost 

Cesaroni Pro 38 - 3 grain Cesaroni 1 $109.95 $109.95 

3" Tube Kmac Plastics 1 $350.00 $350.00 

3" Coupler Rocketry Warehouse 1 $20.00 $20.00 

Threaded Inserts McMaster-Carr 2 $8.00 $16.00 

Button Head Screw McMaster-Carr 1 $5.70 $5.70 

Loctite® 1324007™ McMaster-Carr 2 $7.09 $14.18 

Polycarbonate McMaster-Carr 8 $10.77 $86.16 

RipStop Nylon Material Joann Fabrics 30 yd $8/yd $240 

Sewing Kit (Needles, Thread, Etc.) Joann Fabrics 1 $10 $10 

Polyester Tension Lines Dick's Sporting Goods 100 ft $30/100ft $30 

CO2 Ejection Kit Peregrine 1 $370 $175 

1" Nylon Shock-Resistant Cord McMaster-Carr 50 ft $4/ft $200 

StratoLogger Altimeter Module PerfectFlight 2 $60 $120 

   Total $1380 
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Travel Expenses  

Description Price 

Hotel Accommodations $2,500 

Rental Cars/Vans $3,000 

Fuel $1,000 

Food $250 

Shipping Expenses $100 

Total $6,850 

  

System Price 

Avionics $587.10 

Structure $1,134.44 

Recovery $1,015 

Payload $892 

Travel $6,850 

Propulsion $649.89 

Subscale Rocket $1,380 

Overall $12508.43 

Table 15: Budget including travel expenses 
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Figure 9: Budget pie chart 

6.3 Funding Plan 

Based on the current budget, the funding required is going to be $12,508.43. On October 8th, 

the Akronauts will be presenting the requested funding in front of the engineering board. In 

2015, the Akronauts received $6,500 from the University of Akron. Half of that was from the 

College of Engineering, and the other half was from The University of Akron. In 2015, multiple 

companies also sponsored the Akronauts. Sponsorships are a necessity for this year as well. 

Between Schaeffler, PCC Airfoils, and Cadsoft, $4,600 was given to the rocket design team.  

 

The University of Akron and the College of Engineering base the amount awarded on multiple 

factors when it comes to design teams, and with the rapid expansion and success of the 

Akronauts, the team hopes to increase its awarded funding from the university itself.  

 

New sponsorships are also going to play a pivotal role in this year’s competitions. The team is 

looking into expanding its current sponsors by reaching out to other local engineering 

companies. The team has created a new sponsorship packet to send out to companies, many of 

which have co-op students that are currently on the team, to try to secure sponsorships for the 

year and, hopefully, beyond. Below is a summary of the 2015/2016 funding: 
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Organization Contribution 

University of Akron $3,250 

UA College of Engineering $3,250 

Schaeffler $2,200 

PCC Airfoils $1,200 

Cadsoft $1,200 

 Total: $11,100 

Table 16: List of Past Sponsors 

6.4 Plan for sustainability of rocket project in the local area 

 

In summer 2016, team members were featured in the Akron community at an event hosted by 

the Summit County Historical Society. Team members brought their rocket to the event and 

gave an information session to all of the attendees on what it takes to build a high powered 

rocket. After the information session, the community members participated with the Akronauts in 

building their own miniature rockets. These rockets were then launched on the lawn of the 

Historical Society. In spring 2016, the Akronauts brought subunits of one of their high powered 

rockets to the Soap Box Derby, a popular event for young students in the Akron community, 

where children build their own car and aspire to race against other kids their age.  

 

The Akronauts understand the importance of sustainability, especially as a young team. Each 

group of officers puts serious consideration into how to best set up future teams for success. A 

current goal for the 2016 - 2017 season is to increase community awareness within both The 

University of Akron and the City of Akron. The team intends to continue to utilize social media 

accounts to further connect with team members and also with various publics.  

 

The Akronauts are actively involved on the university campus. The team has participated in 

New Roo Weekend- a welcome weekend for incoming freshman and transfer students- as well 

as events like the new student engineering fair.  As stated in section 5.5 under Educational 

Outreach, the Akronauts are partnering with the Ex[L] Center to develop a class and long term 

program to unite student engineering design teams with communication, finance, business and 

design students.  

 

With currently more than 100 active team members, the Akronauts continue to demonstrate 

success in recruiting new members. The team’s project focused structure enables and 

encourages members to participate in various projects, even while still working within the same 

subsystem. The Akronauts have incorporated occasional surveys throughout the year, providing 

team members with an opportunity to give additional feedback. Both surveys and one-on-one 
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meetings with members and officers have yielded constructive feedback that has been taken 

into consideration and implemented. Sustainability must be achieved through active listening.  

 

Community partners have included local businesses, locally based and nationally regarded 

engineering companies, schools, and local aerospace professionals. Maintaining an open line of 

communication with all partners is key to sustainability and growth. Communication methods 

range from emails, to newsletters to social media updates. Several partners have provided use 

of machines not accessible at the university. Others have provided materials or fabrication of 

student designs. The Akronauts regularly update a sponsorship proposal, discussing team and 

current project details. Team members are encouraged to deliver addressed sponsor proposal 

to the companies where the students are on co-op rotation.  

 

As detailed in section 6.3, the Akronauts have received financial support from several 

companies and continue to seek additional sponsorships. In the first year of operation, the team 

was awarded the Ohio Space Grant, an application that is again underway for the coming 

season. Aside from company sponsorships, additional funding will be raised through campus 

fundraisers such as dine-in events at various restaurant chains.  

 

Educational engagement continues to be at the forefront of the Akronaut’s mission. As an 

increasing number of people across the globe return their attention to concepts of space travel 

and life on other planets, research and education have become increasingly critical to steady 

progress. In the city of Akron, a city founded and grown on innovation, the Akronauts value the 

opportunity to continue a thriving STEM tradition. The team seeks to inspire and equip future 

generations with the knowledge and passionate curiosity to continue to move the aerospace 

industry forward.  
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Appendix 

 

 

Pre-RAC Cause Mitigation Verification Post-RAC 

1C 

Fin detaches 

from launch 

vehicle 

Fin alignment fixture will be built. 

Fins are to be thru-walled attached 
 

1E 

Rocket is 

Unstable 

CG and CP to be correctly 

calculated. CG will be measured 

and fins will be designed for any 

future variations in weight that could 

reduce the distance between CG 

and CP 

 

1C 

Avionics armed 

incorrectly 
Create an arming sequence 

Use a 

second 

(trained) 

member 

verify 

sequence 

1E 

Avionics 

improperly 

programmed 

Avionics will not be sending signals 

to recovery system 

Test to 

verify prior 

to launch 

Nose cone does 

not detach from 

launch vehicle 

Correct shear pin size will be used 

Test to 

verify prior 

to launch 

CO2 charges will be large enough 

for overcompensation 

Test to 

verify prior 

to launch 

Parachute gets 

stuck in body of 

rocket 

CO2 charges will be large enough 

for overcompensation 

Test to 

verify prior 

to launch 

2C 

Avionics sends a 

current to 

recovery system 

Will design avionics to not have 

parasitic voltage 

Test to 

verify prior 

to launch 

1E 

3D 

Main parachute 

is not attached 

properly 

Connection to be checked before 

taking to launch pad 

Test to 

verify prior 

to launch 

1E 

2D 

Ignitor is 

connected to 

battery 

Disconnect wires leading from 

arming switch to ignitor 

Use a 

second 

(trained) 

1E 
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member 

verify 

2C 

Rail buttons are 

incorrectly sized 

Check the rail buttons for 

compatibility of launch rail 

Use a 

second 

(trained) 

member to 

verify 1E 

Rail buttons are 

torn from body of 

launch vehicle 

Rail buttons will be fastened with 

proper hardware 
 

2E Faulty Motor Buy a commercial motor 

Make sure 

motor 

system is 

free of any 

visible 

defects 

1E 

2D 

Too much friction 

between rocket 

and launch pad, 

Rocket weighs 

too much, or 

motor doesn't 

produce enough 

thrust 

Use simulations and test results to 

verify 

Design 

Review 
1E 

2D 
Not following the 

safety plan 

Members will trained with all 

machine, tools, or chemicals they 

plan to use. 

Have two or 

more 

(trained) 

members at 

all times 

2D 

Table 17: Hazard Analysis 

 


