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1 General Information 

 

Table I: General Information 

Title Name Contact Information 

Professor/Director Dr. Nesrin Sarigul-Klijn 
Email: nsarigulklijn@ucdavis.edu 

Phone: 1-530-752-0682 

Level III Certified Mentor 

(NAR Section #534) 
Mr. Cliff Sojourner Phone: 408-234-9281 

Safety Officers 

 

Andy Trang Email: aptrang@ucdavis.edu 

Sarahi Granados Email: spgranados@ucdavis.edu 

Student Captain Janine Moses jrmoses@ucdavis.edu 

Sections Members (8) 

Recovery System Isaac B., Lucas D. 

Payload Design Andy T, Patrick A 

Vehicle Design Kristen M., Princess I., Sarahi G. 

Project Plan/Operations Janine M. 

Community Relations Kristen M. 
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2 Facilities/Equipment 

The Eclipse Rocketry team has access to a variety of facilities in order to properly construct a 

rocket, as provided by the university. These facilities have the necessary tools and machinery 

for building and designing, and the proper equipment for testing designs. The university also 

provides Eclipse with software to perform simulations. 

2.1 UCD EFL 

The UC Davis Engineering Student Design Center (ESDC) provides students with hands-on 

opportunities for manufacturing and fabrication in a safe environment. The ESDC houses 

multiple industrial grade lathes, mills and drill presses. Plasma- welding and computer numerical 

control (CNC) machining are also available in the ESDC facility. Although open hours for the 

ESDC varies from quarter to quarter, for the fall quarter, the ESDC will be available to students 

Mondays, Thursdays, and Fridays from 8-12pm to 1-8pm. 

2.2 SMART LAB 

The Eclipse Rocketry team also has exclusive access to the Scaled Model Aerospace Research 

and Testing Laboratory (SMART LAB). The SMART LAB archives previous rocket designs and 

contains additional machining tools and testing equipment including a small wind tunnel for 

scaled models. The SMART LAB at Davis is equipped with several different machining and 

manufacturing tools that are essential to the team’s ability to properly process and assemble 

their rocket. Included in the lab are band saws, grinders, drill presses, vices and braces, 

adhesives, etc. The list of components and essential equipment is long and varies. Due to the 

nature of the team's design aspirations, callouts of particular equipment cannot be made at this 

time. However the most advantageous aspect of the lab is the fact that it provides the team with 

the tools necessary to work with composite materials. This, among other resources, is a 

necessary tool in order for the team to succeed. For this reason the team find the lab most 

suitable for use during the competition. 

2.3 Software and Analysis Tools 

The team has access to a variety of software tools in the Computer Aided Engineering 

Laboratory (CAE). These software tools include the following programs that may be utilized in 

the development of our designs and reports. 

DATCOM 
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FLUENT 

LabVIEW 

MATLAB/Simulink 

Microsoft Office 

OpenFOAM 

PATRAN/NASTRAN 

POST 

RockSim/OpenRocket 

SolidWorks 

SORT 

2.4 Video Teleconferencing 

Video teleconferencing will be provided by UC Davis. The following table tabulates the locations 

where the team can have teleconferences with the NASA USLI staff.    

 

Table II: Video Teleconferencing Rooms 

Location Seating Type Contact Includes 

250 Olson Hall 24 seats Standard 

Definition 

IET- ATS 

(530) 752- 

2133 

(IP) Room, 

equipment, on-site 

attendant 

230 Olson Hall 10 seats High-Definition IET- ATS 

(530) 752- 

2133 

Room, equipment, 

on-site attendant 

Surge II/IV 

Bldg. 

20 High Definition IET- ATS 

(530) 752- 

2133 

Room, equipment, 

on-site attendant 

General 

Assignment 

classrooms 

Varies Standard or 

High Definition 

IET- ATS 

(530) 752- 

2133 

(IP) Delivery, set-up, 

equipment, on-site 

attendant 
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3 Safety 

3.1 Student Responsible  

The safety officers for the 2017-2018 UC Davis Rocket Club are Andy Trang and Sarahi 

Granados. Officers shall be responsible for the team’s safety during design, manufacturing, 

testing, and launch phases of the competition. In order to ensure each member on the team 

understands and operates in a safe and lawful manner, the safety officers shall develop safety 

plans. These plans shall abide by the guidelines as set forth by both the National Association of 

Rocketry and the Federal Aviation Administration concerning high powered rocket safety and 

aerospace regulations, respectively. 

 

For the duration of the competition and during both operational and development phases of the 

program the assigned NAR/TRA personnel and safety officers shall perform duties in 

compliance with the NAR High Power Rocket Safety Code. These persons shall be responsible 

for enforcing and abiding by the following guidelines and requirements as prescribed in the NAR 

High Power Rocket Safety Code as follows: 

 

 

Table III: Minimum Distance Table 
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3.2 Safety Plan 

Safety of Materials Used 

To reduce the impact of potential hazards associated with materials used, the team will collect 

material safety data sheets (MSDS) obtained from the manufacturer of which the material was 

purchased from. MSDSs will provide the safety officers and the rest of the UC Davis Rocket 

Club any information regarding the material used such as: emergency telephone numbers, 

potential health effects, first aid measures, fire fighting measures, accidental spill or leak 

procedures, handling and storage precautions, exposure control, physical and chemical 

properties, ecological information, disposal considerations, and transportation information. The 

designated safety officers for the team will be responsible for obtaining MSDSs and storing 

them in a safety binder where physical copies may be accessed at the facilities used by the 

team. MSDSs will facilitate the development of thorough safety briefings provided by the safety 

officers before the handling of any such material. Relevant MSDSs can be referred to by 

individual team members through the safety binder made available by the safety officers. 

 

Safety of Facilities Involved 

The UC Davis Rocket Club has access to two primary facilities as provided by the university. It 

is required that safety policies of the facilities are followed by all users. Violation of the safety 

policies may result in loss of facility access or other disciplinary action at the discretion of the 

facility manager. The facility manager for the Scaled Model Aerospace Research and Testing 

Laboratory (SMART LAB) is Dr. Nesrin Sarigul-Klijn (nsarigulklijn@ucdavis.edu). The facility 

manager for the Engineering Student Design Center (ESDC) is Mike Akahori 

(pmtakahori@ucdavis.edu). 

 

Before working in any laboratory or shop within the UC Davis campus, all users must undergo a 

general annual safety training provided by the UC Davis College of Engineering. This safety 

training must be completed every year and includes training on the following:  

 

I. Injury and Illness Prevention Plans (IIPP) 

A. General contents of department IIPPs. 

B. The right to ask any question, or report any safety hazards, either directly or 

anonymously without fear of reprisal. 

C. Location of departmental safety bulletins and required safety postings. 

D. Reporting safety concerns. 

E. Accessing the department safety coordinator. 

F. Reporting occupational injuries and illnesses. 

 

II. Hazard Communication Training 

A. Potential occupational hazards in the work area associated with job assignment 

B. Location and availability of Material Safety Data Sheets (MSDS). 

C. Hazards of any chemicals to which the user may be exposed, and the user’s right to the 

information contained on MSDSs for those chemicals. 
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III. Emergency Action Plan (EAP) 

A. Emergency escape routes and procedures and Emergency Assembly Area (EAA)  

B. How to report a fire and other emergencies. 

C. Names or regular job titles of persons to be contacted for further information.  

 

IV. Guidelines for Chemical Spill Control and Waste Disposal 

A. Proper response procedures for chemical spills. 

B. Proper approach to chemical waste disposal. 

 

A full list of topics can be found on page 12 of the following document from the Injury and Illness 

Prevention Program: [http://mae.ucdavis.edu/wp-content/uploads/2013/11/MAE-IIPP-AY1415-

FINAL.pdf] 

 

Scaled Model Aerospace Research and Testing Laboratory 

Shop procedures regarding safety within the SMART LAB facility are documented in the safety 

binder that can be found on the main shelf near its entrance. Documents in the safety binder 

include material safety data sheets, operating guidelines regarding machines and tools in the 

SMART LAB, facility shut down procedures, methods for evacuation, chemical storage 

instructions, disposal processes, and emergency contacts. A designated fire resistant safety 

cabinet in the lab is used for the storage of flammable materials such as epoxies of various 

types, paint cans, and isopropyl alcohol used to clean airframe surfaces. The safety cabinet is 

designed to hold flammable materials, corrosives, pesticides, and other hazardous materials. It 

is also designed to meet fire codes defining minimum requirements to prevent fire and explosion 

hazards. In addition to the safety cabinet, the facility also houses a wash station and fume 

hoods. 

 

The primary use of the SMART LAB will be reserved for vehicle assembly and minor 

manufacturing processes of support materials for the launch vehicle such as wooden jigs for 

holding vehicle work. Other small-scaled processes include soldering, epoxying, wiring, and 

sanding of minor materials for the launch vehicle. Major manufacturing processes are otherwise 

performed in the Engineering Student Design Center under the supervision of its staff. 

 

Engineering Student Design Center 

Access to the ESDC requires that all shop users have documented safety training. Users may 

become authorized by successfully completing either one of three safety courses/orientations 

from UC Davis: Manufacturing Processes (Engineering Mechanical 50), Biomedical Engineering 

Design Lab (Biomedical 110L), or the Machine Safety Orientation. These courses give students 

experience needed to use some of the machine tools and equipment within the facility. This 

includes basic manufacturing and machining techniques with both manual and computer 

numerical control (CNC) mills, lathes, band saws, and more. 
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Facility users that have not taken one of the required safety courses mentioned and wish to 

access the ESDC will be made aware of the specific guidelines put out by the ESDC regarding 

said users. Club members of the type previously mentioned must stay within the pathways 

marked with yellow lines to be considered safe from the effects of machines and manufacturing 

processes (flying metal chips, fast-moving machinery, etc.) and may not operate any machinery 

or enter machining areas. Any student who is qualified to work in the ESDC, but is not properly 

trained on the machinery must be trained by a staff member or student assistant before 

proceeding with using said machine. 

 

Proper personal protective equipment (PPE) and correct attire must be utilized within both 

facilities. These include safety glasses, long pants, and closed toed shoes. Gloves and 

respirators must be used when dealing with hazardous chemicals such as epoxies and resins. 

Long hair must be tied up and members who wear glasses must ensure that they fit with the 

proper type of safety glasses. The following attire will not be permitted in both working areas: 

sandals, watches, necklaces, wristbands, long dresses, and any other item or article of clothing 

that can cause hazard to the working individual. Additionally, no electronic devices that can 

cause visible or audible distractions is allowed past the marked pathways unless approved by a 

student assistant. Students beyond the marked pathways must not be wearing headphones or 

earbuds of any kind and are not to be using cell phones for communication. All injuries that 

occur within the ESDC will be reported to the student assistants for treatment and 

documentation. 

 

On the behalf of UC Davis Rocket Club, the safety officers will ensure that all team members 

comply with the safety protocols of the ESDC and its guidelines. A complete copy of the ESDC’s 

safety policy and procedures can be found at the following: 

[http://engineering.ucdavis.edu/esdc/engineering-fabrication-laboratory/documents/] 

 

Livermore Launch Site (Snow Ranch) 

For the purpose of all test flights conducted throughout the entirety of the USLI competition, the 

UC Davis Rocket Club shall utilize the launch site of a local rocketry club. The launch site 

belongs to the Livermore Unit of the National Association of Rocketry (LUNAR) located in 

Livermore, California. LUNAR has permits and licenses for up to ‘M’ series high power model 

rocket engines. Launch Officers belonging to LUNAR follow NAR and Tripoli Safety Codes. All 

participants at the LUNAR launch site including UC Davis Rocket Team members shall comply 

with NAR high power safety code requirements under the guidance of the team mentor. The 

team mentor shall travel with the team to all launches. 

 

NAR Personnel significant to site operation are also known as Launch Officers at the LUNAR 

launch site. These officials include the Launch Control Officer (LCO) and the High-Power Safety 

Check Officer (HP-SCO) who are both members of and are in good standing with the National 

Association of Rocketry. These individuals are an integral part to the safe operation of the local 

launch site.   

 

http://engineering.ucdavis.edu/esdc/engineering-fabrication-laboratory/documents/
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The LCO is in charge of overseeing each individual launch that occurs at the launch site and is 

responsible for ensuring that conditions are safe for flight prior to each launch. He/she will 

ensure that each launch pad is clear of any people who may be close by and that rockets do not 

launch when aircraft are nearby. He/she also tests for continuity by arming the launch pads one 

at time and takes proper action to ensure that the arming switches are safely enabled. The LCO 

observes the flight and watches for proper operation of the recovery system, alerting all people 

nearby in the event of possible danger. 

 

The HP-SCO inspects all mid and high power rockets and certifies them for flight. He/she 

checks the rockets for the following prior to assigning them to a launch pad: structural integrity, 

vehicle stability, engine safety, and overall electronic safety. Structural integrity is checked by 

ensuring that fins and motor mounts are attached, primary recovery systems are attached to the 

nose cone and rocket, parachutes are packed, and that the fit of the nose cone is acceptable. 

Vehicle stability is accepted if a high powered rocket is presented with documentation to show 

the location of the center of pressure (CP) and the location of the center of gravity (CG). These 

two locations are compared, assuring good stability if the CG is ahead of the CP by the proper 

caliber. Engine checks are verified by ensuring that only engines certified by the California Fire 

Marshal and certified by the NAR are used. Each rocket is weighed and compared to the 

maximum launch weight of the engine. An altitude chart is used to compare the maximum 

altitude of the rocket and the appropriate delay required. Electronics of high powered rockets 

are checked by making certain that altimeters, recovery system electronics, and batteries are in 

good order. Upon approval of all these requirements, a launch pad is then assigned to the 

rocket to prepare for flight. A full list of LUNAR Launch Personnel can be found at the following: 

[http://www.lunar.org/docs/handbook/officers.shtml]. 

3.3 NAR/TRA Personnel Procedures  

NAR High Powered Rocketry (HPR) Requirements 

For the duration of the competition and during both operational and development phases of the 

program the assigned NAR/TRA personnel and safety officer(s) shall perform duties in 

compliance with the NAR High Power Rocket Safety Code. These persons shall be responsible 

for enforcing and abiding by the following guidelines and requirements as prescribed in the NAR 

High Power Rocket Safety Code as follows: 

3.3.1 Certification 

The personnel in question shall only fly high power rockets or possess high power rocket motors 

that are within the scope of their certification and required licensing.  

3.3.2 Materials 

The personnel in question shall use only light weight materials such as paper, wood, rubber, 

plastic, fiberglass, or when necessary ductile metal, for the construction of the rocket.  

http://www.lunar.org/docs/handbook/officers.shtml
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3.3.3 Motors 

The personnel in question shall use only certified, commercially made rocket motors, and will 

not tamper with the motores or use them for any purpose except those recommended by the 

manufacturer. Additionally, the personnel in question shall not allow smoking, open flames, or 

heat sources within 25 feet of the motors. 

3.3.4 Ignition System 

The personnel in question shall launch the rockets with an electrical launch system, and with 

electrical motor igniters that are installed in the motor only after the rocket is at the launch pad 

or in a designated prepping area. Additionally, the launch system will have a safety interlock that 

is in series with the launch switch that is not installed until the rocket is ready for launch, and will 

use a launch switch that returns to the “off” position when released. Finally, the function of 

onboard energetics and firing circuits will be inhibited except when the rocket is in the launching 

position. 

3.3.5 Misfires 

If the rocket does not launch when the personnel in question presses the button of the electrical 

launch system, the personnel in question shall remove the launcher’s safety interlock and 

disconnect the launch system battery and wait sixty (60) seconds after the last launch attempt 

before allowing anyone to approach the rocket. 

3.3.6 Launch Safety 

The personnel in question shall use a 5-second countdown before launch. They will ensure that 

a means is available to warn participants and spectators in the event of a problem. They will 

ensure that no person is closer to the launch pad than allowed by the accompanying Minimum 

Distance Table seen in Table III. 

When arming onboard energetics and firing circuits, the personnel in question will ensure that 

no person is at the pad except safety personnel and those required for arming and disarming 

operations. They will check the stability of the 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 they will observe the additional requirements of NFPA 1127. 

3.3.7 Launcher 

The personnel in question shall launch the rocket from a stable device that provides rigid 

guidance until the rocket has attained a speed that ensures a stable flight, and that is pointed to 

within 20 degrees of vertical. If the wind speed exceeds 5 miles per hour they will use a 

launcher length that permits the rocket to attain a safe velocity before separation from the 

launcher. They will use a blast deflector to prevent the motor’s exhaust from hitting the ground 

and ensure that dry grass is cleared around each launch pad in accordance with the 
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accompanying Minimum Distance Table seen in Table III. They will increase this distance by a 

factor of 1.5 and clear that area of all combustible material if the rocket motor being launched 

uses titanium sponge in the propellant. 

3.3.8 Size 

The personnel in question shall ensure that the rocket will not contain any combination of 

motors that total more than 40,960 N-sec (9208 pound-seconds) of total impulse. 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. 

3.3.9 Flight Safety 

The personnel in question will not launch the 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 the rocket. They will not 

launch the rocket if wind speeds exceed 20 miles per hour. They will comply with Federal 

Aviation Administration airspace regulations when flying, and will ensure that the rocket will not 

exceed any applicable altitude limit in effect at that launch site. 

3.3.10 Launch Site 

The personnel in question will launch the 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).  

3.3.11 Launcher Location 

The personnel in question shall ensure the 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 (Table 2) from the accompanying table from any boundary of the launch 

site. 

3.3.12 Recovery System 

The personnel in question will ensure the use of a recovery system such as a parachute in the 

rocket so that all parts of the rocket return safely and undamaged and can be flown again, and 

they will use only flame-resistant or fireproof recovery system wadding in the rocket.  
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3.3.13 Recovery Safety 

The personnel in question will not attempt to recover the rocket from power lines, tall trees, or 

other dangerous places, fly it under conditions where it is likely to recover in spectator areas or 

outside the launch site, nor attempt to catch it as it approaches the ground.  

 

Performance of All Hazardous Materials Handling and Hazardous Operations 

The NAR personnel and safety officers shall, at their discretion and during any operations 

involving the handling and distribution of hazardous materials, ensure both their personal safety 

as well as that of their team members. They shall abide by the safety and handling guidelines as 

provided by the manufacturer of the motor as well as any subsidiary components integral in the 

ignition and disposal of motors and associated hazardous materials. 

3.4 Pre-Launch Briefings 

Prior to each launch the NAR/TRA personnel and safety officers shall review and inform the 

team of the guidelines for safe operation and handling of high power rocket systems as 

prescribed in the NAR High Power Rocket Safety Code. Before each launch the previously 

mentioned personnel shall ensure all present members, spectators, and other persons adhere 

to the safety requirements during launch of a high powered rocket system as described in 

sections 3.1.6-3.1.7 and 3.1.10-3.1.11 of this proposal. The safety officers shall be responsible 

for providing safety and compliance briefings throughout the development and competition 

phases of the program. These briefings shall include discussions of hazard recognition, 

environmental hazards, and accident avoidance. These discussion will occur during all phases 

of the program for which the safety of the team and its equipment are paramount. Additionally, 

the safety officers shall provide review and enforcement of the safe distance requirements 

prescribed in Table III. 

3.4.1 General Briefings 

Safety officers shall be made aware of the location, duration, scope, and equipment involved in 

any planned work involving materials integral to the construction, maintenance, or launch of the 

rocket. Prior to any work being performed, the officers shall prepare minutes that outline the 

potential hazards of the workplace, disclose potential accidents, and review proper safety 

guidelines when working with materials, equipment, and other personnel. The general briefings 

shall be conducted before each work period and require all active members be present for the 

full duration of the briefing. If a member is not accounted for during the briefing, they must 

receive the brief before they can conduct work. 

3.4.2 Work Environment Hazards 

Safety officers shall peruse the work environment for potential hazards to both personnel and 

equipment. If the environment provides conditions that threaten the safety of any member or 



 
 

 University of California, Davis  15 

equipment, the safety officers shall log the potential risk and notify personnel and all present 

mentors of said risk before proceeding to remove it. They shall then notify members of the team 

of the risk whether it was successfully removed or not provided unforeseen circumstance. 

3.5  Statement of Safety in Documents  

To ensure a continued safe working mindset, all working documents shall be perused by the 

safety officers. The documents shall be scrutinized for compliance with safety regulations 

whenever descriptions of planned work with (or handling of) rocket components or integrated 

parts and equipment are stated. Safety statements shall be added to working documents to 

outline compliance with safety regulations including those prescribed by the NAR safety 

code(s), the need for and use of personnel protective equipment (PPE), and the proper safety 

precautions when dealing with hazardous material.  

 

3.5.1 NAR Safety Code(s) 

Safety statements shall be included in working documents that outline procedures, plans, or 

processes that fall under the safety regulations outlined by the NAR. These include the proper 

handling of high powered rocket systems and sport rocket safety guidelines.  

3.5.2 Personnel Protective Equipment 

At any time the safety officers discerns the use or need for personnel protective equipment, 

statements shall be included in any working document and shall call for the use of PPE deemed 

necessary to maintain the safety of all team members. 

3.6 Federal and State Regulations  

As stated in the NASA University Student Launch Initiative (USLI) competition and pro- 

posal guidelines, all members of the competing team shall understand and abide by the 

federal, state, and local laws governing the use and function of unmanned aerospace vehi- 

cles. These regulations include: 

 

1. The Federal Aviation Regulation (FAR) Title 14 Chapter 1 Subchapter F Part 101 

Subpart C “Amateur Rockets” 

 

2. The Federal Regulation Code Title 27 Chapter 2 Subchapter C Part 555 “Commerce 

in Explosives” 

 

3. The National Fire Protection Agency Code 1127 “Code for High Powered Rocketry”  
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It shall be the primary duty of the safety officers to enforce and litigate the information governing 

the safe use and containment of high powered rocketry as prescribed in the federal and state 

regulations listed above. 

3.6.1 Federal Aviation Regulation 

The Federal Aviation Regulation regarding amateur rockets dictates the operational limita- 

tions concerning the use and launch of amateur rockets. It shall be the duty of the safety 

officers to develop a bound copy of the FAR regulatory code, develop team understanding 

of the code, and ensure all requirements prescribed in the chapter are met over the duration 

of the competition. 

3.6.2 Maintaining Regulatory Guidelines on Hand 

A bound copy (whether a purchased book or printed version) of the FAR Title 14 shall be 

available at all times throughout the competition. It shall be the responsibility of the safety 

officers to obtain the information (or produce a copy) and ensure all team members have 

access to the code. 

3.6.3 Team Understanding 

The safety officers shall provide fellow team members (initially) with a detailed briefing of 

FAR Title 14 and its contents. It shall be the officer’s responsibility to follow up the primary 

briefing with subsequent explanations and reminders of the information prescribed in the 

FAR code. 

3.6.4 Durational Understanding 

Throughout the competition, the safety officers and team members shall actively ensure all  

regulations prescribed in FAR Title 14 are understood and followed.  

3.6.5 Federal Code for Commerce in Explosives 

The Federal Regulation Code for commerce in explosives discloses the administrative and 

miscellaneous privileges associated with the licensing and authorization to use, transport  

and conduct trade of explosive materials. It shall be the responsibility of the safety officers 

to produce a copy of the regulatory code and subsequently educate fellow team members of 

its meaning. Additionally, the officers shall ensure the regulations are adhered to throughout  

the duration of the competition. 

3.6.6 NFPA Code for High-Power Rocketry 

Similar to the proposed action of the safety officers in sections 3.4.1-3.4.2, the officers shall 

produce a copy of the National Fire Protection Agency’s Code for High Powered Rocketry.  

The officers shall be responsible for initially educating the team regarding the code and how it 
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pertains to personal and environmental safety. Throughout the competition the officers shall 

maintain the sharing of information within the code to ensure the safest working conditions. 

3.7 Rocket Motor Permits and Energetic Devices 

It is imperative that the purchase, handling, transport, and use of the high powered rocket be 

completed in a safe manner. The motor to be used in the Eclipse rocket shall be acquired 

using a local retailer. A Level III NAR certified mentor shall be responsible for this 

acquisition. 

3.7.1 Certified Team Member/Mentor 

For the chosen motor and rocket size, the team is required to have at least one member with 

Level II certification from NAR or Tripoli Rocketry Association (TRA). Level II certification allows 

one to purchase and use high-power rocket motors. Certified members are also responsible for 

educating other team members about safe handling of rocket motors. Cliff Sojourner is the 

individual that shall aid the team in the purchase and safe transport of the rocket motor. He has 

his Level III NAR certification. The properly certified team member/mentor shall be in charge of 

handling and storing the motors in accordance with the regulations and safety procedures 

outlined prior in section 1. 

3.7.2 Storage, Handling, and Transportation 

A fire-safety cabinet will be dedicated to storing the motors within UCD’s SMART LAB until the 

date of the launch. If necessary, transportation of the motors will be carried out through the use 

of a Type III Magazine, otherwise known as a “day box”. The designated day box will be fire-, 

weather-, and theft-resistant in accordance with the requirements set by the Bureau of Alcohol, 

Tobacco, Firearms, and Explosives (BATF) for low explosives containment. The motors will be 

transported via car to the site of the launch and from the vendor to the SMART LAB at Davis, 

only by the NAR Level III certified team member/mentor. It is anticipated that the UC Davis 

certified team member/mentor will purchase the motor directly from the vendor at the launch 

site. Transportation of all rocket motors by the certified team member/mentor shall comply with 

the regulations set by the Department of Transportation (DOT) and the National Fire Protection 

Association (NFPA) 1127 safety code as mentioned prior.  

 

No motors or energetic devices will be transported by a student team member. All transportation 

of rocket motors and energetic devices will be handled by Cliff Sojourner, the certified team 

member/mentor for the UC Davis Rocket Team. 

 

There are extensive regulations regarding the shipment of rocket motors as covered by the U.S. 

Department of Transportation. These regulations can be found in the DOT’s section of the CFR-

Title 49, Parts 170-179. Prior to shipment, these regulations require that special packaging, 

labeling, safety testing and classifications are followed in compliance with the regulations set out 
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by the specific carrier involved. It is illegal to send rocket motors by mail, UPS, Federal Express, 

or any other common carrier without following the shippers’ company regulations. Similarly, it is 

illegal to carry rocket motors onto an airliner without full compliance of the regulations set out by 

the DOT. The National Association of Rocketry (NAR) mentions that transportation of motors on 

airlines is very difficult to do legally as it may take weeks of advance effort with the airline and 

thus should be avoided if possible. It is best to regard rocket motors as forbidden to be carried 

or shipped on passenger-carrying aircraft. Other regulations relating to transportation of 

hazardous materials can be found in Title 49, Parts 100-177 of the Electronic Code of Federal 

Regulations (e-CFR) at the following web address: [www.ecfr.gov]. 

3.7.3 Use of Rocket Motors and Energetic Devices 

The use of rocket motors and energetic devices will solely be performed by the Level III NAR 

Certified team mentor. Use, storage, handling, or transportation of any energetic devices 

including black powder charges and motors are prohibited by student members and anyone 

else involved with the team who is at a minimum, certified to Level II NAR Certification. At this 

time, no other persons are of at least Level II NAR Certification other than the team mentor. The 

UC Davis Rocket Team and it’s safety officer(s) will ensure that under no circumstances, will 

any uncertified person(s) be in possession of black powder charges, motors, and other 

energetic devices. 

3.8 Abiding Statement 

Upon review of and familiarity with the above documentation, all team members shall 

understand and abide by the Federal, State, County and NAR regulations pertaining to the safe 

practice when operating high powered rocketry. 

 

Most important of these regulations each team member must abide by include the following:  

 

1. Range safety inspections of each rocket before it is flown shall be conducted. Each 

team shall comply with determination of the safety inspection. Failure to comply may 

result in removal from the program. 

 

2. The RSO has the final say on all rocket safety issues. therefore, the RSO has the right 

to deny the launch of any rocket for safety reasons. Failure to comply with the RSO’s 

instruction may result in removal from the program. 

 

3. Any team that fails to comply with the safety requirements determined by the NASA 

Student Launch Initiative Handbook, associated reference material, and the above 

documentation shall result in the team’s inability to launch their rocket.  

 

By signing/e-signing below, I fully acknowledge my understanding of these safety regulations 

and shall commit to upholding them to the best of my ability. 
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Janine Moses  Andy Trang  Duarte Lucas 

Sarahi Granados Kristen Muller  Isaac Bautista 

Patrick Amidjojo  Princess Gella Itaok   

4 Vehicle Technical Design 

4.1 Mission Statement 

Eclipse Rocketry aims to design, build, and fly a single-stage, solid-propellent, model rocket that 

meets NASA’s 2017-2018 University Student Launch Initiative (USLI) Competition 

requirements. The high powered model rocket will include fully-functional avionics hardware to 

ensure that the vehicle reaches an apogee of 5280-ft in addition to ensuring the successful 

recovery of all rocket components. The vehicle architecture will accommodate the target 

detection experimental payload and ensure that the payload is unharmed in all stages of flight. 

Eclipse Rocketry intends to design a structurally sound rocket as part of a cost efficient, 

educational, and sustainable student design team effort.   

4.2 Vehicle Requirements 

4.2.1 USLI Vehicle Requirements (including but not limited to) 

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

level (AGL).   

● The vehicle will carry one commercially available, barometric altimeter for recording the 

official altitude. 

● Rocket and payload must be recoverable and reusable (relaunched on the same day 

without repairs or modifications). 

● The Launch vehicle will be limited to a single stage. 

● Rocket must have maximum of four independent sections. 

4.2.2 Eclipse Rocketry Vehicle Requirements 

In addition to the USLI competition general requirements, the following requirements pertain to 

the functionality and stability of the vehicle. 

 



 
 

 University of California, Davis  20 

 
Figure 1: Eclipse rocketry vehicle requirements flowdown. 

 

These requirements can be divided into functional and performance requirements shown by the 

flowdown chart. The requirements for the vehicle have been divided up into five subcategories: 

Flight Dynamics, Cost, Manufacturability, Structural Integrity, and Efficiency. Each of these 

subcategories are then split into functional and performance requirements; the performance 

requirements quantify the functional requirements. This is not a complete list of all USLI and 

Eclipse-specific requirements, but a general and key list necessary for the technical design to 

succeed in the mission. 

 

Relevant functional requirements to the design are as follows: 

● The vehicle fins shall not fail under flutter 

● The vehicle motor shall have an impulse of no more than 5120-N*s 

● The vehicle budget shall not exceed $3000 

● The vehicle shall have a diameter of 6.15” 

● The vehicle shall ensure that separable airframe components that are meant to be 

attached in flight do not separate in flight. 

 

Both the USLI and Eclipse Rocketry main requirements will be addressed in a later section via 

verification table. 

4.3 Concept of Operations 

The vehicle serves as a vessel for an experimental payload to collect data in real time as the 

system reaches apogee and returns that payload safely intact to ground level. The payload 

chosen this year is incorporated into the sequential concept of operations as follows: 

1. Vehicle motor ignites and vehicle lifts off.  

2. Vehicle motor burns out. 
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3. Payload: camera captures images incrementally during ascent. Automated image 

processing commences. 

4. Vehicle reaches apogee. 

5. Payload: camera halts image capture. 

6. Telemetry activates black powder charges. 

7. Drogue Chute deploys at apogee. 

8. Vehicle descends to 800ft AGL. 

9. Telemetry activates black powder charges. 

10. Main Chute deploys. 

11. Vehicle reaches GL. 

4.4 Vehicle Architecture 

To achieve mission success, the vehicle design was split into a set of structural systems that 

target each of USLI’s vehicle requirements and maintain logical coherence in design and 

manufacturing. Particular requirements of interest include altitude and reusability criteria. The 

overall vehicle design is also driven by payload accommodation, given that mission success is 

defined by experiment success. Furthermore, Eclipse attempted to maintain ease of 

manufacturing throughout the overall design 

4.4.1 Vehicle Stability: Dimensions and Layout 

 

 

 

 

Figure 2: Eclipse’s initial OpenRocket layout of the vehicle, incorporating the main components for payload, recovery, and vehicle 
frame, excluding the motor. 
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Table IV: Vehicle Specifications. 

Length 98.362-in (8.2-ft) 

Inner Diameter 6.007-in 

Outer Diameter 6.15-in 

Dry Mass 20.1-lb 

Wet Mass Approx. 28.2-lb 

Number of Fins 4 

Center of Gravity (CG) 65.7-in 

Center of Pressure (CP) 78.4-in 

Caliber of Safety (at rail exit) 2.06 

 

The rocket vehicle is divided into three airframe sections connected by couplers. Aft of the 

nosecone, Airframe 1 houses the main parachute and part of the coupler containing the 

recovery avionics. If necessary, an additional bulkhead mass will be placed in Airframe 1 to 

increase stability. Airframe 2 is also connected to the avionics coupler, aft of which is the drogue 

chute. Airframe 4 houses an internal airframe, airframe 3, in which the payload will be held. 

Described in more detail in section 6. The camera will be externally secured to the aft half of the 

payload airframe to ensure that the CG is in front of this extrusion from the vehicle. Airframe 4 

also contains the booster section with the motor and motor retainer in addition to the fins. Per 

the designs of previous Eclipse vehicle successes, a four-fin configuration was chosen as the 

optimal arrangement. Before the Preliminary Design Review, further trade studies will explore 

optimizing fin shape to increase stability and the possibility of fin flutter.  The caliber of safety is 

above 2.0 with motor/solid propellant and it is 3.45 caliber dry mass. As Eclipse performs further 

analysis, precautions will be taken to ensure that any payload protrusions or changes in mass 

and dimensions will be accounted for and used in future analyses and updates. 

 

During recovery, the nosecone and airframes 1 and 2 will detach from each other, but the 

payload airframe 3 will not detach. A separate airframe specifically for the payload is being used 

for ease of access during manufacturing and testing, but it will be connected to the booster 

section for the duration of the rocket launch and landing. In section 4.7, all relative requirements 

for vehicle design and construction are addressed. 

4.4.2 Vehicle Material Selection and Justification 

The vehicle’s main structural materials are to be comprised of fiberglass, fiberglass-phenolic 

composites, and birch plywood. These are standard materials used in model rocketry for their 

high strength to weight ratio, durability, as well as its manufacturability, making them widely 
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available and cost-effective. Furthermore, Eclipse’s experience and familiarity with handling 

such materials make it ideal for the vehicle’s construction. 

 

Specifically, the nose cone and fins would be made out of G-10 or a similar spec fiberglass, 

such as G-12. G-10 fiberglass is a common application for such components for their lightweight 

but strong structure, and its chemical properties that make it more resistant to corrosive 

deposits from rocket fuel and exhaust. The frame is to be made from either fiberglass or a 

fiberglass-phenolic composite, which the latter reduces overall weight without compromising 

structural strength. Birch plywood was selected as another structural material for its ease of 

machinability, low cost and availability in common hardware stores. In particular, 9-ply 0.5-in 

thick birch plywood will be used as this number of plies and thickness provide sufficient strength 

to withstand warping for bulkheads, centering rings, and payload frames. 

 

Other secondary materials to be used for payload integration are aluminum and epoxy. These 

materials have been selected for their accessibility and common use. Applications for aluminum 

include but are not limited to assembly rails, screws, fasteners, nuts, and washers. West 

Systems 105 resin/epoxy and 206 Hardener have been and will be utilized again as an 

adhesive to bond and reinforce components. 

 

The exact fiberglass specification, as well as the final decision to use either fiberglass or 

fiberglass-phenolic for the airframe, will be verified and selected after further in-depth trade 

studies have been performed. The trade studies will also include utilizing carbon fiber reinforced 

polymer as a possible material for certain structural components. This idea was promoted by a 

potential supplier, and desire to enhance rocket design with more advanced composites. 

4.4.3 Propulsion: Motor Selection 

Eclipse will choose a motor from the following selection, each one meeting USLI and Eclipse 

vehicle requirements. Eclipse must consider the burn time and average thrust in choosing a 

motor. In order for the payload to easily capture clear images during flight, the ascent to apogee 

must be steady. A high average thrust may cause more vibrations, on the other hand, a motor 

with a higher average thrust has a shorter burn time. This means that the rocket will have a 

longer period of time coasting to apogee, which may prove to be a better environment for 

capturing images of the ground. 
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Table V:  Motor Contenders 

 CTI L645 L1150 CTI L995 

Manufacturer Cesaroni 

Technology Inc. 

Aerotech Cesaroni 

Technology Inc. 

Name 3419-L645-GR-0 L1150-0 L995-RL 

Motor Type Reloadable Reloadable Reloadable 

Diameter (in.) 2.95 2.95 2.95 

Length (in.) 19.1 20.9 19.1 

Propellant Weight (oz) 75.3 73.3 70.7 

Total Weight (oz) 132 130 127 

Average Thrust (N) 644 1148 987 

Peak Thrust (N) 765 1310 1280 

Total Impulse (Ns) 3434 3489 3618 

Rail Exit Velocity (ft/s) 29.6 41.9 43.1 

Burn Time (s) 5.33 3.04 3.66 

Apogee (ft) 5077 5217 5479 
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Figure 3: The thrust curve for the CTI L645 shows a low average thrust and small deviation from the average 

for most of the burn time. With a burn time of over 5 seconds, this motor has the slowest burn of the three . 

 

 

 
Figure 4: The thrust curve for the Aerotech L1150. This motor has the highest average thrust and the 
shortest burn time of the three considered motors.  
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Figure 5: The thrust curve for the CTI L995 shows the large deviation from the average thrust of 987 N. Both 

the burn time and average thrust for this motor lie between those of the others. 

4.5 Projected Flight Altitude and Calculations 

OpenRocket was used to run flight simulations and obtain a flight profile for each motor with the 

same rocket configuration, as specified in 4.4.1. As expected, apogee increases with a 

decrease in crosswind during launch (calmer winds are more ideal). 

 

 
Figure 6: Flight Profile of altitude, vertical velocity and lateral distance with CTI L645 Motor . 
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Figure 7: Flight Profile of altitude, vertical velocity and lateral distance with Aerotech L1150 Motor . 

 

 
Figure 8: Flight profile of altitude, vertical velocity, and lateral distance of CTI L995 Motor. 

4.6 Manufacturing 

Prior to manufacturing, Eclipse will produce a bill of materials, an order list of raw materials, and 

a process plan for each component being manufactured in-house. 

 

Due to safety restrictions at UC Davis’ machine shop, all G10 fiberglass parts, including 

nosecone and airframes, will be custom ordered from Public Missiles LTD. (PML). Airframes will 

be, however, modified to coupler tubes with the use of West Systems epoxies and hardeners. 



 
 

 University of California, Davis  28 

Specialized jigs will be created in order to stand frames up to connect coupler tubes to the 

desired depth as well as fasten permanent bulkheads to particular portions of the vehicle.  

 

The component subsystem jigs will be designed using CAD software and laser cut using a 

Trotec Laser Cutter/Engraver out of 0.5” birch plywood. These jigs will be pivotal assets during 

the assembly process. Bulkheads will be manufactured in-house from  ½” birchwood and 

precisely lasercut using the Trotec Laser Cutter/Engraver. Parts will be imported from 

Solidworks in order to ensure that the holes have correct tolerances for U-bolts and Aluminum 

threaded rods alike. 

 

Fabrication of the G10 main tridiagonal fins will be done in the EFL using the OMAX Waterjet 

Cutter. The Omax Waterjet cutter is not only capable of cutting a variety of materials precisely, 

including G10 fiberglass. The fin design may be imported from a CAD model and accurately 

machined without violating UC Davis safety conduct and imposing health hazards due to fumes. 

Because of the flat shape of the fins, this machining process is feasible and will decrease 

manufacturing time by eliminating the need for ordering a specific part. Instead a sheet of G10 

0.187” thick will provide enough raw material for complete fabrication. 

 

Other components such as U-bolts, fasteners, parachutes, and solid rocket motors shall not be 

made using UC Davis resources and instead purchased through outside sources. Because solid 

rocket fuel cannot be constructed at UC Davis due to health and hazard violations, it is essential 

that the fuel be ordered in time for all test launches. The aluminum motor casing from previous 

year’s design shall be reused as the motor size shall be accommodated. Therefore, only solid 

rocket fuel needs to be purchased from Aerotech. 

4.7 Requirements Addressed 

4.7.1 Requirements Verification Table 

 

Table VI: Vehicle Verification Plan 

Requirement Design Feature that Meets 

Requirement 

Method of 

Verification 

Rocket apogee shall reach as 

close to 5280-ft as possible, 

and shall not exceed 5600 feet.   

Motor shall be sized to reach 

altitude. 

Verified by inspection 

of telemetry post 

flight. 
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The rocket must carry 

redundant altimeters, with at 

least one commercially 

available barometric altimeter 

for official altitude recording.   

 

The rocket shall carry at least two 

altimeters with barometric readings 

in the avionics bay. 

Verified by inspection 

before test launch. 

Rocket and payload must be 

recoverable and must be able 

to be relaunched on the same 

day without repairs or 

modifications. 

Recovery system will provide safe 

passage with minimal to no damage 

on payload or airframe and drift in a 

fashion that allows the vehicle to be 

tracked via GPS. 

Verified by post flight 

inspection. 

Rocket must have maximum of 

four independent sections. 

Based on definition of independent 

sections, the rocket is comprised of 

3 sections for separation during 

flight. 

Verified by design 

iteration and 

inspection before 

flight. 

The vehicle fins shall not fail 

under flutter. 

 

Fins shall have correct dimensions 

to withstand fin flutter based on 

mathematical models. 

Verified by 

aerodynamics 

analysis and post 

flight inspection. 

The vehicle motor shall have 

an impulse of no more that 

5120-N*s. 

 

Motor shall be L-class motor 

Aerotech L1390. 

Verified by inspection 

post flight and motor 

specifications. 

The vehicle budget shall not 

exceed $3000. 

 

Costly components shall be reused 

from previous year’s design. 

Verification by testing 

of all reusable 

devices and 

components. 

The vehicle shall have a 

diameter of 6.15”. 

Airframe shall be ordered per 

manufacturer’s specifications. 

Verification by 

measurement 

inspection and 

assembly. 
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The vehicle shall ensure that 

separable airframe 

components that are meant to 

be attached in flight do not 

separate in flight. 

Separable airframes 2, fin payload, 

and 3 shall be fastened together 

soundly before flight. 

Verification by post 

flight. 

 

4.8 Technical Challenges and Solutions 

There are several main technical challenges that Eclipse foresees arising during the 

engineering process. Both the design and build phases will come with separate challenges, 

such as those listed below that Eclipse has experienced in past years. Measures will be taken to 

mitigate the chances of unnecessary setbacks as well as to devise a system to best approach 

unavoidable obstacles. First, successful jigs from last year will be reused when possible, 

especially the fin alignment set-up. Second, payload integration into the vehicle requires that the 

rocket vehicle comprise of 3 airframe sections, as mentioned in 4.4 Vehicle Architecture. The 

payload will be loaded into a carriage or frame that will fit into the payload coupler and screw 

into the airframe sections, similar to the avionics coupler section. The fastener used must 

withstand the loads of the black body charge deployment and launch vibrations without 

detaching the coupler and airframes. Maintaining a secure connection between airframes 2 and 

3 is essential to protecting the payload. 

 

An additional challenge that Eclipse has encountered in past years is the internal structure of 

the vehicle components. A successful system in the past comprises of two long threaded rods to 

which various vehicle components will be secured. These will run along the major sections of 

the vehicle, while being secured by permanent bulkheads in the rocket at one end of each 

section. At the other end, the bulkhead will be removable, enabling access to the components 

inside. Eclipse will take extra precautions to make this manufacturing and assembly process run 

smoothly. For example, Eclipse must avoid adding unnecessary epoxy on the threads of the 

rods throughout manufacturing, as this will hinder the assembly of the bays into the vehicle. 

Usage of tools near the rods may result in damage to the threads, rendering the rods futile, and 

the inherent flexibility of the rods make alignment of the components challenging and time 

consuming. Eclipse will work to make the rods both protected and accessible so that 

disassembly and assembly to prepare the rocket for launch will run smoothly.  
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5 Recovery Subsystem 

5.1 Functional Requirements 

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

electrical circuits and all electronic components shall be powered by commercially 

available batteries. 

● The recovery system will contain two commercially available altimeters. 

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

will not be capable of switching to the OFF position during flight. 

● 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. 

● Previous recovery system shall be re-utilized where deemed appropriate. 

5.2 Performance Requirements 

● At landing, each independent section of the launch vehicle shall have a maximum kinetic 

energy of 75 ft-lbf. 

● The vehicle's lateral drift shall not surpass 2500 ft. 

● The team must successfully perform a ground ejection test for both parachutes prior to 

both the subscale and full-scale launches. 

5.3 Parachute System 

Eclipse plans on using a dual deployment recovery system in which two parachutes safely land 

the rocket. The first parachute, an 18-in drogue chute, deploys at apogee, while an 84-in main 

chute deploys at 800-feet AGL. Both of the parachutes are to be stored in two separate 

compartments secured with nylon shear pins. The parachutes are manufactured by Fruity 

Chutes and/or Iris Ultra, both companies that manufacture high powered rocketry recovery 

systems. 
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Table VII: Rocket Flight Characteristics at Different Wind Speeds 

 0 (mph) 5 (mph) 10 (mph) 20 (mph) 

Lateral Drift 

(ft) 

167.91 547.81 577.5 1473.5 

Vertical 

Velocity 

(ft/s) 

16.33 16.392 16.27 16.09 

Altitude (ft) 5310.5 5299.6 5262.6 5170.5 

 

As seen in the table above, during the worst wind conditions, the dual deployment system 

minimizes lateral drift to 1473.5-feet at the predicted cross wind of 20-mph. For these 

measurements, it was assumed that the rocket will be launched vertically from an 8-ft launch 

rod. 

 

In order to ensure the vehicle’s kinetic energy does not surpass 75-ft-lbf, the weight of the 

heaviest section (11.4-lb) was used along with the highest impact vertical velocity (16.4-ft/s). 

Utilizing the following equation 

 

   
 

 
      

 

the highest expected kinetic energy is 47.50-ft-lbf, meeting the USLI requirement. This value 

corresponds to the aft portion of the rocket, where it not only is the heaviest section, but also the 

first to be in contact with the ground upon landing. 

5.3.1 Hardware 

The main and drogue chutes consist of a nylon shroud. The main chute features a 0.25-inch 

bridle with a 1,000-lb swivel and the drogue chute a 0.5-inch bridle with no swivel. Connections 

between both chutes and the rocket are achieved using 1.0-inch tubular nylon webbing rated for 

a maximum dynamic loading of approximately 4,000-lbs. This harness diameter was selected as 

it exhibits a significant factor of safety and withstands the loads experienced during operation. 

The connections between each harness segment are achieved using 0.25-inch stainless steel 

quick links. The links and nylon weave are joined utilizing a figure eight follow through knot 

which is designed to tighten under deployment shock conditions. Thus ensuring a secure 

connection between each recovery subsystem component. 
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5.3.2 Electrical Components 

Based on the success of the recovery system from past years, Eclipse Rocketry plans on using 

the same hardware, software and set-up. The recovery subsystem consists of two commercially 

available altimeters. One will act as the main altimeter and the other will act as a backup. 

Eclipse Rocketry plans on using the StratoLoggerCF which features a sampling rate of 20 Hz. 

The StratoLoggerCF was selected because it is capable of deploying the drogue and main 

parachutes at predetermined altitudes using proprietary software. It is also capable of audibly 

reporting the rocket’s peak altitude as required for the competition. Additionally, the 

StratoLoggerCF collects flight data and has many other auxiliary functions such as a telemetry 

port for streaming real time flight data. Each altimeters will have a dedicated power source 

independent of any other electronic device present in the rocket. Additionally, in order to prevent 

interference from other on-board electronic devices, the altimeters will have their own dedicated 

compartment which will be wrapped in tin foil to further protect the altimeters from radio 

frequency transmitting devices (GPS) and magnetic wave producing devices. 

 

The nose cone is held in place with nylon shear pins. The nose cone is detached with the use of 

black powder charges. As the rocket reaches the preset altitudes, the altimeters send a signal to 

ignite the black powder charges. This causes the internal pressure of the parachute bay to 

increase breaking the shear pins and deploying the parachutes. The two part separation is key 

in order to remain within the competition landing loads requirement.  

 

An electronic tracking device will be installed into the launch vehicle to transmit its position to a 

ground receiver. The team plans to use a Ardupilot Mega which is capable of tracking the 

vehicle and recording its orientation in space including its roll, pitch, yaw, and heading. 

5.3.3 Major Technical Challenges and Solutions 

The team plans to reuse several components from the recovery system used in the previous 

competition. More specifically, both parachutes and altimeters are to be refurbished and reused. 

However, in order to do so, the used components must be examined and determined for 

utilization according to their safety, performance, and overall reliability.  

 

The parachutes will go under a visual and performance examination in order to be considered 

for reuse. The visual assessment consists of a careful and meticulous search for any signs of 

damage and weakness in the material. Their performance will be determined through different 

tests that simulate the parachute during initial deployment and equilibrium descend. This will be 

conducted under the simulated weight of the vehicle at the stage of descend. 

 

Regarding the altimeters, a visual assessment will also be conducted. This is to determine if 

there exists any type of physical damage to the printed circuit board (PCB), connectors, or the 

mountings themselves. Additionally, the altimeters will be placed under vacuum testing in order 
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to determine if a signal is detected after the preset pressure is reached. This test will be 

repeated for different pressure values. 

6. Payload: Target Detection 

6.1 Mission Statement 

Eclipse Rocketry will design and fly the first experiment option, Target Detection, on the 

vehicle’s flight. The goal of this experiment is to design an in-flight detection system to 

differentiate between ground targets using onboard image processing techniques. A payload of 

this nature requires both software and hardware that can support automated and live feed 

image processing. It is also imperative to mission success that the hardware endure rocket 

launch, flight, and recovery, and that the overall experiment can be repeatable. The data 

collected during flight, specifically the determination and distinction of each respective target, 

must be saved onboard so that Eclipse can present the data post-flight. 

6.2 Requirements 

Eclipse Rocketry will ensure that the payload design and implementation meets all of the 

requirements in section 6.2.1. 

6.2.1 USLI Requirements 

● Teams will design an onboard camera system capable of identifying and differentiating 

between 3 randomly placed targets. 

● Each target will be represented by a different colored ground tarp located on the field.  

● Target samples and RGB values will be provided to teams upon acceptance and prior to 

PDR. 

● All targets will be approximately 40’X40’ in size. 

● The three targets will be adjacent to each other, and that group will be within 600 ft. of 

the launch pads. 

● Data from the camera system will be analyzed in real time by a custom designed on-

board software package that shall identify, and differentiate between the three targets. 

● Teams will not be required to land on any of the targets. 
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6.3 System Overview/Concept of Operations 

The target detection payload is essential to the mission success of this rocket launch. A camera 

will be externally mounted to the rocket vehicle and oriented in such a way as to continuously 

capture images of the launch field during ascent. It is required that the camera capture the 

entirety of the launch field to ensure that all three 40’x40’ targets are in each image. After each 

image is captured, it will be sent to the small computers in the payload section of the vehicle to 

be processed. As each image is captured, the software will run through an automated program 

to determine the existence and and distinction between each target and their respective colors. 

6.3.1 Hardware & Software 

Eclipse rocketry will perform trade studies to determine the best hardware and software for the 

target detection experiment. A camera must be mounted on the outside of the vehicle body and 

wired to internal electronic hardware for data processing. Eclipse plans to weigh the advantages 

and disadvantages of a small and affordable single board computer compared with hardware 

that has greater computing power (but is also bigger and more expensive).  

6.3.2 Auto-Initiation System 

Initiation of the payload system will require a method for determining the occurrence of an event 

such as launch. The system will ensure that the automated software does not run until 

necessary to save limited onboard power, therefore allowing the payload to act as a fully 

automated system that does not require manual activation. Eclipse plans to utilize an 

accelerometer, separate from those found in the recovery system, to allow the payload software 

to begin analyzing data in real time. An accelerometer that will be capable of detecting dynamic 

acceleration will be selected for this purpose. Eclipse Rocketry must successfully extract the 

outputs of the accelerometer and relay the information to the remainder of the payload system 

that will search, identify, and distinguish between the different colored targets. 

6.4 Payload Integration with Vehicle 

In order to achieve mission success, Eclipse must integrate the payload into the vehicle design 

while maintaining vehicle stability. The payload must fit into a 9-in long cylinder with 6-in 

diameter and its weight will not exceed 4-lbs. The dimensions and weight of the payload will be 

verified after further analysis.  Another important factor is the camera’s placement, as it must not 

interfere with aerodynamic flow over the rocket vehicle, especially near the fins. The camera 
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also must be place in a strategic spot to reduce any unnecessary jostling during drogue chute 

and main parachute deployment. 

6.5 Technical Challenges and Solutions 

Eclipse Rocketry expects to have the greatest technical challenges in creating an automated, 

closed loop system in which an image can be captured, processed, and saved for later 

inspection. Each image must contribute to the verification of each target in their respective 

placements on the launch field. This data processing and information output must occur during 

flight. Eclipse will weigh all possible software options in order to integrate image processing 

tools, such as MatLab, with onboard computers such as Raspberry Pi, and camera capturing 

software (brand specific, LabVIEW, etc.). 

Additionally, Eclipse may face challenges with the physical setup of the payload. The camera 

hardware must be strapped externally onto the vehicle, secured so that the camera lense is 

facing down toward the ground during launch. Wiring must connect the external hardware to the 

internal rocket payload so the images can be captured and processed. This must be done 

strategically and carefully so that no hardware is harmed during launch and so that Eclipse can 

unload/reload any necessary payload components before and after launch. 

 

The last major foreseeable technical challenge is ensuring that the rocket vehicle does not 

vibrate or rotate excessively so that the camera can take an accurate snapshot of the ground 

during launch. Eclipse is looking into the possible timeline of launch and will weigh the two 

options of beginning to capture images either during the entire launch up until apogee or just 

during coasting period between motor burnout and reaching apogee. 

7. Project Plan 

7.1 Timeline 

The following Gantt Chart displays the main milestones and development stages for Eclipse 

Rocketry. Eclipse must take into account finals week during fall and winter quarters (December 

and March, respectively), in addition to winter vacation where team members may be out of 

town. Eclipse is currently planning to launch the full scale rocket in February, allowing the team 

a month for analysis before the FRR. However, if need be, Eclipse will launch the full scale a 

couple days before the FRR is due, yielding more time for construction and less time for 
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analysis. The educational engagement events will be added to the calendar once Eclipse 

receives confirmation from the surrounding schools. 

 

 
Figure 9: Development Stages. 

7.2 Cost Breakdown 

The following cost breakdown displays the components used for each part of the vehicle, 

payload, subscale rocket, in addition to travel expenses. 

 

Table VIII:  Vehicle Cost Breakdown 

Nosecone Assembly 

Item Quantity Cost per Item Cumulative Cost 

FNC-6.0 1 $104.99 $104.99 

Galvanized Steel U-Bolt (¼”-20, 2” ID) 1 - - 

Grade 8 Steel Hex Nut (¼”-20) 2 - - 

Bulkhead 1 - - 

Total 5  $104.99 

Airframe 1 Assembly 

Item Quantity Cost per Item Cumulative Cost 

G10 Airframe 1 $184.99 $184.99 

Galvanized Steel U-Bolt (¼”-20, 2” ID) 1 - - 
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Grade 8 Steel Hex Nut (¼”-20) 2 - - 

Bulkhead 1 - - 

Total 5  $184.99 

Airframe 2 Assembly 

Item Quantity Cost per Item Cumulative Cost 

G10 Airframe 1 $184.99 $184.99 

Galvanized Steel U-Bolt (¼”-20, 2” ID) 1 - - 

Grade 8 Steel Hex Nut (¼”-20) 2 - - 

Bulkhead 1 - - 

Ejection Tubes * 4 - - 

Black Powder * 1 - - 

Shear Pins (20 pack) 2 - $3.00 

Total 12  $184.99 

Avionics Assembly 

Item Quantity Cost per Item Cumulative Cost 

Grade 8 Hex Nut (3/8"-16) 4 - - 

Steel Flange Nuts (3/8"-16) 4 - - 

E-Bay Frame (G12 6.0"Dx12"L Coupler) 1 $65.84 $65.84 

Aluminum Threaded Rod (3/8"-16) 2 $10.72 $10.72 

Aluminum Tubing (1/2" OD) 2 $7.57 $15.14 

Sled Plate (Machined, Birch Plywood) 1 $10.35 $10.35 

Perfectlite Stratologger 2 $54.95 $109.9 

Duracell 9V 2 $1.75 $3.5 

Bulkplate, Outer (6.0" x 0.5") 2 $6.89 $13.78 

U-Bolt (1" ID, 3/8"-16 Threads) 2 - - 

U-Bolt Mounting Plate 2 - - 

Grade 8 Hex Nut (3/8"-16) 4 - - 

Total 28  $229.23 

Airframe 3 & 4 

Item Quantity Cost per Item Cumulative Cost 

G10 Airframe 1 $184.99 $184.99 

75mm Retainer Cap 1 $50.00 $50.00 

75mm Retainer Flange 1 - - 

CR-6.0-3.0 Centering Ring 3 7.29 $21.87 

FGPT-3.0 Motor Mount 1 $94.99 $94.99 
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FIN-D-09 4 - - 

BP-3.0-G10-0.062 Motor Mount Cap 1 $3.50 $3.50 

BP-6.0x0.5 Rocket Bottom 1 $6.89 $6.89 

Aerotech L1390G Motor 1  $159.00 

Total 14  $521.24 

Recovery 

Item Quantity Cost per Item Cumulative Cost 

Main Parachute - Iris Ultra 84" Compact 

(38lbs) * 
1 - - 

Drogue Chute - 36" Standard 

(Fruitychutes) * 
1 - - 

Drogue Harness (1" Tubular Nylon) 1 $10.80 $10.80 

Main Harness (1" Tubular Nylon) 1 $10.80 $10.80 

1/4" Stainless Steel Quick Link (1500lb) *  6 - - 

Total 10  $21.6 

Target Detection Payload (in Airframe 3) 

Item Quantity Cost per Item Cumulative Cost 

Camera 1 $40 $40 

Raspberry Pi microprocessor 1 $40 $40 

Power Supply (Battery Bank) 1 $8.00 $8.00 

Aluminum Threaded Rod (3/8"-16) 2 $10.72 $10.72 

Aluminum Tubing (1/2" OD) 2 $7.57 $15.14 

Sled Plate (Machined, Birch Plywood) 1 $10.35 $10.35 

Total 8  $124 

Subscale Rocket 

Item Quantity Cost per Item Cumulative Cost 

Frame* 1 - - 

Solid Rocket Motor* 1 - - 

Avionics 1 - $326.24 

Recovery Hardware 1 - $518.00 

Total 4  $844.24 
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Table IX: Logistics 

Item Quantity Cost per Item Cumulative Cost 

Airfare 10 $450 $4500 

Hotel 3 $100/night x 4 nights $1200 

Rental Car 2 $90/day x 4 days $720 

Total   $6,420 

 

 

Table X: Totals 

Rocket Total $2,215.49 

Travel Expenses Total $6,420 

7.3 Funding 

Similar to previous years, Eclipse plans to use funding from the California Space Grant, which 

provides up to $10,000 for project components, testing, and travel costs. Secondary sources of 

funding may be provided by the Club Finance Council (CFC) at UC Davis. The CFC provides 

grants of up to $2000 per year to help pay for itemized costs of projects or undertakings that 

enrich campus life. Tertiary sources of funding may potentially come from the College of 

Engineering at UC Davis and/or the Mechanical and Aerospace Engineering Department at UC 

Davis. Lastly, Eclipse is currently pursuing industry/corporate partners or sponsors and plans to 

maintain contact with potential partners in order to develop a future relationship.  

7.4 Sustainability and Community Outreach 

The impact of Eclipse Rocketry as a group for engineering students and the like to explore 

STEM related subjects is dependent upon the group’s sustainability from year to year. One 

major way in which Eclipse Rocketry ensures its presence each year is through the continuing 

recruitment and mentoring of new, younger members. Members who have experience both 

academically and in terms of years on the team lead the younger members and pass down 

previous knowledge and experience they have learned first-hand or from others. Thus, there is 

always a group of students cycling through as Eclipse Rocketry team members. Eclipse reaches 

out specifically to lower classmen in freshmen engineering, mathematics, and science classes, 

as well as at College of Engineering club recruiting events in order to appeal to a range of 

engineering students at UC Davis. 
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Additionally, the team maintains good relationships with the UC Davis center for student 

organizations as well as the College of Engineering and the Department of Mechanical and 

Aerospace Engineering. Eclipse brings pride to UC Davis and inspiration to the surrounding 

schools, while the university and department help support the team throughout the year. Eclipse 

will continue to pursue working relationships with other organizations on campus, such at 

American Institute of Aeronautics and Astronautics (AIAA), Society of Women Engineers 

(SWE), and various student design teams such as the robotics team and computer club. 

 

Eclipse plans to continue community outreach activities such as educational engagement, and 

will continue to seek out events where the team can showcase the rocket and draw interest from 

young STEM students and community members. 

8.0 Educational Engagement 

The Eclipse team plans to host several events that engage participants in STEM topics. These 

educational interactions will reach out to elementary and junior high students in Davis and 

surrounding cities. Activities such as building and flying paper rockets will involve students in 

learning the fundamentals of rocket stability, and presentations will demonstrate the importance 

of the aerospace industry. Engaging students at their schools is an effective way to make young 

engineers excited about the world of rocketry and aerospace. We hope to foster a love for 

science at a young age by demonstrating various elements of rocketry in exciting, hands-on 

ways. 

 

In prior years we engaged with over 220 elementary and junior high students at their schools in 

the Sacramento area. During these visits we demonstrated a rocket launch, led rocket 

construction projects using ordinary household supplies, and discussed the history and 

mechanics of rocketry. We hope to meet and surpass the outreaching efforts of previous years 

in this upcoming year by expanding our outreach area to include more schools in the greater 

Davis/Sacramento area. 
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Figure 10: Outreach from a previous year’s competition . 

  

As described above, our team plans to educate the young students by giving them hands on 

assignments and activities to complete. We believe that engineers learn the most efficiently by 

actively working to solve a problem or complete a task. As such, the outreach events will focus 

primarily on educational activities to directly engage students. By presenting concepts from the 

classroom in new, exciting contexts, we hope to spark an interest in learning that both ties into 

what the students are already learning and extends to a passion outside of the classroom. We 

will also invite other faculty members from the Mechanical and Aerospace Engineering 

Department here at U.C. Davis to participate. 

 

Educational engagement will be one of the top priorities for our team as we continue throughout 

the year and look forward to every opportunity to offer insight into rocketry and aerospace. The 

team will contact several schools in the greater Sacramento region including Callison 

Elementary School and Vaca Pena Middle School.  

 


